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Ab s t r Ac t 
Introduction: Rehabilitation of amputees is a challenging in a developing country like India because in order to provide better rehabilitative 
facilities and to formulate specific rehabilitation guidelines, efficient record keeping and proper analysis of data are essential. Records of different 
epidemiological parameters of amputees are rarely found in Indian medical literature, which warrants an investigation for the same.
Aim and objective: To assess the age, sex, and cause-wise distribution of the amputees in the study group and to correlate the incidence of 
revision amputation with that of bad stumps and the level and cause of amputation.
Materials and methods: Retrospective data analysis of 132 patients with 141 lower limb amputations above the level of ankle admitted in the 
inpatient setting from 2015 till 2018 was performed. Upper limb amputees and amputations below the level of ankle were excluded.
Results: One hundred and thirty-two patients with lower limb amputations were taken, of which 123 (93.18%) were unilateral and 9 (6.82%) 
patients were bilateral, with 110 males (83.3%) 22 females (16.66%) overall. In the trauma group, there was a strong preponderance for young 
males (64.22%) with a mean age of 32.49 ± 12.62 years among unilateral and 26.5 ± 7.78 years.
Conclusion: Our study determined that young males are the biggest victims of traumatic amputations, much of it which could be preventable 
by implementing better road safety measures and avoiding hazardous activities. As there are very limited data available regarding amputee 
rehabilitation in existing literature, this study will help in future meta-analytical studies to formulate strategies to alleviate the socioeconomic 
burden of amputations.
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In t r o d u c t I o n 
Amputation is one of the oldest surgical procedures characterized 
by surgical removal or loss of extremity or part of extremity due 
to underlying disease or trauma. About 30 million amputees are 
residing in low-income countries. Every year 23,500 amputees are 
added to the amputee population in India, of which 20,200 are 
males and 3,300 are females.1 There has been an increase in the 
incidence of amputations in the modern era, the prolongation of 
life and with improvement of transportation facilities.2

Rehabilitation of amputees is challenging as well as rewarding 
because lower-extremity amputations have a great impact on the 
psychological and physical well-being, the mobility, and the social 
life of individuals. In order to provide better rehabilitative facilities 
to the patients, efficient record keeping and proper analysis of such 
data are essential. Records of different epidemiological parameters 
of amputees from India are rarely found medical literature 
(PubMed, Medline search). Currently, advanced technologies 
are being utilized that are bringing on huge change in terms of 
rehabilitative prostheses, in view of which understanding the 
present scenario and profiles of amputees in specific areas of India is 
very much important. Data analysis of amputees attending the PMR 
department of the largest hospital of Uttar Pradesh is presented 
in this article.

AI m A n d  ob j e c t I v e 
The aim of this study was to find out the profile of amputees 
admitted for rehabilitation in the Department of PMR, KGMU from 
2015 to 2018.

The primary outcome measure was to assess the age-, sex-, 
and cause-wise distribution of the amputees and the secondary 
outcomes measure was to correlate the incidence of revision 
amputation with that of bad stumps and the cause of initial 
amputation.

mAt e r I A l s A n d  me t h o d s 
This retrospective observational study was performed in 132 
persons with 141 lower limb amputations patients admitted 
for rehabilitation in the Department of Physical Medicine and 
Rehabilitation (Regional Artificial Limb Center) in King Georges 
Medical University between January 2014 and December 2018. 

1–4Department of Physical Medicine and Rehabilitation, King George’s 
Medical University, Lucknow, Uttar Pradesh, India
5Department of Physical Medicine and Rehabilitation, All India 
Institute of Medical Sciences, Jodhpur, Rajasthan, India
Corresponding Author: Srutarshi Ghosh, Department of Physical 
Medicine and Rehabilitation, King George’s Medical University, 
Lucknow, Uttar Pradesh, India, Phone: +91 9038359274, e-mail: 
ghoshsrutarshi@gmail.com
How to cite this article: Kumar D, Ghosh S, Gupta AK, et al. A 
Demographic Study of Lower Limb Amputees in a North Indian Tertiary 
Rehabilitation Center. Indian J Phys Med Rehab 2020;31(1):11–13.
Source of support: Nil
Conflict of interest: None

 

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to 
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain 
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.



A Demographic Study of Lower Limb Amputees in a North Indian Tertiary Rehabilitation Center

Indian Journal of Physical Medicine & Rehabilitation, Volume 31 Issue 1 (January–March 2020)12

Hospital records were examined for primary database and data 
extraction was performed.

All lower limb amputees with primary amputation above the 
level of ankle joint admitted for rehabilitation services during the 
specified period were included. All other cases including upper limb 
amputations, or any patient with incomplete records were excluded.

re s u lts 
Out of the 132 patients with lower limb amputations, 123 (93.18%) 
were unilateral and 9 (6.82%) patients were bilateral, with 110 males 
(83.3%) and 22 females (16.66%).

Out of 123 unilateral amputees, 101 were males (82.11%) and the 
remaining 22 (17.88%) were females. Mean age among males was 
34.84 ± 13.90 years and among females was 36.45 ± 18.32 years.

Cause-wise, among the 101 males 49 primary amputations 
(48.51%) were due to road traffic accidents (RTAs), 21 (20.79%) were 
due to train accidents, 9 (8.91%) were due to industrial machine 
injuries. That is, there were total 79 cases of trauma (78.21%). The 
mean age of the trauma group was 32.49 ± 12.62 years.

Twelve (11.88%) primary amputations were due to peripheral 
vascular diseases, nine (8.91%) were postinfection, and one (0.99%) 
was due to burn injuries. That is, 22 primary amputations had non-
traumatic etiology. The mean age of the non-trauma group was 
43.27 ± 14.97 years.

Among the 22 female unilateral amputees, 5 (22.72%) were 
due to RTA, 3 (13.63%) were due to train accidents, 1 (04.54%) 
due to industrial machine injury, overall only 9 cases were due 
to trauma (40.9%) while non-traumatic causes like postburn 3 
(13.63%), postinfection 3 (13.63%), peripheral vascular disease 2 
(9.09%), malignancy 3 (13.63%), and congenital absence (1) were 
the majority, 12 in all (54.54%).

Overall percentage of RTAs among all patients was 41.6%.
Among the 101 unilateral male amputees, 70 (69.30%) were 

transtibial (TT) while the remaining 31 (30.69%) were transfemoral 
(TF) amputees. Out of the 70 TT male amputees, 21 (30.00%) had 
bad stump at the time of admission, 16 (22.85%) required revision of 
amputation. Out of these 16 patients requiring revision amputation, 
10 (62.50%) had bad stump at the time of admission. Out of the 31 
male TF amputees, 13 had bad stump at the time of admission, 15 
requiring revision of amputation 11 of which were from the bad 
stump group.

Of the 22 female unilateral amputees, only 5 were due to TF 
amputation and the rest 17 were TT. Only 5 (22.72%) were due to 
RTA.

Out of the nine bilateral amputees all patients were male, mean 
age being 30.11 ± 10.74 years; train accident was the commonest 
cause five (55.6%), followed by infection in two (22.2%), and 
gangrene and RTA in one (11.1%) each.

Six patients needed bilateral TT amputation except three cases 
of train accidents needing TF in one leg.

Out of these 18 stumps in bilateral cases, 7 (38.9%) were bad 
stumps at the time of admission. Out of these seven bad stumps, 
three (42.85%) were due to train accidents, three (42.85%) were 
postinfection cases, and one each due to RTA and gangrene.

No complications in 118 out of 141 limbs, who were admitted 
for gait training of which the median duration of hospital stay is 11 
days. Out of the 88 unilateral traumatic amputations, 76 (86.36%) 
had no complications and perfect prosthetic checkout. Out of the 
six bilateral traumatic amputations, only one patient had problems 
with prosthetic fitment in one stump.

dI s c u s s I o n 
Trauma was the main cause behind primary amputation in this 
series. Epidemiological data of amputees in the Indian population 
are rare in existing literature. A meta-analysis conducted by AIIMS, 
New Delhi on psychological stress of amputees finds documented 
records on amputees.3 In a service dedicated for diabetic foot and 
vascular diseases, 81 planned amputations were performed in 
one and a half year in a center in Kozhikode.4 After studying the 
causes of amputation in young men from Illinois, USA, Lambert 
and Sciora5 found that trauma was the most common, accounting 
for 52% of all amputations. Later, Warren and Kihn6 reported that 
76% of 1,964 amputees who received treatment at the Veterans 
Administration Hospital had undergone amputation because of 
vascular insufficiency. Still later, Stewart and Jain7 reported that the 
majority of amputations in Scotland, UK, were caused by peripheral 
vascular disease, especially arteriosclerosis. Hence, it is possible to 
conclude that, in developed countries, the most common cause 
of amputation is vascular. However, the situation is different in the 
Asian countries. A number of smaller studies from India, Pakistan, 
and Nepal have indicated trauma to be the primary cause of 
amputation.8–12

Our study highlights the fact that majority of the amputees 
seeking rehabilitation were young males and victims of RTA and 
train accident. As high as 78 unilateral and 6 bilateral amputations 
in our series was due to trauma, mostly young individuals.

A similar study carried out in the same institution from 2012 to 
2015 by Kumar et al. found out that trauma (43.75%) was the most 
common cause of initial amputation followed by infection (28.12%) 
and peripheral vascular disease (12.25%).13 In our study, trauma (i.e., 
RTA, train accidents, and machinery accidents) constituted 71.21% 
of the population, which was even more (Figs 1 and 2).

This trend correlates with the overall trends of RTAs in India, 
detailed data of which are available, with as high as 85.2% of RTA-
related deaths and 81.1% RTA-related injuries having happened to 
males in 2013. Also, the study predicts a worsening of road safety 
conditions in India in the years to come.2

Amputation at younger males due to traumatic causes is a huge 
social and economic burden on the society. A study by Gururaj 
in 2008 states that just RTA-related injuries and deaths, majority 
being in the 15–44 age groups account for a 3% loss in the national 
GDP awareness regarding road safety and is necessary, awareness 

Fig. 1: Cause- and sex-wise distribution in unilateral amputees
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regarding scope of rehabilitation is also necessary to reduce the 
socioeconomic burden.14

Forty-seven (33.33%) of the stumps were bad stumps at the 
time of admission. This highlights the huge need of revision surgery 
in primary amputation. On the contrary, success of prosthetic 
rehabilitation in traumatic amputation was excellent. Out of the 88 
unilateral traumatic amputations, 76 (86.36%) had no complications 
and perfect prosthetic checkout. Out of the six bilateral traumatic 
amputations, only one patient had problems with prosthetic fitment 
in one stump.

Train accident victims were particularly prone to develop bad 
stump. It is notable that in our study all the train accident victims 
were run over by moving trains while crossing railway tracks on 
foot, and were not due to collisions between trains. Severe nature 
of injury in train accidents may be cause of this high rate of bad 
stumps. Previous study also observed high rate of need of revision 
surgery in trauma-related amputation.

There was not a single case of diabetic TT or TF amputation, 
as most of these patients undergo amputation below the level of 
ankle and were excluded in our study.

co n c lu s I o n 
Our study determined that young males are the biggest victims of 
traumatic amputations, much of it which could be preventable by 

implementing better road safety measures and avoiding hazardous 
activities. As there are very limited data available regarding 
amputee rehabilitation in existing literature, this study will help in 
future meta-analytical studies to formulate strategies to alleviate 
the socioeconomic burden.
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Fig. 2: Cause-wise distribution of cases
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Summary
Ureterocele, which is a cystic dilatation of the terminal 
ureter, is usually associated with the upper moiety in a 
case of the duplex system. Giant hydronephrosis, a rare 
entity, is usually due to pelviureteric junction obstruction 
and is usually diagnosed in infants and children. We 
report a unique case of a unilateral complete duplex 
system with ureterocele with giant hydronephrosis of 
the upper moiety in an adult woman presenting as an 
abdominal lump. To the best of our knowledge, this is 
the first case of giant hydronephrosis associated with 
ureterocele in an adult patient.

Background
Ureteroceles are cystic dilatations of the distal 
ureter, usually affecting the upper moiety in a case 
of complete duplication of the pelviureteric system. 
Ureteroceles are more common in women and chil-
dren and usually present as infection and abdom-
inal pain.1 2 Giant hydronephrosis (GHN), an 
uncommon clinical entity, is relatively less common 
in adults and is often misdiagnosed clinically.3 Asso-
ciation of an orthotopic ureterocele causing GHN 
in the duplex system is indeed a rare scenario. 
Herein, we report the first case of a GHN in an 
adult female patient affecting the duplex system 
associated with ureterocele.

caSe preSentation
A 40-year-old woman presented with right abdom-
inal lump and pain for the last 6 months with 
respiratory distress for the last 7 days. She had no 
history of haematuria or urinary tract infection in 
the past. The abdominal examination revealed an 
ill-defined, abdominal mass with a smooth surface 
measuring around 10×12 cm. The mass was 
extending into the left lumbar region crossing the 
midline.

inveStigationS
Laboratory blood investigations were unremark-
able. Ultrasound abdomen showed severe hydro-
nephrosis of the right pelvicalyceal system with 
cortical thinning and dilatation of the right ureter 
with its terminal end bulging into the bladder 
lumen (figure 1). Contrast-enhanced CT abdomen 
revealed gross dilatation of the upper part of the 
right kidney (measuring 12×22 cm) with normally 
enhancing renal parenchyma at the lower pole 
with dilated and tortuous upper pole moiety ureter 
with cystic focal dilatation in its submucosal part 
suggestive of ureterocele (figure 2). Radionuclide 
renal scan showed hydronephrotic unobstructed 
right side kidney with decreased global glomerular 
filtration rate (14 mL/min) of the right side and 
overall impaired function of the right kidney (28%) 
(figure 3).

differential diagnoSiS
A diagnosis of intravesical ureterocele with upstream 
GHN of ipsilateral upper pole moiety was made.

treatment
The patient underwent emergency right pigtail 
nephrostomy insertion for decompression of the 
system and was symptomatically relieved. Nephros-
tomy was draining around 100 mL/24 hours. Once 
the patient was symptomatically relieved, she 
underwent endoscopic incision of the ureterocele 
(figure 4) and nephrostomy was removed on the 
seventh postoperative day.

outcome and follow-up
The patient was doing well on follow-up after 3 
months and ultrasound abdomen revealed substan-
tial resolution of the hydronephrosis of upper 
pole moiety and collapse of the ureterocele with 
micturating cystourethrogram revealing no reflux 
on either side. Owing to the poorly functioning 
upper pole moiety, she was advised for upper pole 
nephrectomy but she denied any further surgical 
intervention. The patient is due for next follow-up 
after 6 months.

diScuSSion
Currently, most of the ureteroceles are diagnosed 
in utero or during the postpartum screening for 
congenital malformations.1 Ureterocele has been 
classified as intravesical or ectopic type according 
to its position in the bladder.4 Ureterocele can be 
associated with a single or duplex system, the latter 
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figure 1 Ultrasound demonstrating severe 
hydronephrosis of right upper pole moiety (A) and a thin-
walled intravesical ureterocele communicating with the 
dilated ureter (B).
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unusual presentation of more common disease/injury

being more common. Ureterocele in the paediatric population 
is usually ectopic in location and associated with the duplex 
system. Comparatively, adult ureteroceles are usually intraves-
ical type and mostly associated with the single system.5 Uret-
erocele in a duplex system most commonly involves the upper 
mole moiety. Hydronephrosis in the upper moiety is usually due 
to the obstruction at the lower end while in the lower moiety it 
is usually due to the vesicoureteric reflux. GHN, a rare clinical 
condition, is defined as the presence of more than 1000 mL or 
1.6% of body weight of fluid in the collecting system or the 
involvement of five vertebral bodies in length or enlarged kidney 
occupying the hemiabdomen or crossing the midline. This entity 
is usually encountered in infants and children and the most 
common aetiology reported is ureteropelvic junction obstruc-
tion.3

Ureterocele causing obstruction in adults is less commonly 
reported. Even uncommon is the association of the GHN with 
the duplex system in adults. Until now, there are only five cases 
of GHN of upper pole moiety in a duplex system associated with 
ureteral ectopia reported in the literature.6

Endoscopic incision of ureterocele has been considered as gold 
standard for intravesical ureterocele and provides success rate 
of 77%–93%.7 Secondary procedures like upper polar nephrec-
tomy or ureterocele excision and common sheath reimplantation 
or uretero-ureterostomy are required on the basis of the renal 
function of an involved moiety, persistent obstruction or vesico-
ureteral reflux (VUR) of the upper tract and occurrence of new 
VUR postprocedure. In the majority of patients, the upper pole 
contributes about 4%–8% to the global renal function and the 
functional gain achieved after an endoscopic incision is around 
2.25% while the functional loss is around 1.25% after upper 
polar nephrectomy.8 High success rate reported with the endo-
scopic procedure and the fact that VUR associated with a uret-
erocele, either congenital or iatrogenic, resolves spontaneously 
in a significant number of patients had led to the individualised 
approach with larger emphasis on minimal aggressive surgical 
methods.9 Chertin et al, in their study, have reported that 25 
patients who were left with poorly functioning upper mole 
moiety postendoscopic procedure did not require a secondary 
procedure in the long follow-up.10

In our case, endoscopic ureterocele incision was successful in 
decompressing the dilated system and ureterocele after an initial 
nephrostomy placement, without any further complications. 
Careful observation with proper patient education for associ-
ated morbidities in such select cases of poorly functioning upper 
pole moiety after an endoscopic approach can be a management 
method in which the relative residual function of the affected 
moiety is difficult to assess and the patient is not willing to 
undergo the knife again. To the best of our knowledge, this is 
the first case of an adult woman having GHN of upper pole 
moiety in a complete duplex system associated with orthotopic 
ureterocele.

Written informed consent was obtained from the patient.

figure 2 Contrast-enhanced CT abdomen showing giant 
hydronephrosis of the right upper pole moiety in axial view (A) and 
sagittal view (C) with normally enhancing renal parenchyma at the 
region of lower pole (black arrow in B). Pelvic section revealing dilated 
upper moiety ureter (white arrow) with cystic focal dilatation in its 
submucosal part (black arrow) as it enters the bladder (D).

figure 3 Radionuclide ethylenedicysteine renal scan with the 
perfusion phase (A) and excretion phase (B) showing poor visualisation 
of the right upper pole with right kidney contributing 27% function.

figure 4 Endoscopic image showing huge intravesical ureterocele 
(A, B), postendoscopic incision showing thickened ureterocele wall (C) 
and intraluminal view of dilated and tortuous ureter (D).
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Ethical clearance from the Institutional Ethical Committee has 
been approved.

learning points

 ► Ureterocele presenting as abdominal distension in an adult 
secondary to giant hydronephrosis is a rare clinical scenario.

 ► Early diagnosis and intervention is the key to the 
management of such cases as delay in the diagnosis and its 
management can pose higher chances of complications.

 ► Treatment of such cases requires individualised approach 
with proper patient education for regular follow-up.
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Giant urinary bladder (11 000 mL in volume) with 
bilateral lower limb oedema: an unusual cause of 
inferior vena cava obstruction
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DesCripTion  
An 80-year-old man with diabetes with history of 
spinal cord injury 15 years back now presented to us 
with complaints of painless progressive abdominal 
distension for 10 years and lower limb swelling for 
the last 4 months. He also had history of recurrent 
urinary infections, constipation, lower limb weak-
ness, urinary incontinence, abdominal straining 
during micturition and voiding lower urinary 
tract symptoms. There was no history of fever, 
vomiting, breathlessness, weight loss and melena. 
On general physical examination, pitting oedema 
of both lower limbs was noticed. Abdominal exam-
ination revealed diffuse, symmetrical, non-tender, 
massive abdominal distension with shifting dull-
ness and dilated superficial abdominal veins. On 
digital rectal examination, reduced anal tone was 
noted. Prostatic examination was unremarkable. 
Blood serum chemistries revealed uncontrolled 
diabetes (random blood sugar:  226 g/dL; haemo-
globin A1c: 7.8%), mildly deranged renal func-
tion tests (blood urea nitrogen: 51 mg/dL; serum 
creatinine: 1.4 mg/dL) and a normal serum Pros-
tate Specific Antigen (3.8 ng/mL). Other laboratory 
investigations including urine analysis and culture 
were unremarkable.

Ultrasound of the abdomen suggested a large 
fluid-filled cystic mass occupying the whole 
abdomen with mild bilateral hydroureteronephrosis 
(HDUN) with 35 cc prostate. A further evalua-
tion with abdominal contrast-enhanced CT scan 
was done which showed hugely enlarged bladder 
(29×26×18 cm, volume: 10 995 mL) extending 

from the epigastrium to the pelvis with mild bilat-
eral HDUN, with severe inferior vena cava (IVC) 
and common iliac vein compression with 36 cc 
homogeneous prostate, as shown in figures 1 and 
2. Per-urethral catheterisation with gradual bladder 
decompression was done which drained about 
10.5 L of clear urine in the first 4 hours. Over the 
course of days, the abdominal distension, consti-
pation and lower limb oedema gradually subsided. 
Further evaluation with urodynamic study revealed 
underactive bladder, low compliance with low 
flow pattern with raised postvoid residual volume 
(6000 cc). He was advised for clean intermittent 
catheterisation (CIC) for neurogenic bladder and 
with strict diabetes control. At 6-month follow-up, 
the ultrasound showed resolution of HDUN with 
decreased bladder volume of 1200 mL. His renal 
function test improved and diabetes mellitus was 
well controlled.

Chronically distended bladder is an unusual 
presentation with an incidence rate of 0.8% per 
annum in elderly populations. The possible causes 
may be diabetes, benign prostatic hyperplasia, 
posterior urethral valve, neurogenic diseases like 
spinal cord injury, multiple sclerosis and previous 
abdominal/pelvic surgery. Giant bladder (GB) is 
an extremely rare entity and is not clearly defined 
in terms of bladder volume or other parameters. 
There is only a handful of reported cases in the 
literature and mostly were below 5 L volume. Yücel 
et al1 reported a case of GB due to diabetic neurop-
athy with a capacity of 10 500 mL, the largest 
reported volume in the literature to date.1 Ay et 

Figure 1 Contrast-enhanced CT scan of the abdomen 
(coronal and sagittal sections) showing the giant bladder 
(29×26×18 cm, volume: 10 995 mL) extending from 
the epigastrium to the pelvis.

Figure 2 (A,B) Contrast-enhanced CT scan of the 
abdomen (transverse and coronal sections) showing 
severe inferior vena cava compression (IVC) with mild 
bilateral hydroureteronephrosis.
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al2 also presented a 6000 mL capacity asymptomatic idiopathic 
atonic bladder in 2013. The present case has the largest volume 
of bladder (11 000 mL) reported.

These patients usually remain asymptomatic in spite of a large 
volume retention (>1000 mL). But with a fixed volume of the 
pelvis, bladder distension can compress adjacent structures. A 
distended bladder can compress adjacent bowel, vessels or other 
vital structures, although IVC and iliac venous obstruction are 
very infrequently encountered entities. Less than 30 cases of IVC 
obstruction/syndrome due to GB have been reported in the liter-
ature and were mostly due to benign prostatic enlargement.3 
Out of these, only few cases resulted from atonic or neurogenic 

bladder. Rarely, it can also compress the rectosigmoid colon 
and may cause intestinal obstruction or constipation. Excep-
tionally, our patient presented with both IVC obstruction and 
constipation.

The goals of treatment are to prevent upper and lower urinary 
tract complications, including HDUN, renal stone, infections 
and vesicoureteric reflux. The treatment of GB usually consists 
of urinary decompression with catheterisation, correction of 
primary aetiology, anticholinergics and/or reduction cystoplasty. 
Most patients usually require urinary catheterisation and correc-
tion of the underlying cause. Compressive symptoms usually 
subside with prolonged bladder decompression or CIC.
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Learning points

 ► Giant bladder(GB) is an extremely rare, gradually progressive 
clinical entity due to prostate enlargement or neurogenic 
impairment.

 ► It is mostly asymptomatic, but rarely it may present as 
an inferior vena cava compression or constipation.

 ► GB must be kept in mind if patients present with progressive 
abdominal distension and voiding symptoms.

 ► The treatment of GB usually consists of urinary 
catheterisation, correction of the underlying aetiology, 
anticholinergics and/or reduction cystoplasty.

 ► Compressive symptoms usually subside with prolonged 
bladder decompression or clean intermittent catheterisation 
alone.
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Introduction

Chronic obstructive pulmonary disease (COPD) is used to 
describe chronic lung diseases that cause limitations in lung 
airflow which includes “chronic bronchitis” and “emphysema.” 
The Global Burden of  Disease Study reported 251 million cases 
of  COPD in 2016 and an estimated 3.17 million deaths in 2015.[1] 
The condition is underdiagnosed and life-threatening.[2] More 
than 3 million people died of  COPD in 2005 corresponding to 
5% of  all deaths globally.[3] In 2002, COPD was the fifth leading 
cause of  death globally and in the next 10 years, total deaths are 

projected to increase by more than 30% that will bring it to the 
third position of  leading cause of  death worldwide in 2030.[3] 
Low and middle-income countries are known to shoulder much 
of  the burden of  COPD with almost 90% of  COPD deaths 
taking place in these countries.[3]

In India, noncommunicable diseases (NCDs) were estimated 
to have accounted for 53% of  all deaths and 44% of  
disability-adjusted life-years (DALYs) lost in 2005. Of  these, 
chronic respiratory disease (CRD) accounted for 7% deaths 
and 3% DALYs lost.[4] India roughly has a burden of  30 million 
COPD patients.[5]

Symptoms commonly encountered by COPD patients are 
breathlessness, excessive sputum production, and a chronic 
cough. However, COPD is not simply a “smoker’s cough,” 
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Background: Chronic obstructive pulmonary disease (COPD) is a chronic respiratory disease characterized by the presence of 
persistent respiratory symptoms and airflow limitation due to airway and/or alveolar abnormalities owing to significant exposure to 
noxious particles or gases. Restricted activities of daily living as a result of reduced pulmonary function or dyspnea, impair quality of 
life in such patients. Methods: A cross‑sectional study was conducted in a tertiary care hospital of Lucknow with 250 COPD patients 
to assess their health‑related quality of life (HRQOL) using the St. Georges Respiratory Questionnaire (SGRQ). Study participants 
were selected using a systematic random sampling method. Results: HRQOL of participants was significantly impaired. Employment 
status and airflow limitation severity of study participants had a statistically significant negative correlation whereas, duration since 
diagnosis of disease was seen to have a statistically significant positive correlation with SGRQ scores. Conclusion: COPD deteriorated 
the quality of life of patients. The activity score was the most affected. Urban residents had a comparatively poor HRQOL.
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but an underdiagnosed, life-threatening lung disease that may 
progressively lead to death.[3] The easily identifiable risk factor so 
far is cigarette smoking.[6] Others include occupational exposures 
to dust and chemicals, indoor and outdoor air pollution, genetic 
factors (e.g., alpha‑1‑antitrypsin deficiency), increasing age, 
lower socioeconomic status, and history of  severe childhood 
respiratory infection.[6]

Previously, the disease affected men commonly, but with 
increased tobacco use among women in high-income countries 
and increased exposure to indoor air pollution in low-income 
countries, COPD now affects both genders almost equally.[7]

Quality of  life of  COPD patients can be severely impaired and 
deteriorates with increasing severity of  disease as there is an 
accelerated decline in lung function and progressive impairment of  
the physical performance of  the patient.[8] The disease restricts people 
from socializing and enjoying their hobbies, which makes many feel 
frustrated and angry. Patients fight for air while doing simple tasks 
and struggle to stay physically active and risk early death.[2]

Objectives
The objectives of  the study were to assess the quality of  life 
of  COPD patients and its distribution and relationship with 
various factors.

Methods

Study area
The study was conducted in Lucknow, Uttar Pradesh.

Study period
The study was conducted from September 2018 to August 2019.

Study unit
Individual COPD patient.

Study setting
Respiratory Medicine OPD of  King George’s Medical University, 
Lucknow, Uttar Pradesh.

Inclusion criteria
Subjects above 18 years, diagnosed with COPD for ≥3 months and 
residents of  Lucknow for ≥6 months were included in the study.

Exclusion criteria
Those with severe mental illness and/or vocal disability or 
mental retardation, acute exacerbation, organ failure, and those 
currently on treatment for pulmonary tuberculosis were excluded 
from the study.

Sampling technique
A systematic random sampling method was used to select the 
patients for the study and a target to enroll five patients per day was 

set. Every fourth COPD diagnosed patient attending Respiratory 
Medicine OPD for follow-up was included in the study and, if  the 
selected subject did not fulfill the inclusion criteria then the next 
COPD diagnosed subject was considered. Patients were approached 
considering the inclusion criteria of  the study after they finished 
a consultation with the physician. Patients were explained about 
the purpose and objectives of  the study clearly before starting the 
interview. Written informed consent was taken from the patients. 
At the end of  the interview queries of  the patients were addressed.

Sample size estimation
The sample size was calculated using following formula 
n = (Z1‑α/2)

 2*(SD) 2/d2 keeping confidence interval 95%, standard 
deviation 19.3, and margin of  error 2.5, the minimum sample size 
according to the above formula is 229, for this study a sample 
size of 250 was calculated.[9]

Pretesting
The designed schedule was pretested on 10% of  the total sample. 
Relevant modifications were made in the schedule to overcome 
the difficulties faced during pretesting.

Ethical consideration
The ethical clearance was obtained from the Institutional Ethics 
Committee of  King George’s Medical University UP, Lucknow 
before commencing the study (Ref  Code: 93rd ECM II B-Thesis/
P40).

Data analysis
Data were tabulated and analyzed by using the Statistical Package 
for Social Sciences (SPSS) version 24.0.

Results

The mean age of  the study subjects was 59.55 ± 10.1 years. 
Out of  the total 250 subjects, a majority (69.6%) were males, 
married (92.8%), Hindus (86.0%), and 70.8% belonged to a 
joint family. A majority (82.4%) of  subjects were unemployed 
at the time of  the interview and 60% belonged to the upper 
socioeconomic class backgrounds. More than half  (58.4%) had 
a history of  smoking. The mean duration of  the disease since 
diagnosis was 2.32 ± 0.96 years. Almost half  (53.6%) of  the 
subjects had moderate airflow limitation [Table 1].

Descriptive statistics of  HRQOL [Table 2], shows the mean 
total SGRQ score of  45.66 (SD ± 13.9) of  urban subjects 
and 37.39 (SD ± 13.3) of  rural subjects. Among all the 
components of  SGRQ, the activity score was the most 
affected (55.82 [SD ± 19.5]), whereas, impacts score was the least 
affected (31.04 [SD ± 15.5]). The activity score showed maximum 
variability with a range from zero (best possible status of  health) 
to a hundred (worst possible status of  health).

In the associations between HRQOL and clinical profile of  study 
subjects [Table 3], it is seen that the mean SGRQ scores were 
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higher in smokers. HRQOL of  COPD patients deteriorated 
with increased duration and severity of  the disease. A statistically 
significant association was observed across all components of  
SGRQ and clinical profile of  study subjects.

Table 4 shows the correlation of  different variables with 
components of  SGRQ. Employment status and airflow limitation 
severity of  study subjects were found to have a significant 
negative correlation whereas duration since diagnosis was found 

to have a significant positive correlation with all components 
of  SGRQ.

Discussion

The present study showed an impaired HRQOL across all 
components of  SGRQ; where the activity component was 
the most affected while the impacts component was the least 
affected. This study highlights that Indian COPD patients 

Table 1: Sociodemographic Characteristics and Clinical Profile of Study Subjects
Characteristics Urban (n=84) Rural (n=166) Total (n=250)

No. Percentage No. Percentage No. Percentage
Age (Mean±SD) 61.38±11.6 58.63±9.2 59.55±10.1
Gender

Male 60 71.4 114 68.7 174 69.6
Female 24 28.6 52 31.3 76 30.4

Current Marital Status
Married 76 90.5 156 94.0 232 92.8
Unmarried 8 49.5 10 6.0 18 7.2

Religion
Hindu 73 86.9 142 85.5 215 86.0
Muslim 11 13.1 24 14.5 35 14.0

Category
Reserved 46 54.8 106 63.9 152 60.8
Unreserved 38 45.2 60 36.1 98 39.2

Type of  Family
Joint 57 67.9 120 72.3 177 70.8
Nuclear 27 32.1 46 27.7 73 29.2

Education
Up to Primary 41 48.8 87 52.3 128 51.2
Middle School and above 43 51.2 79 47.7 122 48.8

Current Employment Status 
Unemployed 67 77.9 149 89.8 206 82.4
Employed 17 22.1 17 10.2 44 17.6

Socioeconomic Status 
Upper Class 53 63.1 97 58.4 150 60.0
Others 31 36.9 69 41.6 100 40.0

Smoking Status
Former smokers 47 56.0 68 41.0 115 46.0
Never smoker 17 20.2 87 52.4 104 41.6
Current smoker 20 23.8 11 6.6 31 12.4

Duration since diagnosis (Mean±SD) 2.35±1.04 2.31±0.91 2.32±0.96
Airflow Limitation Severity* #

Mild (≥80) 2 2.4 10 6.0 12 4.8
Moderate (≥50‑<80) 40 47.6 94 56.6 134 53.6
Severe (≥30‑<50) 33 39.3 58 34.9 91 36.4
Very Severe (<30) 9 10.7 4 2.4 13 5.2

*FEV1 (Post Bronchodilator % Predicted), #GOLD Grading

Table 2: Descriptive Statistics of Health‑Related Quality of Life of Study Subjects
Components of  SGRQ* Urban (n=84) Rural (n=166) Total (n=250) Minimum Maximum

Mean±SD
Symptoms Score 44.24±16.0 39.05±12.6 40.79±14.0 13.07 91.28
Activity Score 63.66±21.1 51.86±17.5 55.82±19.5 0.0 100.00
Impacts Score 35.83±15.1 28.62±15.2 31.04±15.5 1.63 95.80
Total Score 45.66±13.9 37.39±13.3 40.17±14.1 8.15 92.00 
*SGRQ‑ St. George’s Respiratory Questionnaire



Kushwaha, et al.: Health‑related quality of life in chronic obstructive pulmonary disease

Journal of Family Medicine and Primary Care 4077 Volume 9 : Issue 8 : August 2020

suffer somewhat similar reductions in HRQOL as do COPD 
patients from other countries, as reported previously.[10-12] The 
mean age of  patients was consistent with the findings by Assal, 
et al.[13] Distribution of  study subjects based on area of  residence 
and gender were similar to the findings by Castelino, et al.[14] 
Ahmed, et al.[15] and Bhardwaj, et al.[16] respectively. The results 
in the present study for the duration since diagnosis of  disease 
were as per previous studies.[14,15] Results of  studies by Ahmed, 
et al.[15] Bhardwaj, et al.[16] and Assal, et al.[13] for airflow limitation 
severity were similar to findings in the present study. The status 
of  smoking of  subjects is consistent with the findings reported 
by other authors.[17,18]

Conclusion

HRQOL is impaired in COPD patients. The majority of  the 
study subjects belonged to upper socio-economic status (SES), 
which is a confirmation that the COPD epidemic is not limited 
to a lower socioeconomic class. A few of  study subjects had 
mild airflow limitation, indicating that patients tend to ignore 
the illness until they experience major symptoms, also a few 
of  subjects in the study had a very severe limitation in airflow, 
indicating that majority of  them might be admitted in the 
hospital or could not survive the disease. The study revealed 
that the disease is not restricted to smokers only but was seen in 
non‑smokers too indicating first‑hand tobacco smoke is not the 
only cause of  COPD but several other factors also contribute 

majorly. As, the chronic respiratory disease is a major contributor 
to all NCD deaths that are largely preventable through effective 
interventions, this calls for an urgent need to strengthen primary 
healthcare approaches against NCDs for early diagnosis and 
prompt treatment.
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ABSTRACT 
Many studies have been conducted to find association between heavy metals and congenital 
anomalies such as Cleft lip-palate, neural-tube-defects, esophageal atresia and tracheo-
esopheageal fistula, cardiac anomalies, skeletal anomalies and hypospadias. However, 
association of heavy metals with exstrophy-epispadias has not been reported. Here, we 
report a case-control study on the role of heavy metals in exstrophy-epispadias.  After 
obtaining ethical clearance from institutional ethical committee and informed written 
consent, 2.0ml blood samples were collected from 20 primary exstrophy-epispadias patients 
and their mothers and 20 age-matched controls, admitted for other indications and without 
any congenital anomalies, and their mothers. Obtained blood samples were digested in 
Microwave Reaction system and were evaluated for the levels of heavy metals by 
Inductively-Coupled-Plasma-Optical-Emission-Spectrometer (ICP-OES). Statistical 
analysis was performed using Chi-square test, Mann-Whitney U test and Spearman-
Correlation-Coefficient on the SPSS-version 16.0. The p-value<0.05 was considered 
significant. Only mean blood levels of Cr and Hg were found raised in patients and mothers 
of study group when compared with subjects and mothers of control group. However, 
difference was statistically insignificant. Moreover, we found no correlation of Cr and Hg 
levels between mothers and children of patient group. In conclusion, it may be stated that 
exposure to heavy metals may have a role, though not significant in the etiology of 
exstrophy-epispadias. Further, multi-institutional studies with larger sample size are 
needed to confirm the association of heavy metals with exstrophy-epispadias. 
Keywords: Bladder Exstrophy, Correlation of Heavy Metals, Heavy Metals and Risk 
Factors for Exstrophy Bladder. 
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Case Report

CASE REPORTS

CASE 1
A 20-year-old male patient presented in the emergency unit with 
weakness of both lower limbs followed by upper limbs (lower > 
upper) since 12 hours which was insidious in onset and gradually 
progressive in nature and shortness of breath since 6 hours. There was 
flaccid hyporeflexic weakness of the limbs (corresponding to Medical 
Research Council grade 3/5 in all muscles of the upper extremities - 
proximal and distal and 1/5 in lower extremities-proximal and distal) 
and bilateral flexor plantar responses. The bowel and bladder were 
uninvolved. He had a history of fever about a week back but was 
afebrile at the time of presentation. There was no other significant 
past history of any similar illness, chronic diseases or any previous 
hospitalisation or surgery, any family or personal history. He was 
having high respiratory rate (30 breaths/min), tachycardia (110 beats/
min, regular) and hypotension (94/62 mm Hg) and since his oxygen 
saturation was dipping, he was intubated (later tracheostomised and 
ventilated) and admitted in the intensive care unit.

In ICU, diagnosis of GBS was made on the basis of CT Scan head 
(no significant abnormality), Cerebrospinal Fluid Chemistry (increased 
CSF protein with normal cell count) and other haematological 
evaluations. ECG was normal. Treatment was mostly aimed at 
giving respiratory support, maintaining oxygen saturation and 
monitoring Arterial Blood Gas (ABG) status, treating chest infections 
(ventilator associated pneumonia) using antibiotics, giving deep 
venous thrombosis prophylaxis and pulmonary rehabilitation. 
Patient received steroids and immunoglobulin for GBS. Joint 
mobilisation and regular posture change started early to prevent 
joint contractures and pressure ulcer respectively.

After about 2 months of ICU management, patient complained of 
insidious onset and gradually progressive bilateral hip joint pain and 
stiffness. The pain aggravated on joint mobilisation and relieved 
on rest or medications. There was no erythema, swelling, bony 
outgrowth or palpable warmth. Muscle power improved to 2/5 
in lower limb. Passive range of motion of right hip flexion was 35 
degrees, abduction 20 degrees, internal rotation was 10 degrees 
and external rotation was 30 degrees. While that of left hip was 30 
degrees of hip flexion, 20 degrees abduction, 15 degrees internal 
rotation and 30 degree external rotation. Erythrocyte Sedimentation 
Rate (ESR) was 45 mm in 1st hour (normative range <20 mm in 1st 

hr), C-reactive Protein was 12.2 mg/dL (normative range <6), Total 
leukocyte count was 9260/mcL (normative range 4000-12000), 
Alkaline Phosphatase was 420.11 U/L (normative range 39-117), 
Serum Calcium was 9.13 mg/dL (normative range 8.8-10.6), Serum 
Magnesium was 1.77 mg/dL (normative range 1.8-2.6) and Serum 
Phosphate was 3.44 mmol/L (normative range 2.5-4.5). Digital X-Ray 
Pelvis and Bilateral Hip revealed massive HO in both hip joints [Table/
Fig-1]. Patient also had pain and stiffness in Bilateral Elbow (Range of 
motion restricted to 90 degrees of flexion in both elbows), but digital 
X-Ray was within normal limit [Table/Fig-2]. Patient being in ICU, he 
could not be sent for triple phase bone scan of both elbows.

Rachit Gulati1, ShaShank YeShwant kothaRi2, SandeeP kuMaR GuPt3

 

Keywords: Acute Inflammatory Demyelinating polyneuropathy, Flaccid muscle tone, Lower motor neuron injury, 
Myositis ossificans, Spinal cord injury, Traumatic brain injury, Tissue hypoxia

ABSTRACT
Heterotopic Ossification (HO) is formation of atypical, lamellar bone within a soft tissue surrounding major joints. It is well documented 
as a complication following spinal cord injury and traumatic brain injury; however, it is quite rarely seen in lower motor neuron 
conditions like Guillain-Barre Syndrome (GBS). Here, we present two cases of GBS (both young males) with Bilateral Hip Pain who 
were diagnosed HO on the basis of radiological study while still admitted in the Intensive Care Unit. Both of them had history of 
mechanical ventilation, tetraparesis and prolonged immobilisation. There are very few reports of HO in GBS and if detected early, 
it improves the functional outcome.

[Table/Fig-1]: Digital radiograph showing matured HO in bilateral hip joints of Case 1.
HO: Heterotopic ossification

[Table/Fig-2]: Digital radiograph showing AP and lateral views of both elbows of Case 1.
AP: Antero-posterior
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DISCUSSION
HO is the formation of bone outside the normal skeleton that can 
occur in soft tissue and is usually seen in muscles or adipose tissue 
or non-muscle fibrous/connective tissue. HO can be genetic, such 
as Fibro-Dysplasia Ossificans Progressiva (FOP) and progressive 
osseous heteroplasia. Acquired forms of HO are seen mostly in CNS 
injuries (Traumatic Brain Injury, Spinal Cord Injury), severe trauma, 
burns, and poliomyelitis, stroke and joint replacement surgeries. 
However, its presence in peripheral nerve disorders is extremely rare 
[1]. Its incidence following CNS trauma ranges from 13% and 57% 
and is usually seen in first 6 months after injury [2,3].
The cause of HO is still unknown. Contributing factors like vascular 
stasis, oedema, prolonged swelling, excessive passive manipulation, 
long term sedation and prolonged coma are suggested [4]. 
Heterotopic bone formation occurs predominantly around the hips, 
knees, shoulders and elbows and involves muscle groups like the 
quadriceps femoris, hip adductors, gluteal muscles, biceps of the 
arm and deltoid muscle [5].

The patho-physiology of HO remains unclear in both Upper Motor 
Neuron (UMN) and Lower Motor Neuron (LMN) lesions. Recent studies 
have shown that HO is associated with neuro-inflammation and 
neural crest bone formation [6]. Bone Morphogenetic Proteins (BMP) 
are signalling factors which play a role in cell proliferation, apoptosis, 
differentiation and morphogenesis of nervous and musculoskeletal 
systems [7]. Trauma leads to damage of bone which releases BMPs, 
that opens the Blood-Nerve Barrier (BNB) which induces neuro-
inflammation in nerves in vicinity of the injury site [6]. Endoneurium 

In view of matured HO, Tablet Indomethacin 75 mg (sustained 
release) was prescribed for 6 weeks, range of motion exercises 
(within permissible range, without excessive vigorous movement 
or massage) and pulmonary rehabilitation (postural drainage) was 
continued.

Patient reported significant pain relief and improvement in Range of 
Motion on follow-up and was asked to continue tablet indomethacin, 
range of motion exercises and postural drainage.

CASE 2
A 24-year-old male patient presented in emergency room with 
acute onset slurred speech since 8 hours associated with excessive 
salivation and weakness of bilateral upper limbs followed by lower 
limbs since 6 hours. The patient reported of diarrhoea/gastro-
intestinal infection 1 week back. There was no previous history of 
similar illness, any significant family history, fever, fatigue, weakness 
or any toxin intake.

On examination, his pulse was 93 beats per minute, regular, normal 
volume and character with no radio-femoral delay, Blood pressure 
was 138/78 mm Hg, Oxygen Saturation was 93%. Attitude of the 
patient was supine with inability to lift his neck or no bed mobility 
and bilateral facial paralysis. Neurological examination revealed 
difficulty in speech and swallowing. Neck flexors and extensors 
were weak. There was flaccid paresis of the limbs (corresponding 
to Medical Research Council grade 1/5 in all muscles of the upper 
extremities - proximal and distal and 1/5 in lower extremities – 
proximal and distal) and bilateral flexor plantar responses. The 
bowel and bladder were not involved. CT scan of head was clear. 
Neostigmine Test was negative, ruling out Myasthenia Gravis. 
Cerebrospinal Fluid study revealed Albuminocytologic Dissociation 
and hence a diagnosis of GBS was made. Single Breath Count 
(SBC) was less than 5 so the patient was admitted in the Intensive 
Care Unit and was intubated.

Treatment was directed at giving respiratory support, hence he 
remained sedated and ventilated. The treatment he received in the 
ICU included steroids and immunoglobulin therapy. He had many 
episodes of chest infections (Ventilator Associated Pneumonia) 
which were treated with antibiotics. Rehabilitation in terms of joint 
mobility, regular posture change to prevent pressure ulcer and 
pulmonary rehabilitation (including postural drainage) started after 
1 month.

After about 6 weeks of regular rehabilitation (Day 75 in ICU), 
patient complained of insidious onset, gradually progressive pain 
in Bilateral Hip Joints (Left > Right). On examination, there was no 
redness, swelling, bony outgrowth or palpable warmth over the 
joint. Muscle Power was 1/5 in all proximal lower limb muscles. 
Passive range of motion was restricted to 80 degree of flexion, 20 
degree of internal rotation and 35 degree of external rotation in left 
hip and 90 degree of flexion, 30 degree of internal rotation and 40 
degree of external rotation in right hip. ESR was 62 mm in 1st hour 
(normative value <20), C-reactive Protein 73.47 mg/L (normative 
value <6), Alkaline Phosphatase 92.09 IU/L (normative range was 
39-117), total leukocyte count 5030/mcL (normative range 4000-
12000), Serum calcium 8.89 mg/dL (normative range 8.8-10.6) 
, Serum Magnesium 1.93 mg/dL (normative range 1.8-2.6) and 
Serum Phosphate was 3.97 mg/dL (normative range 2.5-4.5). The 
digital radiologic film of pelvis and bilateral hip showed mature HO 
on the infero-medial and supero-lateral aspects of both the hip 
joints [Table/Fig-3,4].

Patient was prescribed Tablet Indomethacin 75 mg (sustained 
release) for 6 weeks, range of motion exercises of all joints 
(including hip joint in painless range without any vigorous 
movement or massage) and pulmonary rehabilitation. Patient was 
asked to continue this on follow-up and report any complications 
or fresh complains.

[Table/Fig-3]: Digital X-Ray left hip of case 2 showing HO in left hip.
HO: Heterotopic ossification

[Table/Fig-4]: Digital X-Ray of pelvis and bilateral hip of case 2 showing HO in 
both hips.
HO: Heterotopic ossification
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contains neural crest stem cells and progenitors which are protected 
from external environment by BNB. As BNB opens, these cells 
along with BMPs and inflammatory cytokines are released in the 
blood. BMPs in blood produce Brown Adipose Tissue (BAT) which 
promotes neo-angiogenesis and hypoxic environment. This cascade 
of Neuro-inflammation, increased BMPs and BAT accelerates the 
neural crest stem cells to undergo osteogenic differentiation and 
causes HO [8].

Despite the perception that HO does not occur in peripheral nerve 
disorders, there have in fact been a number of case reports in 
various neurologic disorders, with no clear involvement of the CNS 
[9]. Acute inflammatory demyelinating poly-neuropathy or GBS 
damages myelin sheath and axons. Since, it is an immune mediated 
reaction, there is altered BNB and increased production of BMP due 
to demyelination [10]. Although there is no trauma or bone fracture 
in GBS; peripheral nerve inflammation, immune mechanisms, 
elevated BMP and altered BNP leads to HO in GBS.

In the available literature, we found 17 reported cases of HO 
following GBS [Table/Fig-5] [4,9,11-20]. Zeilig G et al., reported 6% 
incidence of HO in GBS [9]. Ploumis A et al., reported less than 3% 
HO in GBS [11]. HO is most commonly seen in males (both the 
cases reported here). The mean age of HO in GBS as per reported 
cases was 42 years [16-20] while our cases were 20 years and 
24-year-old. Hip joint was mostly affected in literature which is in 
concordance with our case report [12-17]. Risk factors reported 
were mechanical ventilation [4,12,15], prolonged immobilisation 
[4,12,15] and respiratory failure [9,15]. Both our cases were 
ventilated and had prolonged immobilisation while case no. 1 also 
had respiratory failure.

of hip pain and stiffness during passive joint mobilisation within 
8 and 10 weeks of hospitalisation respectively. Diagnostically, 
simple radiograph with increased Alkaline Phosphatase is enough 
if the new bone is clearly visible. Only in a very early case of HO; 
MRI, triple phase bone scan and SPECT/CT [4,9,12,13] may be 
needed. We used only simple Radiograph in both these cases. 
Most studies used Serum Calcium and Serum Phosphate as 
supplementary lab investigations. Studies by Ryu SR et al., and 
Zeilig G et al., reported an increase in ALP which is the same in 
both these reported cases [4,9].

Treatment options consist of Non-Steroidal Anti-Inflammatory 
Drugs (NSAIDs) (mainly Indomethacin), Bisphoshonates (Etidronate 
Sodium and Alendronate), radiotherapy, surgical excision and Range 
of motion exercises within painless range. We used only NSAIDs 
and rehabilitation therapy in patients of the present study and they 
may be considered for surgery after re-evaluation.

CONCLUSION(S)
Both these cases are extremely rare cases of late onset HO after 
Guillain-Barre Syndrome. Long immobilisation and forceful joint 
mobilisation may cause HO by repetitive micro-trauma to muscles 
having flaccid paralysis, eventually leading to ectopic bone 
formation in soft tissues. Even though there are very few reported 
cases, physicians and healthcare professionals should be aware of 
this complication which has a huge effect on functional outcome of 
such patients.
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Study
num-
ber of 
cases

average age 
& Gender

Risk Factors Joint affected

Ryu SR et 
al., [4]

1
31 years, 
Female

Mechanical Ventilation, 
Prolonged immobilisation

Right Hip Joint

Zeilig G et 
al., [9]

4

37.5 years 
mean age 

(range 34-59 
years), 3 Male 
and 1 Female

Mechanical Ventilation, 
Respiratory Failure

1 patient Bilateral, 
1 patient right and 
2 patients left hip 
joint.

Vaishya R et 
al., [12]

1
30 years, 
Female

Mechanical Ventilation, 
Prolonged immobilisation

Bilateral Knee 
Joints

Shawgi M 
[13]

1
55 years, 

Male
Prolonged Immobilisation Bilateral Hip Joints

Kerdoncuff V 
et al., [14]

3
Average age 

42 years, 
Male

Mechanical Ventilation, 
Prolonged Immobilisation, 
Encephalopathy

Bilateral Shoulder, 
Knee and Hip Joints. 
One patient had 
compression of Ulnar 
nerve due to HO.

Ohnmar H 
et al., [15]

1
39 years, 

male

Mechanical Ventilation, 
Prolonged Immobilisation, 
Respiratory Failure

Bilateral Shoulder, 
Elbow and Hip 
Joints

Bernard V 
[16]

1 35 years, Male Prolonged Immobilisation Hand Joints

Hung JCC 
et al., [17]

1
13 years, 

Male
Mechanical Ventilation, 
Respiratory Failure

Bilateral Hip Joints

Ploumis A 
et al., [11]

1
67 years, 

male
Mechanical Ventilation Bilateral Hip Joints

Coppens E 
et al., [18]

1
63 years, 

male
Mechanical Ventilation, 
Prolonged Immobilisation

Bilateral Hip Joints

Nalbantoglu 
M et al. [19]

1
39 years, 

male

Mechanical Ventilation, 
Prolonged Immobilisation, 
Respiratory Failure

Bilateral Hip Joints

Abid H et 
al., [20]

1
42 years, 
Female

Mechanical Ventilation, 
Prolonged Immobilisation, 
Respiratory Failure

Bilateral Hip Joints

[Table/Fig-5]: Reported cases of HO following GBS.
HO: Heterotopic ossification; GBS: Guillain barre syndrome

Clinical Signs and Symptoms of HO develop within 4-12 weeks 
post-injury. It generally starts with the complaint of pain followed by 
stiffness/limitation in range of motion. Both the patients reported 
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Abstract 

Most common nosocomial infection in Intensive Care Unit is Ventilator associated pneumonia 

(VAP). The risk associated is 1-3% per day of intubation, which signifies 6-20 fold increased 

probability of developing pneumonia than in non ventilated ICU cases. The major cause of VAP 

is the colonization of the oral cavity by microbes due to poor oral hygiene. Oral hygiene care like 

mouth rinse, gel, toothbrush, or combination along with use of suction for removing oral 

secretions, may reduce the risk of VAP in such patients. 

Keywords: VAP, ICU, oral microbes, colonization, hygiene, risk 

Introduction  

Pathogenic oral microflora has a significant role in many systemic diseases like bacterial 

endocarditis, bacteremia respiratory problems, and ventilator-associated pneumonia (VAP) [Di 

Benedetto, et al., 2013].  In this spectrum of diseases, nosocomial pneumonia is studied and the 

association between VAP and oral microbes is recognized. VAP is a nosocomial pneumonia 

occurring in patients who receive mechanical ventilation for more than 48 hours [Hutchins, et 

al., 2009]. 

mailto:drpardhenilesh@hotmail.com
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Cases with VAP have a prolonged ICU stay with a longer total  hospital stay  typically an extra 

7-9  days [Eke et al., 2012, Dennesen, et al., 2003].  Increased cost of health and higher mortality 

are also related to VAP. In this review we have focused on the oral care preventive protocol 

associated with VAP [Hutchins, et al., 2009]. 

Signs and symptoms of VAP include following: [American Thoracic Society, 1995] 

1. Body temperature above 38
0
C or below 36

0
C 

2. New infiltrate on chest X-ray 

3. White blood count altered (above 12000 or below 4000) 

4. Purulent sputum 

Risk factors in the oral cavity associated with VAP include plaque formation, bacterial 

colonization in mouth, growth of pathogenic bacteria on teeth, certain secretions from oral cavity 

[Eke et al., 2012]. 24 hours of admittance to an intensive care unit (ICU) can lead to bacterial 

colonization with Staphylococcus aureus which includes Methicillin-resistant Staphylococcus 

aureus (MRSA), Acinetobacter, Klebsiella, Escherichia coli and Pseudomonas [Eke et al., 2012, 

Dennesen, et al., 2003]. 

VAP is related to a longer period of mechanical ventilation, excessive antimicrobial medicines 

and extensive hospitalization. Mortality rate linked to VAP is around 30-60%. Due to poor oral 

hygiene, aspiration of oral secretions is the main cause of VAP [Keyt, et al., 2014]. The normal 

defense mechanism against pneumonia is impaired due to endotracheal tube (ET) disrupting 

normal mucous clearance and collection in subglottic pool due to which these contaminated 

secretions are aspirated in lungs [Dennesen, et al., 2003, Keyt, et al., 2014]. 

Antibiotics should be used judiciously as the resistant microbes can infect critically ill cases and 

ICU’s [Keyt, et al., 2014]. Appropriate and preventive nursing and respiratory intervention 

should be implemented. 

Saliva plays an important role in oral clearance and has antimicrobial properties. In ICU, 

excessive stress leads to xerostomia which increases risk of plaque accumulation, caries and 

periodontal diseases [Bouadma, et al., 2010]. Intraoral examination, inspecting lips and any 

associated pathologies in oral cavity should be done by a dental expert.  



Volume: 6; Issue: 7; July-2020. ISSN: 2454-5422 
 

Pradakhshana Vijay et al., 2020  1970 

Incorporation of oral hygiene habits like brushing the teeth, tongue using soft bristle brush twice 

a day reduces the risk of VAP by 60%. Use of chlorhexidine 0.12% twice daily and 1.5% 

hydrogen peroxide is recommended for maintaining proper oral hygiene [American Thoracic 

Society, 1995, Keyt, et al., 2014]. 

A proper oral care protocol should be followed in all institutions so that patient receives a 

comprehensive oral care. Appropriate treatment of plaque by hand scaling, aphthous ulcers, 

caries and oral candidiasis should be done [Bouadma, et al., 2010]. 

Oral care recommended for VAP patients: [Dennesen, et al., 2003, Keyt, et al., 2014] 

1. Assessment of oral cavity: Assessing lips, oral mucosa, teeth, tongue, palate and gingival 

for any pathologic lesions or infections. 

2. Maintain salivation: Prevent xerostomia and mucositis. Use of salivary substitutes or 

moistening gel. 

3. Prevention of caries: Use of fluoridated tooth paste. Use of mouthwash and plaque 

removal should be done. 

4. Head elevation: Head should be lifted to at least 30
0
 as this will prevent the accumulation 

of salivary secretions in oral cavity, prevent the aspiration of gastric contents and prevent 

the pooling of oral secretion in subglottic area. 

5. Use of intraoral suction: To prevent aspiration of contents to lungs. 

Conclusion 

Acquired pneumonia in ventilated patients causes financial crisis due to increased hospitalization 

and use of ventilator. Due to severity of this disease healthcare professionals should consider the 

risk factors associated with VAP and adopt preventive strategies. 
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Introduction 

Maxillofacial injuries involve soft and hard tissues 

injury of the face extending from frontal bone superiorly 

to mandible inferiorly.  

The severity and pattern of maxillofacial injury differ 

from one geographical area to another or may be within 

the same area based on prevailing socioeconomic, 

cultural and environmental factors. Despite of many 

reports about the incidence of maxillofacial fracture 

there is limited study about the specific type or pattern of 

maxillofacial fractures in our region. 

Some existing studies observed that in maxillofacial 

area, the mandible is the most common fracture site, 

possibly because it is unguarded and has a predominance 

position on the face. Some survey also reported the 

fracture of the mandible (69.2%) outnumbered other 

facial fractures, but few other reports differed from this 

observation.1 

Some study reported that the Para symphysis and 

symphysis fractures were the most common sites of 

fracture in mandible followed by condylar fractures 

which coincides with the survey in western Nepal.2Our 

study attempts to define current, predictable patterns of 

fracture in central part of Uttar Pradesh. 

Purpose 

• To develop the reliable and regional data base of 

maxillofacial injury pattern. 
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• To develop the useful guide for human resource and 

logistics for the proper and prompt management of 

maxillofacial trauma.  

Materials and methods 

This study is a retrospective analysis of medical records 

available in trauma Centre. The medical records of 

patients with facial trauma treated from July 2018 to 

May 2019 were observed and reviewed.  

We attended a total of 3427 patients of maxillofacial 

injuries in trauma Centre and 489 patients having bony 

injuries were managed by our team in trauma unit during 

the mentioned period of time. Then data were analysed 

based on the number and anatomic location of fractures. 

Observation 

Table 1: 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mid face Fracture     Site NO. OF PATIENTS- 187 (38.24%)  

 RT B/L LT Total  

Le fort I 13 12 6 31 (6.3%) 

Le fort II 8 25 6  39 (7.9%) 

Le fort III 5 3 3 11 (2.2%) 

ZMC 32 5 39 76 (15.5%) 

Isolated nasal 2 (0.4 %) 

Palatal 14 (2.8 %) 

Frontal 5 (1.0 %) 

NOE 9 (1.8 %) 

Mandibular Fracture Site     NO. OF PATIENTS – 243 (49.69%) 

RT B/L LT Total  

Angle 20 1 24 45 (9.20%) 

Condyle 22 5 21 48 (9.81%) 

Para symphysis 47 11 39 97 (19.83%) 

Body 20 03 15 38 (7.7%) 

Ramus 4 0 3 7 (1.4%) 

Symphysis 08 8 (1.6%) 
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Table 3: 

Multiple fracture site in mandible NO. 

Angle + Symphysis 16  (3.2%) 

Condyle +Parasymphysis 20 (4.0%) 

Symphysis+Bilateral Condyle 3 (0.6%) 

Bilateral parasymphysis 9 (1.8%) 

Symphysis + Ramus 2 (0.4%) 

Angle + Condyle 2 (0.4%) 

Angle + Angle 1 (0.2%) 

Condyle + Condyle 3 (0.6%) 

Symphysis + Body 3 (0.6%) 

Total 59 (12.06%) 

Most common mid face fracture is ZMC (15.5%) followed by Le fort II - (7.9%), Le fort I   - (6.3%), Le fort III- (2.2%). 

Mandible (49.69%) is the most common fracture among the maxillofacial injuries. 

In mandible most common fracture site is Para symphysis, (19.83%) (Single site of mandible fracture). In combination 

fracture the condyle and symphysis fractures (4.0%) were more common followed by angle and symphsealfracture 

(3.2%). 

Table 4: 

Age Group 
Male Female Total 

No. % No. % No. % 

10 to 20 yr 21 21.6% 4 50.0% 25 23.8% 

21 to 30 yr 47 48.5% 2 25.0% 49 46.7% 

31 to 40 yr 16 16.5% 1 12.5% 17 16.2% 

41 to 50 yr 8 8.2% 1 12.5% 9 8.6% 

50 plus yr 5 5.2% 0 0.0% 5 4.8% 

Total 97 100.0% 8 100.0% 105 100.0% 

Upon comparing gender undergoing maxillofacial trauma, males are more prone to trauma, mainly because of more 

intoxication habits found among males & more exposure of males to outer world as compared to females. Maximum 

number of patients were found between 21 to 30 years of age group (48.5%) among males, as compared to 10 to 20 years 

(50.0%) in females. 
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As we can see in this table, maximum number of trauma was found in 21 to 30 years (46.7%) of age group among general 

population, & least number present in 50 years & further (4.8%). 

Table 5: 

 

 

 

 

 

 

 
Seeing total percentage of trauma, 92.4% males reported to our unit with maxillofacial trauma, whereas, only 7.6% 

females reported with maxillofacial trauma. 

 

 

 

Sex 
Total 

No. % 

Male 97 92.4% 

Female 8 7.6% 

Total 105 100.0% 
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Table 6: 

 

 

 

 

 

 

 

 

 

 
Only comparing the age group of reported patients, 46.7% of patients belonged to 21 to 30 years of age group, & least 

number of patients were from 50 years & plus age group(4.8%). 

Discussion 

Trauma registries are a potential source of the data 

needed for comprehensive public health surveillance of 

injuries. Our trauma Centre is a tertiary care Centre and 

deals with patients from all over UP by round the clock. 

This Centre provides very vast and variety of patients 

which can be used as indicators to improvise the quality 

of treatment offered thereby indirectly improving the 

quality of life. Good quality, reliable and representative 

information is very vital and is the foundation to 

formulate injury prevention programs in India.  

There are lot of area specific diversity in data, as some 

study reported the mandibular fractures were the most 

common among all other sites5. However, this is not 

corresponding with other studies that found that nasal 

bones and zygomaticomaxillary complex the most 

common site of fractures due to their prominent position 

within the facial skeleton6. Michael Krimmel et al, 

reported that mandibular angle region with an impacted 

third molar is an area of lowered resistance to external 

forces.3 

In our study the demographic data was also recorded and 

we found that the peak incidence of maxillofacial trauma 

are at 20-30-year age group and least in over 60-year 

group and the gender distribution was recorded for six-

month period with male: female ratio8.9:1. 

Some previous study also reported the peak incidence of 

maxillofacial fractures in the age group of 21-30 years 

Age Group 
Total 

No. % 

10 to 20 yr 25 23.8% 

21 to 30 yr 49 46.7% 

31 to 40 yr 17 16.2% 

41 to 50 yr 9 8.6% 

50 plus yr 5 4.8% 

Total 105 100.0% 
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(36.2%) followed by the age group of 31-40 years 

(26.3%), which shows that, in general, young people 

suffer more from trauma compared to older 

population6.This is admissible that the 30-40 years age 

group performs the most energetic period in which 

individuals are engaged in many outreach activities and 

high-speed transportations. 

The male to female ratio is quite similar to other studies 

by Rabadi and Anuradha et al (4,6). This may be explained 

by the fact that males have predominant outdoors 

activities and are more exposed to violent reactions 

compared to females and also due to the fact that there 

are more male vehicle drivers than females7. 

Contrastingly in countries like Japan women participate 

in more social activities than men where the ratio has 

been reduced to 2:1 (13). 

In midface, the most common fracture site is 

zygomaticomaxillary complex (15.5%) followed by 

Lefort II (7.9%) which was comparable to the studies by 

Dilip et al and Al-Ahmed et al (11,12).  This might be due 

to the prominence of zygoma complex and Lefort II is 

2nd most common due to projection of nasal bone where 

prior impact is made. 

In this study, the most common fracture site is mandible 

(49.69%) which was consistent with other studies (8,9) by 

Barde (39.8%) and Saravanan et al (36 to 59%). 

mandibular fractures are most common because it is only 

the moving bone of craniofacial complex10 and also it 

grows forwards and downwards as age progresses. 

Nowadays, with the increasing number of automobiles, 

the manufacturing of half guarded helmets which guards 

only the cranial vault and midface might also contribute 

to increase in incidence of mandibular fractures. Most 

common fracture site in mandible is Para symphysis 

(19.38%) which is comparable to studies by Saravanan 

et al (44.83%) and Natu et al (31.4%) (9,10). The reason 

being the length of mandibular canine weakening the 

bone architecture and presence of tooth buds in pediatric 

population. The other theory being uneven distribution 

of tensile forces in this irregular curved region in cross 

section leading to accumulation of tensile forces. This is 

in contrary to studies conducted by Ellis et al, Adi et al 

and Shah et al who reported body region as the most 

common site (14,15,16). Ahmed et al and Motamedi 

reported condyle as the most common site (12,17). The 

study by Chalya et al showed increased incidence at 

angle region (18). Krimmer et al supported this by 

stating that angle fracture incidence increases along with 

presence of impacted molars in the region (3). 

While accounting for combination fractures symphysis 

and condylar fractures are the most common duo (4%) 

which is similar to other studies (10). This might be due to 

transmission of tensile forces from Para symphysis 

region to cranial vault through condylar neck resulting in 

fracture at the site.  This was contradicted by Saravanan 

et al as angle and parasymphy seal region (9) and Dongas 

and Hall as Para symphysis with angle as most common 

fracture site (19). 

There is no correlation between etiology and fracture site 

but there is some association with demographic data 

such as gender and age groups as men most commonly 

involve in outdoor activities and interpersonal violence 

whereas female stay indoors. These data might change in 

future with current generation of women empowerment 

and increased involvement of women in social activities. 

There is correlation between pediatric and old age 

groups owing to increased tooth to bone ratio which 

were the groups more prone for fracture but fortunately 

pediatric population were guarded from such incidents 

by parents and old age people lead a humble, calm life 

after 50 years of age.  
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Conclusion 

This study attempts to define current, predictable 

patterns of fracture in this part of the country. The 

development of reliable data base of injury pattern will 

be a useful guide for human resource and logistics 

management of maxillofacial injuries in the trauma 

patient population. This study concludes that 

maxillofacial injuries are more common in 20–30-year 

age group with male predominance and most common 

fracture being mandibular fractures (49.69%) followed 

by midface of which ZMC (15.5%) is most common 

fracture site. In mandible Para symphysis (19.83%) and 

Para symphysis with condyle fractures (4%) contributes 

to most common fracture sites in single and multiple 

fractures respectively. 
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Lateral Wedge Insole on Gait Parameters 
in Medial Compartment Osteoarthritis of 

Knee: A Cross-sectional Study

INTRODUCTION
The OA, also known as degenerative joint disease, wear and tear 
arthritis, or age-related arthritis, is a foremost cause of disability [1]. 
Knee OA more commonly affects the medial tibio-femoral joint 
compartment as compared with the lateral compartment of the knee. 
This discrepancy is due to the load carried by the medial compartment 
which is approximately 60-91% of the total knee load [2]. Although, 
the disease pathophysiology is still poorly understood, it is accepted 
that knee OA is multifactorial in origin. Risk factors related to the 
development of knee OA may be divided into non modifiable and 
modifiable. Modifiable risk factors can be targeted for treatment.

Nonoperative treatments of knee OA are often useful for patients 
with Kellgren and Lawrence Grades 1 to 3, which are “early” stages 
of OA [3]. Orthoses use in patients with varus medial knee OA is 
aimed at altering the biomechanics of the knee to reduce the medial 
load, reduce symptoms, and slow progression of medial knee OA in 
cases of malalignment. The functional improvement and symptom 
reduction have been reported in patients fitted with a valgus unloader 
knee brace or a laterally wedged insole [4].

It is difficult to measure tibio-femoral contact stress in vivo, the 
External Knee Adduction Moment (EKAM) is clinical surrogate 
measure of medial tibio-femoral joint loading [5]. In knee joints with 
varus malalignment, the ground reaction force vector runs medially 
and from the middle of the knee baseline. The moment arm is the 
perpendicular distance between the ground reaction force vector 
and the knee’s centre of rotation. This moment arm produces an 
external adduction moment, also named varus moment [6]. The 

KAM has been identified as the mechanism primarily responsible 
for the increased compressive load on the medial compartment of 
varus knees. The magnitude of the KAM is most associated with 
the magnitude of the moment arm, which was inferred to be more 
dependent on knee adduction, followed by the magnitude of the 
frontal plane GRF [7].

The general purpose of unloading knee braces is to apply corrective 
forces by means of a three point pressure system, which distribute 
load away from the damaged compartment. The LWI is a wedge 
placed under the sole of the foot and angulated, so that it is thicker 
at the lateral part than the medial edge, transferring loading from 
the medial to the lateral knee joint during weight bearing. Reduction 
of EKAM ranging from 4-12% with an LWI of at least 5° [4]. Lateral 
wedges thus shift the center of pressure laterally, reducing the 
external KAM and knee adduction angular impulses, alleviating 
pain, and improving function in patients with knee OA [8,9].

Gait analysis being non invasive has become an important tool for 
quantifying normal and pathological gait patterns. There are literature 
comparing the changes in spatiotemporal, kinetic and kinematic 
parameters of gait after the orthotic fitment has been done and 
patients had got accustomed with those orthoses. Literature has 
also reported improvement in pain and functional aspect after long 
term use [8,9]. A thorough search of the best of author’s knowledge, 
there is no study which has evaluated the changes in gait parameters 
just after orthotic fitment. The aim of this study was to determine 
and compare the immediate effect of valgus knee brace and LWI on 
gait parameters in medial compartment OA knee patients.

Jyoti Pandey1, anil KuMaR GuPta2, dileeP KuMaR3, abhiSheK aGaRwal4, SudhiR MiShRa5, GaneSh yadav6

 

Keywords: Gait cycle, Knee abduction, Motion capture, Orthoses

ABSTRACT
Introduction: Orthoses have been reported to improve function 
and symptom reduction in knee Osteoarthritis (OA) of the medial 
compartment. Biomechanical changes introduced instantly in 
the gait with the use of orthoses can be evaluated to understand 
their effectiveness.

Aim: To determine and compare the immediate effect of valgus 
knee brace and Lateral Wedge Insole (LWI) on gait parameters 
in medial compartment OA knee patients.

Materials and Methods: This was a cross-sectional study conducted 
in the Department of Physical Medicine and Rehabilitation at 
a tertiary centre from August 2018 to July 2019. A 56 patients 
of knee OA (Kellgren-Lawrence system grades 2 or 3) were 
assessed by instrumented gait analysis before and just after 
orthotic fitment. Gait parameters related to External Knee 
Adduction Moment (EKAM) (e.g., maximum Ground Reaction 
Force (mGRF), vertical Ground Reaction Forces (vGRF), Varus 
Angle (VA) were assessed via motion capture during walking, in 

all four conditions: barefoot (B), LWI, valgus Knee brace (KB), 
Combined (C) i.e., (LW+KB). Statistical analysis was done using 
International Business Machines (IBM) Statistical Package for 
Social Sciences (SPSS) version 24.0. To find the significant 
difference in given parameters, repeated measure Analysis of 
Variance (ANOVA) was applied taking p-value <0.05.

Results: A total of 56 patients (13 men, 43 women) mean age 
of 58.04±5.8 years and a mean Body Mass Index (BMI) of 
27.4±3.5 kg/m2 were analysed. A 35 patients had OA grade 2 
and 21 were classified as grade 3. No significant difference 
in mean vGRF and VA values was found among LW, KB and 
C (p=0.118) and (p=0.894) throughout the stance phase. The 
significant difference was in mean mGRF values during initial 
stance phase (0-20% of gait cycle) (p=0.036).

Conclusion: The orthoses may not swiftly provide beneficial 
biomechanical changes in gait parameters of medial OA knee 
patients. 
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MATERIALS AND METHODS
This was a cross-sectional study conducted in the Department of 
Physical Medicine and Rehabilitation at King George’s Medical 
University, Lucknow, Uttar Pradesh, India, over a period from 
August 2018 to July 2019. The ethical approval was obtained from 
the Institutional Ethics Committee (Ref code: 95th ECM II B- Thesis/
P1) and informed consent was signed by all the patients who 
participated in the study.

Sample size calculation: The reference paper by Duivenvoorden T 
et al., and Moyer RF et al., [4,10]. In order to compare the changes 
in gait parameters among orthoses (population variance=2.27), 
significant with 95% confidence interval and power of 80%, the 
minimum sample size required was 56 patients.

inclusion criteria: Patients with age more than 50 years and 
confirmed diagnosis of OA knee as per American College 
of Rheumatology (ACR) criteria, with genu varus and medial 
compartment knee OA radiographic osteoarthritic signs according 
to the Kellgren-Lawrence system of Grade 2 and 3, ambulatory 
without the use of an assistive device, able to walk 11 meters 
repeatedly without the use of a walking aid were included in this 
study [11,12].

exclusion criteria: Patients with a history of ligament deficiency 
or reconstruction, cardiovascular disease, diabetes, neurological 
impairment, impaired balance, total knee replacement in either 
knee, orthopaedic problems in the hips, ankles or spine, a Body 
Mass Index (BMI) ≥40.0 Kg/m2, surgery of the lower extremities, 
congenital or developmental disease of lower limbs, paralysis 
of lower extremities, any disease or medication that might have 
worsened physical function of knee and patients not willing to 
participate in the study were excluded from the study.

Study Procedure 
First the clinical and radiological assessment was done. Patients 
were provided with the bilateral, standardised, laterally wedged 
(5° inclination) insoles made of natural latex, wedged along 
the lateral edge of the full length of the foot, were trimmed to 
fit the shoes and off the shelf knee brace. Same patient was 
evaluated for changes in biomechanical gait parameters: (a) 
without orthosis i.e., barefoot; (b) LWI; (c) valgus knee brace; 
(d) combined valgus knee brace and LWI, immediately after 
orthotic fitment.

Kinematic and kinetic data were evaluated after motion capture 
using a 6 infrared camera system (BTS SMART-DX system) and two 
force plates (BTS P-6000) positioned on an 11 m walkway. Helen 
Hayes protocol provided with the BTS SMART- Clinic software was 
used which allowed the study of kinetics and kinematics of human 
locomotion [13]. 

Eighteen spherical retroreflective markers were attached to 
the skin over selected bony landmarks, defining trunk Cervical 
(C)7, bilateral acromion), pelvis (each Anterior End of Iliac Crest 
(ASIS), Sacral (S)2 vertebra), thigh (on lateral aspect of knee 
flexion- extension axis, bilateral at mid of thigh along the virtual 
line passing through hip joint center and knee joint center on 
lateral aspect), shank (lateral malleolus bilateral, at mid of shank 
along the virtual line passing through knee joint center and ankle 
joint center on lateral aspect bilateral), and foot (bilateral in the 
space between the heads of second and third metatarsals, 
bilateral heel).

Patients were asked to perform two different tasks i.e.,

(a) Standing task: the patient held an orthostatic position for at 
least 3-5 seconds, performed on the top of the force platform.

(b) walking task: the patient walked normally in the straightest 
way possible across the working volume defined during the 
calibration phase of the optoelectronic system. The markers 
placed on the subject were clearly within the field of view of the 
cameras during the whole acquisition. A trial was valid if the 
subject stepped with the entire foot on one force platform, and all 
markers were recognised by the capture system. Patient walked: 
(1) barefoot; (2) with LWI; (3) with valgus knee brace; and (4) with 
combined LWI and KB.

The mean of six valid trials per condition was used for analysis. 
A gait cycle consists of two phases i.e., stance phase and swing 
phase [14]. Stance phase refers to the portion of gait cycle 
during which the reference limb is in contact with the ground. 
It constitutes about 60% of gait cycle at normal walking speed. 
It is further divided into five periods e.g., initial contact, loading 
response, midstance, terminal stance and pre swing. The 
first peak, valley and second peak of vGRF occurs at loading 
response, midstance and terminal stance in a normal gait cycle 
[15]. In this study, changes in gait parameters (vertical GRF, 
medial GRF, VA) were evaluated during 0-20%, 20-40%, 40-60% 
of the gait cycle which approximately corresponds to the periods 
of stance phase.

STATISTICAL ANALYSIS
Statistical analysis was done using IBM SPSS version 24.0 
Statistics for Windows. To represent the continuous variable mean 
and standard deviation was used. To find the significant difference 
in given parameters, repeated measure ANOVA was applied taking 
p-value <0.05.

RESULTS
A total of 56 patients (13 men, 43 women) with mean age of 
58.04±5.8 years and a mean BMI of 27.4±3.5 kg/m2 were 
included. The 35 patients had OA grade 2 and 21 were classified 
as grade 3.

Analysis of changes in Kinetics and Kinematics variables: The 
variables which were evaluated are 1) vGRF (vertical ground reaction 
force); 2) mGRF were included in the study. (medial ground reaction 
force); 3) VA (varus angle) [Table/Fig-1].

The mean vGRF (0-60% of gait cycle i.e., entire stance phase) was 
minimum (87.64±10.74) in case of LW and maximum (90.97±8.98) 
in case of KB. However, no significant difference in mean vGRF 
values was found among LW, KB and C (p=0.118) throughout the 
stance phase.

On comparing the mGRF (medial GRF) values without and with 
orthoses, it can be concluded that at the 0-20% of gait cycle, 
the mean mGRF was minimum (6.88±5.28) in case of LW and 
maximum (9.03±5.84) in case of KB. The significant difference in 
mean mGRF values was found among LW, KB and C (p=0.036) 
[Table/Fig-2].

It is evident that mGRF in LW is showing significant difference 
when compared to KB and combined. Rest all comparisons did 
not show any statistically significant difference. So, the mean 
mGRF (0-60% of gait cycle i.e., entire stance phase) was 
minimum (7.63±4.52) in case of LW and maximum (8.88±5.38) 
in case of KB. However, no significant difference in mean mGRF 
values was found LW, KB and C (p=0.285) throughout the 
stance phase.

The mean VA (0-60% of gait cycle i.e., entire stance phase) was 
minimum (8.93±6.60) in case of C and maximum (9.36±6.60) 
in case of LW. However, no significant difference in mean VA 
values was found among LW, KB and C (p=0.894) throughout 
the stance phase.
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Pair name Mean diff Sd diff t statistic p-value

mGRF 0-20 B - mGRF 0-20 LW 1.18182 6.35112 1.380 0.173

mGRF 0-20 B - mGRF 0-20 KB -0.96364 6.61498 -1.080 0.285

mGRF 0-20 B - mGRF 0-20 C -0.27273 5.34618 -0.378 0.707

mGRF 0-20 LW - mGRF 0-20 KB -2.14545 3.98687 -3.991 0.000

mGRF 0-20 LW - mGRF 0-20 C -1.45455 4.94720 -2.180 0.034

mGRF 0-20 KB - mGRF 0-20 C 0.69091 5.30155 0.966 0.338

[Table/Fig-2]: Paired t-tests result for mGRF in all four conditions for 0-20% of 
gait cycle.

vGRF

barefoot b

with orthoses Repeated measure anova

lw Kb C

F-value p-valueMean±Sd Mean±Sd Mean±Sd Mean±Sd

0-20% gait cycle 86.04±10.53 83.90±13.53 88.04±13.33 85.51±14 1.68 0.173

21-40% gait cycle 89.46±9.78 88.23±12.21 91.58±9.11 88.67±11.6 1.62 0.186

41-60% gait cycle 91.37±11.58 90.78±11.66 93.29±10.33 90.07±11.9 1.14 0.336

vGRF mean 88.96±9.27 87.64±10.74 90.97±8.98 88.08±11.3 1.99 0.118

varus angle (va°)

0-20% gait cycle 8.95±7.04 9.58±6.87 9.45±6.94 9.15±6.76 0.51 0.675

21-40% gait cycle 9.29±7.02 9.52±6.95 9.19±7.21 8.96±6.84 0.29 0.830

41-60% gait cycle 9.20±6.51 8.97±6.24 8.58±6.95 8.67±6.43 0.49 0.688

VA mean 9.15±6.77 9.36±6.60 9.07±6.93 8.93±6.60 0.20 0.894

mGRF

0-20% gait cycle 8.06±5.18 6.88±5.28 9.03±5.84 8.34±5.73 2.91 0.036*

21-40% gait cycle 8.02±5.58 7.89±5 8.89±5.72 8.51±5.46 0.72 0.542

41-60% gait cycle 9.24±5.12 8.11±4.57 8.71±5.33 8.97±5.54 0.92 0.432

mGRF mean 8.44±4.90 7.63±4.52 8.88±5.38 8.61±5.39 1.27 0.285

[Table/Fig-1]: Comparison of vGRF, VA and mGRF values without and with orthoses.
*Significant; bold p-values are significant; LW: Lateral wedge; vGRF: Vertical ground reaction force; mGRF: Medial ground reaction force; C: Combined; KB: Knee brace; Anova: Analysis of variance

combined orthoses. Also, among LW and KB, VA was less with 
the use of knee brace throughout the stance phase although these 
changes were not significant. This may be due to analysis of gait 
parameters immediately after orthotic fitment and the adaptation 
with the orthosis was missing. Some previous studies failed to 
detect significant changes in peak knee varus angle with wedged 
insoles [21,22].

Since, the KAM is mostly determined by the frontal plane 
magnitude of the GRF and its moment arm about the knee 
joint center [7], a direct reduction in GRF would also result in 
a decreased KAM (e.g., canes or walking poles, weight loss). 
In this study, only those patients who could walk without using 
assistive devices were included, so changes in vGRF was not 
expected, this is consistent with what we have got through 
statistical analysis. During entire stance phase, there was no 
significant difference in mean vGRF in all four conditions. Overall, 
the mean vGRF was minimum in case of LW and maximum in 
case of KB. Also, vGRF was maximum during entire stance phase 
with the use of KB while it was minimum during 0-40% of gait 
cycle with LW. Although, these differences were not significant, 
it can be concluded that in case of LW due to load shifting on 
contralateral limb during initial stance phase may have resulted 
in decreased vGRF value. In case of KB, additional weight of 
knee braces has contributed to increase in vGRF throughout 
the gait cycle.

Nagura T et al., concluded that both medial and vertical GRF 
were increased in OA knees, however only medial GRF correlated 
with KAM [23]. They concluded that modification of gait pattern 
to reduce medial GRF by non surgical interventions (insoles, 
gait training, etc.,) may be effective to reduce KAM and medial 
compartment loads. In this study, on comparing the mGRF values 
among (knee brace and insole) no significant difference in mean 
mGRF values was found among LW, KB and C (p=0.432). During 
initial stance phase i.e., 0-20% of gait cycle there was significant 
difference in mean mGRF values among LW, KB and C (p=0.036). 
Also, the mean mGRF was minimum throughout the stance phase 
in case of LW. This signifies that LW was effectively decreasing 
KAM during initial stance phase.

Limitation(s) 
Being a single center study, there was female preponderance in 
the study. Same patient was evaluated repeatedly with orthoses 
immediately after orthotic fitment for recording variations in gait 
parameters. This may have exhausted the patient and there may 

DISCUSSION
With the advancement of 3D gait analysis mainly in the field of OA 
knee, changes in gait parameters are now well known. It has now 
become challenging to use this information for diagnostic purposes 
and decision making for different therapeutic approaches. Previous 
studies have reported that valgus knee brace and LWI decrease 
KAM [16-19]. The external KAM is a common indirect measure 
of the medial tibiofemoral contact force (F med). However, while 
there is indirect evidence that the EAM and the actual loads 
transferred through the medial tibiofemoral compartment are 
related, the quantitative relationship between EAM and Fmed is 
not well established [5,6].

In this study gait analysis of KL grade 2 and 3 OA knee patients 
was done before and just after the orthotic fitment. Patients did 
not receive any information about the different orthosis adjustments 
or what effect could be expected with the insoles and braces. It 
was hypothesised that just after orthotic fitment, there was no 
difference in the immediate effect of LWI and valgus knee brace on 
gait parameters.

The present study has evaluated changes in kinetic and kinematic 
gait parameters related to EKAM (e.g., vGRF, mGRF and VA) during 
0-20%, 20-40%, 40-60% of gait cycle. Schmitz A and Noehren B 
concluded that the knee adduction angle and vertical magnitude of 
the GRF were significant predictors of the first peak KAM, explaining 
58% and 20% of the variance, respectively [20]. A higher first peak 
KAM was associated with increased knee adduction angle and 
vertical magnitude of the GRF. 

In this study, on comparing the mean VA (varus angle) values 
among all four conditions during 60% of gait cycle there was no 
significant difference. Overall, the mean VA was minimum in case 
of combined orthoses and maximum in case of LW. During 20-
60% of the gait cycle, the varus angle was minimum in case of 
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be possibility of some unwanted alterations in gait parameters. 
The patients were not adapted with the use of orthoses, it may be 
considered that the changes in gait parameters would have been 
significant. Also, there were several unidentifiable variables which 
could have played a role as confounders.

CONCLUSION(S)
It was found that immediate changes in the kinetic and kinematic 
gait parameters (VA, vGRF, mGRF,) which were affecting external 
KAM without and with orthoses (LW, KB and combined) were not 
significant. However, it was also found that during initial stance 
phase i.e., 0-20% of the gait cycle lateral wedge was effectively 
decreasing mGRF, which may have decreased KAM. The orthoses 
(insoles and braces) may have decreased KAM, but the changes 
were not being evaluated directly. Only those gait parameters which 
were affecting KAM were compared among orthoses. So, it can be 
concluded that the expected immediate beneficial biomechanical 
changes in gait parameters may not be possible with use of 
orthoses in medial OA knee patients.
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DesCripTion 
A 30-year-old male patient underwent percuta-
neous nephrolithotomy (PCNL) for a 3.5 cm right 
renal calculus. As per our institutional protocol 
he underwent a check X-ray the next day. The 
relatives of the patient immediately came to us 
asking whether some residual fragments of the 
calculus were there in the urinary bladder. When 
we reviewed the X-ray film, there was a radio-
opaque shadow with a smooth contour in the 
region of urinary bladder. On careful examina-
tion this shadow was continuous with a radio-
opaque line along the Foley catheter (figure 1). 
We immediately removed the Foley catheter 
and did another check X-ray. The shadow had 
disappeared. We then realised that the cathe-
ter’s balloon was inflated with contrast solution 
prepared for fluoroscopy-guided puncture during 
PCNL. We acknowledged this error to the patient 
and his relatives and explained them how sorry 
we were for their anxiety, following which they 
were relieved that it was the Foley catheter bulb 
and not residual stones.

We usually prepare a contrast solution for 
puncture during PCNL with a 1:3 dilution with 
sterile water. The appearance of the Foley cath-
eter balloon inflated with contrast was similar 
to a round vesical calculus and that caused 

apprehension in the patient’s mind that was 
relieved on doing the check X-ray after removal 
of the Foley catheter. Access into the pelvica-
lyceal system (PCS) for PCNL is usually done 
via fluoroscopy-guided puncture with the patient 
in prone position.1 A ureteric catheter is placed 
before this so that the contrast solution can be 
instilled into the PCS for identifying the calyceal 
anatomy and also it can be used to flush small frag-
ments of calculus during PCNL. A Foley catheter 
is also placed along with the ureteric catheter to 
secure it. The ureteric catheter is usually removed 
immediately after PCNL and the Foley catheter 
is retained, and removed later in the ward. Ideal 
solution for filling the balloon of a Foley catheter 
is sterile water as ionic solutions can cause crys-
tallisation and subsequent difficulty in catheter 
removal.2 Other authors have proposed that 0.9% 
saline and 1.5% glycine can also be used without 
any risk of complications.3 We usually use sterile 
water or 0.9% saline that is kept in a separate 
sterile bowl for this purpose, but in this case the 
diluted contrast solution was mistaken for sterile 
water and instilled into the Foley catheter balloon. 
The contrast solution and sterile water were kept 
in separate sterile bowls but if they would have 
been kept in separate sized syringes it could have 
prevented this error. Also contrast is more viscous 
we could have differentiated it from sterile water 

Figure 1 A plain X-ray showing the Foley catheter 
balloon filled with contrast (arrow). Also seen is the 
contrast in the balloon inflation channel of the catheter 
(arrowhead).

Learning points

 ► One should be careful during urological 
procedures where contrast is commonly used, 
as the solution is transparent and visually 
cannot be differentiated from 0.9% saline 
used for flushing stones and other transparent 
solutions.

 ► This error can be avoided by keeping the 
contrast solution in separate sized syringes, 
also the operator can feel the resistance in the 
syringe during inflation and stickiness after it 
due to the greater viscosity of contrast as an 
indirect indicator of this error.

 ► If inadvertently contrast has been used for 
inflating the Foley catheter balloon it can be 
identified on X-ray with certain signs such as 
a radio-opaque line on the catheter due to 
contrast in the inflation channel and a smooth 
round contour of the radio-opaque Foley 
catheter bulb.

http://casereports.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bcr-2018-225153&domain=pdf&date_stamp=2018-04-11


2 Pandey S, et al. BMJ Case Rep 2018. doi:10.1136/bcr-2018-225153

images in…

by the resistance in the syringe while inflating and stickiness 
after inflating it, which we missed. Contrast solution being 
more viscous can clog the channel for balloon inflation. In our 
case, it did not happen because we removed the catheter on 
the next day and it was a diluted contrast solution.

Contributors SP conceived the case report. SP and DS were major contributors 
towards writing the manuscript. GG, SS and SP treated the patient and also 
interpreted the patient data. SP and SS were involved in the review. All authors read 
and approved the final manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

patient consent Obtained.

provenance and peer review Not commissioned; externally peer reviewed.

© BMJ Publishing Group Ltd (unless otherwise stated in the text of the article) 
2018. All rights reserved. No commercial use is permitted unless otherwise expressly 
granted.

RefeRences
 1 Ray AA, Chung DG, Honey RJ. Percutaneous nephrolithotomy in the prone  

and prone-flexed positions: anatomic considerations. J Endourol  
2009;23:1607–14.

 2 Gonzalgo ML, Walsh PC. Balloon cuffing and management of the entrapped Foley 
catheter. Urology 2003;61:825–7.

 3 Huang JG, Ooi J, Lawrentschuk N, et al. Urinary catheter balloons should only be filled 
with water: testing the myth. BJU Int 2009;104:1693–5.

Copyright 2018 BMJ Publishing Group. All rights reserved. For permission to reuse any of this content visit
http://group.bmj.com/group/rights-licensing/permissions.
BMJ Case Report Fellows may re-use this article for personal use and teaching without any further permission.

Become a Fellow of BMJ Case Reports today and you can:
 ► Submit as many cases as you like
 ► Enjoy fast sympathetic peer review and rapid publication of accepted articles
 ► Access all the published articles
 ► Re-use any of the published material for personal use and teaching without further permission

For information on Institutional Fellowships contact consortiasales@bmjgroup.com

Visit casereports.bmj.com for more articles like this and to become a Fellow

http://dx.doi.org/10.1089/end.2009.0294
http://dx.doi.org/10.1016/S0090-4295(02)02506-2
http://dx.doi.org/10.1111/j.1464-410X.2009.08672.x


1Agarwal S, et al. BMJ Case Rep 2018. doi:10.1136/bcr-2018-226799

Incidentally detected adrenocortical carcinoma in 
familial adenomatous polyposis: an unusual 
presentation of a hereditary cancer syndrome
Samarth Agarwal, Ashish Sharma, Deepanshu Sharma, Satyanarayan Sankhwar

Images in…

To cite: Agarwal S, 
Sharma A, Sharma D, et al. 
BMJ Case Rep Published 
Online First: [please 
include Day Month Year]. 
doi:10.1136/bcr-2018-
226799

Department of Urology, King 
George’s Medical University, 
Lucknow, Uttar Pradesh, India

Correspondence to
Dr Ashish Sharma,  
 ashishuc343@ gmail. com

Accepted 20 August 2018

© BMJ Publishing Group 
Limited 2018. No commercial 
re-use. See rights and 
permissions. Published by BMJ.

DesCripTion 
A 30-year-old woman presented to us with 
complaints of intermittent bleeding per rectum, 
vague abdominal pain and altered bowel habits 
for last 3 months. There was no history of head-
ache, palpitations, diarrhoea, weight loss, skin 
lesions, haematuria and hypertension. Her grand-
mother had history of colostomy for acute intes-
tinal obstruction and died of unexplained cause 
at age of 55 years. Her laboratory investigations 
were normal. On digital rectal examination, 
multiple polypoidal firm masses were felt approx-
imately 1–5 cm from anal verge. On colonoscopy, 
number of polyps were seen in the colon around 
40–50 in number, ranging from few millimetres 
to largest measuring around 3 cm. These polyps 
spread over ascending to sigmoid colon and 
rectum in increasing number. The biopsy from 
these polyps was suggestive of tubular adenomas. 
A definitive diagnosis of familial adenomatous 
polyposis (FAP) was made. FAP is associated with 
a myriad of presentations, and hence, a thorough 
work up was done to elicit associated lesions. An 
upper gastrointestinal endoscopy was performed, 
which was unremarkable. On slit-lamp examina-
tion, discrete flat multiple pigmented lesions were 
present in retina suggestive of congenital hyper-
trophy of retinal pigment epithelium (CHRPE). 
However, the patient did not complain of any eye 
symptoms.

Further evaluation with contrast-enhanced 
CT scan (CECT) of abdomen showed multiple 

enhancing polypoidal mass lesions (largest of size 
3×2 cm) throughout the colon and rectum with 
no evidence of any regional or distant metastasis. 
To our surprise, CECT also revealed a hetero-
geneously enhancing, well-defined adrenal mass 
measuring 8.5×8.5×6.5 cm with areas of necrosis 
suggestive of localised adrenocortical carcinoma 
(ACC) (figure 1). Functional adrenal work-up 
(serum aldosterone, serum cortisol amd 24 hours 
urinary metanephrine and normetanephrine) 
results were within normal range.

After proper counselling, she underwent radical 
adrenalectomy with total proctocoelectomy with 
permanent end ileostomy as shown in figure 2A. 
The total proctocoelectomy specimen was exam-
ined and revealed multiple poylpoidal lesions 
as shown in figure 2B. Blood sample of patient 
was analysed for truncated APC gene product, 
and in vitro protein synthesis assay was posi-
tive. Histopathology and immunohistochemistry 
(synaptophysin and inhibin) examination revealed 
high-grade ACC with negative surgical margin 
with pT3N0M0 staging. The postoperative period 
was uneventful. She was discharged on post-
operative day 8. She was doing well at 4 weeks 
follow-up with no significant complains.

The FAP is an autosomal-dominant colorectal 
cancer syndrome, which is caused by mutation of 
APC gene on chromosome 5q21. It is character-
ised by occurrence of hundreds of adenomatous 
colorectal polyps and almost inevitable progres-
sion to colorectal cancer by the fourth decade 
of life. Other associated features of FAP include 

Figure 1 Contrast-enhanced CT scan abdomen (coronal 
and transverse sections) showing heterogeneously 
enhancing, well-defined adrenal mass measuring 
8.5×8.5×6.5 cm with areas of necrosis suggestive of 
localised adrenocortical carcinoma.

Figure 2 (A) Intraoperative picture showing total 
proctocoelectomy with permanent end ileostomy. (B) 
The total proctocoelectomy specimen showing multiple 
poylpoidal lesions throughout the rectum and sigmoid.
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upper gastrointestinal polyps, desmoid tumours, CHRPE and 
other extraintestinal malignancies. Uncommonly, endocrine 
tumours like parathyroid, pituitary, pancreatic and adrenal 
neoplasms have been described in these patients.1

Due to widespread utilisation of modern imaging modalities 
like CT and MRI, the detection rates of adrenal incidentalomas 
has increased during the last decades. About 7% of patients with 
FAP or its variants have adrenal masses, as compared with 3% 
in general populations.2 The biological behaviours of adrenal 
neoplasm in patients with FAP are comparable with sporadic 

variety but its required longer follow-up.3 Mostly adrenal 
lesions are non-functional and benign, while functioning adrenal 
tumour mostly secrets cortisol. These non-functional adrenal 
tumours are asymptomatic and are usually detected incidentally 
or at autopsy. ACC is a rare neoplasm of adrenal gland with poor 
prognosis with incidence of one to two per million populations. 
The ACC may be associated with Li-Fraumeni, Lynch syndrome, 
Beckwith-Wideman, MEN type 1 and FAP. There are only few 
reported cases showing association between FAP and ACC.
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Learning points

 ► Familial adenomatous polyposis (FAP) is an autosomal-
dominant colorectal cancer syndrome, which is characterised 
by occurrence of hundreds of adenomatous colorectal polyps 
and almost inevitable progression to colorectal cancer by the 
fourth decade of life.

 ► The extraintestinal manifestation includes desmoid tumour, 
retinal lesions and endocrine tumours like parathyroid, 
pituitary, pancreatic and adrenal neoplasms.

 ► The clinical presentation and biological behaviours of adrenal 
neoplasm in FAP is comparable with sporadic cases, and 
same protocols are followed in these cases.

 ► Adrenocortical carcinoma is a rare, mostly non-functional 
neoplasm of adrenal gland with poor prognosis.
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Original  Article

ABSTRACT
Objectives: A randomized prospective double‑blind study was conducted to determine the efficacy of sub‑mucosal local infiltration vs. 
intravenous dexamethasone in reducing postoperative pain, swelling and trismus after surgical removal of impacted mandibular third molars.

Materials and Methods: Forty five patients were included in the study and were randomly divided into three groups. Each group consisted 
of 15 patients for which the first and second groups were given 8 mg of dexamethasone intrlesionally & intravenously respectively, at 30 minutes 
prior to surgery; the third group served as control. Duration of facial swelling was evaluated subjectively by the patients themselves. Severity of 
postoperative pain was quantified by counting the number of analgesics taken by the patients during and after surgery (six subsequent days). 
Postoperative trismus was determined by measuring the maximum incisal opening before surgery and on the seventh day. 

Results: Results showed that duration of postoperative edema was almost the same in the three test groups. During surgery, the intravenous 
dexamethasone group showed a significantly lesser pain than the other two groups; the intralesional dexamethasone group showed less marked 
pain than the control group. Additionally, patients who had taken steroids had a marked increase in the incisal opening postoperatively over the 
control group. Trismus was significantly reduced in the methylprednisolone group as compared to the dexamethasone group.

Conclusion: It is concluded that both preoperative local infiltration and intravenous administration of dexamethasone significantly reduced 
postoperative pain and trismus after surgical removal of mandibular third molars. An intravenous dexamethasone is more effective in reducing 
postoperative inflammatory sequelae than its intralesional route.

Keywords: Dexamethasone, intralesional, intravenous, third molars

INTRODUCTION

The role of corticosteroids in minimizing the cascade of 
inflammatory response has been researched extensively[1,2] 
in surgical removal of third molars, which is one of the most 
commonly performed oral surgical procedures,[3] leading 
to an array of complications in the form of pain, swelling, 
and trismus, though controversy regarding the same still 
exists.[4,5] However, an array of other studies depicts a 
marked improvement in postoperative pain and trismus with 
corticosteroid administration.[6‑9] Recently, various studies 
were conducted to analyze the use of corticosteroid pre‑ and 
postoperatively with mixed results. The hypothesis behind the 
use of steroids is its action on arachidonic acid metabolism 
and thus is its action on pain‑causing prostaglandins, but its 
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action locally is still debatable. With this background, the 
current study was undertaken to comparatively evaluate 
postoperative swelling, pain, and trismus in patients 
undergoing postsurgical removal of impacted third molars.

MATERIALS AND METHODS

Patients reporting to the Maxillofacial Surgery Department 
of King George’s Medical University requiring removal of 
impacted mandibular molar were taken into account. All 
cases included were asymptomatic young adults in the age 
group of 20–40 years. The lower third molar position was 
classified with the help of orthopantomogram as horizontal, 
mesioangular, distoangular, and vertical. Only mesioangular 
impacted mandibular third molars, in accordance with Winter’s 
classification for impacted third molars, were considered for 
the study. The study was approved from Institutional Ethical 
Committee and Written informed consent was taken and the 
procedure was explained in detail to the patients in the language 
they could understand.

Randomization and allocation concealment
Forty‑five trial patients were distributed equally into three 
groups by computer‑generated random numbers. Further 
concealment of the allocation was done by centralized 
allocation system.

Three groups were created with the above considerations:
•	 Group	A	 patients	were	 administered	 dexamethasone	

sodium phosphate injection intraperitoneal (IP) 8 mg 
intravenously 30 min preoperatively

•	 Group	B	 patients	were	 administered	dexamethasone	
sodium phosphate injection IP 8 mg intralesionally 
(submucosally) 30 min preoperatively

•	 Group	C	patients	were	the	control	group	and	were	not	
administered any steroid.

Criteria of assessment
a. Mouth opening (extent of trismus)
b. Postoperative edema (swelling)
c. Pain.

Exclusion criteria
•	 Patients	with	any	systemic	problem
•	 Pregnant	or	lactating	mothers
•	 Operative	procedure.

Patients in all the three samples were operated in semi‑recline 
position, with standard sterilization protocol followed. The 
interincisal distance between maxillary and mandibular 
first incisors was noted in millimeters. Local anesthesia was 
provided with 2% lignocaine hydrochloride and 1:100,000 

adrenaline. Surgical removal of the third molars was done by 
chisel and mallet with intermittent saline irrigation, by the 
same operating surgeon. Postoperative medications included 
amoxicillin 500 mg tid, metronidazole 400 mg tid a day, and 
a combination of ibuprofen 400 mg and paracetamol 325 mg 
tid, a day for 5 days.

Evaluation
Postoperative assessment was done on the 5th day of the 
surgical procedure. The maximum interincisal distance 
was calculated in millimeters. The difference between the 
pre‑ and post‑interincisal distance was used to depict the 
severity of trismus. The patient recorded the time of onset 
and regression of postoperative edema. Pain evaluation was 
done by calculating the number of analgesic pills consumed 
in the 4 postoperative days.

Data were depicted as mean values and standard deviation. 
ANOVA was used to compare the differences among the 
three groups.

RESULTS

Patients were divided into three groups. Each group 
comprised 15 patients with mean age of 24.4, 25.2, and 
23.3 years, respectively. The three groups did not show 
any statistically significant differences; hence though the 
groups were randomized, they were still comparable. The 
difference in age and sex of patients in the three groups was 
not statistically significant as shown in Table 1.

Assessment of trismus, pain, and swelling
While comparing the duration for which facial swelling 
lasted in all the three groups, it was seen to be almost 
similar in all the groups and was reported to be maximum 
on the 2nd postoperative day. The swelling altogether lasted 
for 4–5 days. However, it was noted that significantly lesser 
medication was used in Group A during surgery than that 
of Group B and Group C. However, no significant difference 
was reported in the total number of analgesics being taken 
postsurgery in all the three groups [Table 2].

There was a significant improvement in maximum mouth 
opening on the 7th postoperative day in Groups A and B as 
compared to Group C (P < 0.05 and P < 0.001, respectively). 
Again, as reported in Table 3, it is obvious that Group B presented 
with a statistically significant increase in the incisal opening 
compared to Group A on the 7th postoperative day (P < 0.02).

DISCUSSION

The anti‑inflammatory properties of glucocorticoids are well 
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established and published even though the mechanism of 
its action is still not well documented. It is considered that 
corticosteroids induce decrease in permeability of capillary 
endothelium which results into reduction of edema and 
inflammation by decreasing the amount of fluid, proteins, 
macrophages, and inflammatory cells entering in the area 
of tissue injury.[10,11]

Glucocorticoids have been regularly used for the last 30 years 
or more to minimize the postoperative complications 
following the extraction of impacted third molars.[12] 
Significant reduction in pain, swelling, and trismus[4,5] had 
been well documented in studies, while on the other hand, 
few studies have concluded that the postoperative use of 
glucocorticoids does not have any tangible benefits.[6,9] 
These studies, however, are difficult to compare because 
variable steroids were under evaluation using dissimilar 
study designs along with variable methods of evaluation of 
pain and swelling.

Moreover, it is well established that the dosage and type 
along with the route of administration and duration of 
usage can play a significant role on the effect of the agent. 
It is the clinicians’ expertise and clinical know‑how that 
decide the route of administration for the drug. Although it 
is the oral administration of glucocorticoids that results in 
its rapid action and almost complete absorption, repeated 
doses are necessary for the maintenance of optimal or 
adequate blood concentration throughout the immediate 
postoperative period.[13] Instantaneous blood level is 
attained by intravenous route, but added armamentarium 
and expertise is required.[4,8,12] Intramuscular route of 
drug administration has shown effective results in a single 
dose, administered either pre‑ or postoperatively.[7,14] All 

these conducted studies point out that high dosage of 
glucocorticoids when administered can result in a significant 
repository effect for the first 5 postoperative days without 
any requirement of additional dose. However, the additional 
armamentarium along with patient discomfort and need 
for experienced clinicians made these routes of drug 
administration less popular.

In this study, it is expected that repository effect similar to 
intramuscular route can be obtained by local infiltration of 
steroid in the submucosa around the surgical site chosen. 
Moreover, submucosal infiltration forbids the usage of any added 
armamentarium and does not need any added clinical expertise 
or experience for the procedure. These added benefits can be 
considered as the advantages of submucosal technique over 
intravenous or intramuscular routes of drug administration.

A variety of corticosteroids have been explored till date.[13] In 
this study, dexamethasone which is highly potent along with 
high biological interminable potency and minimal sodium 
retention has been chosen.

Since three‑dimensional volumetric changes are involved 
with swellings, evaluation of facial swellings following 
surgical procedures is most perplexing. In order to access the 
degree of postoperative swelling, various techniques have 
been introduced.[8,15‑17] However, most of these techniques 
lack sensitivity needed for the discernment of significant 
difference in swellings, at least more accurate than that 
estimated by patients on their own.[18]

In the present study, the decision to make patients evaluate 
themselves is deliberate, since our major concern was to 
note the duration of postoperative swelling. Moreover, we 
lack knowledge concerning any other objective technique 
to evaluate the degree of intraoral swelling as ascertained or 
comprehended by patients themselves. This study clearly points 
out that no matter what route of administration of steroids 
is followed, they result in a more effectual reduction in the 
duration of swelling when compared to the control. Appraisal 
of trismus and pain was less cumbersome because these depend 

Table 1: Basic data of patients evaluated

Group Females Males Mean age 
in years

A (intravenous dexamethasone) 9 6 24.4
B (intralesional dexamethasone) 9 6 25.2
C (control) 8 7 23.3

Table 2: Pain medications taken after surgery in the three groups (Values represent mean±standard deviation of number of pills per 
patient)

Time Group A (Intravenous dexamethasone) Group B (Intralesional dexamethasone) Group C (Control)
Day of surgery 3.7+‑1.1 2.2+‑0.4 5.9+‑1.8
Total postoperative period 10.8+‑.9 11.1+‑6.3 11.3+‑7.2

Table 3: Differences in Incisal opening in the three groups (Values represent mean±standard deviation of differences in millimeters 
between operative and postoperative measurements)

Time after surgery Group A (Intravenous dexamethasone) Group B (Intralesional dexamethasone) Group C (Control)
Seventh day 8.5+‑5.9 5.6+‑3.1 12.3+‑7.4
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mainly on patients’ cooperation. However, these two entities 
relate to each other and result from surgical trauma. In a single 
variable, trismus can demonstrate the most comprehensive 
assessment of postoperative inflammatory reaction.[18] Due to 
the lack of complete early recovery, the clinical estimation of 
trismus was done on the 7th postoperative day. Groups A and 
B patients presented with a significant reduction in trismus as 
compared to the control group. However, the two study groups 
showed difference on the effect on maximum mouth opening 
reduction which was calculated pre‑ and postoperatively. Less 
reduction in incisal mouth opening was reported in Group B as 
compared to Group A on the 7th postoperative day.

The study group patients showed a lower degree of pain as 
compared to the control group, but only on the day of surgical 
procedure not considering any other days following the 
surgery. This can be explained based on the fact that steroids 
are rapidly metabolized following surgery and therefore a 
single dose cannot provide continuous effect. Again, when 
the day of surgery is considered, Group B patients presented 
with less significant pain compared to Group A.

Results from this study point out that patients receiving 
intralesional steroids experienced lesser amount of pain and 
trismus as compared to those who received steroids through 
intravenous route. This observation can be explained by the 
fact that intralesional steroids result in an increase in local 
concentration along with the provision of repository effect. 
Moreover, intralesional steroids are also capable of bypassing 
first‑pass metabolism up to some extent when compared to 
intravenous steroids.

CONCLUSION

Considering previous studies which advocate the combination 
of long‑acting anesthetics with nonsteroidal anti‑inflammatory 
agents  toward the reduction of postoperative pain, it can be 
considered that future clinical trials should be done and 
promoted to compare the combined effect of steroids, 
on‑steroidal anti‑inflammatory drugs, and long‑acting 
anesthetics in the reduction of postoperative sequelae. In 
addition to this, sensitive measuring techniques that can 
quantitatively describe the reduction in postsurgical swelling 
are the need of the hour.
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Aim: The aim of this study is to report the technique and outcome of 
ischiopubic (IP) osteotomy for pelvic ring closure in classic exstrophy bladder.
Methods: A
trapezoid-shaped space between IP ramus on three-dimensional computed 
tomography pelvis. Using midline scroto-perineal approach, after bladder plate 
mobilization and radical corporal detachment; the pelvic surface of superior pubic 
ramus (SPR) was exposed. Above the obturator canal, H-shaped incision was 
made on periosteum of the SPR. The horizontal line of H was placed above the 

was raised. In the subperiosteal plane, curved hemostats encircled the SPR that 
were divided using a bone drill. On the medial aspect of ischial tuberosity, a notch 
was created as hinge using a bone drill. Forks of bone holding forceps hooked the 
pubic bone and tightened for its midline approximation, lengthening of the SPR 
and inward rotation of IP ramus. Linea alba and pubic bones were approximated 
with interrupted Polygalactin sutures.
Results: Midline approximation of pubic bone and linea alba was possible in all. 
There was no injury to obturator nerve, vessels, or other structures .
Conclusions: IP osteotomy is the safe and effective technique of pelvic ring 

 Classic exstrophy bladder, ischio-pubic osteotomy, Pelvic ring closure

IschioPubic Osteotomy, A Simple and Effective Technique for Pelvic 
Ring Closure in Repair of Classic Exstrophy Bladder
Kanoujia Sunil, Shiv Narain Kureel, Archika Gupta, Anand Pandey, Ashish Wakhlu, JileDar Rawat

neck and bladder base. Morbidity of the additional 

and limb immobilization has been a limiting factor to 
wide acceptance of Salters Osteotomy described by Salter 
and Dubos  and Triple Osteotomy described by Gearhart 
et al.  Division of superior pubic ramus (SPR) alone has 
been reported as not so effective.  In novel midline 
scroto-perineal approach, an ischiopubic (IP) osteotomy 
is described, but details of technique and precautions 
regarding safety are not mentioned.

Original Article

n reconstructive surgery of classic exstrophy 
bladder (CEB), after bladder closure and epispadias 

repair, with or without external urethral sphincter 
reconstruction, anterior abdominal wall defect can be 
repaired with osteotomy  or without osteotomy.  In an 
endeavor to restore normal anatomy for the restoration of 
normal physiology, various techniques of osteotomy are 
described, which helps to approximate pubic bones toward 
midline with an approximation of linea alba to provide an 
effective protection over the closed bladder. Osteotomy 
also helps to restore the shape of the urogenital diaphragm 
from rectangular to triangular, thus facilitating toward 
the gain of more corporal length after corporoplasty. 
Osteotomy also helps to shift the wide diastased fork of 
pubococcygeus  muscle toward midline under the bladder 
base providing the support to the reconstructed bladder 
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INTRODUCTION 
Tuberculosis (TB) has existed for millennia and remains a major 
global health problem. It causes ill-health in millions of people each 
year and in 2015 was one of the top 10 causes of death worldwide, 
ranking above HIV/AIDS as one of the leading causes of death from 
an infectious disease. [1] The upward revisions to estimates of the 
burden of TB disease in India for the period 2000–2015 follow 
accumulating evidence that previous estimates are too low. This 
evidence comprisesof household surveys, a state-wide TB 
prevalence survey, studies of anti-TB drug sales in the private sector, 
noti�cation data and new analysis of mortality data [2]. Globally, 
emergence of drug resistance is a dangerous alarm. An extremely 
worrisome aspect of tuberculosis is a recent rise to multi drug-
resistant (MDR) and extremely drug-resistant (XDR) TB [3]. The 
increase in the incidence MDR and XDRtremendous challenges to 
the global efforts to battle tuberculosis. [4]

In 2015, there were an estimated 48,0000 new cases of multidrug-
resistant TB (MDR-TB) and an additional 10,0000 people with 
rifampicin-resistant TB (RR-TB) who were also newly eligible for 
MDR-TB treatment [2]. However load of MDR-TB accounting for 
almost 50% of world total cases carry together by India and China 
alone.3 Due to their drug resistance, tuberculosis have emerged as a 
serious problem in the world. MDR-TB (de�ned as in vitro resistance 
to anti-tuberculous drugs, isoniazid and rifampicin) and XDR-TB 
(de�ned as in vitro resistance to isoniazid, rifampicin, any 
�uoroquinolones and at least one of three injectable second-line 
drugs) are now widely reported.The is difficult to cure and requires 
prolonged treatment with expensive and often toxic multidrug 
regimens[1].

Treatment outcomes have been signi�cantly worse for patients with 
XDR TB than for patients with TB that is either drug-susceptible or 
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ABSTRACT BACKGROUND: India with a major burden of multidrug-resistant tuberculosis (MDR-TB) does not have national level 
                                            data on this hazardous disease. Since 2006, emergence of extensively drug-resistant TB (XDR-TB) is considered a serious 
threat to global TB control. This study highlights the demographic and other epidemiological factors associated with XDR-TB in Lucknow.
METHODS:The study was conducted for a period of one year. Sputum samples were cultured using rapid, automated liquid culture system (MGIT 
960). Drug susceptibility testing (DST) for Rifampicin (RIF) and Isoniazid (INH) was performed for all positive M. tuberculosis (M.tb) cultures. All 
MDR-TB isolates were tested for sensitivity to second-line drugs.
RESULTS/FINDINGS:In the present study it was found that the patients were mainly males who were suffering from XDR-TB visiting our tertiary 
center. The age group ranged from 17-52 years and was not seen in the pediatric age group. The patients mainly had pulmonary form of 
tuberculosis as none of the patients had extra-pulmonary tuberculosis. Most of the patients who had XDR were malnourished and had the weight 
between 26-45 kilograms. In the study majority of patients were on standard treatment for XDR patients as per RNTCP guidelines. One patient was 
defaulter and two mortalities were seen in our study. Majority of patients were from the Lucknow district. 
CONCLUSIONS:The actual incidence and prevalence rate of XDR-TB in India is not available, although some scattered data is available. This study 
raises a concern about existence of XDR-TB in India, though small, signaling a need to strengthen the TB control program for early diagnosis of 
both tuberculosis and drug resistance in order to break the chains of transmission
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MDR tuberculosis [5–7]. In the �rst recognized outbreak of XDR TB, 
Gandhi et al [8] reported that 53 patients in KwaZulu-Natal, South 
Africa, who were co-infected with XDR TB and human immunode�-
ciency virus (HIV) survived for a median of only 16 days, with a 
mortality of 98%. Although some subsequent studies have reported 
better outcomes [9], therapeutic options for XDR TB are extremely 
limited because second-line drugs are less effective, more toxic, and 
more costly than are �rst-line therapies, and XDR TB strains are, by 
de�nition, resistant to the more potent of theSecond-line options. 
Although several new drugs are being evaluated for the treatment 
of XDR TB, none are currently available. Therefore the aim of current 
study is an attempt to �nd out the true prevalence of XDR-TB cases.

MATERIAL & METHODS
This observational study involved category II sputum positive 
pulmonary tuberculosis patients, aged 0 to 65 years. The cases were 
recruited for one year through the outdoor/indoor-patient who 
visited department of Respiratory Medicine,King George's Medical 
Sciences Lucknow,Uttar Pradesh.

After the subject provided informed consent, an interview was 
conducted to collect demographic, epidemiologic, and clinical 
information. Patients' medical records were abstracted to collect 
detailed information about comorbidities and treatment history. 
Patients were observed monthly until the completion of the 
prescribed treatment regimen. Treatment outcome de�nitions for 
cure, failure, relapse and default followed the guidelines of the 
World Health Organization.

De�nitions:
Ÿ Cure: MDR-TB patient who has completed treatment according 

to programme protocol and has at least �ve consecutive 
negative cultures from samples collected at least 30 days apart 
in the �nal 12 months of treatment. If only one positive culture is 
reported during that time, and there is no concomitant clinical 
evidence of deterioration, a patient may still be considered 
cured, provided that this positive culture is followed by a 
minimum of three consecutive negative cultures taken at least 
30 days apart. 

Ÿ Completed: MDR-TB patient who has completed treatment 
according to programme protocol but does not meet the 
de�nition for cure because of lack of bacteriological results (i.e. 
fewer than �ve cultures were performed in the �nal 12 months 
of treatment). 

Ÿ Died: MDR-TB patient who dies for any reason during the course 
of MDR-TB treatment. 

Ÿ Failed: Treatment will be considered to have failed if two or 
more of the �ve cultures recorded in the �nal 12 months of 
therapy are positive, or if any one of the �nal three cultures is 
positive. (Treatment will also be considered to have failed if a 
clinical decision has been made to terminate treatment early 
because of poor clinical or radiological response or adverse 
events. 

Ÿ Default: MDR-TB patient whose treatment was interrupted for 
two or more consecutive months for any reason without 
medical approval. 

Ÿ Transfer out: MDR-TB patient who has been transferred to 
another reporting and recording unit and for whom the 
treatment outcome is unknown.

All patients were subjected to sputum-smear microscopy for acid-
fast bacillus (AFB) and chest radiography at the time of enrollment in 
category II treatment for the study. All sputum specimens were 
subjected to culture on MGIT. The positive cultures were evaluated 
pattern for mycobacterial culture and drug susceptibility testing 
(DST).Drug susceptibility testing (DST) for Rifampicin (RIF) and 

Isoniazid (INH) was performed for all positive M. tuberculosis (M.tb) 
cultures. All MDR-TB isolates were tested for sensitivity to second-
line drugs [Amikacin (AMK), Capreomycin (CAP), O�oxacin (OFX), 
Ethionamide (ETA)]. The sensitivity tests were set up with inoculum 
prepared from the growth of selected positive culture. The standard 
reference strain H37Rv was tested in addition with each batch of 
tests. 

RESULTS
CLINICO-EPIDEMIOLOGICAL PARAMETERS IN PATIENTS WITH 
XDR-TB
DISTRICT-WISE DISTRIBUTION OF PATIENTS WITH XDR-TB

DISCUSSION
XDR-TB is a serious global health threat. The emergence of XDR TB 
re�ects a failure to implement the measures recommended in the 
WHO's Stop TB strategy.In the present study it was found that the 
patients were mainly males who were suffering from XDR-TB visiting 
our tertiary center. The age group ranged from 17-52 years and was 
not seen in the pediatric age group. The patients mainly had 
pulmonary form of tuberculosis as none of the patients had extra-
pulmonary tuberculosis. Most of the patients who had XDR were 
malnourished and had the weight between 26-45 kilograms. In the 
study majority of patients were on standard treatment for XDR 
patients as per RNTCP guidelines. One patient was defaulter and 
two mortalities were seen in our study. Majority of patients were 
from the Lucknow district.

CONCLUSIONS
Extensively drug-resistant tuberculosis (XDR-TB) is a known serious 
health hazard in India and sub-tropical countries. There is urgent 
need for strengthening the clinic-epidemiological surveillance so 
that the diseases can be curtailed. The laboratory diagnosis is 
cumbersome in the XDR TB patients and laboratories must be 
strengthened across the country so that the early detection and 
timely treatment can be done.
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PARAMETERS TOTAL
Sex Males 13

Females 4

Age Range (Years) 17-52 
Average(Years) 30.24 

Site of Disease Pulmonary 17
Extra-pulmonary 0

Weight <26Kgs 0
26-45Kgs 12
>45Kgs 5

Outcome On-Treatment 14
Default 1
Expired 2
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Introduction

Diabetes is a common chronic metabolic disorder affecting lives 
and well-being of  individuals, families, and societies worldwide. 
Once “a disease of  the affluent,” now has become increasingly 

common among the poor.[1] Globally, an estimated 463 million 
adults (20–79 years) were living with diabetes mellitus in the 
year 2019, and by 2045 this is expected to rise to 700 million.[2]

India is the second largest country with number of  adults 
living with diabetes worldwide after China.[2] In 2019, India 
had 77 million people living with diabetes and was the largest 
contributor to the regional mortality, with nearly one million 
estimated deaths attributable to diabetes.[2] Prevalence of  high 
(>140 mg/dL) and very high (>160 mg/dL) blood sugar among 
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AbstrAct

Introduction: Diabetes mellitus is a chronic and progressive metabolic disorder. According to the World Health Organization (WHO) there 
is “an apparent epidemic of diabetes, which is strongly related to lifestyle and economic change.” Objective of the study was to assess 
the quality of life of people living with type 2 diabetes mellitus and factors associated with quality of life. Methods: A hospital‑based 
cross‑sectional study was conducted on 215 patients with diabetes mellitus. Quality of life was assessed using a generic instrument 
SF 36. The data was analyzed using SPSS, version 24.0. An independent t test and analysis of variance (ANOVA) were used to compare 
the means of each domain of quality of life within groups of various independent variables. Results: The mean age of respondents 
was 52.5 ± 11.0 years. The majority (87.4%) of the patients were married, Hindu by religion (88.8%), and belonged to upper socio 
economic class (28.8%). The mean duration since diagnosis of diabetes was 7.82 ± 6.0 years, and 80.4 percent of patients were on 
oral hypoglycemic agents. Hypertension was found to be the most common (24.6%) comorbidity. Age, education, socioeconomic 
status, duration of diabetes, type of treatment, complication of diabetes, comorbidities, and body mass index (BMI) were found to 
be significantly associated with various domains of SF‑36. Conclusions: Diabetes has an adverse effect on quality of life of patients 
with diabetes. The most affected domain in male and female patients was vitality domain followed by general health domain of 
quality of life.

Keywords: Diabetes mellitus, quality of life, SF 36

Original Article

Access this article online
Quick Response Code:

Website:  
www.jfmpc.com

DOI:  
10.4103/jfmpc.jfmpc_1743_20

Address for correspondence: Dr. Sugandhi Sharma, 
Senior Resident, Department of Community Medicine and School 

of Public Health, PGIMER, Chandigarh, India.  
E‑mail: doctor.sugandhisharma@gmail.com

How to cite this article: Sharma S, Mohan U, Singh SK, Deori TJ, 
Misra AK. Quality of life of type 2 diabetes mellitus patients attending a 
tertiary care hospital of Northern India: A cross sectional study. J Family 
Med Prim Care 2021;10:1938-44.

This is an open access journal, and articles are distributed under the terms of  the Creative 
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to 
remix, tweak, and build upon the work non-commercially, as long as appropriate credit is 
given and the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Received: 25-08-2020  Revised: 27-10-2020 
Accepted: 01-12-2020  Published: 31-05-2021



Sharma, et al.: Quality of life of diabetes patients

Journal of Family Medicine and Primary Care 1939 Volume 10 : Issue 5 : May 2021

females was 5.1 and 2.6 percent, while in men it was 6.6 percent 
and 2.5 percent, respectively in Lucknow.[3]

Diabetes is a common threat that occurs irrespective of  
areas or social class.[2] The dynamics of  diabetes epidemic are 
changing rapidly.[4] The progression of  disease, especially poor 
glycemic control, leads to numerous potentially life threatening 
complications.[5] The World Health Organization has defined 
Quality of  Life as “an individual’s perception of  their position in life 
in the context of  the culture and value systems in which they live and 
in relation to their goals, expectations, standards, and concerns.”[6]

Quality of  life (QOL) is an important health outcome,[7] and 
considerations of  QOL are gaining increasing importance in 
evaluation of  health policy and medical intervention.[8] With 
advances in health care technology, we have been successful 
in prolonging the lives of  people living with chronic 
noncommunicable diseases. However, considering the debilitating 
complications, nothing much is being done to improve the quality 
of  the prolonged life of  diabetes patients.[9]

There is very limited literature and research material available 
pertaining to the present study. Very few studies have been 
conducted in India to assess the QOL in type 2 diabetes mellitus 
patients, with most of  the studies conducted in Southern India, 
while the Northern region remained largely understudied. With 
this background in view, the present study was undertaken with an 
objective to assess the QOL of  people living with type 2 diabetes 
mellitus and factors associated with quality of  life.

Materials and Method

The present study was a cross-sectional study conducted on 
patients with type 2 diabetes mellitus attending a tertiary care 
center in Lucknow. The patients were enrolled from the Medicine 
OPD, which has a Diabetes Clinic that is attended by more than 
100 patients every week. The sample size was calculated using 
the following formula: n = (Z 1-α/2)

 2 x (SD)2/d2 where Z1-α/2 is 
value of  two tailed alpha error at 95% confidence interval, SD is 
the standard deviation, and d is the acceptable deviation which 
was taken to be 2.5. Taking the SD to be 18.70 from a previous 
study[10] where the mean value of  QOL score was observed to be 
59.47 ± 18.70, the minimum sample size was calculated to be 215.

A total of  215 patients were enrolled in the study, and a systematic 
random sampling method was used to select the patients for the 
study. A target of  8 to 10 patients was set per day and every tenth 
patient registered at Diabetes Clinic was included in the study. 
If  the selected patient did not fulfil the inclusion criteria, then 
next registered patient was included. Patients with type 2 diabetes 
mellitus who were on treatment for 6 months and aged ≥18 years 
were included while other type of  diabetes, pregnant patients, and 
uncooperative patients were excluded from the study.

A predesigned and pretested semi-structured interviewer 
administered schedule was used for data collection after taking 

informed consent from the participants. The ethical clearance 
was obtained from the Institutional Ethics Committee of  King 
Georges Medical University before commencing the study. 

Information on socio demographic characteristics, clinical history 
of  disease, and QOL was collected. QOL was assessed using a 
Short Form (SF-36) scale. It is a generic instrument that assesses 
the health-related quality of  life outcomes. The survey form 
consists of  36 items that measures 8 health domains namely 
physical functioning (PF), role physical (RP), bodily pain (BP), 
general health (GH), vitality (VT), social functioning (SF), role 
emotional (RE), and mental health (MH). A separate question 
about health transition (rating their health in general) is also 
included in this questionnaire.

The eight domains were scored on a scale of  0–100, “0” 
indicating the worst and “100” the best possible status. Ware 
et al.[11] scoring manual was used for calculating scores. After data 
entry, items and scales were scored in three steps:
1. Item recoding, for the 10 items that require recoding.
2. Computing scale scores by summing across items in the raw 

scale.
3. Raw scale scores were transformed to a 0–100 scale 

(transformed scale scores).

Data were analyzed using the IBM SPSS, version 24.0. Descriptive 
statistics such as mean (SD) for continuous variables and 
frequency along with their percentage for categorical variables 
were determined. An independent t test and an analysis of  
variance (ANOVA) were used to compare the means of  each 
domain of  quality of  life within groups of  various independent 
variables. The level of  significance was considered at P value 
less than 0.05.

Results

The mean age of  a l l  pat ients was obser ved to be 
52.5 ± 11.0 years. The majority (87.4%) of  the patients 
were married and Hindu by religion (88.8%). More than one 
third (37.2%) of  the total patients were graduate and above 
followed by illiterates (17.2%). Half  (50.2%) of  the study 
patients were employed and more than two third (71.6%) 
belonged to an urban area [Table 1].

About 73.1 percent of  patients were obese followed by 17.2 
percent patients who were overweight. Normal range of  body 
mass index (BMI) was observed in 8.8 percent of  patients. 
A maximum of  the males (68.5%) and females (79.1%) were 
obese followed by overweight [Figure 1].

The mean duration since diagnosis of  diabetes was 7.82 ± 6.0 years. 
Out of  the total study patients, 80.5 percent of  patients were on 
oral hypoglycemic agents and along with lifestyle modification. 
Most (91.6%) of  the patients did not have any complication. 
Among patients, hypertension was found to be the most 
common (24.6%) co-morbidity [Table 2].
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The mean score of  QOL of  the patients was lowest in vitality 
domain (47.46 ± 15.63), whereas highest score was attained for 
social functioning domain (86.04 ± 22.28), followed by bodily 
pain (78.54 ± 18.01), physical functioning domain (74.39 ± 21.35), 
mental health domain (66.77 ± 12.99), role physical 
domain (62.67 ± 21.46), role emotional domain (59.84 ± 24.4), 
and general health domain (50.27 ± 17.08) of  QOL. Most 

commonly affected domain in both male and female patients was 
vitality domain while social functioning domain was least affected 
among both male and female patients. About 64.7 percent of  
patients in the study perceived that their health is fair, followed 
by 19.4 percent who thought their health to be good, while only 
15.8 percent of  the patients perceived their health to be poor.

Age was significantly associated with all the domains of  QOL 
except for role limitation and role emotion domain of  QOL. 
Male patients perceived a better QOL as compared to females, 
and there was a statistically significant difference in the mean 
scores of  males and females for the bodily pain, role emotion, 
and mental health domains of  quality of  life. Married patients 
had better scores as compared to widowed patients in the physical 
functioning, vitality, and social functioning domain of  quality 
of  life, and this was found to be statistically significant. Patients 
with more years of  schooling had better scores in general health, 
vitality, role emotional, and mental health domains of  quality of  
life except in role physical domain where patients up to primary 
education had better scores than patients with higher education. 
The association between employment status and QOL revealed 

Table 1: Distribution of type 2 diabetes mellitus patients by their socio‑demographic characteristics
Socio‑demographic 
variables

Males (n=124) Females (n=91) Total (n=215)
n (%) n (%) n (%)

Age of  participants (years)
30 - <40 12 (9.7) 14 (15.4) 26 (12.1)
40- <50 20 (16.1) 28 (30.7) 48 (22.4)
50- <60 46 (37.1) 30 (33.0) 76 (35.3)
≥60 46 (37.1) 19 (20.9) 65 (30.2)
Mean Age±SD 54.9±10.7 49.3±10.7 52.5±11.0

Marital Status
Married 108 (87.1) 80 (87.9) 188 (87.4)
Widowed/Widower 16 (12.9) 11 (12.1) 27 (12.6)

Religion
Hindu 112 (90.3) 79 (86.8) 191 (88.8)
Muslim 12 (9.7) 12 (13.2) 24 (11.2)

Category
SC/ST 12 (9.7) 12 (13.2) 24 (11.2)
Other Backward Class 46 (37.1) 12 (13.2) 58 (27.0)
Unreserved 66 (53.2) 67 (73.6) 133 (61.8)

Education
Upto Primary 24 (19.4) 45 (49.5) 69 (32.1)
Upto Senior Secondary 44 (35.5) 22 (24.2) 66 (30.7)
Graduate and above 56 (45.2) 24 (26.4) 80 (37.2)

Employment Status
Employed 91 (73.4) 17 (18.7) 108 (50.2)
Homemaker 0  (0) 67 (73.6) 67 (31.2)
Unemployed/Retired 33 (26.6) 7 (7.7) 40 (18.6)

Place of  residence
Rural 34 (27.4) 27 (29.7) 61 (28.4)
Urban 90 (72.6) 64 (70.3) 154 (71.6)

Socioeconomic Status*
Class I 44 (35.5) 18 (19.8) 62 (28.8)
Class II and III 50 (40.3) 32 (35.2) 82 (38.1)
Class IV and V 30 (24.2) 41 (45.1) 71 (33.0)

*Modified BG Prasad Scale

Figure 1: Body Mass Index of Type 2 Diabetes Mellitus Patients
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that there were significant differences in physical functioning, 
role physical, vitality, and mental health domains of  quality of  
life. QOL was better in all domains in patients who belonged to 
upper class, and this was significant for general health, vitality, 
and mental health domains of  quality of  life [Table 3].

Physical functioning and social functioning domain of  QOL was 
significantly associated with duration since diagnosis. The mean 
scores of  all the domains of  QOL was better in patients who were 
on oral hypoglycemic agents in comparison to those who were on 
insulin only or oral hypoglycemic agents and insulin both. This was 
found to be statistically significant for all domains of  QOL except 
for role physical and role emotional domains of  QOL . Patients 
with diabetic complications had lower scores in general health, 
role emotional, and mental health domains of  QOL compared to 
those who did not report any complications, and this was found to 
be statistically significant. Moreover, patients with comorbidities 
showed significantly lower scores in the role physical and vitality 
domains of  quality of  life. The mean scores of  different domains 
of  quality of  life of  patients within normal range of  BMI was 
better than those who were overweight and obese. This was found 
to be significantly associated with physical functioning and bodily 
pain domains of  quality of  life of  diabetes patients [Table 4].

Discussion

In this study, the association of  socio demographic and 
diabetes-related variables with quality of  life of  patients with 
type 2 diabetes attending a tertiary care hospital was investigated. 
Among all the eight domains of  QOL, the least affected 
domain was social functioning domain (86.04 ± 22.28) while 
the most affected domain was vitality domain (47.46 ± 15.63). 
The highest mean score in social domain was also reported 

in a study conducted among type 2 diabetes mellitus cases in 
West Ehiopia by Reba K et al. (2018).[12] Similarly, in a study by 
Svedbo Engström M et al. (2019),[13] vitality domain was found 
to be highly affected.

Socio-demographic status plays an important role in the QOL 
outcome. In the present study, age was significantly associated 
with all the domains of  QOL except for role physical and role 
emotional domains of  QOL . These findings are consistent with 
the results of  the study performed by Zurita-Cruz JN (2018)[14]  
in which a significant association between age and domains of  
QOL was observed.

In view of  gender, male patients perceived a better quality of  life 
as compared to females and there was a statistically significant 
difference in the bodily pain, role emotion, and mental health 
domains of  quality of  life. Shaheen F et al. (2013)[15] in their study 
observed that there was a statistically significant difference in 
the physical functioning, vitality, bodily pain, mental health, and 
general health domains of  QOL , and this result is in accordance 
with the result of  present study.

Patients with more years of  schooling had better scores of  
QOL in general health, vitality, role emotion, and mental 
health domains except in role physical domain where patients 
up to primary education had better scores than patients with 
higher education. Similar findings were observed by Altinok 
A et al. (2016)[16] in their study that patients with more years of  
schooling had statistically significantly better QOL of  life in all 
domains except for social functioning domain of  SF 36.

When the QOL scores according to the occupation of  the 
patients enrolled in our study were examined, it was observed 

Table 2: Distribution of type 2 diabetes mellitus patients based on their disease history
Clinical Profile Males (n=124) Females (n=91) Total (n=215)

n (%) n (%) n (%)
Duration since diagnosis of  diabetes (years)

≤1 36 (29.0) 22 (37.9) 58 (27.0)
>1-5 13 (10.5) 16 (17.6) 29 (13.5)
>5-10 75 (57.7) 53 (58.2) 128 (59.5)

Mean duration±SD 8.48±6.7 6.92±4.8 7.82±6.0
Type of  medication

OHA + lifestyle modification 96 (77.4) 77 (84.6) 173 (80.5)
Insulin + OHA + lifestyle modification 28 (22.6) 14 (15.4) 42 (19.5)

Complications
No diagnosed complications 114 (91.9) 83 (91.2) 197 (91.6)
Neuropathy 10 (8.1) 3 (3.3) 13 (6.1)
Coronary artery disease 0 (0) 5 (5.5) 5 (2.3)

Comorbidities*
No diagnosed comorbidities 88 (71.0) 48 (52.7) 136 (63.3)
Hypertension 24 (19.4) 29 (31.8) 53 (24.6)
Arthritis 4 (3.2) 11 (12.1) 15 (6.9)
Thyroid dysfunction 0 (0) 12 (13.2) 12 (5.6)
Dyslipidemia 6 (4.8) 1 (1.1) 7 (3.3)
Tuberculosis 1 (0.8) 2 (2.2) 3 (1.4)

*Multiple responses
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that being unemployed or retired had significant adverse effect 
on physical functioning, role physical, vitality, and mental health 
domains of  quality of  life as compared to employed patients; 
however, housewives scored lower in vitality and mental health 
domains of  QOL in comparison to employed and unemployed 
patients. Haslinda IN et al. (2016)[17] in their study revealed that 
the retired or unemployed respondents had significantly lower 
mean score in physical functioning, bodily pain, and vitality, while 
Altinok A et al. (2016)[16] in their study observed that the QOL 
of  homemakers was significantly lower in all subscales of  SF 36 
quality of  life compared to other professional groups. The results 
of  these studies are consistent with the results of  the present study.

QOL was better in all domains in patients who belonged to upper 
class, and this was significant for general health, vitality, and 
mental health domains of  QOL . This observation was consistent 
with the findings of  Gautam Y et al. (2009) [10], in which it was 
observed that scores of  all the domains had statistically significant 
association with socioeconomic status of  patients.

In the present study, patients with less than 2 years of  diabetes 
had better scores in physical functioning domain than those 

Table 3: Association of all the domains of Quality of Life of Type 2 Diabetes Mellitus patients with Socio‑Demographic 
Variables

Socio ‑ demographic 
variables

Mean±SD
PF RP BP GH VT SF RE MH

Age
3039 80.7±11.1 61.5±24.7 86.7±15.5 54.8±14.0 50.3±15.0 95.1±9.4 62.8±21.7 71.7±9.6
40-49 83.5±13.7 66.6±13.9 83.9±17.1 54.6±13.6 53.3±12.6 92.1±17.0 54.1±27.1 69.5±11.3
50-59 72.7±26.0 61.1±23.9 73.4±18.6 48.1±18.8 45.0±17.4 83.2±24.0 60.9±22.6 64.6±15.1
≥60 67.0±20.0 61.9±21.6 77.2±16.8 47.6±17.6 44.8±14.5 81.1±25.3 61.5±25.1 65.2±11.9
p-value <0.001 0.53 0.001 0.049 0.009 0.006 0.32 0.032

Gender
Males 75.4±22.9 60.4±23. 81.4±18.1 51.7±17.3 48.8±14.3 85.2±22.9 62.9±23.7 68.8±11.5
Females 73.0±18.9 65.6±18.2 76.3±17.6 48.3±16.6 45.5±17.0 87.1±21.4 55.6±24.8 63.9±14.2
p-value 0.42 0.06 0.040 0.14 0.12 0.55 0.032 0.008

Marital Status
Married 75.5±21.4 62.1±21.8 78.8±18.2 50.8±17.1 48.2±15.9 89.0±19.4 60.1±24.3 67.3±13.1
Widowed 66.4±19.5 66.6±18.3 77.0±16.6 46.4±16.4 42.0±11.6 64.8±29.2 58.0±25.4 62.7±11.4
p-value 0.032 0.30 0.64 0.20 0.018 <0.001 0.68 0.008

Education status
Upto V 75.0±18.3 69.2±19.2 82.8±17.4 48.1±16.2 46.1±13.9 84.8±24.3 52.6±23.1 63.5±13.7
VI to XII 76.3±17.2 52.2±23.9 76.4±18.9 47.3±16.3 41.8±14.3 82.1±20.8 58.1±25.0 64.2±13.3
Above XII 72.2±26.3 65.6±17.9 76.5±17.3 54.6±17.7 53.2±16.2 90.3±21.1 67.5±23.1 71.6±10.6
p-value 0.49 <0.001 0.05 0.015 <0.001 0.07 0.001 <0.001

Employment status
Employed 78.3±22.8 64.9±20.2 78.7±17.8 52.4±16.9 50.6±13.4 86.5±22.8 61.7±24.8 69.3±10.8
Homemaker 73.2±17.1 64.9±18.9 81.3±17.8 46.4±16.5 43.3±17.1 85.4±20.9 57.7±21.3 63.1±14.5
Unemployed/Retired 65.7±21.9 53.7±26.8 73.3±17.9 50.9±17.5 45.7±17.1 85.6±23.4 58.3±27.9 65.9±14.2
p-value 0.005 0.014 0.08 0.07 0.008 0.94 0.52 0.007

Socio economic status
Class I 77.2±20.3 64.1±18.4 81.3±16.5 54.3±17.1 50.8±13.5 65.1±22.9 87.1±20.3 71.2±12.0
Class II & III 72.1±23.4 60.9±22.2 76.8±18.6 49.9±17.3 48.9±6.9 59.3±25.7 88.4±21.9 68.1±11.9
Class IV& V 74.4±19.5 63.4±23.0 78.1±18.5 47.1±16.2 42.8±14.8 55.9±23.7 82.4±25.0 61.3±13.3
p-value 0.37 0.65 0.33 0.048 <0.001 0.09 0.22 0.001

PF=Physical functioning, RP=Role Physical, BP bodily pain, GH=General Health, VT=Vitality, SF=Social functioning, RE=Role emotional, MH=Mental Health

of  patients with more years of  duration of  diabetes, and this 
difference was found to be statistically significant. Previous 
studies conducted by Kumar SA et al. (2016)[18] and Javanbakht M 
et al. (2012)[19] in their study showed that there was a statistically 
significant association between age and physical functioning and 
vitality domain of  SF 36, which is in accordance with the result 
of  the present study.

Patients who were on oral hypoglycemic agents had better QOL 
and this was found to be significant in all domains except for role 
physical and role emotional domains of  QOL. This result was 
in accordance with results of  Haslinda IN et al. (2016)[17] study 
in which a significant association between type of  treatment 
and all domains of  SF 36 scale was observed except for bodily 
pain, however, contrast results were reported by Gautam Y 
et al. (2009)[10] in which there was no significant relation between 
treatment types and different domains of  QOL.

With respect to complications, patients with complications 
had lower scores in general health, role emotional, and mental 
health domains of  QOL in comparison to those without any 
complications, and this was found to be statistically significant. 
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Haslinda IN et al. (2016)[17] in their study observed that patients 
with diabetic complication had lower SF-36 scores in all domains 
compared to patients who had no diabetic complication. 
Gautam Y et al. (2009)[10] in their study observed that physical 
functioning, role physical, and role emotional domains were 
affected in patients with complications, and the differences were 
statistically significant, which is in accordance with the results 
of  the present study.

In the present study, scores in role physical and vitality domains 
of  QOL were poor in those who had multiple comorbidities, and 
this was found to be statistically significant. This is consistent with 
previous studies showing that the presence of  comorbidities was 
associated with a significant decline in SF36 scores. Papadopoulos 
AA et al. (2007)[20] in their study showed that the coexistence of  
nondiabetic comorbidities resulted in lower scale scores, and 
these differences were significant for physical functioning, bodily 
pain, general health, and social functioning domains of  QOL.

BMI of  patients was significantly associated with physical 
functioning and bodily pain domains of  QOL .Papadopoulos AA 
et al. (2007)[20] in their study showed that the patients in the normal 
range reported higher scores than those in the overweight and 
obese ranges, however, this difference was statistically significant 
only for physical functioning domain, which is in accordance 
with the result of  the present study.

Conclusion

To conclude, this study has shown that diabetes mellitus has an 
adverse effect on QOL. Most affected domain in male and female 

patients was vitality domain followed by general health domain 
of  QOL. It was observed that socio-demographic factors were 
significantly associated with QOL in patients with type 2 diabetes 
mellitus such as age, gender, education level, marital status, and 
employment status in various SF-36 domains. Clinical variables 
such as duration of  illness and type of  treatment were significantly 
associated with QOL of  type 2 diabetes mellitus patients. The 
presence of  diabetes complications and comorbidities had an 
adverse effect on QOL of  the type 2 diabetes patients.

Diabetes mellitus being a chronic disease with lifelong 
implications, the QOL of  the patients is bound to get affected. It 
is of  utmost importance to understand the effect of  diabetes on 
QOL for clinical management and also for health policy makers 
in order to improve the QOL and health outcomes of  those 
with diabetes. Physicians starting from primary to tertiary levels 
should always take into account the QOL of  the patients while 
initiating or modifying the treatment to get a better adherence 
and compliance to the prescribed therapy.
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Abstract

Introduction

Ventilator-associated pneumonia (VAP) may be a life threatening nosocomial infection

encountered in intensive care units. Currently the emergence of carbapenem-resistant

Gram-negative pathogens has become worrisome threat worldwide.

Material and methods

Endotracheal aspirates samples were collected from patients who were under mechanical

ventilation for > 48 h. The bacterial isolates were identified by MALDI-TOF-MS and antibiotic

susceptibility testing performed. All carbapenem resistant isolates were tested by Modified

Hodge test (MHT), modified carbapenem inactivation method (mCIM), and EDTA-CIM

(eCIM) and PCR were performed to detect blaIMP, blaVIM and blaNDM producing MBL

genes.

Results

VAP occurred in 172/353(48.7%), 23.3% had early-onset VAP and 76.7% had late-onset

VAP. Males (69.2%) were found to suffer more from VAP. Prior antibiotic therapy, CPI>6,

prior surgery and tracheostomy were associated with VAP. The mortality in VAP (58.1%)

contrasted with non-VAP (40%). 99/169 (58.6%) Gram-negative isolates were resistant to

carbapenems. Acinetobacter baumannii, Pseudomonas aeruginosa and Klebsiella pneu-

moniae were common pathogens found in late onset VAP, whereas K. pneumoniae, A. bau-

mannii and Staphylococcus aureus were common in early onset VAP. The PCR results
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detected blaNDM in 37/172(21.5%) and blaVIM in 30/172(17.4%); 15/172(8.7%) isolates

carried both genes.

Conclusion

The blaNDM-1 and blaVIM genes are the main antibiotic-resistance genes that induce resis-

tance patterns to carbapenems in VAP, highlighting CRE strains of potential public health

concern and therapeutic challenge. Diagnostic laboratories in India must get on high caution

for early MBL detection as it may limit the wide dispersal of MBL genes.

Introduction

Ventilator-associated pneumonia (VAP) is one of the life-threatening nosocomial infections in

intensive care units (ICUs) worldwide and accounts for 25% of all ICU infections [1]. VAP is

estimated to occur in 9–27% of all mechanically ventilated patients, with the highest risk being

early in the course of hospitalization. It is associated with longer hospital-stay, prolonged anti-

biotic usage, and increased cost of treatment, higher morbidity and with an estimated attribut-

able mortality of 13% [2]. VAP is usually classified as either early onset, occurring within the

first four days of mechanical-ventilation (MV) or late onset, developing five or more days after

initiation of MV. Successful treatment of patients with VAP is a difficult and complex under-

taking [3].

Microorganisms responsible for VAP differ according to the geographic areas, duration

of mechanical ventilation, antibiotic dose, ventilator days, duration of ICU stay and specific

patient characteristics. A number of studies have shown that Enterobacteriaceae, non-fer-

menters and Staphylococcus aureus are causative agents of VAP [1,4]. The etiology of VAP

pathogens are changing over the past years, therefore early detection of pathogens and

knowledge of sensitivity patterns are very crucial for better patient outcomes [5]. There is an

increasing evidence of emergence of multidrug-resistant (MDR) pathogens due to extended

spectrum beta (β)-lactamases (ESBL), AmpC β-lactamases (AmpC) or metallo-β-lactamases

(MBLs) [6].

Carbapenemases include three types: class A (blaKPC, blaGES and blaIMI), class B (blaNDM,

blaIMP, blaVIM, and blaSIM) and class D (blaOXA-48 like). Recently, treatment of VAP has

become challenging due to emergence of class B MBLs that have a broad range, potent carba-

penemase activity and resistance to all β-lactam antibiotics but not to monobactams [7]. Devel-

opment of accurate methods for the early detection of carbapenem resistant bacteria is

required not only for therapy but also to monitor the spread of resistant bacteria or resistance

genes in hospitals and community [8]. The multidrug resistance has been increased globally

that is considered a public health threat. Several previous studies revealed the emergence of

multidrug-resistant bacterial pathogens from different origins especially birds, animals, fish,

and food chain which may transmitted to the human consumers resulting in severe illness [9–

13].

The characterization of underlying mechanisms leading to carbapenem resistance of clini-

cal isolates in VAP is not undertaken by most clinical microbiology laboratories for therapeu-

tic decision-making. There is paucity of data addressing microbiological aspects particularly of

MBL-producing Gram-negative bacilli among VAP patients in India. This study aimed to

investigate the clinicomicrobiological profiling, antibiogram and metallo-β-lactamases (MBLs)

production in VAP infections with their subsequent outcome.
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Material and methods

Study site and design

A prospective hospital-based cross sectional study was conducted over a period of one year

from June 2019 to May 2020 in the Department of Microbiology, Critical Care Unit (CCU),

Pulmonary Critical Care Unit (PCCU) Critical Care Units and Trauma Ventilatory Unit

(TVU) at King George’s Medical University in Lucknow, India. The bacteriology laboratory of

the Microbiology department is an Antimicrobial Resistance Surveillance Regional Reference

Laboratory in India.

Ethical approval

This study was approved by the King George’s Medical University U.P., Institutional Ethics

Committee (Ref. code: 97th ECM II B-Thesis/P89 dated 29-07-19) and written informed con-

sent was obtained from patients’ attendants’.

Sample size

Existing literature from Indian studies suggests an incidence of VAP ranging from 13–42%,

and is highly variable in different regions. The sample size (n) is calculated according to the

formula: n = z2 X P (1-p)/d2. Where: z = 1.96 for a confidence level (α) of 95%, p = proportion

(0.4) and d = 0.06.

Study subjects

We enrolled patients based on National Healthcare Safety Network’s (NHSN) new classifica-

tion definition [14] for VAP, minimum 48 h on mechanical ventilation with radiologic criteria

(�2 serial radiographs with at least one of the following: new or progressive infiltrate, consoli-

dation or cavitation), systemic criteria with at least one of the following: fever (>38˚C or

>100.4˚F), leukopenia (<4000 white blood cell/mm3) or leukocytosis (�12,000 white blood

cell/mm3) and for adults�70 years old, altered mental status with no other recognized cause)

and pulmonary criteria with at least two of the following: new onset of purulent sputum, or

change in character of sputum, or increased respiratory secretions, or increased suctioning

requirements, worsening gas exchange (eg, desaturations, increased requirements, or

increased ventilator demands), new-onset or worsening cough, or dyspnea, or tachypnea and

rails or bronchial breath sounds. Patients with pneumonia prior to MV or within 48 hours of

MV were excluded.

Data collection

Detailed history, including the name, age, sex, underlying clinical condition, date of admission,

history of previous hospitalization, duration of ventilation, duration of hospital-stay and

demographic data of patients were obtained in a structured questionnaire format and clinical

outcome of each patient was noted.

Criteria for diagnosis of VAP

The patients who fulfilled clinical and microbiological criteria (> 10 polymorphonuclear cells/

low power field and� one bacterium/oil immersion field with or without the presence of

intracellular bacteria on gram staining and quantitative endotracheal aspirate culture

showing� 105 CFU/ml) were considered as confirmed cases of VAP cases.
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Identification of VAP pathogens

Endotracheal aspirate sample was collected under all aseptic precautions in a sterile universal

container and sent to the laboratory within 4 h at ambient temperature. The endotracheal sam-

ples were serially diluted in sterile normal saline as 1/10, 1/100, 1/1000 and 0.01 ml of 1/1000

dilution and quantitative culture was performed on 5% sheep blood agar and MacConkey agar.

After incubation at 37˚C in a 5% CO2 incubator for 24 h, colony count was done and expressed

as number of colony forming units per ml (CFU/ml). The number of CFU/ml is equal to num-

ber of colonies on agar plate × dilution factor × inoculation factor. All isolates were identified

by MALDI-TOF MS (bioMérieux) and antibiotic susceptibility testing was performed and

interpreted as per the Clinical and Laboratory Standards Institute (CLSI) guidelines [15].

Antimicrobial susceptibility testing

Based on the CLSI guidelines, for the Enterobacteriaceae members and non-fermenters, the

antibiotics used were amikacin (30 μg), ampicillin (10 μg), amoxicillin-clavulanate (10 μg),

aztreonam (30 μg), cefepime (30 μg), ceftriaxone (30 μg), cefoxitin (30 μg), cefazolin (30 μg),

ciprofloxacin (5 μg), levofloxacin (5 μg), tetracycline (30 μg), co-trimoxazole (30 μg), gentami-

cin (10 μg), tobramycin (10 μg), imipenem (10 μg), meropenem (10 μg), ertapenem (10 μg),

piperacillin-tazobactam (10 μg). For Pseudomonas spp., amikacin (30 μg), aztreonam (30 μg),

cefepime (30 μg), ciprofloxacin (5 μg), levofloxacin (5 μg), co-trimoxazole (30 μg), gentamicin

(10 μg), tobramycin (10 μg), imipenem (10 μg), meropenem (10 μg), ertapenem (10 μg), piper-

acillin-tazobactam (10 μg), co-trimoxazole (30 μg) and ceftazidime (30 μg) were tested. In mul-

tidrug resistant isolates colistin MICs were tested by broth microdilution (BMD). For the

Gram-positive pathogens, penicillin, erythromycin, clindamycin, penicillin B, cefoxitin

(10 μg), linezolid, amikacin (10 μg), levofloxacin (5 μg), tetracycline (30 μg), co-trimoxazole

(30 μg)and gentamicin (5 μg) were tested by disc diffusion method and vancomycin MICs

were tested by E- strip Test. Cefoxitin (30 μg) disc was used as surrogate marker for methicil-

lin-resistant Staphylococcus aureus. The carbapenem resistance was screened from meropenem

and/or imipenem disc (HiMedia Laboratories, India). The quality control strains used in the

study were Escherichia coli (ATCC 25922), Staphylococcus aureus (ATCC 25923) and Pseudo-
monas aeruginosa (ATCC 27853).

Phenotypic test for detection of Metallo Beta Lactamase

Modified Hodge test. An inoculum of 0.5 McFarland standard of E. coli ATCC 25922

was prepared in saline and then diluted with saline up to 1:10 dilutions. MHA plate was inocu-

lated with the above-prepared inoculum with a sterile cotton swab. Meropenem disc was

applied to 10 μg at the center of the MHA plate. After that test organism was streaked with

help of a sterilized wire loop in a straight line out from the center to the periphery. Plates were

incubated at 37˚C for 24 hours. The appearance of a cloverleaf type indentation or flattening at

the intersection of the test organism and E. coli ATCC 25922 within the zone of inhibition of

the carbapenem susceptibility disc is positive Modified Hodge test [16].

mCIM (Modified Carbapenem Inactivation Method) testing. Using a sterile inoculating

loop, isolates were emulsified from a fresh cultured overnight blood agar plate in a tube con-

taining 2 ml of tryptic soy broth (TSB). 10 μg MEM disc (BD BBL Sensi-disc susceptibility test

disc) was added into the above TSB inoculum and incubated. The MEM disc was removed

from the TSB inoculum with a 10 μl loop wire and then the disc was placed on the previously

E. coli ATCC inoculated MHA plate. MHA plate was then incubated in for 18–24 h at 37˚C.

The zone diameter of 6–10 mm was considered as carbapenemase producer. All isolates that

were mCIM positive were tested for eCIM test [15].
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EDTA-modified carbapenem inactivation method. For each isolate to test eCIM, TSB

tubes were prepared. 20 μl of the 0.5 M EDTA was added to the TSB tube. An increase in zone

diameter (mm)� 5 was considered as metallo-β-lactamase producer [15].

DNA extraction and PCR amplification of blaIMP, blaVIM and blaNDM genes

DNA extraction was done by boiling method [17]. Monoplex PCR was performed to detect

blaIMP, blaVIM and blaNDM responsible for MBL production using the primers as described in

Table 1. PCR amplification was done in a DNA thermal cycler (Model-Bio-Rad C1000 Touch

TM Thermal Cycler) with a final volume of 25 μl master mix consisting of 12.5 μl of 2X univer-

sal PCR master mix, 2μl of primers (5–10 μM) of each forward and reverse primers, 5.5 μl of

nuclease-free water and 5 μl of DNA template. The initial denaturation temperature was at

95˚C for 15 min, followed by 30 cycles of DNA denaturation at 95˚C for 30 sec. The primer

annealing was carried out at 59˚C for 1.5 min, and primer extension was carried out at 72˚C

for 1.5 min. After the last cycle, a final extension step was carried out at 72˚C for 10 min. After

that, amplification products were electrophoresed on 1.5% agarose gel and visualized using

UV transilluminator at 260 nm.

Statistical analysis

Statistical analyses within the study were performed using the SPSS, Version 20 (SPSS Inc.,

Chicago, IL, USA). Chi-square test was used to compare categorical variables where ever appli-

cable and p-value less than 0.05 were considered significant.

Results

Incidence and characteristics of patients with VAP

Out of the 353 MV patients, 172(48.7%) met clinical and microbiological criteria and were

considered cases of VAP. 55(15.6%) samples met microbiologically criteria, but cases did not

meet clinical criteria and were considered as non-VAP. Early-onset VAP was found in 40

(23.3%) patients and late-onset VAP in 132(76.7%) patients. Most common affected age group

was 41–60 years with mean age 46.85±18.13 and range 19–89 years. 119(69.2%) patients were

male and 53(30.8%) were females and difference was statistically significant (p = 0.026).

Risk factors in VAP and Non-VAP patients

On univariate analysis, VAP showed significant association with prior surgery (p = 0.009), CPI

score >6 (p<0.001) and previous antibiotic therapy (p<0.001). Tracheostomy showed signifi-

cant association with late-onset VAP (p = 0.025). The proportion of tracheostomy cases was

significantly higher in late VAP as compared to early VAP (36.4% vs. 17.5%). Late VAP cases

as compared to early VAP cases had significantly higher ventilation time (10.02±4.27 vs. 5.75

Table 1. Primer sequences and their amplicon sizes used in amplification of MBL genes.

Gene Primer Sequence (5’-3’) Product size (bp) Ref

NDM-1F CACCTCATGTTTGAATTCGCC 984 Kaase M et al. 2011 [18]

NDM-1R CTCTGTCACATCGAAATCGC

VIM-F GATGGTGTTTGGTCGCATA 390 Poirel L et al. 2011 [19]

VIM-R CGAATGCGCAGCACCAG

IMP-F GGAATAGAGTGGCTTAAYTCTC 232 Poirel L et al. 2011 [19]

IMP-R CCAAACYACTASGTTATCT

https://doi.org/10.1371/journal.pone.0256308.t001
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±2.47 days) and duration of hospital stay (21.29±10.93 vs. 15.35±5.85 days). The risk factors

have been summarized in Table 2.

Causative agents of early-onset and late-onset VAP

187 isolates were recovered from 172 VAP patients; the most common pathogen was Acineto-
bacter baumannii (29.4%) followed by Pseudomonas aeruginosa (24.1%), Klebsiella pneumo-
niae (24.1%) and Staphylococcus aureus (7.5%). Most common agents in early-onset VAP

cases were K. pneumoniae (36.4%), A. baumannii (20.5%), S. aureus (20.5%), and while in late-

onset VAP were A. baumannii (32.2%), P. aeruginosa (29.4%), K. pneumoniae (20.3%) and E.

coli (5.6%) Table 3. Of the included cases, 15 (8.7%) showed the polymicrobial growth Table 4.

Antibiotic resistance patterns in VAP patients

Out of 169 Gram-negative isolates recovered, 144 (85.2%) were multi-drug-resistant; as they

were resistant to more than three groups of antibiotics. 99/169 (58.6%) Gram-negative isolates

were resistant to carbapenems. Among Gram-positive organisms, 13(92.9%) isolates were

MRSA but all isolates were sensitive to linezolid and vancomycin. 21.4% isolates of S. aureus
showed MIC 0.5 μg/ml and in 78.6% MIC was 1 μg/ml. The colistin MIC of the isolates ranged

from 0.25–2 μg/ml and no resistance was seen. The antibiotic resistance pattern of isolated

organisms has been summarized in Table 5.

Table 2. Correlation of demographic and risk factors in VAP and Non-VAP patients by univariate analysis.

SN Variable Total cases (n = 244) Non-VAP (n = 57) VAP (n = 187) Chi-square

1. Mean age±SD (Range) 46.85± 18.13 (19–89) 49.25±17.93 (19–82) 46.08±18.18 (19–89) 1.132 0.259

n % n % χ2 ‘p’

2. Age (Years)

18–25 35 7 12.7 28 16.3 2.101 0.717

26–40 60 12 21.8 48 27.9

41–60 75 20 36.4 55 32.0

61–80 51 15 27.3 36 20.9

>80 6 1 1.8 5 2.9

3. Sex

Females 79 26 47.3 53 30.8 4.975 0.026

Male 148 29 52.7 119 69.2

4. Smoking 86 17 30.9 69 40.1 1.501 0.220

5. Alcohol 41 9 16.4 32 18.6 0.141 0.707

6. Diabetes 30 7 12.7 23 13.4 0.015 0.902

7. Hypertension 81 18 32.7 63 36.6 0.276 0.599

8. Liver disease 18 6 10.9 12 7.0 0.883 0.347

9. Lung disease 39 7 12.7 32 18.6 1.012 0.314

10. Renal disease 22 8 14.5 14 8.1 1.954 0.162

11. Neurological 11 2 3.6 9 5.2 0.230 0.631

12. Surgery 109 18 32.7 91 52.9 6.799 0.009

13. Tracheostomy 68 13 23.6 55 32.0 1.382 0.240

14. Heart disease 13 6 10.9 7 4.1 3.611 0.057

15. CPIa Score�6 186 15 27.3 171 99.4 146.569 <0.001

16. Previous Antibiotic history 62 12 6.7 50 29.1 30.421 <0.001

aCPI score- Clinical pulmonary infection Score.

https://doi.org/10.1371/journal.pone.0256308.t002
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Performance of phenotypic methods for carbapenamase producers

The phenotypic methods showed that 66/99(66.6%) carbapenem-resistant isolates were phe-

notypic producer of carbapenemases by the MHT while 58(75.3%) were detected by mCIM/

eCIM test as MBL producers (Fig 1A and 1B). The sensitivity and specificity of the MHT was

76.9% and 44.7% respectively. The sensitivity and specificity of mCIM/eCIM test was 96.2%

and 83% respectively considering PCR as the gold standard Table 6.

Genotypic methods for carbapenamase producers

The results of amplified genes by the PCR (Fig 2A and 2B) showed of the 99 isolates, 37/172

(21.5%) contained blaNDM and 30/172(17.4%) had blaVIM gene. 15/172(8.7%) isolates harbored

both blaNDM and blaVIM genes and these all were found in late-onset VAP cases. None of the

isolates harbored blaIMP gene (Table 7). NDM was more common in early-onset VAP while

VIM in late-onset VAP cases. Verona integron metallo beta-lactamase (VIM) type MBL was

associated with more deaths than NDM type MBL and patients with MBL negative organisms

had a lesser mortality.

Clinical outcomes

While assessing for an outcome, mortality in VAP patients (100, 58.1%) was higher compared

to non-VAP (22, 34.3%). The most common cause of the death was septic shock with multisys-

tem organ failure. 59(34.3%) patients with VAP and 31(56.4%) non-VAP patients had

recovered.

Table 3. Proportion of pathogens isolated from early-onset and late-onset VAP patients (n = 172).

SN Organisms Total of isolates recovered (n = 187) Early VAP (n = 44) Late VAP (n = 143)

No. % No. %

1 Acinetobacter baumannii 55 9 20.5 46 32.2

2 Pseudomonas aeruginosa 45 3 6.8 42 29.4

3 Klebsiella pneumoniae 45 16 36.4 29 20.3

4 Escherichia coli 12 4 9.1 8 5.6

5 Proteus mirabilis 8 0 0.0 8 5.6

6 Pseudomonas putida 2 0 0.0 2 1.4

7 Enterobacter hormaechei 1 1 2.3 0 0.0

8 Citrobacter freundi 1 0 0.0 1 0.7

9 Staphylococcus aureus 14 9 20.5 5 3.5

10 Candida albicans 3 2 4.5 1 0.7

11 Candida tropicalis 1 0 0.0 1 0.7

https://doi.org/10.1371/journal.pone.0256308.t003

Table 4. The distribution of poly-microbial isolates from VAP patients.

S.No. Organism No. of isolates (n) Percentage (%)

1. Acinetobacter baumannii + Pseudomonas aeruginosa 4 26.6

2. Acinetobacter baumannii + K. pneumoniae 4 26.6

3. Pseudomonas aeruginosa + K. pneumoniae 3 20

4. Acinetobacter baumannii + Candida albicans 2 13.2

5. Pseudomonas aeruginosa + Candida albicans 1 6.8

6. Escherichia coli + Candida tropicalis 1 6.8

Total 15 100

https://doi.org/10.1371/journal.pone.0256308.t004
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Discussion

VAP refers to pneumonia caused by bacterial agents developed in patients who are mechani-

cally ventilated for duration of more than 48 h. It is a critical public health issue related to sig-

nificant morbidity, mortality and enhanced cost of care [20].

In our study, the incidence of confirmed VAP was 48.75%. Existing literature from Indian

studies suggests an incidence of VAP ranging from 13–42%, and is highly variable in different

regions [21]. Incidence rate reported in the developing countries is 25–35%, while in devel-

oped countries is 15–17% [22]. Majority of patients were in age group of 40–60 years with pre-

ponderance of male sex (69.2% or 199/172), similar findings have been published in various

studies [23]. It appears due to the difference in the rates of admission and enrollment. In pres-

ent study, late-onset VAP (76.7%) was more common than early-onset VAP (23.3%). Few

Table 5. Antibiotic resistance pattern of bacteria isolated from VAP patients.

Drugs A. baumannii (n = 55) P. aeruginosa (n = 45) K. pneumoniae (n = 45) E. coli (n = 12)
Ampicillin - - - 100

Amoxy-clavulanic acid - 91.8 91.7

Amikacin 84.8 48.9 78.4 41.7

Tobramycin 80.4 75.6 88.2 33.3

Gentamycin 88 82.2 80.4 36.4

Ciprofloxacin 90.2 46.7 96.1 91.7

Levofloxacin 95.6 91.4 92.2 83.3

Aztreonam - 50 90 75

Ceftriaxone 96.7 - 93.8 90

Cefoxitin - - 93.8 90

Cefazolin - - 100 100

Ceftazidime - 62.1 - -

Piperacillin-tazobactam 66.3 53.3 92.2 66.7

Imipenem 85.9 57.8 66.7 50

Meropenem 65.2 48.9 70.6 50

Ertapenem - - 56 40

Colistin 0 0 0 0

Tigecycline 0 0 0 0

https://doi.org/10.1371/journal.pone.0256308.t005

Fig 1. A: Isolate positive for mCIM/eCIM test (isolate with blaNDM gene). B: Isolate showing clover-leaf shaped pattern

in Modified-Hodge test.

https://doi.org/10.1371/journal.pone.0256308.g001
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studies conducted in India showed late-onset VAP in 34–60% cases and early-onset VAP in

20–40% cases [24]. In contrast, a study conducted in Pondicherry, India observed early-onset

VAP in 72.2% patients [25]. We also observed higher mortality in VAP patients 100/172

(58.1%) compared to non-VAP 22/55(40%).

There are some factors that make the patients vulnerable to develop VAP. The present

study identified prior surgery, CPI score >6, previous antibiotic therapy and tracheostomy

were associated with VAP compared to non-VAP. The proportion of tracheostomy cases was

significantly higher in late-onset VAP as compared to early-onset VAP. Patients with late-

onset VAP had higher ventilation time and duration of hospital stay. Previous antibiotic treat-

ment is a well-known risk factor for VAP [26]. However, few observational studies found anti-

biotic treatment to be protective against early-onset VAP [27]. The study in a Europe,

demonstrated that tracheotomy was independently associated with decreased risk for VAP

which is contrasting to our findings [28].

Table 6. Sensitivity and specificity of different phenotypic methods in relation to PCR among carbapenem-resistant isolates from VAP patients.

PCR Sensitivity Specificity PPV NPV Diag. accuracy

Positive Negative

No. % No. %

MHT +ve 40 76.9 26 55.3 76.9 44.7 60.6 63.6 61.6

MHT–ve 12 23.1 21 44.7

eCIM +ve 50 96.2 8 17.0 96.2 83.0 86.2 95.1 89.9

eCIM -ve 2 3.8 39 83.0

mCIM +ve 51 98.1 26 55.3 98.1 44.7 66.2 95.5 72.7

mCIM -ve 1 1.9 21 44.7

Abbreviations: MHT, modified Hodge test; eCIM, EDTA-modified carbapenem inactivation method; mCIM, modified carbapenem inactivation method; PPV, positive

predictive value; NPV, negative predictive value; VAP, ventilator-associated pneumonia; +ve-positive.

https://doi.org/10.1371/journal.pone.0256308.t006

Fig 2. A: Agarose gel electrophoresis of products obtained by PCR of amplified DNA. Lane 1: 100 bp DNA ladder;

Lane 2- Negative control; Lane 9-Positive control blaVIM (390bp); Lane 10: Isolates positive for blaVIM gene (390bp). B:

Agarose gel electrophoresis of products obtained by PCR of amplified DNA. Lane 1: 100 bp DNA ladder; Lane 2:

Negative control; Lane 4: Positive control for blaNDM gene (984bp); Lane 5, 6, 7, 11,13 and 14: Isolates positive for

blaNDM gene (984bp).

https://doi.org/10.1371/journal.pone.0256308.g002
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In present study, Gram-negative bacteria were found as causative agents of VAP which is

similar to what has been reported in few studies [29,30]. Gram-positive bacteria are common

agents of VAP in developed countries but have also been reported in few Indian studies [31].

In accordance to other Asia studies [23], multidrug-resistant A. baumannii was the predomi-

nant bacteria in VAP cases followed by P. aeruginosa (24.1%), K. pneumoniae (24.1%) and S.

aureus (7.5%). Most common agents in early-onset VAP were K. pneumoniae (36.4%), A. bau-
mannii (20.5%), S. aureus (20.5%), and while in late-onset VAP were A. baumannii (32.2%), P
aeruginosa (29.4%), K. pneumoniae (20.3%) and E. coli (5.6%). But the probable cause for this

difference could not be explained. The results of our study showed mono microbial infection

in the majority of patients and 15(8.7%) patients had polymicrobial infection which can result

in poor prognosis [32].

Knowledge of the susceptibility of pathogens to antimicrobial agents is urgently required,

since understanding of the pattern of antibiotic resistance may aid in treatment of VAP infec-

tion. In present study, the majority of isolates from both early-onset and late-onset VAP were

multidrug resistant (85.2%), carbapenem-resistant (58.6%) and resistant to typically recom-

mended for empirical initial therapy for VAP. In the study, tigecycline and colistin showed

promising efficacy followed by piperacillin/tazobactum combination and the imipenem.

Among these isolate, the MIC values for colistin ranged from 0.25–2 μg/mL and for tigecycline

ranged from 0.125-2.0 μg/mL. Similar to other studies [5], we observed that MRSA and MSSA

isolates were 100% sensitive to vancomycin and MIC ranged from 0.5–1 μg/ml. The incidence

of MDR pathogens was quite high in our study; investigators have stated that MDR is usually a

consequence of management based on empirical broad spectrum antibiotics. Thus, appropri-

ate and judicious use of antibiotic to treat VAP, empirically, timely awareness and intervention

can potentially reduce VAP and thus suffering in these patients [33]. The widespread use of

over the counter antibiotics in India have led to huge selection pressure and MDR problem is

likely to get substantially worse in the foreseeable future [25].

Carbapenem resistance in Gram-negative bacteria is an emerging worldwide challenge in

the critical care settings. World Health Organization (WHO) in 2017 included carbapenem

resistant Enterobacteriaceae (CRE), carbapenem-resistant Pseudomonas aeruginosa, and car-

bapenem-resistant A. baumannii in the highest priority category [34]. The understanding if

isolate is carpapenamase producer has significant epidemiological implications for monitoring

local epidemiology and also lead to more effective treatment of infections [35]. In recent years,

numerous genotypic and phenotypic assays for detecting carbapenemases have been devel-

oped. The advantages of phenotypic assays compared to genotypic tests are that they are sub-

stantially less expensive than genotypic tests [36]. The overall sensitivity and specificity of

Table 7. Metallo-β-lactamases producing Gram negative isolates from VAP patients.

Total (n = 99) blaVIM +ve blaNDM +ve blaVIM+NDM both +ve blaIMP +ve

No. % No. % No. % No. %

A. baumannii 37 18 48.6 15 40.5 8 21.6 0 -

P. aeruginosa 24 3 12.5 5 20.8 1 4.2 0 -

K. pneumoniae 27 8 29.6 13 48.1 6 22.2 0 -

E. coli 5 0 0.0 3 60.0 0 0.0 0 -

P. mirabilis 2 1 50.0 1 50.0 0 0.0 0 -

Pseudomonas spp. 2 0 0.0 0 0.0 0 0.0 0 -

Enterobacter hormaechei 1 0 0.0 0 0.0 0 0.0 0 -

Citrobacter freundii 1 0 0.0 0 0.0 0 0.0 0 -

99 30 37 15 0

https://doi.org/10.1371/journal.pone.0256308.t007

PLOS ONE Metallo-Β-lactamases in ventilator-associated pneumonia

PLOS ONE | https://doi.org/10.1371/journal.pone.0256308 September 8, 2021 10 / 15

https://doi.org/10.1371/journal.pone.0256308.t007
https://doi.org/10.1371/journal.pone.0256308


mCIM test in this study was 98% and 44.6% respectively, and of MHT was 76.9% and 44.7%

respectively. Our results showed that the mCIM is more accurate compared to MHT to detect

MBLs. Here, we showed mCIM/eCIM had excellent sensitivity for the detection MBLs, sensi-

tivity was 96.2% and the specificity was 83%. Our results are consistent with previous studies

[35]. It is possible that new or truncated carbapenemase genes might not be identified consis-

tently with the phenotype.

In general data on the dissemination of antimicrobial genes on India is scarce, especially

regarding the prevalence of MBL genes among VAP. Worrisome, in our study is that 58.6% of

VAP patients had high resistance to carbapenems. Of the 172 isolates, 21.5% exhibited the

presence of blaNDM genes and 17.4% exhibited the presence of blaVIM gene. 8.7% isolates har-

bored both blaNDM and blaVIM genes. None of the isolates contained blaIMP gene. Our study is

in accordance to previously published ICMR report in which NDM was the most prevalent

carbapenemases across the Indian AMR network [37]. In the present study, blaNDM was har-

bored by15 isolates of A.baumannii, 13 K. pneumoniae, five P. aeruginosa, three E. coli and

one P.mirabilis. All the isolates showed high resistance against all antibiotics, except colistin

and tigecycline. In another similar study, the most common MBL subtype was blaIMP which is

contrasting to our findings [38].

A.baumannii plays a major role in VAP and acquired MBL is emerging as one of the impor-

tant mechanisms of resistance [6]. In present study, 45.4% isolates of A. baumannii were MBL

producers, 32.7% were VIM positive, 27.2% were NDM positive and 14.5% were positive for

both. Many other studies reported higher NDM positivity (60–80%) rate among A. baumannii
isolates of VAP patients [39]. In a similar study on molecular analysis showed that A. bauman-
nii and P. aeruginosa isolates were positive for VIM gene, whereas IMP was not detected in

any of the isolates [40]. In a laboratory based study, 100 MDR isolates from ICU harbored

blaIMP (89%), blaVIM(51%) and blaNDM-1(34%) [41]. There is evidence that multiples clones of

metallo-beta-lactamase of P. aeruginosa are circulating in India [42]. A study from Pune, India

reported VIM-type in 40% and NDM-type in 10% carbapenem-resistant P. aeruginosa isolates.

This study corroborates with our findings in relation to NDM, while for VIM positivity rate is

lesser than our study [43]. In the present study, K. pneumoniae harbored NDM (28.8%), VIM

(17.7%) and 13.3% were positive for both VIM and NDM gene whereas E. coli only three iso-

lates carried NDM gene. Contrary to our findings, a study from North Indian corporate hospi-

tal reported NDM gene to be more prevalent in E. coli than K. pneumoniae [37]. In present

study VIM type MBL was associated with more mortality compared other MBL. The exact

cause of this could not be identified. Understanding the mechanisms causing carbapenem

resistance in Gram negative bacteria has important clinical implications and results in differ-

ent prevention measurements and individualized antibiotic therapy. Infection control com-

mittees in hospitals should ensure robust antibiotic stewardship programs and must focus on

eliminating or minimizing the incidence of VAP through preventive techniques like VAP bun-

dle, hand hygiene, proper suctioning methods and regular fumigation of ICUs and disinfec-

tion of ventilators.

Conclusions

To the best of our knowledge this is the first analysis of carbapenem-resistant Gram-negative

bacilli carrying multiple MBL genes responsible for VAP in India. This study shows the high

prevalence, diversity of patterns and coexistence of MBL genes in the Gram negative isolates

from VAP patients pose risks of possible transmission to the environment, other animals and

human. MBL production in VAP patients and its association with mortality is worth investi-

gating in the future.
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INTRODUCTION

Laparoscopy has carved its own niche in urological surgery 
and is now taken as a practical and acceptable alternative 
to treat complex urologic surgical disease. Many studies 
have demonstrated that minimally invasive robotic or 
laparoscopic urology surgery provide similar success 
outcomes with less morbidity, compared to their open 

counterparts.[1] With the impressive long‑term success rates 
seen with laparoscopic pyeloplasty, it seems reasonable to 
expect similar results with laparoscopic management of  
mid and lower ureteric stricture.[2] Various management 
options are available for the management of  ureteral 
strictures based on length, etiology, and location of  the 
stricture.[3]

Purpose: The purpose of this study is to evaluate our experience of laparoscopic ureteroneocystostomy 
for mid and lower ureteral stricture in a tertiary center in North India.
Materials and Methods: A total of 20 laparoscopic ureteroneocystostomy were performed with or without 
bladder flap procedures in 20 patients (13 females and 7 males) with various etiologies such as ureteric 
stricture, ureterovaginal fistula, endometriosis, and distal ureteric tumor at our hospital in a time frame 
from August 2013 to January 2017. Eight cases each presented after laparoscopic/open hysterectomy and 
postureterorenoscopic stone removal while two cases each presented secondary to endometriosis and 
distal ureteric tumor. Simple laparoscopic ureteroneocystostomy in 4, psoas hitch in 9, and Boari flap was 
done in 7 cases.
Results: The mean patient age was 44.2 years (range 19–65), mean surgical time was 184.25 min (115–250 min.), 
mean amount of bleeding was 153.25 mL (90–250 mL), and mean hospital stay was 3.05 days (2–7 days). 
Female-to-male ratio was 1.3:0.7. There was one conversion to open during laparoscopic Boari reimplant 
because of inadvertent injury to external iliac vein. The mean follow-up was 22.35 months (6–45). All the 
patients were asymptomatic with the resolution of hydronephrosis on ultrasound and without any significant 
obstruction on renal scan.
Conclusions: Laparoscopic ureteroneocystostomy with or without bladder flap (Boari) provides good 
functional outcomes with excellent success rates and minimal morbidity comparable to open surgery in 
patients with ureteric stricture.
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With the exception of  primary ureteropelvic junction 
obstruction, most ureteral strictures are acquired and 
usually are iatrogenic. The most common etiology of  
iatrogenic ureteral stricture disease is injury incurred 
during endoscopic urologic procedures and open or 
laparoscopic pelvic surgery.[4] The nonsurgical causes of  
stricture include radiation, tumor, blunt trauma, infection, 
and retroperitoneal fibrosis. Ureteral reimplantation by 
open, laparoscopic or robotic surgery is regarded as the 
preferred treatment in ureteric strictures. Initial endoscopic 
management (double‑J [DJ] catheterization) should be 
attempted in all the patients, but even though DJ catheter 
placement is sometimes successful, it seldom resolves the 
problem permanently. When DJ catheterization is not 
possible, then a percutaneous nephrostomy should be 
placed to salvage the renal unit followed by definitive uretral 
reimplant surgery. In this study, we present our experience 
in managing ureteral stricture cases of  varied etiology 
by laparoscopic ureteroneocystostomy (LUR) with and 
without psoas hitch or Boari flap in patients who present 
to us in our tertiary care hospital.

MATERIALS AND METHODS

A total of  28 patients were diagnosed as cases of  either 
ureteric stricture or fistula at our hospital, from August 2013 
to January 2017. However, eight patients of  ureterovaginal 
fistula and stricture could be mananged by only DJ stenting 
as after 6 weeks of  DJ removal, they had no evidence of  
any leak and were not included in the study. Renal scan 
showed no evidence of  any obstruction after 3 months 
in these patients. The data of  20 patients (13 females and 
7 males) who failed  initial management with DJ stent or 
balloon dilation and later underwent laparoscopic ureteral 
reimplants  was included in the final analysis. Eight cases 
presented after laparoscopic abdominal hysterectomy 
out of  which six patients had ureterovaginal fistula. In 
these subsets, most of  the patients presented within 1 to 
8 weeks of  operation except one patient who presented 
after 3 years. Two patients presented with flank pain after 
ureteral ligation postopen abdominal hysterectomy and DJ 
stent could not be passed. In these patients, nephrostomy 
tube was placed and then antegrade study was performed 
to know the stricture length and location. Total eight cases 
presented with stricture postureterorenoscopic stone 
removal, out of  which four cases were our follow‑up, while 
the rest of  the four patients were referred from outside. 
In three cases (posturetroscopic stone removal), balloon 
dilation and placement of  a DJ stent for 6 weeks were done 
but obstruction persisted after DJ removal and ultimately 
ureteral reimplant was done. Two patients presented to us 
with hematuria and were diagnosed as distal uretric tumor 

after workup. These patients underwent distal ureterectomy 
and reimplantation. Two patients with endometriosis were 
found to have hydroureteronephrosis during the workup 
of  infertility. These cases underwent medical management 
along with stricture repair. In all patients, either intravenous 
pyelogram/computed tomography urogram was done to 
confirm the localization and the length of  the ureteral 
stricture. Retrograde pyelography (RGP) was done in all 
patients preoperatively to confirm the findings [Figure 1]. 
In addition, functional studies were obtained if  there was 
a question of  decreased renal function.

Procedure
After doing a diagnostic cystoscopy and RGP under 
general anesthesia in lithotomy position, the patient 
is placed in supine decubitus Trendelenburg position 
for transperitoneal laproscopy. Foley catheter is placed 
with the sterile technique before the procedure. The 
pneumoperitoneum is created through the open Hasson’s 
method, and a 10 mm trocar for the 0° lens laparoscope 
is placed at the level of  the umbilicus. Four 5 mm ports, 
two each on the left and right side of  umbilical port are 
placed. After freeing the adhesions in the abdominal 
cavity if  present, the dissection of  the ureter is begun. It 
is freed from above the intersection of  the iliac vessels 
to its entrance into the bladder. Ureteral dissection must 
be gentle so that no healthy tissue is devascularized. 
The ureter is dissected distally up to the point where it 
is surrounded by scar tissue. The bladder is totally freed 
and a completely open space of  Retzius is observed. 
This step provides sufficient bladder mobility. The 
proximal end of  the stricture is spatulated. The detrusor 
muscle is opened lengthwise for approximately 3 cm to 
expose the vesical mucosa. The vesical mucosa is then 
opened, and posterior ureterovesical anastomosis is 
done [Figure 2].Then a DJ stent is placed, and anterior 
layer of  ureterovesical anastomosis is done with interrupted 
vicryl 4.0 sutures [Figure 3]. In cases of  tension due to the 
high ureteral stenosis, the ureteroneocystostomy with a 
psoas hitch muscle or Boari Flap technique is carried out. 
For a psoas hitch procedure, interrupted polydioxanone 
sutures are used to approximate the bladder dome to 
the psoas tendon to allow a tension‑free vesicoureteral 
anastomosis. Contralateral vesicle pedicle is sacrificed 
if  needed (it was done in only 4 cases). For the Boari 
technique, on anterolateral bladder wall, a flap was raised 
with the base and tip being 4 and 3 cm in width, respectively. 
The tip of  the flap was localized just proximal to the bladder 
neck and its base at dome. Tension‑free anastomosis of  
spatulated ureter and bladder flap was then performed 
with 4–0 polyglactin sutures over a 6Fr/26 cm DJ stent. 
Bladder was closed in a single layer with continuous sutures. 
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and/or excretory urogram was carried out 3 months after 
DJ catheter removal to rule out any obstruction. Follow‑up 
was done every 6 months for at least 2 years with a renal 
scan.

RESULTS

The demographic data of  the study patients are presented in 
Table 1. The mean patient age was 44.2 years (range 19–65). 
The mean surgical time was 184.25 min (115–250 min.), the 
mean amount of  bleeding was 153.25 mL (90–250 mL). The 
mean hospital stay was 3.05 days (2–7 days); female‑to‑male 
ratio was 1.3:0.7. We performed simple laparoscopic 
ureteroneocystostomy in 4 cases, psoas hitch in 9 cases, and 
Boari flap in 7 cases. Both patients of  endometriosis were 
mananged by psoas hitch while patients with distal uretric 
tumor were mananged by Boari flap. Four out of  six patients 
of  uretrovaginal fistula required psoas hitch while two were 
managed by simple ureteroneocystostomy. Similarly, all 
patients of  posturetroscopic stricture were managed by 
either psoas hitch (five) or Boari flap (three). Two patients 
with ureteral ligation postopen abdominal hysterectomy 
were managed by Boari flap. The postoperative clinical data 
are represented in Table 2. All procedures were completed 
laparoscopically except one in which there was an injury 
to external iliac vein when bladder was being dissected 

Table 1: Demographic and clinical data
Patient Sex Age 

(years)
Etiology Side Site

1 Female 52 LAH Right Lower
2 Female 34 Endometriosis Right Lower
3 Female 55 LAH Left Lower
4 Female 43 Open AH Right/left Lower
5 Female 55 LAH Left Lower
6 Female 44 Endometriosis Right Lower
7 Female 29 Urolithiasis/

ureteroscopy
Left Middle

8 Female 42 LAH Right Lower
9 Female 38 Urolithiasis/

ureteroscopy
Right Lower

10 Female 43 Urolithiasis/
ureteroscopy

Left Middle

11 Female 42 Open AH Right/left Lower
12 Female 58 LAH Left Lower
13 Female 45 LAH Right Lower
14 Male 35 Urolithiasis/

ureteroscopy
Left Middle

15 Male 19 Urolithiasis/
ureteroscopy

Right Middle

16 Male 48 UT Left Lower
17 Male 37 Urolithiasis/

ureteroscopy
Right Lower

18 Male 65 UT Left Lower
19 Male 64 Urolithiasis/

ureteroscopy
Right Lower

20 Male 36 Urolithiasis/
ureteroscopy

Left Middle

LAH: Laparoscopic abdominal hysterectomy, UT: Ureteric tumor, 
AH: Abdominal hysterectomy

Figure 1: Stricture in middle and distal ureter

Figure 2: Performing of uretero-vesicle anastomosis

Figure 3: Performing uretero-vesicle anastomosis and placement of 
double-J stent

A soft silastic tube drain was inserted into the pelvis at the 
end of  the procedure. Drain was removed after 48 h, per 
urethral catheter after 7 days and DJ stent after 6 weeks. 
A laparoscopic ureteroneocystostomy (DTPA) renal scan 
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during Boari flap. It was immediately explored, and vein 
was repaired followed by open Boari flap reimplant. One 
patient experienced single episode of  postoperative fever 
that was managed with conservative management. No 
other major intraoperative or postoperative complications 
occurred. Drain was removed on the second postoperative 
day. The DJ catheter was removed 6 weeks postsurgery. 
Our protocol for follow‑up involves ultrasonography and 
DTPA renal scan at 3 months after stent removal and then 
6 monthly till 2 years and yearly till 5 years. The mean 
follow‑up was 22.35 months (6–45) All the patients were 
asymptomatic and without evidence of  obstruction till 
last follow‑up.

DISCUSSION

Although there has been a lot of  improvement in minimal 
invasive treatment for urological and gynecological 
disorders, the majority of  ureteral injuries isiatrogenic 
and the most common surgeries in which these injuries 
occur are pelvic laparoscopic procedures and ureteroscopy 
for impacted ureteric stones.[4] Ostrzenski et al. reported 
70 instances of  ureteral injury during laparoscopic pelvic 
surgery among 2491 cases.[5] The incidence of  injury 
ranged from <1% to 2%. The most common procedure 
associated with ureteral injury was laparoscopic‑assisted 
vaginal hysterectomy and total laparoscopic hysterectomy.[5] 
Urinary tract injury during gynecological surgery commonly 
results in medicolegal action as most injuries go undetected 
intraoperatively. [6] Managing such complications 
laparoscopically without subjecting patients to morbidity 
of  open surgery will be very well accepted by patients. 
Similarly de la Rosette et al. reported ureteral stricture as 

a late complication of  ureteroscopy from 0.5% to 2.5% 
of  cases.[7]

Urinary tract endometriosis is characterized by the presence 
of  endometrial glands and stroma in or around the urinary 
bladder wall, ureters, urethra, and kidneys.[8] Some studies 
support the use of  ureterolysis for extrinsic endometriosis as 
a safe and effective technique even when moderate‑or‑severe 
hydroureteronephrosis is present.[9] Others maintain that 
a ureteral resection should be performed in all cases of  
hydroureteronephrosis. In cases of  intrinsic endometriosis, 
it is generally accepted that a ureteral resection is mandatory, 
along with primary ureteroureterostomy or ureteral 
reimplantation with or without a vesico‑psoas hitch.[10] 
The recommended approach for each ureteral stricture has 
to be determined following its diagnosis and localization 
after appropriate radiological imaging. The endoscopic 
treatment by dilation or by ureterotomy represents a 
good alternative for segmental or partial stenosis with 
very short‑term good results. However, reconstructive 
surgeries are the main choice for long or total stenosis and 
failed endoscopically treated cases. Conventionally, ureteral 
lesion reconstruction was performed by open surgery. 
The first case of  laparoscopic ureteral management of  
ureteral injury was described in a woman who underwent 
pelvic endometriosis treatment by Gomel and James, in 
1991.[11] The first laparoscopic ureterovesical reimplant 
was performed in 1994, by Reddy and Evans to correct a 
vesicoureteral reflux.[12] Lakshmanan and Fung reported 
71 laparoscopic extravesical reimplantations, including 
23 unilateral and 24 bilateral, with no persistent refl ux 
or obstruction postoperatively.[13] Fergany et al. (2001) 
reported their experience with laparoscopic bladder flap 

Table 2: Postoperative clinical data
Patient Surgery EBL (mL) OR time (min) LOS (days) Complication Follow up (months)

1 LUR 160 145 3 ‑ 12
2 LUR (psoas hitch) 100 170 4 ‑ 18
3 LUR (psoas hitch) 210 165 4 ‑ 21
4 LUR 120 220 2 ‑ 42
5 LUR 160 240 3 ‑ 24
6 LUR (psoas hitch) 100 145 3 ‑ 36
7 Boari 120 150 2 ‑ 21
8 LUR (psoas hitch) 210 220 3 Postoperative fever 9
9 LUR (psoas hitch) 130 160 2 ‑ 33
10 Boari 160 210 3 ‑ 45
11 LUR 130 175 2 ‑ 12
12 LUR (psoas hitch) 170 240 4 ‑ 18
13 LUR (psoas hitch) 90 140 4 ‑ 24
14 Boari 150 240 2 ‑ 27
15 Boari 170 115 3 ‑ 12
16 Boari 200 130 2 ‑ 12
17 LUR (psoas hitch) 120 180 3 ‑ 27
18 Boari 250 180 2 ‑ 15
19 LUR (psoas hitch) 140 210 3 ‑ 33
20 Boari 180 250 7 External iliac vein injury 6

EBL: Estimated blood loss, OR: Operating room, LOS: Length of stay, LUR: Laparoscopic ureteroneocystostomy
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(Boari) ureteroneocystostomy in six female pigs without 
any intra‑ or post‑operative complications.[14] Simmons 
et al. recently compared their series of  laparoscopic and 
open ureteroureterostomy, ureteroneocystostomy, and 
Boari flap procedures for benign stricture disease.[15] These 
authors found that ureteral stricture cause, location, and 
length were equivalent between the open and laparoscopic 
groups. The authors reported no statistical difference in the 
success rates (100% vs. 96%, P < 0.544) and complication 
rates (8% vs. 15%, P < 0.225) between the laparoscopic 
and open groups, respectively. However, operative blood 
loss was greater and hospital stay was longer in the open 
group.[15] In the series by Modi et al.,[16] patients presented 
with ureterovaginal fistula after laparoscopic and open 
hysterectomy while in series by Nezhat et al.,[17] all patients 
presented with distal ureteral obstruction secondary to 
severe endometriosis. In both series, all patients underwent 
ureteroneocystostomy in combination with psoas hitch 
with 100% success rate. Lima et al.[18] advocated dome 
advancement technique which allows for a tension‑free 
anastomosis of  the bladder to a ureter transected cephalad 
to the iliac vessels, usually without the need for a psoas hitch, 
transaction of  the contralateral bladder pedicle, or complex 
laparoscopic suturing. Rassweiler et al.[19] concluded that 
laproscopic ureteral reimplant is a feasible procedure with 
similar functional outcomes as compared to open reimplant.

The ideal time to perform this reconstruction remains 
controversial. Some authors recommend a minimum 
waiting period of  4–6 weeks before embarking on 
reimplantation after iatrogenic ureteric injuries while few 
others suggest either early repair within 7 days. Abraham 
et al.[20] concluded that in hemodynamically stable patients, 
laparoscopic repair of  iatrogenically induced lower ureteric 
strictures can be conveniently undertaken without undue 
delay from the inciting event. Compared to delayed 
repairs, the procedure is technically more demanding but 
morbidity incurred and outcome is at par. In 2 of  our cases, 
characterized by ureterovaginal fistula after abdominal 

hysterectomy, the laparoscopic reimplant was performed 
2 weeks after hysterectomy without any technical difficulties 
and with good results. Contraindications for this procedure 
are the same as those for an open ureteroneocystostomy. 
Laparoscopic surgery has known advantages of  less 
pain, a rapid recovery, and a shorter convalescence. It is 
important to mention that the magnified surgical field 
makes the procedure safer and possibly with better results 
in relation to open surgery. The success rate of  laparoscopic 
ureteroneocystostomy is from 92% to 100%.[21] Stricture 
recurrence typically develops in the first postoperative year. 
Even though our follow‑up period is short, we will carry 
out a reevaluation after a longer period.

Recent ly,  several  repor ted studies on robotic 
ureteroneocystostomy have been published showing 
successful results similar to those obtained with the 
laparoscopic technique.[20,22‑29] The present study results 
are in similar lines with the previous conducted studies as 
depicted in Table 3. Uberoi et al.[26] published an article on 
the first robotic ureteroneocystostomy with psoas hitch 
and Casale et al.[24] have published the largest case series 
of  robotic‑assisted extravesical ureteral reimplantation. 
Robotic surgery usually makes pelvic reconstructive 
surgeries easier with better vision and dexterity during 
suturing. However, it has its own limitations in terms of  
high cost, limited availability, and inexperience of  most of  
the surgeons worldwide. Ureteroneocystostomy has also 
been described using transumbilical endoscopic single‑port 
technique (natural orifice transluminal endoscopic 
surgery).[25,26] The obvious limitation of  this study is its 
retrospective nature, small number of  patients, and limited 
follow‑up.

CONCLUSIONS

Laparoscopic ureteroneocystostomy with or without 
bladder flap (Boari) is feasible, providing functional 
outcomes comparable to open surgery while offering 

Table 3: Comparison of series of laparoscopic ureteral reimplantation in adults
Author n Cause Procedures LOS (days) Complication Follow up 

(months)

Simmons et al.[15] 7 Iatrogenic, stones, other LUR (4), Boari flap (3) 2.6 (2‑3) 1 (urinoma) 23 (4‑70)
Modi et al.[16] 6 Gynecological surgery Psoas hitch 5.7 (5‑6) 0 8 (2‑14)
Nezhat et al.[17] 6 Endometriosis Psoas hitch N/A 0 33 (28‑40)
Rassweiler et al.[19] 10 Mixed Psoas hitch (6), Boari flap (4) 8.2 0 17 (9‑23)
Gözen et al.[23] 24 Ureteral stricture LUR (5), psoas hitch (10), Boari 

flap (9)
8.7 3 (bowel injury, ileus, DVT) 35

Ramalingam et al.[29] 3 Megaureter
Stricture
Ureteric injury

Boari flap (3) 4.6 0 6‑36

Present study 20 Mixed LUR (2), psoas hitch (9), Boari (11) 2.8 2 (external iliac vein injury and 
fever)

22.35 (6‑45)

LOS: Length of stay, LUR: Laparoscopic ureteroneocystostomy, N/A: Not available, DVT: Deep vein thrombosis
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the advantages of  a minimal invasive technique (e.g., less 
postoperative analgesics, and shorter hospitalization and 
convalescence). The short‑term results are encouraging 
with excellent success rates and minimal morbidity; 
however, longer follow‑up will be necessary to establish 
this technique as a treatment of  choice for the same.
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Abstract

A-30-years-old-primigravida-patient with significant vaginal bleeding for 1-week following amenorrhea for 2-months

and a positive pregnancy test. Duplex-US findings were suggesting cervical molar-pregnancy. Systemic methotrexate

was administered as first-line therapy but necessitated dilatation-and-curettage followed by intracervical-diluted-

vasopressin and adequate intracervical foleyʼs-balloon inflation to control bleeding but it was failed. Then, we

resorted modified novel management of cervical molar pregnancy and its complications as uterine artery

embolization with embologent gelfoam “slurry” soaked with methotrexate called trans-arterial-chemo-embolization

(gTACE) for an immediate successful hemostatic measure to save the life and uterus of the patient su�ering from rare

manifestations of gestational trophoblastic disease.
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Running Titles: Trans-arterial-chemo-embolization in gestational trobhoblastic diseases and its complications.

Abstract: A-30-years-old-primigravida-patient with significant vaginal bleeding for 1-week following amenorrhea for 2-

months and positive pregnancy test. Duplex-US findings were suggesting cervical molar-pregnancy. Systemic

methotrexate was administered as first line therapy but necessitated dilatation-and-curettage followed by intracervical-

diluted-vasopressin and adequate intracervical foleyʼs-balloon inflation to control bleeding but it was failed. Then, we

resorted a modified novel management of cervical molar pregnancy and its complications as uterine artery

embolization with embologent gelfoam “slurry” soaked with methotrexate called as trans-arterial-chemo-embolization

(gTACE) for an immediate successful hemostatic measure to save the life and uterus of the patient su�ering from a rare

manifestations of gestational trophoblastic disease.

Main Text:

Introduction: 30-years-primigravida-patient came in emergency of our tertiary care Institution with ʻon and o�ʼ per-

vaginal (P/V) bleeding for 1-week following amenorrhea for 2-months duration with positive urine pregnancy test. She

was mildly anemic and her vitals were stable. Per-speculum (P/S) examination, cervix was bluish in color, ballooned-up

with dilated cervical Os and minimal bleeding from the cervix was seen. P/V-examination revealed so�, bulky cervix and

8-weeks size uterus. Hemoglobin was 9.5g/dL and β-HCG was 45667 mI U /mL.Thyroid, liver and renal functions tests

were within normal limits. Ultrasonography revealed multi-cystic mass measuring~ 55x48x44 mm size involving lower

uterine segment and cervix with surrounding increased vascularity suggesting molar pregnancy (Fig 1,2).

Materials and methods: Injectable methotrexate 1mg/kg IM with Injection leucovorin 0.1mg/kg IM on alternate day was

given for 1 week. Her β-HCG levels decreased upto 157mIU/mL a�er 1-week but bleeding P/V persisted. Patient had

heavy bleeding for 3-days a�er completion of chemotherapy, so emergent suction and evacuation was done but brisk

bleeding persisted.20 mL diluted vasopressin was injected intra-cervically but bleeding did not cease. 4-units-PRBC was

transfused and intra-cervical foleyʼs balloon was inflated with 30mL of normal saline and placed for tamponade e�ect

but bleeding still continued. Histology section showed di�use villous enlargement with marked hydropic changes and

proliferating extra-villous trophoblast, consistent with complete hydatidiform mole. A�er approval by institutional ethics

committee and obtained written informed consent from patient and her attendants finally, trans arterial bilateral uterine

arteries embolization (UAE) was planned with modification of conventional UAE technique called as trans-arterial-

chemo-embolization in gestational trophoblastic diseases (gTACE). Injectable methotrexate soaked, mixed and agitated

with gelfoam “slurry” as temporary embolic agents were supereselectively injected into o�ending branches of bilateral

uterine arteries to manage immediate ongoing bleeding and to traet cervical molar pregnancy simultaneously. This

modified novel technique has successfully managed the ongoing torrential life threatening hemorrhage and preserved

the uterus for menstruation and future fertility. Digital subtraction angiography (DSA) of pelvis was done on either side

through ® trans-femoral route to identify the o�ending vessels on each side (Fig 3A, 3B).We super-selectively cannulated

each uterine artery with 4F/5F SIM-1 catheters; and if needed progreat microcatheter (Terumo corporation, Tokyo,

Japan). Gelfoam “slurry” was prepared a�er slicing the gelfoam pad into small particles with 11 no. surgical blade and

gelfoam particles were mixed with 3mL of iodinated contrast media. A�er that, the gelfoam “slurry” was mixed and

agitated with injectable 2mL of methotrexate drug (50mg). Vigorous mixing of all three materials were done through



triway attached with two leur-lock syringes of 10mL capacity and injection made through previously placed 4F-SIM-1

catheter alone or progreat microcatheter co-axially placed through 5F-SIM1 catheter at intended site of embolization till

adequate thrombosis of o�ending vessels were achieved in bilateral uterine arteries (Fig 4A, 4B).

Results: Ongoing bleeding was ceased. Procedure was uneventful. Immediate post procedure Duplex-US revealed

maintained slow flow vascularity within uterine myometrium in fundal and body regions, and bilateral adenexae and

ruled out possibilities of uterine infarction. Prophylactic broad-spectrum antibiotics, antiemetic, H2-blocker and

analgesic medications were advised for 5 days to avoid post embolization syndrome and sepsis.Patient was discharged

on day 6 in satisfactory condition with β-HCG value of 39.23 mIU/mL and Hemoglobin of 10.7 gm/dl. Patient was

advised to avoid pregnancy for 1-year and was followed-up with serial β-HCG weekly monitoring till normal level (<5

mIU/mL) which took 5 weeks.Cervical mass which was significantly reduced in size a�er procedure and was gradually

disappeared a�er 5-months (Fig 5).

Discussion: First time, arteriography and infusional chemotherapy with methotrexate / dactinomycin drug in 8 cases of

gestational trophoblastic diseases was reported by Marqulis GB et al in 1975 .Cervical molar pregnancy is very rare

entity .Fertility preserving management is di�icult in presence of torrential life threatening haemorrhage . Usually,

vascular recanalization occurs between 2-weeks to 4-months duration with gelfoam as temporary embolic-agent hence

this procedure e�ectively maintains immediate hemostasis, normal menstruation and future fertility . A�er extensive

literature search and our knowldege, trans-arterial-chemo-embolization (TACE) was first time modified and used in

gestational trophoblastic diseases (GTD) hence named as “gTACE” which is a minimally invasive procedure performed

under DSA-guidance to cause mechanical thrombosis of o�ending vessels, ischemic necrosis and cytocidal e�ect on

tumor cells simultaneously for longer duration. Gelfoam sponge as temporary embolic-agent attracts platelet

aggregation and causes acute panarteritis and mechanical thrombosis. Injectable methotrexate drug soaked and mixed

with gelfoam sponge “slurry” releases slowly for longer duration of its targetted cytocidal action within the tumor mass

as compared to methotrexate drug infusion alone hence a chance of systemic side e�ects of methotrexate drug is also

markedly reduced and abnormally high plasma level of Beta-HCG secreted by abnormal cytotrobhoblast and

synciotrophoblastic cells were ceased.Beta-HCG level falls within normal limits in shorter duration. “Slurry” made by

mixing 3mL of non-ionic iodinated contrast media (350mg/dL) was able to visualize flow of injectable methotrexate

mixed embolic materials on DSA-fluoroscopy.

Conclusions :This modified novel technique was succesful in management of rare cervical molar pregnancy and its

related complications.We can termed this technique preferably as ʻgTACEʼ as promising alternative management

technique in gestational trophoblastic diseases and its related complications as life saving, future fertility and uterine

preserving measures.
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Abstract 
This article highlights key facts about the recent ongoing relentless pandemic of SARS-COV2 virus causing the disease COVID 19.On 31 

December 2019, WHO was alerted to a cluster of pneumonia patients in Wuhan City, Hubei Province of China. WHO first declared it as a Public 

Health Emergency of International Concern (PHEIC) under International Health Regulations (2005) on 30th January and finally it was 

designated as ―Pandemic‖ on 11th March 2020 when majority of European countries, western pacific region, region of America and south-east 

Asia was adversely affected. The pandemic has caused almost 20 lakh confirmed cases globally with 1,23,000 deaths making it one of the worst 

pandemics of this time. The developed countries have been adversely affected with massive load on their health care system and unavailability of 

proper protective equipment’s for the frontline workers followed by unavailability of any vaccine or treatment for this disease. Social distancing, 

Hand hygiene and wearing masks seem to be the most effective preventive measure to contain the virus. Due to this both the developing and 

developed countries have undergone complete lockdown to prevent further transmission of virus. 

Keyword: COVID 19, pandemic, corona virus 

 

Introduction 

On 31 December 2019, WHO was alerted to a cluster of 

pneumonia patients in Wuhan City, Hubei Province of China. On 1 

January 2020, Huanan Seafood Wholesale Market in Wuhan city 

was closed for environmental sanitation and disinfection as it was 

associated with many early cases of the pneumonia of unknown 

etiology outbreak. One week later, on 7 January 2020, Chinese 

authorities confirmed that they had identified a novel corona virus 

as the cause of the pneumonia. The proposed interim name of the 

virus was 2019‑nCoV [1]. On 30 January 2020, the WHO Director-

General declared the 2019 nCoV outbreak a Public Health 

Emergency of International Concern (PHEIC) under International 

Health Regulations (2005). [2]. On 11 February 2020 the virus, and 

the disease it causes, were officially named. The novel corona virus 

was named severe acute respiratory syndrome corona virus 2 

(SARS-CoV-2) and the disease it causes was COVID-19 [3]. 

Finally, on 11 March 2020 the WHO Director-General declared the 

COVID-19 outbreak a pandemic [4]. 

Corona viruses (CoV) are a large family of viruses that 

cause a wide range of illness in human beings, through zoonotic 

transmission ranging from the common cold to more severe 

diseases i.e. Middle East Respiratory Syndrome (MERS) and 

Severe Acute Respiratory Syndrome (SARS). In the past two 

decades, this is the third instance of the emergence of a novel 

corona virus, after SARSin 2003 and MERS-CoV in 2012 [5,6]. 

Epidemiology of COVID 19 

Incubation Period: The incubation period for COVID-19, which is 

the time between exposure to the virus (becoming infected) and 

symptom onset, is on average 5-6 days (median IP), however can 

be up to 14 days [7]. The incubation period for COVID-19 remains 

comparable to other recent epidemic viral diseases - SARS (2-7 

days) and MERS-CoV (2-14 days), but it is slightly longer than 

swine flu (1-4 days) and seasonal influenza (1-4 days) [8,9,10]. 

Modes of transmission: Transmission is also noted from animals 

and human-to-human. 

Symptomatic transmission: Data from published epidemiology 

and virologic studies provide evidence that COVID-19 is primarily 

transmitted from symptomatic people to others who are in close 

contact through respiratory droplets, by direct contact with infected 

persons, or by contact with contaminated objects and surfaces 
[1,2,7,11,12]. 

Pre-Symptomatic transmission: A few case reports and studies, 

pre-symptomatic transmission has been documented through 

contact tracing efforts and enhanced investigation of clusters of 

confirmed cases. This is supported by data suggesting that some 

people can test positive for COVID-19 from 1-3 days before they 

develop symptoms. Thus, it is possible that people infected with 

COVID-19 could transmit the virus before significant symptoms 

develop [13-16]. 
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Asymptomatic transmission: There are few reports of laboratory-

confirmed cases who are truly asymptomatic, and to date, there has 

been no documented asymptomatic transmission. This does not 

exclude the possibility that it may occur. Asymptomatic cases have 

been reported as part of contact tracing efforts in some countries 
[17]. 

Case Definitions 

Case definitions being used currently are based on the WHO’s 

interim guidance documents [18]: 

Suspect case 

A patient with acute respiratory illness (fever and at least one 

sign/symptom of respiratory disease, e.g., cough, shortness of 

breath), AND a history of travel to or residence in a location 

reporting community transmission of COVID-19 disease during the 

14 days prior to symptom onset.  

OR 

A patient with any acute respiratory illness AND having been in 

contact with a confirmed or probable COVID-19 case (see 

definition of contact) in the last 14 days prior to symptom onset; 

OR  

A patient with severe acute respiratory illness (fever and at 

least one sign/symptom of respiratory disease, e.g., cough, 

shortness of breath; AND requiring hospitalization) AND in the 

absence of an alternative diagnosis that fully explains the clinical 

presentation.  

Probable case 

A suspect case for whom testing for the COVID-19 virus is 

inconclusive. Inconclusive being the result of the test reported by 

the laboratory.  

OR  

A suspect case for whom testing could not be performed for any 

reason.  

Confirmed case  

A person with laboratory confirmation of COVID-19 infection, 

irrespective of clinical signs and symptoms.  

Definition of contact: A contact is a person who experienced any 

one of the following exposures during the 2 days before and the 14 

days after the onset of symptoms of a probable or confirmed case:  

1. Face-to-face contact with a probable or confirmed case 

within 1 meter and for more than 15 minutes 

2. Direct physical contact with a probable or confirmed case 

3. Direct care for a patient with probable or confirmed 

COVID-19 disease without using the proper personal 

protective equipment 

4. Other situations as indicated by local risk assessments. 

Individuals at risk: The virus that causes COVID-19 infects people 

of all ages. However, evidence to date suggests that two groups of 

people are at a higher risk of getting severe COVID-19 disease. 

These are older people (that is person over 60 years old); and those 

with underlying medical conditions (such as cardiovascular 

disease, diabetes, chronic respiratory disease, and cancer). The risk 

of severe disease gradually increases with the age starting from 

around 40 years. It’s important that adults in this age range protect 

themselves and in turn protect others that may be more vulnerable 
[19]. 

Clinical manifestations: Illness starts with a fever followed by dry 

cough, and then, after a week, leads to shortness of breath and 

some patients need hospitalization. The most common symptoms at 

illness onset are fever (99%), fatigue (70%), dry cough (60%), 

myalgia (44%) and dyspnoea. Less common symptoms are 

headache, dizziness, diarrhoea, nausea, and vomiting. Symptoms 

such as pharyngeal pain, dyspnoea, dizziness, abdominal pain and 

anorexia are more likely to be present in patients with severe 

illnesses [12,20-21]. 

Diagnosis: Patients who satisfy clinical case definition and are 

epidemiologically linked to a history of travel from the city of 

Wuhan or other affected country in the last 14 days, or have come 

in contact with a reverse transcription (RT)-PCR confirmed case or 

with a patient who is under investigation for SARS-COV-2 within 

the same period, are considered as suffering from COVID-19. The 

WHO recommends that the culture of the virus must be done in a 

BSL-3 laboratory and the RT-PCR be done in a BSL-2 laboratory. 

Preferred clinical samples for establishing the laboratory 

confirmation of a suspected case include nasopharyngeal and 

oropharyngeal swabs collected using Dacron swabs, expectorated 

sputum, BAL fluid, endotracheal aspirate, and tissue [22-24]. 

Prevention and treatment: Currently, there is no available 

treatment or vaccination, and only supportive measures are being 

recommended. Standard precautions consist of hand hygiene, use 

of personal protective equipment (PPE) and respiratory and cough 

etiquettes. Hand hygiene should be done with alcohol-based hand 

rubs (ABHRs) containing 60-80 percent ethanol. PPE consists of 

the medical masks or particulate respirators, face shields or 

goggles, gowns, gloves and shoe covers [25,26]. 

How Infectious is COVID 19 ? 

An ICMR study has found that a Covid-19 patient can infect 406 

people in 30 days if preventive measures such as lockdown and 

social distancing are not implemented. COVID-19 remains a highly 

infectious disease, with reproductive number (R0) estimates 

ranging from 1.4 to 3.5.Basic case reproduction number (R0) is the 

average number of secondary cases per case (number of successful 

transmissions per case) in a totally susceptible population. When 

R0 > 1 number of cases increases, R0 = 1 number of cases is stable 

and R0 < 1 number of cases decreases. R0 depends on three factors 

i.e. duration of infectiousness, probability of infection being 

transmitted during contact between a susceptible and infected 

individual and average rate of contact between susceptible and 

infected individuals. R0 for COVID-19 ≈ 1.5-4.5while it is 3 for 

SARS and 1-3 for flu. Case increases fast when R0>1 (large) and 

when serial interval (interval between first and second case) is 

small [27-29]. 

The case fatality rate (CFR) of COVID-19 has been seen to 

be higher in China (2.1%) than outside (0.5%) 29. Mortality in 

Wuhan was even higher at 4.9% while it was 3.1 percent in the 

Hubei province. As far as India is concerned, the present CFR is 

approximately 3% [30-31]. 

Indian Perspective of COVID 19 

The first case of COVID 19 was reported on 30th January, 2020 in 

India and the affected person had history of travel from Wuhan to 

India. The first death due to COVID 19 was reported on 13th 

February, 2020. India has been under lockdown since 24th March 

2020 for period of 21 days which has been extended for another 19 

days till 3rd May, 2020. With a population of 135.26 crores and a 
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very high population density per square feet, the present outbreak 

can take a grievous picture if proper social distancing and other 

safety measures including following the rules of lockdown are not 

followed properly. The aim is to flatten the epidemic curve so that 

preventable deaths can be avoided, and health system can be 

prepared without causing excessive burden on our frontline health 

care workers. The graph in fig 1, depicts that cases are gradually 

increasing in India and burden of death is still low which indicates 

that lockdown has been effective in averting unnecessary deaths, 

and there can be possibility of breaking the chain of transmission. 

Global Scenario of COVID 19 

Globally the number of cases and well as deaths have increased 

rapidly. As on 15th April, 2020, there are almost 20 lakh cases of 

COVID 19 globally and almost 1,23,000 deaths have occurred. The 

European and American regions seem to be the worst affected (Fig 

2,3). This has been attributed to the fact that these developed 

countries are testing their population at a fast rate. The south-east 

Asia and African regions are not very adversely affected. Various 

theories have been postulated for the mismatch of cases and deaths 

between these developed and developing countries, but none has 

been justified. 

Conclusion 

There have been several lessons to glean from the global response 

to the SARS-COV-2 threat. Most responses have been reactive, 

with little preparedness investment in health systems and through 

community engagement and empowerment. However, the 

emphasis on data sharing, the rapid development and distribution 

of interim guidance documents by WHO and open-access pre-print 

sharing of rapidly emerging evidence reflect a paradigmatic shift in 

providing a data-driven global-epidemic response. 
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ABSTRACT 

Introduction: Mental disorders contribute to a significant load 

of morbidity and disability. In neurological disorders alternative 

and along with a higher dose of C. pluricaulis. Scopolamine 

induced model for amnesia in rats was used in the study and 

Donepezil was taken as standard. Apart from the behavioural 

analysis, 
Acetylcholinesterase (AchE) estimation in rat's whole 

brain tissue was done using 
spectrophotometry. 

medicine use is common due to their fewer side-effects here 

are scant evidences regarding the role of Convolvulus plunicaulis

C. plunicaulis) and Omega (o)-3 fatty acids in learning and Results: C. pluricaulis showed significant memory 
enhancement 

in a dose dependent 
manner (100 mg/kg b.w. and 400 mg/kg 

memory, and none for their combined effect. 

Aim: 1o evaluate the effect of C. pluncaulis alone and in b.w.) alone and in combination (C. pluricaulis 400 mg/kg b.w) 

combination with o-3 fatty acids. 

with o-3 fatty acid in dose of 500 mg/kg b.w. 

Materials and Methods: The present study was an animal study 
Conclusion: The 

combination of C. pluncaulis and u-3 fatty acid 

done on Wistar rats. C. plurncaulis whole plant powder in doses 

of 100 mg/kg b.w. and 400 mg/kg body weight (b.w.) was used. 

ca-3 fatty acid (500 mg/kg b.w.) was 
administered orally alone 

showed greater signiticant 
effect as compared to alone which was 

comparable to standard dnug.The 
encouraging 

results reveal the 

importance of herbal dnugs and nutnents in cognition 
improvement. 

Keywords: 
Alzheimar's 

discase, Cognition, 
Complementary 

and 
alternative 

medicine, 

Cook's pole climbing tost, Morris water maze test 

Many compounds 
influence learning by influencing 

the 
mechanism 

involved in memory storage and some other compounds impact 

output by altering 
attention or 

motivational 
mechanism (5). Various 

ways to improve mermory 
have been shown in [Table/Fig-2].INTRODUCTION

it has been proven in our 
ancient Ayurveda 

medical system that 

gooa 
memory 

and knowlcdge are very 
much 

associatedwith a long 

ite. Memory is a data registration,
storage and retrieval 

mechanism 

Cue to changes 
in 

neurotransmission 
at the synapse [1). Learning 

S tne core 
mechanism by which our mind set, 

emotional speech, 

Denaviour,
and 

activities are 
created. 

Latest 
neuroimaging

studies 

Neurotransmission Sabstifuthoa 1herapicS

Biogenic Amines 
Neuropeptides 

Cholinergic system 

nave 
snown 

that amygdala 
and prefrontal 

cortex 
coordinate 

wIth the temporal 
medial 

cortex (2). 
Dementia 

means acquired Central Nenous System (CNS) 
Modulators

eicency oi inteligence, 
memory, 

and personality
without gross 

ciouaing of 
consciousness.

Factors affectng cognitive
dysfunction

Nooiropics

sy chastimulanis
Ecilatory Amino 

Acus 

and 
dementia 

are 
represented

in [Table/Fig-1]
Cholinergic/Metabolic 

Cholinergic Sy stem 
Metabalic

Enhaacers

Acvalo 
The prevalence

of all fomms of dementa in South East Asian 

countnes IS about 2.7% 13) The proportuon of patients with early 

onset 
oeTertia is hugh (49.9%) in a develop1ng country as opposed 

1o7-30) n developed 
world |4 
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c w Lastc Table/Flg-2]: Approach to enlhanco memer 

Doncpezil reversibly inhibits AchE by preventing the hydrolysis

of the 
neurotransmutter

acctylcholine and, theretore, increasing

Cogaitive iupairment

Detaca its function (6]. Its key clinical application is in the treatment of 

Alzheimer's diseaso, to increase acetylcholine in Central Ncrvous 

c 
Systen (CNS). 

ybuvd In the last few years, there has been an increased interest in the field of 

herbal medicine, becauso of its natural origin and fewer side effects. 

Tho World Health Organisation (WHO) estimates that 80% of the 

population uses hertbs and as high as 95% in developing 
countrios 

171 Several plants, collectively called "Medhya" plants (intellect 

AA -rtal auptiy 
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Abstract 

Background: Lead is widely distributed in the environment and has been found to be associated with 
various health problems including neurodegenerative diseases. 

Purpose: in view of the increasing health risk caused by lead, this study has been carried out to 

investigate the neuroprotective effect of omega-3 fatty acid (omega-3FA) in lead-induced neurotoxicity 

in rats 

Methods: Biochemical parameters including oxidative stress in brain regions, lead levels in blood and 
Drain regions and histopathological examination of brain regions of rats were carried out in the present 
study 

Results: Rats exposed to lead (lead acetate 7.5 mg/kg body weight p.o. for 14 days) caused a significant 
increase in the leveis of lipid peroxidation, protein carbonyl content, ROS production and decreased the 
actvites of giutathione peroxidase, superoxide dismutase and catalase in the cerebellum and cerebral 

cones respectively, as compared to controls. Abnormal histopathological changes and increase in the 

ievels of lead in blood and brain were also observed as compared to controls. Co-treatment of lead with 
ormega-3FA (750 mg/kg body weight p.o. for 14 days) decreased the levels of lipid peroxidation, protein 
carbonyl content, R0S production and increased the activities of glutathione peroxidase, superoxide 

dismutase and catalase and showed protection in the histopathological study as compared to rats 

treated with lead alone. 

Conclusions: The resuit of the present study shows that lead-induced oxidative stress and 

histopathological aiteration in the brain region were significantily protected with co-treatment of lead 
and omega 3FA. This could be due to its strong antioxidant potential and metal-binding property. 

Keywords: Lead Neuroprotection; Neurotoxicity, Omega 3 fatty acid; Rats 
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ABSTRACT 
Data was recorded as mean:SEM (Standard error of mean). 

Introduction: Hyperipidaemia is a well known risk factor for Paired t-test and one way Analysis of Vaniance (ANOVA) followed 

cardiovascular diseases. Lifestyle modification can be the by Dunnet's post hoc test was used for comparison. A p-value 

<0.05 was considered statistically significant. SPSS Statistics
initial step to reduce cholesterol levels. There are various 

drugs which are used to control dyslipidaemia. Treatment of 
20 (18M software) was used for the analysis. 

lipid abnomalites is a lfelong batle. Moreover, the safety Results: Feeding rats with high fat diet for four weeks led to 
obesity and dyslipidaemia in rats. GS at both the doses (100mg/ 

kg and 200mg/kg) significantly improved the lipid profile. 

Total Cholesterol (TC), Triglycerides (TG), Very Low Density 

Lipoprotein (VLDL) and Low Density Lipoprotein (LDL) values 

reduced significantly while that of High Density Lipoprotein (HDL) 
increased significantly. GS 200 mg/kg was found more effective 

than GS 100 mg/kg. GS improved the value of lipid profile 

significantly but the effect was found inferior to Atorvastatin. 

and effectiveness of long tem lipid lowering treatment are 

questionable. Gymnema Sylvestre (GS) is a well known herb 

with vanous medicinal properties. 

Aim: To explore the hypolipidaemic activity of GS leaves 

extract 

Materials and Methods: Adult healthy female wistar rats, 30 

in number, divided into five groups, weighing 150- 200 g were 

used. Dyslipidaemia was induced in rats by feeding them on 

high fat diet for four weeks. For the next four weeks GS extract 
Conclusion: From the present study it can be concluded that 

GS possess an effective hypolipidaemic effect. Hence it can 

be included as an add on therapy in dyslipidaemia after further 
was used as test drug while Atorvastatin was used as standard 

drug. Blood sample was collected for estimation of lipid profile 

on day 0, week 4 and week 8. confirmatory studies. 

Keywords: Cholesrerol, Extract, Upid profile 

sugar" [10]. Powdered extract of its leaves is known to possess 

various properties: astringent, anti-intlammatory. diuretic, digestive, 

liver tonic, emetic, stimulant, antihclminthic, laxative, expectorant, 

INTRODUCTION 
Hyperlipidaemia attnbutes to around one third of Cardiovascular 

Diseases (CVD) worldwide |1]. Cinically, t is mainly defined by 

clevated TC and/or Low-Density Lipoprotcin Cholesterol (LDL-C), antupyrelic and diuretic. Vanous animal and human studies have 

but the definition is also often extended to include non optimal levels 
of High Density Lpoprotein Cholesterol (HDL-C), TG, apolipoprotein Some of the studies have been conducted in the past to explore the 

B 2-41. Lipid disorders can be mainly classified into primary or hypolipidacmic acivity of this plant. But any conclusive inferences 

secondary to some underlying cause like cnvironmental factors (diet could not be drawn from those as some favoured the hypolipidacmic 

rich in saturated fat and trans ftat or a sedentary litestyle), diseases 

(type 2 diabetes, chronic kidney diseasc, hypothyroidism, etc.) tnat nad been uscd were streptozocin induced diabetes and alloxan 

and even medications (thiazide, p-blockers, progestins, anabolic nduced diabetic models. Present study was designed to exploro 

steroids etc.,) |5,6). 

shown the anti-diabetic propertics of GS [11-13. 

activity while others showed its absence. Tho various animal models 

and support the hypolipidaornic property of GS using High Fat Dict 
(HFD) rodent model and to further compare it with the standard 

drug Atorvastatin. There are various evidences in support of the fact that successful 

treatment of dyslipidaernia reduces morbidity and mortality from 

CVD. Itis theretore desirod to make a comprehensive stralegy which MATERIALS AND METHODs 
includes vanous ways to control lipid levels and to also address 

associated metabolic abnormalities and modifiable risk factors such 
Before commencing this animal experimental work ethical approval 
was taken from Institutional Animal Ethics Committee (AEC), 
King George's Medical University, Lucknow, Utar Pradesh, India 

(Research project No. 69/AEC/2015). 

as obesity, hypertension, diabctos, and cigarette smoking 

Lifestyle modilicalion can be the inlial step to reduce choleslerol 
levcls I/. Besides this there are various drugs (stalins, fibrales, 
nicotinc acid ctc.) which are effective in correcting dyslipidaemia 
8,91. Trcatment of lipid abnormalitics is considered as a lifelong 

battle as about threo fourth of the patients discontinues their 
medication after two yoars. Morcover, the safety and effectiveness 

of long tcrm lipid lowering treatment aro quostionablo. 

A total of 30 adult healthy female wistar rats, woighing 150-200 
g, were procured from the Indian Institute of Toxicology Research 

(OUTR), Lucknow. They were kept at Institutional animal hOuse of 
King George's Medical University, Lucknow, Uttar Pradesh, India. 

Standard conditions of temperature (2512°C), humidity (55105%) 
and proper light dark cycle controlled environment were maintained 

GS an indigenous herb belongs to the family Asclepiadaceae. The throughout the work. Rats were given pellet diet and free access to 

plant is also known as Gurmar in Hindi which means "destroyer of drinking water. 

aunal of Crur.lul Onnost: Desevucd 2017 May, Vol 1115) rFot FFOS 
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Abstract 
Current study was designed to evaluate protective efect of mangiferin and its interaction with low dose of nitric oxide (NO) modulators in complete Freund's adjuvant (CFA) inoculated rats. Male wistar rats (200-300 g. n = 8 per group) were used in the study. On day "0" of study arthritis was induced in rats by injecting 0.2 ml CFA in sub-planter region of right hind paw of animals. Treatment with methotrexate (5 mg/kg). mangiferin (10-30 mg/kg) alone and in combination with NO modulators was given (i.p.) from days 14 to 28. After 28 days, blood and joint synovial fluid was collected for biochemical analysis and rat paws were excised to estimate MDA and SOD in tissue (paw) homogenates. CFA inoculation significantly increases (1) arthritic index, (2) ankle diameter, (3) paw volume, and (4) serum TNF-a, IL-6, IL-1P. and synovial TNF-a levels (p < 0.001). The serum Thi (1FN-y) and Th2 (IL-4) cytokine levels, MDA levels in rat paw tissue homogenates and serum NF-KB levels were also found significantly increased.Significant decrease in serum IL-10 levels and SOD activity was found after CFA inoculation. These CFA induced arthritic changes, cytokine profile, and oxidative stress markers were significantly reversed by mangiferin (10-30 mg/kg) treatment alone and in combination with L-arginine and L-NAME nitric oxide modulators (p < 0.05). Treatment with methotrexate (5 mg/kg) also significantly reversed these adjuvant changes (p < 0.05). However, effect of methotrexate was less marked as compared to mangiferin (30 mg/kg) alone and in combination with L-NAME (10 mg/kg), but was comparable or slightly better than mangiferin (10 and 20 mg/kg). Thus, on the basis of our findings, we can suggest that interaction of mangiferin with nitric oxide modulators may have therapeutic value for chronic inflammatory disease Such as RA. 

Keywords: Arthritis; Cytokines; Inflammation; Mangiferin; NF-kB; Oxidative stress. 
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ABSTRACT 

and received Indomethacin 3 mg/kg. Arthritis was induced in 
Introduction: Rheumatoid Arthntis (RA) is an autoimmune groups Il to VI by CFA. TNF-a was determined on day 0, 10 and disorder charactenised by progressive joint destruction leading 21. On day 21 all rats were sacrificed and inflamed limbs were to severe disability. The existing management of RA includes Nonsteroidal Anti-Infiammatory Drugs (NSAIDs). Disease- 
Modifying Antirheumatic Drugs (DMARDs) and biological such 
as Tumour Necrosis Factor (TNA inhibitors but search for 
alternative and safer therapy is still going on. 

excised above the ankle joints and examined for a pathologicalfinding of RA. The data was analysed by one-way analysis of 
vanance (ANOVA) followed by Dunnett's test and Tukey lest. 
The Dunnett's test compares each mean to a control mean and 
Simultaneous companson between all other pairs was done by 

Aim: To evaluate the efficacy of the combination of Withania Tukey test 
somnifera (WS) and omega-3 fatty acids on TNF alpha level 
and joint histopathology in the treatment of Complete Freund's 
Adjuvant (CFA) induced rheumatoid arthritis in a rat model. 

Results: WS in both doses showed significant reduction in 
TNF-a (p<0.001). Among all the treated groups, maximum mean 

percent TNF-u reduction in group VI (-65.65%) and minimum in 
group Il (-37.35%) was found. Group V containing combination 
of WS and Omega-3 falty acid showed a higher percent 
reduction in TNF-a and minimal cell infiltration as compared 

Materials and Methods: Healthy adult male Wistar albino 
rats were divided into six groups containing six rats in each 

group (n=36). Group I served as arthrilis control, Group lI and 

received wS in dose of 500 mg/kg and 1000 mg/kg respectively

Group IV received Omega-3 polyunsaturated fatty acids in 
dose of 100 mg/kg. The combination of WS (1000 mg/kg) and 

Omega-3 polyunsaturated fatty acids (100 mg/kg) was given to 
rats of group V. Group VI served as standard treatment group 

with groups II, l and IV. 

Conclusion: WS and omega-3 fatty acids suppress the changes 
produced due to adjuvant induced arthrilis and combination of 

WS and omega-3 fatty acids was more effective than individual 

drugs alone. 

Keywords: Autoimmune disordor, Comploto freund's adjuvant. Indomethacin 

INTRODUCTION characterised by chronic synovitlis with infiammatory coll infiltration, 
panus formation, bono crosion, arnd carttago destruction Rheumatoid Arthritis (RA) IS a chronic autommune and inflammatory 

disorder which invotves the muuple join!s causing pain, immobility 
and suffncss [11. About 24.5 million pcople were afected by RA 
in 2015 12] Tho cxisting managemcnt of RA ncludes NSAIDS, 

DMARDS (ike methotrexate, cyclophosphanide, sulfasalazin, 
hydroxychloroquine), biological such as TNF inhibitors and 

intcricukin-1 roceptor antagonists 13). 

MATERIALS AND METHODS 
This experinental (anina) study was conductod in King Gcorge's 

Mcdical Universiry, Lucknow, Uttar Pradesh, India, n 2014-15 

with durahon of one yoar. It was conductod on 36 healthy adult 

malo Wistar albino rats, weighing botween 150-250 gm aftcr bcing 

approved by the Insututonal Animal Ethics Committeo (IAEC Ret. Theso availablo drugs rcliove tho symptoms and also modity the 

progression of discase but are Icqured lor longcr duralion and 

may rosult into scrious adversc dug cvcnts. Theroforc, paticnts 
often scck sorno altcrnalve modalty of trcatment which is effcctive 

No. 67/1AHPharma-14) Anunals wero houscd in Institutional Animal 
House Facility under standard laboratory conditions of tcmpcratur 

(2512 C), humidity (5515%) and 12 hours light-dark cyclo controlcd 

in chronic inflammatory diseases havo boen well documented |4) 
tn Ayurvida, With:ania somnilcra (WS) has beon used for arthntis, 

asthma, yporternsion, intlammation and tumours for thousand ycars 
5.WS and ornoga 3 fatty acids havo boen shown effective for tho 

ucatment ot RA tut citoct of cormbination of the two on cytokines 

lavel and joint inflammation has not bGen explored previously l4,6). 

as well as safo un companson to availablo mcdicne. Therapcutic CVirorimen. Hals wero provided pellet lood and water ad libitum

potcntua of Omcga-3 (n 3) polyunsaturatod faty acids (n-3 PUFAS) tals WCra divided into sik groups containing six rats in each group 

Group I scrvod as arthrius control, Group li and l reccived Ws 

in dose of 500 mg/kg and 1000 mg/kg respectively 18]. WS wcrc 

procured fron FHimalaya Healthcare Co, India. Group IV received 

Omega-3 polyunsaturated fatty acads in dose of 100 mg/kg 19 
Capsules of Omoga-3 polyunsaturated fatty acid were purchased 

from Mcrck Gemany Tho combination of WS (1000 mg/kg) and 

Omoga-3 polyunsaturatcd latty acids (100 mg/kg) was given 
to rats of group V. Group VI served as standard treatment group 

and roccved Indomethacin 3 mg/kg. Indomethacin obtaned Irorn 

Thorefore, tho purpose of this study was to ovaluate the offcacy 
of ttre crautunation ol WS and onoga-3 fatty acids on TNF alpha 

Ivct u raut tustopathot gy in the troatnont of CFA induccd RA 

In a rat nodel CFA inducod arthrtis in rat mimics human RA and Jagsonpal Phamaccuticals India. 

AunvJ nl tirici yi L-ur tre Fto h 19 AVi 1 1) FFO1 FFOG 
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Synthesis and biological evaluation of imidazoline derivatives as potential 
CNS and CVS agents 
Vineet Malhotra Monika Vats, Rajendra Nath Simpi Mehta . Rakesh Kumar, Manish Bhalla 
J.N. Sinha. K. Shanker, Seeema R Pathak 
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ATICLLIN A BSTRACT 
Sries tol Bubtituhed audaunde dervatiyes were synthes1zed and eharicterized. Conpounds were tested in- 

o tO het ariiyyxrienaive aralasc, antiazressave, depressant, antidepressant, and ALD-o activibes. Tne 

cOTnpounds 3a, c , Sa, and 6c showrd cardiov ascular as well as central nervous ysten activities md are 

ver 
Ldali 

shoeboe 
CN ypoteOVe 
ageio antageie, depressanis

poMenhal Cardidate as drug among all fitcen compounste tested All rhese compounds have ihown better artiviy 

tor anlihyperterisive, analgeic, antiaggreve, and depresant-antidepressant, properties than relerence com- 

pONurnds conadine, morphine, diazrpam, and imipramine respectively Most of the compounds have shown 

AlIo S00 mg/hg with max1mum in 4a and Sa (> 1000 mg/kg) 

antuhypertensive activiry and toxicity profiles. These reports gave us an 

impetus to design and synthesize some novel substituted imidazoline 

derivativs having different pharmacophonic moieties at 1, 3, and 5 

positions, and evaluate them for their CVS, CNS and ALDs0 activities 

Ln the present study, we have incorporated bulky pharmacophoric

groups at position-l of imidazoline nucleus with a view to studying the 

effect of these substitutions on CVS, CNS, and ALD=o activitkes.

madazoines are parually reduced imidazoles and are medicinally 

2-Imidazolines are widely recognized as phar prvieged scatolds 

macophars havng an athinity lor a class of biological targets. Deri- 

wativs o nidazoline have been recognized as an important class of 

g whuch mediates their action by interacting with a 2-adrenoceptors 

nc eve shown a variety of physiological functions.

ns nucieus moduiates adrenergic (a) receptors, and binds to 

Additionally,

The synthetic procedure to obtain the hinal compounds is depicted 

in Scheme 1. Substitutions were made at 4 position of oxazolone nu- 

cleus by treating aceryl glycine with substiiuted aldehyde and acetic 

anhydride leading to 4-arylidene-2-methyl-5-(4H) oxazoline-5-one 2(a- 

c).The compounds 2(a-c), on refluxing with para aminophenol in 

ethano! resulted in 4-arylidene-1-{p- hydroxy-phenyl-2-methyiimida-
zoline-5-0nes 3(a-c). Compounds 3(a-c) were undergone Manich re 

action with secondary amines and formaldehyde in the presence o 

DMSO afforded 4-arylidene-1-(p-hydrozy- phenyD-2-[2-morpholino 

ethylj-3-midazoline-5-one 4(a-c). Williamson O-alkyaüon of cOm- 

pounds 3(a-c) with epichlorohydrine in presence of dioxane/NaOH 

resulted with 4-arylidene-1-[p-(epoxy propoxy) phenyl]- 2-methyl-3-
imidazoine-5-ones to yield 5(a-c). Compounds S(a-c) were again 

condensed with aryl amines in basic condiuon in presence of DMF 

yielded 4-arylidene-1-[p-(2"-hydroxy-3-arylamino propoxy) phenyl]-2-
methyl-3-imidazoline-5-ones 6(a-c). All the synthesized compounds
were well characterized by several spectroscopic methods such as mass, 

H NMR,C NMR and elemental analysis (S). These compounds 

Tae toxcological etfects of imidazolne receptor binding8 

aiang wrh al recepiors ae also reported.

zone Ducieus s constituent of a chemicaly useful anu- 

Ypertenve agent 2--2, 6-dichlorophenylamine)]-imidazoline named 

J.Cionidine is an alpha-2 adrenergic agonist and is 
Oczudine I 

1 cenraly acnng hypotensive agent and nave cenual nervous 

v1z psychiatnc disorders, obsessive-compul- 
cvztis 

e dscarders schuopirena, and panic states In addition, there 

umDe o compOunds baving an imidazoline nucleus pos- 

an acuvios 
l BUZ4 TRIM IV (4-(2-ethylamino-l H-imidazole) V, 13 1) ex- 

aube eurona inc-onde syn thase (NOS) inhibiuon acüvity 

anc re gdcsinate induced convuisions 

areve and arageac properus 
Eanier rgos irom our lab bave elucidated that incorporaion of 

The derivatives of imidazole (BFI 

leading to antt- 

vas ptarmacupbors ike murphobne, substututed àryl group 
ar dufere posinons of beterocyclic nucleus 

dazie, pyrezpnes, and quinazolnes markedly modulate 

urerpoecing asio 
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Abstract 
Dopamine (D2) receptors are known drug targets lor various antipsychotics used in Schizophrenia. Therefore, it is of interest to analyze the 

binding features of D2 receptors with known olanzapine 
derivatives lor lurther consideration using molecular docking and QSAR analysis. 

A 2D QSAR model was built using energy-bascd descriptors generated by docking as independent variable and known Ki value of 

Olanzapine derivatives with D2 Receptor as dependent variable. Q5AR model proviled coelficient of determination of r? of 0.7 in multiple 

linear regression analysis The predictive perlormance of Q5AR model was assessed using different ross-validation procedures. Thus, data 

shows that a ligand-receptor binding interaction lor D2 Receptor using a 5ARk model is promising approach to design novel and potent 

inhibitors of D2 Receptor. 
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Highlights 

Null mutation frequency for GSTMIgene and GSTTI gene were similar (n 

= 43; 44.8%) while for both GST (MI& TI) was 19.8%. 

Out of 96 tubercular patients under treatment, drug induced liver injury was 

found in 21 (21.9%) patients. 

GSTMI gene null mutation was a risk factor for the development of DILI in 

TB patients. 

Both GSTMI& TI gene null mutation were a risk factor for the 
development of DILI in TB patients. 
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of Mangiferin in 6-Hydroxydopamine 

0ural. agegub cojhona so 

SSAGE 

Prafulla Chandra Tiwari', Manju J. Chaudhary', Rishi Pal', Shipra Kartik' and 
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Abstract 

8ackground: 
Parkinson s disease n a neurodepeneratve disorder and a marked by infammabon and death of neuron 

he stratum region o' the midbrain h has been reported that erprestion of NF.cB ncreases during Parkunson diea 

which promotes oxIdauve stress, sturmulates release of proiriflamemutonry cytokines, and induces expression
of io O 

Therelore. in this study, we have used mangifern specfic NE. nhbtor Mangferin 1s a polyphenoilc conp 

tradibonaly used for anuoxidant and anuintfarmmatory properties 

Methods: The study utilized male Wistar rats weighing 200-250g (56 rats. n = 8/group) On day "0. stereotaxiC surze 

ras was done to induce 6-hydroxydopamine lesioning in ratu 
Coordinates for wubscantia ngra 

were nteroposterior a 

mediolatera-s 
mm and 

dorsoventral-8.2 mm. After 14 days. those rats which show at least 210 contralateral rotatiors 31e 

administraoon

of apomorphine (0.5 mg/kg S C.) were 
selected for the study and were given ureatment

for 28 days On day 

reatment 

ras were subjected to behavioral studies to evaluate the effect of mangferin and their brains were 
taken 

out atter euthanas to pertorm 
biochemical,

molecular and immunoloFical studies 

Resules 
reatment with mangiterin significandy improves 

the key parameters of locomotor acuvity 
and 

oxidatve stre5 

anc 
reduces the parameters

of inflammatory
stress. Also, the activity of caspases 

was 
reduced. Significant

decrease in actvity 

ot both 
cyclooxygenaseI 

and 2 was also observed. Maximum improvement
in all parameters

was 
observed in ras 

treated 

wogrouping 
of mangiternn 45 Hg/kg and levodopa 10 mg/kg 

Treaument with levodopa 
alone has no significant

effecr on 

biochemical 
and 

molecular 
parameters though it significantly improves 

behavioral parameters

Conclusion:
Current 

treatment of Parkinson's
disease does nor arget 

progression
of Parkinson's

disease 
Result of 

thes stuay suggest 
that mangiterin

has protecuive
effect in 

hemi-Parkinsonian 

rats. 
Therefore, the 

combinauon therapy of 

mangitern
and levodopa 

can be helpful in management 
of Parkinson's disease 

Keywords 

6-OHDA 
Parkinson's 

disease, NF-xB, Mangiferin,
Inflammation, Cox, Caspases 
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Mangiferin prevents 
inflammaDon by inhibiung

umor 

necrosis factor-alpha 
(TNF-a) 

mediated nuclear 
translocatuon

and activation of NF-B, which is required for the acuvalion

of cyclooxygenase
and toll-like receptors.
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Omega-3 fatty acid attenuates 

oxidative stress in cerebral cortex, 

cerebellum, and hippocampus 
tissue and improves 
neurobehavioral activity in chronic 

lead-induced neurotoxicity 
Pramod Kumar Singh1 Manish Kumar Singh . Rajesh Singh Yadav, Rajendra Nath . Anju 
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Abstract 

Objectives: In view of the increasing risk of lead on human health, the present study has been 

carried out to investigate the neuroprotective effect of omega-3 fatty acid on chronic lead- 

induced neurotoxicity and behavioral impairment in rats. Methods: Different neurobehavioral 

parameters, biochemical assays, and histopathological analyses in brain regions of rats were 

conducted. Results: Rats exposed to different doses of lead (lead acetate 2.5, 5.0, 7.5 mg/kg 

body weight p.o. for 90 days) caused a significant decrease in body weight, brain weight, and 

behavioral changes as compared to controls. Abnormal histopathological and increased levels 

of lead in blood and brain regions increased the levels of ROS, LPO, PCC and decreased the 

levels of GSH with concomitant reduction in SOD, CAT, and GPx activities in the brain region 

of rats treated with different doses of lead as compared to controls. Co-treatment of lead with 

omega-3 fatty acid (500 mg/kg body weight p.o. for 90 days) decreased the levels of ROS, 

LPO, PCC, and increased the level of GSH, also increased SOD, CAT, and GPx activity and 

showed improvements in behavioral as well as histopathological changes as compared to 

lead-treated groups. Discussion: Our results proved that omega-3 fatty acid improved 

behavioral deficits, altered histopathological and oxidative stress in lead-intoxicated rats. 

Among three different doses, 2.5 mg/kg b.wt. of lead along with omega-3 fatty acid was the 

most preventive dose for the neurotoxicity. This work reveals the potential of omega-fatty acid 

as a protective drug for lead neurotoxicity. 

Keywords: Behavioral; Lead; Neuroprotection; Neurotoxicity; Omega-3 fatty acid; Rats. 



Needle insertion is a rare form of child abuse that, though prevalent in the society 
as an attempted infanticide/homicide, remains undiagnosed and underreported. 
One should have strong suspicion for occurrence of child abuse in a child with 
history of needle injury. Here, we report an unusual case of 3-month-old boy with 
history of hypodermic needle extrusion from multiple sites of body and suspicion 
of possible child abuse.

KEYWORDS: Child abuse, needle injury, needle insertion

Needle Insertion in a Child: A Rare Form of Child Abuse
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body. On examination, the child looked well and active 
and had heart rate of 108/min, respiratory rate 26/min, 
and temperature 99°F. Detailed clinical examination 
revealed multiple scar marks over abdomen and both 
lower limbs; however, no visible swelling or bruise 
was seen anywhere in the body. The abdomen was 
soft, lax, and nontender. On per-rectal examination, 
sharp foreign body was felt anteriorly in the urethra. 
The investigation revealed normal complete hemogram, 

radiographic skeletal survey, multiple radiopaque linear 
densities were projected in skull, abdomen, perineum, 
gluteal region, and thighs [Figure 1a-e]. Ultrasound 

revealed intracerebral and extradural linear sharp foreign 
bodies along anterior falx and parafalcine region going 
up to corpus callosum, the region of right caudate 
nucleus, and internal capsule [Figure 1f-i]. However, no 
intervention was done as child was asymptomatic as per 
opinion of neurosurgeon. However, cystourethroscopy 
was performed due to history of hematuria and 
per-rectal palpation of sharply pointed objects in urethra. 

needles in the posterior urethra [Figure 2], however, 
could not be retrieved through cystourethroscope. 
Therefore, these two broken hypodermic needles were 
removed from the posterior urethra through transperineal 

Images in Practice

INTRODUCTION
hild abuse, though underreported, is one of the 
overwhelming global problems and can present 

in various forms. Insertion of sewing needles into 

is one of the rarer forms of child abuse. It has been 
reportedly linked to homicide/infanticide attempts in 
some communities and regions of world particularly 
with intracranial insertion, and sometimes, a part of 
cultural practice/belief.[1-5] There have also been reports 
of insertion of needles to the other parts of victims’ 
body such as chest and abdomen, heart, feet, forearm, 
neck, gluteal region, perineum, oral cavity, and rectum 
from various other parts of the world.[1-5] We present 
a case of suspected child abuse by hypodermic needle 
insertion into body and evidenced by X-ray of whole 

head.

CASE REPORT
A 3-month-old boy was admitted with history of 
recurrent multiple small eruptions over skull, abdomen, 
and both lower limbs followed by extrusion of sharp 
needle-like objects from same sites accompanied by 
excessive crying and fever for 1 month and hematuria 
for 4 days. There was history of similar complaints 

age of 1 year in the past 2 years back. However, his 
other 2-year-old elder sister is alright. None of the 
parents, despite detailed interview, had any knowledge 
of person who had inserted the needles into the child’s 
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ABSTRACT
Summary: Central neuropathic pain is a disabling condition physically as well as in spinal cord injury. Pregabalin and gabapentin and 
amitriptyline drugs have been tried alone and in combination with varying results. Pregabalin has resulted superiority over gabapentin in SCI 
neuropathic pain.

KEYWORDS
Neuropathic pain, pregabalin, gabapentin, VAS score, Spinal Cord injury

Introduction 
International Association for the Study of Pain (IASP) has defined 
neuropathic pain as all pain initiated as caused by a primary lesion or 
dysfunction of the nervous system. Sensations in neuropathic pain are 
often multiple, like burning, gnawing, aching, shooting or lancinating 
qualities. Neuropathic pain with a sensory deficit and local autonomic 
dysfunction has invariable association.

Nociceptive and neuropathic pains are caused by different 
neurophysiological processes and therefore they respond to different 
modalities of treatment. Nociceptive pain is mediated by receptors on 
the delta and C fibres which are located in skin, bone, connective 
tissues muscles and viscera. Nociceptive pain usually responds to 
opioids and non-steroidal anti-inflammatory drugs (NSAIDS).

Neuropathic pain in contrast to nociceptive pain, is produced by 
damage to or pathological changes in the peripheral or central nervous 
system. So most neuropathic pain respond poorly to NSAIDS and 
opioid analgesics. The main stay of treatment are predominantly the 
tricyclic antidepressants (TCA's), the anti convulsants, serotonin and 
norepinephrine uptake inhibitors, tramadol.

Pregabalin is a novel, centrally acting neuromodulating agent that was 
approved by US FDA in 2004 for the treatment of painful diabetic 
neuropathy and post herpetic neuralgia. Pregabalin is also approved by 
the European Medicines Agency for the treatment of peripheral and 
central neuropathic pain in adults.

Gabapin and pregabalin bind to alpha 2 delta subunit of voltage 
dependent calcium channels and may modulate neurotransmitters (e.g 
Substance P, Glutamate) release from primary afferent terminals, via 
an action on interneurons in the dorsal horn of spinal cord.

Material and methods
A case controlled variable dose study of pregabalin in the treatment of 
neuropathic pain was conducted. Patients attending opd of Department 
of Physical Medicine and Rehabilitation of King George's Medical 
University, Lucknow and SIPS hospital Lucknow with the diagnosis of 
neuropathic pain were included in this study. Informed consent was 
taken from patients or their legally acceptable representative. Study 
was approved by IEC. Patients were divided into two groups, Group A 
– patients receiving pregabalin 75/ 150 mg daily. Group B- patients 
receiving Pregabalin more than 300 mg or upto 450 mg in divided 
doses.

Follow up was every 2 weeks interval after starting drug upto 8 weeks. 
During the first week patient was assessed by application of Visual 
Analogue scale and Quality of pain assessment scale.

Assessment parameters: Following parameters were assessed during 
the visit. Effectiveness parameters. Primary outcome measures- visual 
analogue scale (VAS) at first visit and follow up visits at 2, 4, 8 weeks.

Secondary outcome measures: Pain Quality Assessment Scale (PQAS) 
– it includes 20 criteria for assessing pain quality like burning, tingling, 
numbness, cramping, radiating nature of pain, activities of daily living. 
After calculating VAS score and total score in pain quality assessment 
scale at 0, 2, 4, 8 weeks visit of each patient statistical measures were 
applied.

Results 
Total 20 patients were followed up among them 12 were male and 8 
were females.(Table 1)  Age range varied from 21 years to 64 years 
with mean age 52.6 years. Out of the 20 patients enrolled 12 were 
paraplegic and 8 were quadriplegic.  Both groups were comparable in 
VAS score and PQAS scale at baseline visit.

There was significant difference in VAS score in paraplegics and 
quadriplegic patients in between 0 and 8 weeks but non-significant 
difference between 0 and 2 weeks. Response in VAS score and PQAS 
was significant in group B particularly quadriplegics at 8 weeks.
There was no adverse effect apart from drowsiness in some patients.

Discussion 
Pregabalin can affect the pain quality very significantly as evidenced in 
this study. Response was significant at 8 weeks in quadriplegics. 
Pregabalin's increased binding affinity for the alpha 2 delta protein 
subunit of voltage gated calcium channel and more linear 
pharmacokinetics may be the reason for this difference.

Pregabalin exhibits linear pharmacokinetics after oral administration 
with low intersubject variability. This provides a more predictable 
dose response relationship. Pregabalin may provide additional pain 
relief and improvement in quality of life over a 8 weeks period.

Cost effectiveness analysis of pregabalin in the management of 
neuropathic pain due to diabetic polyneuropathy or post herpetic 
neuralgia has shown that pregabalin is more cost effective.

In spinal cord injury, central neuropathic pain is a disabling condition 
physically as well as emotionally. Over the years number of drugs have 
been tried but none of them has produced desired results.

Tricyclic antidepressants and anticonvulsants have been tried but 
response to the drug was average in the treatment protocol for central 
neuropathic pain following spinal cord injury. Amitriptyline exerts its 
effect in two ways inhibiting uptake of serotonin and nor epinephrine 
and degradation of endogenic opioids inhibition to make them more 
available to modulate pain messages and thus provides pain relief with 
antidepressant action.

Both amitriptyline and pregabalin produce some benefit when 
administered alone for central neuropathic pain in spinal cord injured 
patients but fails to provide a consistent and complete relief which is 
obtained by the combination of these drugs. Thus an overall 
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improvement in patient status can be expected with this combination in 
terms of pain relief, anxiolytic and antidepressant effect and improved 
sleep.

Because the pathophysiology of neuropathic pain encompasses all the 
biopsychosocial complexities of chronic pain, the best way to help 
patients is to adopt a systemic, stable, empathic, and above all, 
interdisciplinary approach that addresses all of the mechanisms. A 
consideration of nondrug and noninterventional should be foremost, as 
they demonstrate a favourable cost benefit ratio, and not an after 
thought.

Conclusion
Pregabalin has significant better result in reduction of pain quality and 
intensity in spinal cord injury patient for a long duration.
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Table 1 : Gender distribution

Table 2 : Patient profile

Table 3: Subject Distribution in Groups

Table 4: Follow up
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Paraplegia 12

Quadriplegia 8
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No of cases :12

Quadriplegia group
N = 8

Pregabalin 75mg 6 4

Pregabalin 150 mg in 
divided dose

4 2

Pregabalin 300 mg or 
more in divided dose

2 2

0 week 2 week 4 week 8 week
VAS 7.30 ± 2.88 4.0 ± 2.0 2.30 ± 1.29 1.13 ± 1.01
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Abstract Objective: To compare the effectiveness and safety of two minimally
invasive methods (transrectal aspiration vs transurethral resection (TUR)/deroofing)
of treating prostatic abscess.

Patients and methods: A retrospective study was conducted, from 2007 to 2016, of
patients with prostatic abscesses not responding to antibiotics and/or with large
(>2 cm) or multiple abscesses. Patients were divided into two groups depending
on treatment received: Group A, transrectal aspiration; and Group B, TUR/deroof-
ing of abscess.

Results: The most common clinical presentation was dysuria (81.8%), followed
by urinary frequency (68.2%), and fever (36.4%). Acute urinary retention occurred
in seven patients. The most common infective organism in both groups was Escher-
ichia coli (43.9%). The mean (SD, range) prostate volume was 36 (6.4, 17–68) mL
and 37 (7.3, 21–72) mL in Groups A and B, respectively. The mean (SD, range) vol-
ume of the abscess was 51.24 (12.6, 21–215) mL and 48.34 (15.4, 15–240) mL in
Groups A and B, respectively. Overall, 37 (84.1%) patients responded to treatment
(68.4% in Group A and 96.0% in Group B, P < 0.23) after the first treatment ses-
sion. Six patients in Group A and one patient in Group B had recurrence of abscess
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(P < 0.03). Of the six patients in Group A with recurrence, four patients had com-
plete resolution after repeat aspiration (average 1–3 times). The mean (SD) follow-
up duration was 17.25 (6.3) months.

Conclusion: TUR of prostatic abscess is more effective (96%) than transrectal
aspiration with a lesser hospital stay. However, transrectal aspiration was successful
in 89% of cases, is less invasive and can be performed under local anaesthesia and or
sedation.

� 2017 Arab Association of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).
Introduction

Prostatic abscess is a rare presentation in the era of
effective and widespread antibiotic therapy. However,
it is not an uncommon finding in developing coun-
tries, especially in high-risk population groups, e.g.
diabetics, chronic kidney disease (CKD), haemodialy-
sis dependence, cirrhosis, and immune compromised
patients [1–3]. Historically, mortality rates vary from
6% to 30% [4]. The diagnosis of prostatic abscess is
challenging, because of the vague symptoms resem-
bling other causes of LUTS. TRUS has revolutionised
the diagnosis of the prostatic abscess [5]. With the aid
of TRUS guidance, minimally invasive treatment
methods are being used more frequently than open
drainage of prostatic abscesses [6,7]. Minimally inva-
sive treatment includes transrectal transperineal aspira-
tion or drainage, transurethral resection (TUR)/
deroofing of the prostatic abscess, and TURP [7]. In
the present study, we have compared different pro-
static abscess treatment methods for effectiveness
and safety.
Patients and methods

A retrospective study was conducted in the Department
of Urology, King George’s Medical University, India
from August 2007 to October 2016. Ethical approval
was obtained from the Institutional Ethics Committee.
Informed written consent was obtained from all the
patients. Prostatic abscess not responding to initial
antibiotics and/or large (>2 cm) or multiple abscesses
were included for analysis (see Fig. 1). Patients who
underwent initial TURP for prostatic abscess were
excluded from the study. The remaining patients were
divided into two groups as per treatment received:
Group A, TRUS-guided transrectal aspiration; and
Group B, TUR/deroofing of abscess. Data were evalu-
ated regarding clinical presentation, DRE, complete
blood counts, TRUS, serum PSA, AUA symptom score,
urine analysis and culture report, treatment provided,
intraoperative findings, outcomes, complications, and
follow up.
Surgical technique

All the procedures were performed by experienced urol-
ogists. All patients received preoperative antibiotic (cef-
triaxone 1 g, i.v.) 30 min before the procedure. TRUS-
guided aspiration was done in left lateral decubitus
under local anaesthesia and/or sedation. We used a lin-
ear array probe (7.5 MHz) wrapped in a condom to
measure the abscess in both transverse and longitudinal
directions, and the volume was calculated using the
ellipsoid formula (which is already incorporated in the
US software). Lignocaine jelly (2%) was instilled (using
a nozzle) 5 min before the probe was introduced. An 18-
G Chiba needle (20 cm; Cook, and Bloomington, IN,
USA) was inserted along the track on the US screen
and pus was aspirated manually. After aspiration, a rec-
tal pack soaked with lignocaine jelly was inserted in the
rectum for 1–2 h.

In Group B (TUR), the abscess cavity was localised
by preoperative imaging, bulging prostatic mucosa and
or prostatic massage under spinal anaesthesia. In
patients who had BPH in association with prostatic
abscess, TURP was performed at �4 weeks of resolu-
tion of abscess to prevent septic complications. All aspi-
rated pus samples were sent for bacterial, fungal and
acid-fast bacilli (AFB) culture. The total duration of
antibiotic therapy was 6 weeks and was selected accord-
ing to the pus culture and sensitivity report.

Postoperative follow-up included, daily clinical
assessment, complete blood counts after 2 days and
TRUS after 4 days. If residual abscess was found, re-
aspiration was done using the same method. If patients
did not respond to at least three re-aspirations and or
had a worsening clinical response, then patients under-
went TUR. Success was defined as clinical improvement
and or no residual abscess on follow-up.

Statistical analysis

The unpaired t-test was used to compare continuous
data and Fisher’s exact test was used to analyse categor-
ical data. The Student’s paired t-test was used to assess
improvement in variables in comparison to baseline
data. Statistical analysis was performed using the
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Fig. 1 Hypoechoic inhomogeneous collection on TRUS suggestive of prostatic abscess. Upper panel, large collection; lower panel, small

collection.
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Statistical Package for the Social Sciences (SPSS� ver-
sion 16, SPSS Inc., Chicago, IL, USA). The statistical
significance level was set at P < 0.05.

Results

The medical records of 51 patients with prostatic abscess
were evaluated. Seven patients, who received conserva-
tive management, were excluded from the study. Thus,
44 patients were included in the final analysis.

The most common clinical presentation was dysuria
(81.8%), followed by urinary frequency (68.2%), and
fever (36.4%). Acute urinary retention occurred in seven
patients who underwent catheterisation (five per
urethral and two suprapubic). All patients had >10 leu-
cocytes/mL on urine analysis in both groups. The most
common infective organism in both groups was Escher-
ichia coli (43.9%) followed by Klebsiella pneumoniae
(26.8%) and Staphylococcus aureus (17.1%). The mean
(SD, range) prostate volume was 36 (6.4, 17–68) mL
and 37 (7.3, 21–72) mL in Groups A and B, respectively.
The mean (SD, range) volume of the abscess was 51.24
(12.6, 21–215) mL and 48.34 (15.4, 15–240) mL in
Groups A and B, respectively. The location of the
abscess was as follows: 22, central; 16, peripheral; and
six large abscesses involved both the central and periph-
eral zones. The distribution of the abscess was similar in
both groups.



Transrectal aspiration vs TUR of prostatic abscess 257
The demographic profile and operative variables are
given in Table 1. Overall, 37 (84.1%) patients responded
to treatment after the first treatment session [68.4% in
Group A and 96% in Group B (P < 0.23)]. Six patients
in Group A and one patient in Group B had abscess
recurrence (P < 0.03). Of the six patients in Group A,
four underwent repeat aspiration (average, 1–3 times)
for complete resolution. The success rate was increased
(89.4%) after multiple sessions of aspiration in Group
A. Two patients in the aspiration (Group A) required
TUR, which was followed by improvement of their
symptoms and resolution of residual collection. The
one patient in Group B with recurrence required TURP
for complete resolution of the abscess. The mean (SD)
follow up duration was 17.25 (6.3) months (Table 2).

Discussion

Widespread antibiotic use has decreased the incidence of
prostatic abscess. Acute prostatitis may present with
abscess if left untreated or inadequately treated. Early
diagnosis and treatment of prostatic abscess is war-
ranted to prevent complications such as sepsis, cuta-
neous fistula, and death [8]. The main purpose of
treatment of prostatic abscess is to completely aspirate
or remove the pus. The initial management includes
evaluation and supportive empirical antibiotics. Patients
not responding to antibiotics may need surgical treat-
ment. This can be achieved either via an open approach,
transurethral approach or aspiration via the rectal or
perineal route.

US is a safe, easily available and reliable diagnostic
tool for prostatic abscess [13]. It has a good sensitivity
for diagnosing an abscess and for treatment follow-up.
However, initial stages of abscess formation may not
be identified with US [14]. CT or MRI may be used
for diagnosis and treatment of prostatic abscess, but it
is costly and usually not required [11,12,15].

In a retrospective analysis by Vyas et al. [9], TRUS-
guided aspiration of prostatic abscess was performed
in 48 patients. TRUS was able to identify inhomoge-
neous hypoechoic areas suggestive of abscess in all of
Table 1 Presenting symptoms of prostatic abscess.

Sign/

symptoms

Overall,

n (%)

N= 44

Group A (transrectal

aspiration), n (%)

N= 19

Group B

(TUR), n (%)

N = 25

Dysuria 36 (81.8) 17 (89.5) 19 (76.0)

Urinary

frequency

30 (68.2) 12 (63.2) 18 (72.0)

Fever 16 (36.4) 9 (47.4) 7 (28.0)

Perineal pain 15 (34.1) 7 (36.8) 8 (32.0)

Fluctuation

in DRE

9 (20.5) 6 (31.6) 3 (12.0)

Acute urinary

retention

7 (15.9) 3 (15.8) 4 (16.0)

Haematuria 3 (6.8) 1 (5.3) 2 (8.0)
the cases. The mean (SD, range) abscess size was 3.2
(1.2, 1.5–8) cm and pus was aspirated in all cases. They
achieved complete resolution after the first attempt in 20
patients (41.7%). However, a mean (range) of 4.1 (1–7)
aspirations were required for complete resolution in 41
patients (85.4%). In their study, seven patients under-
went transurethral deroofing of abscess for persistent
symptoms and residual collection.

In a similar retrospective study of TRUS-guided tran-
srectal aspiration of prostatic abscess, Göğüs� et al. [10]
achieved successful aspiration in five out of six patients
and they did not encounter any complications. In our
present study, we achieved an overall success rate of
84.1% after the first treatment session and seven
patients (six in Group A and one in Group B) required
re-treatment.

El-Shazly et al. [16] performed a retrospective analy-
sis of 11 patients with prostatic abscess. TUR of the
abscess was performed in seven patients, TRUS-guided
transrectal aspiration in two, and transperineal aspira-
tion in two. They achieved successful outcomes in all
patients after TUR without any ‘re-look’ surgery or
treatment failure. However, they recommended tran-
srectal aspiration for relatively young and localised
abscess. This is also supported by other studies [17]. In
our present study, we noted recurrence in patients with
large and multiple abscesses.

Jang et al. [6] compared TRUS-guided aspiration vs
TUR for management of prostatic abscess. TUR was
used in 23 patients, a needle aspiration in 18, and con-
servative treatment in 11. Of the 18 patients that under-
went needle aspiration, four (7.6%) had recurrence over
a 1-month follow up. Two patients in the conservative
treatment had died from sepsis. They concluded that
TUR significantly decreased hospital stay compared to
transrectal aspiration. In the present study, the TUR/
deroofing group had a significantly shorter length of
hospital stay compared to TRUS-guided aspiration
(6.1 vs. 12.5 days, P < 0.01). Several studies have
reported long hospital stays (average, >12 days) after
minimally invasive therapy in comparison to TUR of
prostatic abscess [5,6]. Most patients who undergo inva-
sive treatment for prostatic abscess usually need regular
observation and i.v. antibiotic therapy until resolution
or relief of symptoms. This may have resulted in the
longer hospital stay for the aspiration group in our pre-
sent study. The adequate and wider drainage achieved
by TUR may also be responsible for this difference.
Sometimes the pus collection becomes so thick that sim-
ple needle aspiration may not be possible. This appears
to happen more commonly after a prior course of antibi-
otics. In these cases, irrigation with saline or antibiotic
solution through the needle and re-aspiration may be
helpful. Although the success rate after aspiration was
less than that of TUR, re-aspiration is a simple and easy
procedure that can be done repeatedly.



Table 2 Patients’ demographic and operative characteristics.

Variable Overall

N= 44

Group A (transrectal aspiration)

N= 19

Group B (TUR)

N= 25

P

Age, years

Mean (SD)

Range

56.34 (9.8)

38–72

55.62 (10.2)

38–70

57.32 (9.42)

41–72

0.24

Comorbidities, n (%)

Diabetes mellitus

CKD

Stricture urethra

12 (27.3)

5

2

3

7 (36.8)

3

0

2

5 (20.0)

2

2

1

0.34

AUA symptom score

Mean (SD)

n = 32

12.65 (2.6) 11.3 (2.4) 13.9 (3.1) 0.15

Urine culture, n (%)

E. coli

K. pneumonia

Staph. aureus

P. aeruginosa

41 (93.2)

18 (43.9)

11 (26.8)

7 (17.1)

5 (12.2)

18 (94.7)

8 (42.1)

4 (21.1)

4 (21.1)

2 (10.5)

23 (92.0)

10 (40.0)

7 (28.0)

3 (12.0)

3 (12.0)

0.43

PSA level, ng/mL

Mean (SD)

Range

20.13 (10.5)

1.8–68

19.52 (11.3)

2.4–70

20.41 (10.22)

1.8–68

0.51

Prostate volume, mL

Mean (SD)

Range

36 (8.4)

17–72

36 (6.4)

17–68

37 (7.3)

21–72

0.24

Abscess size, mL

Mean (SD)

Range

50.26 (11.5)

15–240

51.24 (12.6)

21–215

48.34 (15.4)

15–240

0.55

Single abscess, n

Multiple abscess, n

33

11

12

6

21

5

0.12

Hospital stay, days

Mean (SD)

Range

10.23 (3.1)

4–15

12.5 (3.4)

6–15

6.1 (2.1)

4–9

0.01

Success after first session, n (%) 37 (84.1) 13 (68.4) 24 (96.0) 0.23

Recurrence 7 (15.9) 6 (31.6) 1 (4.0) 0.03
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Antibiotic therapy is the most important initial sup-
portive therapy. The choice of antibiotic should be
according to local institutional protocols to avoid resis-
tant organisms. Parenteral antibiotics, e.g. fluoro-
quinolones and amikacin (with normal serum
creatinine), should be started empirically and changed
accordingly after the urine or pus culture report.
Metronidazole may be added for anaerobic coverage
when the patient does not respond to initial therapy,
along with consideration of surgery [13].

There are some limitations to the present study.
Because of its retrospective nature, collection of data
and data itself may have some bias. The small sample
size is also a limitation of our study and all patients
did not have uniform follow-up records. Despite these
limitations, our present study will help in decision mak-
ing and prognostication for patients with prostatic
abscess regarding different treatment methods.

Conclusion

TUR of prostatic abscess is more effective (96%) than
transrectal aspiration with a lesser hospital stay. How-
ever, transrectal aspiration was successful in 89% of
cases and is less invasive and can be performed repeat-
edly under local anaesthesia and/or sedation. A ran-
domised trial with a larger sample will be needed for
better understanding of this issue.
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ABSTRACT
Objective: The management of recurrent posterior urethral strictures developing after pelvic fracture ure-
thral injury (PFUI) is a challenging task. Despite availability of many surgical approaches, there is no con-
sensus regarding the optimal approach. The objective of this study was to present our 10-year experience in 
the management of recurrent urethral strictures due to PFUI. 

Material and methods: We did a retrospective single-institution review of patients who underwent surgical 
management for recurrent posterior urethral strictures from January 2006 to December 2016 using descrip-
tive statistics. We included only those patients with PFUI who underwent some definitive surgical procedure 
for their previous failed repair(s).

Results: The final analysis included data of 50 male patients (10 adolescents and 40 adults). Mean age of 
the patients was 29.92±10.62 years. The average length of stricture was 3.02±1.47 cm. Progressive perineal 
urethroplasty (PPU) was done in 40 cases. Two patients with concomitant rectourethral fistula/false passage 
underwent transpubic urethroplasty (TPU). Three patients with complete bulbar necrosis were managed 
with single stage/staged preputial tube reconstruction. One patient underwent microsurgical urethroplasty 
using radial free forearm flap while in two patients each Mitrofanoff appendicovesicostomy and perineal 
urethrostomy was done. Majority of complications were minor (Clavien Grade 1 and 2). Overall success rate 
of PPU was 75%. Mean follow-up period was 29.46±10.68 months (range: 13-60 months). 

Conclusion: Most cases of recurrent posterior urethral strictures of <3 cm in length can be operated by PPU 
with reasonable success rates. Complex and long-segment (higher than 3 cm) strictures require use of ancil-
lary procedures like TPU, substitution urethroplasty and Mitrofanoff appendicovescostomy.

Keywords: Outcome; pelvic fracture, urethral injury; stricture; urethroplasty.

Introduction 

Pelvic fracture associated urethral injury 
(PFUI) occurs as a result of road traffic acci-
dents (RTA) and fall from height (FFH), and 
PFUI is associated with 10% of all pelvic 
fractures particularly with pubic bone dias-
tasis, inferomedial pubic bone fracture, and 
displacement.[1] The first surgical management 
of PFUI comprises of excision of the fibrotic 
urethral segment between distracted urethral 
ends with primary anastomosis of the normal 
urethra (EPA).[2] The management of failed 
PFUI repairs is a challenging task for the 
urologists due to more proximal location of 
stricture behind the pubic bone, extensive 
fibrosis and increased concerns of patients 

regarding sexual and urological outcomes with 
redo urethroplasty.[3,4] Presence of concomitant 
false passages, recto-urethral fistulas, peri-
urethral cavities, incompetent bladder neck 
etc with PFUI also increases the complexity 
of re-do repairs.[3] At present a variety of pro-
cedures have been described in the literature 
as progressive perineal urethroplasty (PPU), 
transpubic urethroplasty (TPU), laparoscopic 
omentoplasty etc for the management of com-
plex and recurrent posterior urethral strictures.
[2-5] These approaches are technically demand-
ing and such cases are performed at very lim-
ited centres in developing countries like India. 
There is no consensus regarding the optimal 
approach for the management of recurrent 
posterior urethral strictures after PFUI. In the 
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current study we reviewed our 10-year experience of redo ure-
throplasty performed for recurrent posterior urethral strictures. 

Material and methods

We did an analysis of prospectively maintained urethroplasty 
database at a tertiary care center in North India. A total of 
62 patients underwent redo urethroplasty for PFUI between 
January 2006 and December 2016. Approval from Institutional 
Ethics Committee was taken for the study. We included only 
those patients with PFUI who underwent some definitive surgi-
cal procedure for their previous failed repair(s). The hospital 
records were reviewed noting demographic details, duration 
of suprapubic catheterization (SPC) before surgery, cause of 
PFUI, defect site and length of the defect (calculated with ret-
rograde, and voiding cystourethrography, RGU+VCU). Data 
concerning previous surgical interventions, surgical techniques 
used in redo procedures, average blood loss and postoperative 
hospital stay were analysed. Procedures such as progressive 
PPU, TPU, pedicled preputial tube urethroplasty, Mitrofanoff 
appendicovesicostomy, radial free forearm flap urethroplasty 
and perineal urethrostomy were performed based on operating 
surgeon’s discretion, patient’s wishes and taking into account 
characteristic of the defect. Postprocedural urethral stenting 
was done with 16 F silicon Foley catheters in adults and 12-14 
F catheter in adolescents. A SPC was also kept for 4 to 6 weeks 
postoperatively. A pericatheter RGU was performed before 
removal of intraurethral catheter. If there was no contrast leak 
then intraurethral catheter (IUC) was removed. In case of leak, 
IUC was removed after an interval of additional 2 weeks. The 
eventual surgical outcome was considered as acceptable if 
patients were voiding with an average peak flow rate of >15 
mL/min with minimal post void residual urine (PVRU) and in 
case of some obstruction 1-4 times minimally invasive endo-
scopic procedures were attempted.[6] Patients were followed up 
after 6-8 weeks, and then every 6 months for 2 years. We also 
recorded complications as per modified Clavien-Dindo classifi-
cation system.[7] Erectile dysfunction (ED) if present was clas-
sified based on 5-item version of International Index of Erectile 
Function (IIEF-5) scale scores as mild (17-21), mild to moder-
ate (12-16), moderate (8-11), severe (5-7), and no ED (22-25).[8] 
Patients lost to follow up and/or with incomplete records were 
excluded from final analysis. 

Statistical analysis
All the analysis was done using Statistical Package for the 
Social Sciences (SPSS Inc.; Chicago, IL, USA) version 16. 
Qualitative data were analyzed using chi-square test and quanti-
tative data was analyzed using Student t-test. A p-value of <0.05 
was considered significant.

Results

More than 260 anastomotic urethroplasty for PFUI have been 
done till date at our institution since 2006. Twelve patients who 
either lost to follow up or had incomplete records were excluded 
from the study. The final analysis was performed on data of 50 
male patients. The baseline characteristics are depicted in Table 
1. There were 10 adolescents (range 9 to 18 years), and 40 adult 
patients (>18 to 45 years). Mean age was 29.92+10.62 years. 
Cause of PFUI was secondary to RTA in 45 cases and FFH in 
5 cases. Mean time to failure after previous surgery was 15.04 
months (range 2-24). Most patients had an indwelling SPC. 
Mean period on SPC before surgery was 20.24 months (range 
15-25). The average number of prior urethroplasties performed 
was 1.22 (range 1-3). Most commonly affected site was bulbo-
membranous urethra in 40 (80%), prostatomembranous junction 
in 7 (14%) and proximal bulbar urethra in 3 (6%) cases. The 
average stricture length was 3.02+1.47 cm. The details of redo 
urethroplasty are depicted in Tables 2 and 3. Majority (19/21; 
90.47%) of complications after redo urethroplasty were minor 
(Clavien Grades 1 and 2) (Table 4). Mean follow-up period 
was 29.46+10.68 months (range 13-60 months). The results of 
PPU were comparable between adolescents and adults (p>0.05) 
(Table 5).

Discussion

There is no consensus on the management of recurrent and com-
plex urethral strictures after PFUI. Some authors have attempted 
endoscopic treatments like Optical Internal Urethrotomy (OIU) 
before urethroplasty while the others have performed redo ure-
throplasty directly.[6] The objectives of urethroplasty in PFUI 
should be complete excision of scarred urethra with tension-free 
anastomosis of the urethral ends.[3-5] The initial urethral surgery 
offers the best chance to achieve a successful outcome.[9] Redo 
urethroplasty is more challenging for the urologists as there is 
extensive fibrosis and loss of planes. The local blood supply 
to urethra is often precarious as the paired bulbar arteries are 
almost always sacrificed during initial surgery and the blood 
supply depends mainly on retrograde supply. As depicted in 
Table 2 most patients (34 adults and 6 adolescents) with single 
failed urethroplasty underwent PPU as described by Webster 
et al.[10] We encountered some unique findings during redo ure-
throplasty. The scar excision and urethral mobilization were not 
adequate in 24 (60%) cases during the primary surgery and we 
had to do extensive scar excision and urethral mobilization from 
penoscrotal junction to the prostatic apex. There was evidence 
of stitch granulomas in around 8 cases (20%). Additionally 
inferior pubectomy was either not performed or inadequately 
performed during primary surgery. Hence incomplete mobiliza-
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tion of urethra, inadequately performed inferior pubectomy and 
stitch granulomas might be the cause of failure in primary sur-
gery. Length of stricture, extent of injury, vascularity of urethra 
and number of previous attempts at repair have been proposed 
as determining factors for successful outcome after redo ure-
throplasty.[11] The mean operative time for PPU in the present 
study was 135+9.86 mins. Gupta et al.[6] reported that redo 
urethroplasty takes significantly more time to perform com-
pared to primary urethroplasty (140 mins vs 90 mins; p<0.05). 

Majority of redo cases require use of inferior pubectomy, cor-

poral separation and corporal rerouting to straighten the course 
of urethra leading to increase in operative time. Previous studies 
have reported variable success rates in patients with redo ure-
throplasty for PFUI ranging from 80 to 95%.[6,9,11-13] Bhagat et 
al.[12] reported overall success rate of 83.72% in 43 cases of redo 
urethroplasty for PFUI. In the author’s study PPU was done in 
28, TPU in 12, staged Buccal mucosal graft (BMG) with scrotal 
inlay in 2 cases, and single stage preputial tube reconstruction 
was done in one patient. Webster et al.[13] reported 95% suc-
cess rate in a series of 20 patients, however redo anastomotic 
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Table 1. Baseline characteristics of patients 
Parameter Value

Mean age (Years) 29.92+10.62 (range 9–45)

Sex Male

Number of patients 50

  10-adolescents (9-18 years)

  40 adults (>18-45 years)

Mechanism of trauma RTA-45 (90%)

  FFH-05 (10%)

Mean time to failure after previous surgery  15.04±5.45 (range 6-24)

Patients with SPC in situ 46 (92%)

Previous interventions 

Patients referred from elsewhere (n=45) Single urethroplasty-35

Patients operated at our centre (n=5) Single urethroplasty-35

  Recurrent urethroplasties-10

  OIU/dilatation-13

  Single urethroplasty-5

  Recurrent urethroplasties-0

  OIU/dilatation-2

Defect site BMU-40

  PMU-7

  BU-3

RTA: road traffic accident; FFH: fall from height; OIU: optical internal urethrotomy; BMU: bulbomembranous urethra; PMU: prostomemebranous urethra; BU: bulbar urethra; SPC: 
suprapubic catheterization

Table 2. Details of redo-urethroplasty. Patients with history of one failed urethroplasty
   Stricture  Operative time  Hospital stay  Follow up period

 Surgery performed;  length (cm) (minutes) Blood loss (mL) (days)  (months)

No of patients Location  Mean±SD Mean±SD Mean±SD Mean±SD Success rate Mean±SD

PPU (n=40) BMU-35 2.46±0.69 135±9.86 450±86.09 7.62±1.67 75% 30.97±10.72

  PMU-5

PPU: progressive perineal urethroplasty; BMU: bulbomembranous urethra; PMU: prostomembranous urethra



urethroplasty was not performed in all patients. Kulkarni et al.[9] 
described success rate of 79.13% in a retrospective analysis of 
541 cases of redo urethroplasty performed for PFUI. Gupta et 
al.[6] reported a success rate of 80.8% in a study of 52 patients 
of redo-urethroplasty. The overall success rate of PPU in the 
present study was 75% and there was no difference in outcomes 
between adolescents and adults (p>0.05). The patients who 
failed after PPU had significantly higher stricture length com-
pared to patients with successful outcomes (3.45 cm vs 2.13 cm; 
p<0.01). Apparently low success rates of PPU in the present 
study might be due to the fact that we encountered patients who 
had undergone several attempts of endoscopic interventions/
urethroplasties at other centers before they were referred to us. 
Previous interventions (endoscopic realignment/urethroplasty) 
in patients with post-traumatic posterior urethral strictures 
have been shown to have a significant adverse impact (p<0.05) 
on success rates of subsequent anastomotic urethroplasty.[14] 
Presence of concomitant perineal or rectourethral fistulas, false 
passages and bladder neck incompetence increase the complex-
ity of PFUI repair.[3] Two adolescent patients with a mean age 

12.5 years underwent TPU as described by Waterhouse et al.[15] 

These patients had narrow pelvis, long stricture segment (5 cm) 
and concomitant rectourethral fistula/false passage from bulb 
to bladder posterior to bladder neck. The patient with recto-
urethral fistula underwent prior diversion colostomy before 
urethroplasty. The transpubic approach is preferred in pediatric 
PFUI cases owing to narrow and deep location of child pelvis 
with an intraabdominal bladder.[16] Cases with complete bulbar 
necrosis (n=3) were managed with either single stage preputial 
tube reconstruction (1 adult patient) or staged reconstruction 
with buccal mucosal graft and preputial flap (one adult and one 
adolescent patient). Microsurgical urethroplasty using radial 
free forearm flap was done in one patient who had dual narrow-
ing localized at BMU and bladder neck-prostate (BNP) junction 
as described by Chauhan et al.[17] Two cases (one adult and one 
adolescent) having incompetent bladder neck underwent urinary 
diversion with Mitrofanoff appendicovesicostomy.[18] Two adult 
patients with long segment defects (5.5 cm) were not willing to 
undergo extensive surgeries like TPU etc and opted for perma-
nent perineal urethrostomy. Hence patients with long (>3 cm) 
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Table 3. Details of redo-urethroplasty. Patients with history of more than one failed urethroplasty
         Mean follow

Surgery performed;  Mean stricture Mean operative Mean blood Mean hospital   up period

No of patients Location   length (cm) time (minutes) loss (mL) stay (days) Success rate (months)

TPU (n=2) PMU-02 5  190  750  9  100%  25 

Single stage BMU-01 5.5 240 500 10 100%  25

preputial flap

urethroplasty

(n=1)

Staged BMG+ BMU-02 6  260  650 10 50%  17

preputial flap

urethroplasty

(n=2)

Mitrofanoff PMU+ 6.5  320  700  14  -  30

appendicovesi- bladder

costomy (n=2) neck-02

Radial free BMU+BNP-1 7 420 1200 13 100%  15

forearm flap

urethroplasty

(n=1)

Perineal PMU-02 5.5  120 100 5  -  18

urethrostomy

(n=2)

PPU: progressive perineal urethroplasty; TPU: transpubic urethroplasty; BMU: bulbomembranous urethra; PMU: prostomembranous urethra; BNP: bladder neck prostate



and complex recurrent posterior urethral strictures require use 
of ancillary procedures. In the present study, superficial wound 
sepsis (n= 9: 18%), and urinary tract infection (n=3: 6%) devel-
oped after redo urethroplasty. None of wound infections needed 
surgical intervention. Bascom et al.[19] described an overall 
wound complication rate of 21% in a retrospective analysis of 
829 urethroplasties. The authors proposed that any long term 
sequelae of wound complications did not develop.[19] In the 
present study there was mild urinary incontinence in 2 patients 

which was successfully treated with pelvic floor exercises and 
anticholinergics. In patients with PFUI urinary continence 
mainly depends on the integrity of proximal continence mecha-
nism especially the bladder neck.[20] Patients with concomitant 
bladder neck dysfunction should be counseled preoperatively as 
there is greater risk of urinary incontinence.[20] Mild to moder-
ate erectile dysfunction was reported by 4 patients after PPU 
in the present study. The cause of ED in PFUI is attributable 
to primary injury itself rather than urethroplasty.[21,22] Pratap et 
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Table 4. Complications after redo urethroplasty
 Surgery performed; No of patients developing

No of patients complications Clavien Grade I Clavien Grade II Clavien Grade III

PPU (n=40) 14 Wound sepsis-6 UTI-2

     Urinary Incontinence-2

     Erectile dysfunction-4

TPU (n=2) 2 Wound sepsis-1 UTI-1

 Pedicled preputial 1 Wound sepsis-1  Vesicocutaneous fistula-1

tube urethroplasty

(n=1)

Staged BMG& 1

ventral preputial

flap urethroplasty

(n=2)

Mitrofanoff 1   Hoarseness of voice due -

appendicovesicostomy     to endotracheal tube-1-

n=2)

Radial free forearm  1   - Rectal injury-1

lap urethroplasty (n=1)

 Perineal 1 Wound sepsis-1 - -

urethrostomy (n=2)

PPU: progressive perineal urethroplasty; TPU: transpubic urethroplasty; UTI: urinary tract infection; BMG: Buccal mucosal graft

Table 5. Comparison of results between adolescents and adults who underwent redo anastomotic urethroplasty by PPU
Variable Adolescents (n=6) Adults (n=34) p

Stricture length (cm) 2.25±0.41 2.5±0.72 0.42

Operative time (minutes) 135.33±10.26 134.94±7.89 0.92

Blood loss (mL) 446.83±97.79 450.56±85.48 0.92

Hospital stay (days) 12.17±8.23 9.26±3.19 0.12

Follow up (months) 34.5±10.59 30.35±10.78 0.38

No of patients with successful outcomes  4 26 0.62

No of patients developing complications 2 12 1.00

PPU: progressive perineal urethroplasty



al.[23] proposed that there was no change in the potency status 
of the patients even after combined abdomino-perineal urethro-
plasty for long segment (>3 cm) and complex posterior urethral 
strictures. Erectile dysfunction responded well to medical 
therapy with phosphodiestrase-5 (PDE-5) therapy. One patient 
of staged urethroplasty developed vesicocutaneous fistula after 
removal of the catheter. He was managed with pedicled flap 
closure from thigh. There was intraoperative rectal injury during 
microsurgical reconstruction with radial free forearm flap which 
was repaired later on. Almost 90% of the patients in the pres-
ent study had undergone primary urethroplasty at primary care 
centres. In developing countries like India the disease dynamics 
is complicated, a very few centres and specialists are operating 
upon failed and complex cases. Anastomotic urethroplasty for 
complex and redo cases should preferably be done by experi-
enced persons at high volume tertiary care centres.[9]Our study 
had some limitations. It was a retrospective study, and lacked 
data of pediatric patients. We also did not analyze factors associ-
ated with failure in redo cases. Further large population-based 
prospective studies are warranted to clearly outline the ideal 
approach for the management of failed and complex posterior 
urethral strictures.

In conclusion, most cases of recurrent posterior urethral stric-
tures of ≤3 cm in length can be operated by PPU with reason-
able (75%) success rates. Complex and long segment (>3 cm) 
strictures require use of ancillary procedures like TPU, substitu-
tion urethroplasty and Mitrofanoff appendicovescostomy. 
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Description
A 45-year-old woman presented with left-lower 
abdominal lump for the last 3 months. On exam-
ination, she had a palpable lump in the left iliac 
region, 10 cm in size, firm, non-tender and mobile. 
Incidentally, another lump was palpable in her 
left flank which was ballotable. Ultrasonography 
revealed the presence of a large adnexal mass and 
showed a concomitant left renal mass. Contrast-en-
hanced computed tomography abdomen revealed 
the presence of heterogeneously enhancing space 
occupying lesion in the mid and lower pole of 
the left kidney (10.6×8.8×9.0 cm) and a large 
heterogeneously enhancing lesion was seen in 
the left adnexal region (11.7×8.7×12.2 cm) 
(figure 1). Para-aortic lymph nodes were enlarged. 
Cancer antigen (CA) 125 levels were 170 U/mL.

Patient underwent open left radical nephrectomy 
and excision of the adnexal mass with bilateral salp-
ingo-oophrectomy and hysterectomy via midline 
vertical incision. On gross inspection, ovarian mass 
had mixed areas of nodular and cystic appearance, 
whereas the renal mass was found to be of solid 
consistency grossly (figure 2). Biopsy report showed 
the presence of left renal cell carcinoma (papil-
lary variant), Fuhrman nuclear grade 3 and metas-
tases from papillary renal cell carcinoma (RCC) in 
the adnexal mass (figure 3). Twenty-one of 23 lymph 
nodes were positive for metastases. Perioperative 
course was uneventful and the patient was discharged 

on postoperative day 7. As per discussion with oncol-
ogists, it was decided to keep the patient under strict 
follow-up at 3–6 monthly intervals. At 3 months 
follow-up, the patient was completely asymptomatic 
and ultrasonography showed normal right kidney 
with empty left renal fossa.

RCC metastasises to unusual sites but rarely to 
ovary, with 20 cases reported to date, most of them 
corresponding to clear cell neoplasms.1 Only one case 
of papillary RCC metastasising to the ovary has been 
reported so far.2 We herein present a first case of its 
kind of papillary renal cell carcinoma with synchro-
nous ovarian tumour which on biopsy proved to be 
metastasis from the papillary RCC.

Papillary renal cell carcinoma with synchronous 
ovarian metastasis: a rare entity
Ved Bhaskar, Manoj Kumar, Sunny Goel, Satyanarayan Sankhwar
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Figure 1 Contrast-enhanced computed tomography 
abdomen showing concomitant renal and ovarian mass 
(renal mass marked by yellow arrow, ovarian tumour 
marked by red arrow).

Figure 2 Images of specimen retrieved after radical 
nephrectomy (A), salpingo-oophrectomy (B) and 
hysterectomy (C).

Figure 3 Histopathological slides showing papillary 
renal cell carcinoma (RCC) (A), metastases to 
the Fallopian tube (B) and metastases to the Fallopian 
tube at high power (C).

Learning points

 ► Metastases from renal tumours to ovaries are 
usually unilateral because of retrograde venous 
embolisation in unique venous anatomy of 
renal–ovarian axis, unlike ovarian metastases 
from other organs which are usually bilateral.

 ► Primary ovarian tumours are commonly 
confused with ovarian metastases, due to the 
more common metachronous presentation of 
ovarian metastases.

 ► A dedicated oncopathologist with a good 
microscopic analysis, often accompanied with 
immunohistochemical studies, is needed to 
diagnose such cases.
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Paraphimosis as an alarming and preventable clinical entity 
leading to glans gangrene - a lesson to learn.
After ethics committee approval and informed consent, we 
report a 34-year-old male patient presented with a history of 
storage and voiding lower urinary tract symptoms over 1 year. 
The patient developed acute urinary retention 7 days previously 
in which per-urethral catheterization was attempted at the 
primary health centre. Emergency urinary diversion was done by 
supra-pubic catheter. The patient presented at the urology clinic 
with high-grade fever with chills and blackening of the glans 
with penile swelling and inability to reduce the preputial skin 
to its normal position after retraction that occurred during a per-
urethral catheterization attempt. 

On physical examination, pulse rate of 104/minute, and blood 
pressure of 110/64 mm Hg were recorded. On local examination, 
dry gangrene of the glans with penile shaft oedema with 
paraphimotic ring with sloughing of penile skin was present 
(Figures 1, 2). Blood and serum chemistry demonstrated anaemia 
(haemoglobin 8.6 GM%), leucocytosis (total leukocyte count 
18000/mm3) and deranged renal function (serum creatinine 2.1 
mg/dL), suggestive of systemic inflammatory response syndrome. 
Fasting blood sugar was 94 mg/dL. Screening for hepatitis B, 
hepatitis C and human immunodeficiency virus was negative. 
Urine culture was positive for Escherichia coli, having a colony 
count >105/ high power field, which was sensitive to piperacillin 
and tazobactam, levofloxacin, amikacin, meropenem, and colistin. 

Department of Urology, King George’s Medical College, Uttar Pradesh, India

Ashok Kumar Sokhal, Durgesh Kumar Saini, Satyanarayan Sankhwar

FIG. 1. Black discoloration of glans penis with penile oedema (a). Dry gangrene of glans penis secondary to paraphimosis (b).



According to the clinical scenario of the sepsis and urine culture 
report, the patient was managed by a combination of intravenous 
piperacillin and tazobactam 4.5 gram (Alkem Laboratories 
Limited, India) 8-hourly, and levofloxacin 500 mg (Cipla 
Laboratories Limited, India) once a day. After 48 hours there 
was a clear delineation of the gangrene area of glans examined 
by the senior urologist, for which the patient underwent necrotic 
tissue debridement and glansectomy. Post-operative period was 
uneventful. Culture and sensitivity report of debrided tissue 
was sterile, probably due to antibiotics institution.
Paraphimosis is a devastating condition occurring when the 
foreskin is retracted over the glans and cannot be replaced. The 
constriction ring of preputial skin forms a tourniquet, leading 
to constriction of the distal penis and venous engorgement 
resulting in skin oedema and distal gangrene. Paraphimosis is 
managed by compressive reduction, multiple needle punctures 
or by dorsal slit/circumcision (1). Raman et al. (2) reported 

a similar case of coital paraphimosis leading to penile glans 
gangrene, which was managed by excision of the necrotic area. 
In conclusion, preputial skin must be pulled into place to 
prevent paraphimosis development whenever encountered 
retracted. Paraphimosis should be managed immediately by 
either external compression, manual preputial repositioning, 
dorsal slit or circumcision.
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the authors. 
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FIG. 2. Demonstrating penile glans gangrene with paraphimotic constriction ring with purulent urethral discharge (a). Showing paraphimotic constriction 
ring with sloughed necrotic penile shaft skin (b).
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Objectives: We compared the prostate motion variability and toxicities between patients treated with
gold marker registration based IG-IMRT (IG-IMRT-M) and bony landmark registration based IG-IMRT
(IG-IMRT-B).
Methods: T1c-T3b (node negative), intermediate and high risk (non-metastatic) adenocarcinoma of pros-
tate, age �18 years, Karnofsky Performance Status of �70 were included in this retrospective study. The
prostate motion variability, acute and late radiation toxicities between the two treatment arms (IG-IMRT-
M versus IG-IMRT-B) were compared.
Results: Total of 35 patients (17 for IG-IMRT-M and 18 for IG-IMRT-B) were treated with a median radio-
therapy dose of 76 Gray. The prostate variability observed with and without markers in millimeter was
4.1 ± 2.3 vs 3.7 ± 2.1 [Antero-Posterior (A-P); p = 0.001], 2.3 ± 1.5 vs 2.1 ± 1.2 [Superior-Inferior (S-I);
p = 0.095] and 1.1 ± 1.7 vs 0.4 ± 1.4 [Left-Right (L-R); p = 0.003]. There was higher acute toxicity in
IG-IMRT-B arm compared to IG-IMRT-M arm in terms of grade �2 diarrhea [50% vs 11% OR = 7.5
(1.3–42.7); p = 0.02] and grade �2 proctitis [38% vs 5.8%, OR = 10.1 (1.09–94.1); p = 0.04]. At a median
follow up of 36 months, the late genitourinary toxicities grade �2 [27% vs 0%; p = 0.04] were higher in
the IG-IMRT-B arm compared to IG-IMRT-M arm.
Conclusions: IG-IMRT-M detects higher prostate motion variability as compared to IG-IMRT-B, inferring a
significant prostate motion inside fixed pelvic bony cavity. The addition of marker based image guidance
results in higher precision of prostate localization and lesser acute and late toxicities.
� 2017 National Cancer Institute, Cairo University. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Radiotherapy (RT) is an integral component of the management
of prostate cancer and can be delivered in several ways which
include external beam radiotherapy (EBRT) with or without
brachytherapy [1]. EBRT for prostate carcinoma has undergone
spectral changes over the last two decades. Traditionally, conven-
tional doses of 66–70 Gray have been used. Recently there has
been a paradigm shift with the introduction of conformal and
intensity modulated radiotherapy which has facilitated dose esca-
lation ranging from 72 to 86 Gray. Dose escalation has been asso-
ciated with better biochemical progression free survival (B-PFS),
overall survival (OS), and this has been demonstrated in various
large randomized clinical trials [2–6]. However, this comes at the
possible added risk of acute as well as late toxicities, specifically
gastrointestinal (GI) and genitourinary (GU) toxicities. The
grade � 2 chronic GI toxicities were 5–20% in conventional doses
versus 13–30% in dose escalated arm [7,8], and it was statistically
significant. Similarly, 8–25% grade � 2 chronic GU toxicities are
reported with conventional doses which are reported to increase
to 11–40% with escalated doses. The acute grade 2 or worse GI
ulated
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and/or GU toxicity is approximately 10% with conventional doses
as against 15.1% (p = 0.042) with escalated dose [7].

Intra and inter-fraction organ motion has posed a challenge for
precise dose delivery to the target volume and sparing of organ at
risk (OAR). The addition of image guidance to RT has facilitated dose
escalation with acceptable toxicity and reduction of set up margins.
Zelefsky et al. [9] demonstrated 3 year likelihood of grade �2 late
urinary toxicities as 10.4% with image guidance compared to 20%
without image guidance (p = 0.02). Acute GI grade �2 toxicity was
60% vs 34%, and GU grade �2 toxicity was 58% vs 53% in 3 dimen-
sional conformal RT compared to image guided RT and was statisti-
cally significant [10]. Intensitymodulated radiotherapy (IMRT)with
image guidance yields lower acute grade � 2 rectal (13% vs. 80%,
p = 0.004) and bladder toxicities (13% vs. 60%; p = 0.014) as com-
pared with those treated without image guidance [11].

Electronic portal imaging device (EPID) or cone beam computed
tomography (CBCT) using bony landmark as reference has been
used to reduce the random errors prior to delivery of radiotherapy.
However, it fails to account for the prostatic movement inside rigid
bony pelvic cavity attributable to differential filling of bladder and
rectum along with peristaltic and respiratory movements. The
prostate movement is usually restricted in left-right direction,
but is more pronounced in craniocaudal and antero-posterior
direction. Studies show 0.5–0.9 mm, 2.7–9 mm, and 1.7–8.9 mm
in left–right, antero-posterior and supero-inferior directions,
respectively [12,13]. Fiducial markers like implantable gold seeds
and CBCT together provide an affective mean to evaluate and
accommodate the interfraction prostate motion [14].

We treat patients of localized prostate carcinoma with gold
marker based IG-IMRT. However, few patients fail to comply with
this protocol due to financial constraints. Those patients are trea-
ted with bony landmark based IG-IMRT. We retrospectively ana-
lyzed and compared the prostate motion variability among
patients treated with gold marker registration based image
guided-intensity modulated radiotherapy (IG-IMRT-M) vs bony
landmark based image guided intensity modulated radiotherapy
(IG-IMRT-B) arm. Further, we also analyzed and compared the
acute and late GI and GU toxicities of both the arms.
Patients and methods

This was a single institutional, retrospective study. Patients
with histopathologically proven adenocarcinoma of prostate,
age � 18 years, Karnofsky Performance Status of �70, non-
metastatic and with no prior history of chemotherapy or radiother-
apy were included in the study. Pretreatment work up included
history, clinical examination, complete blood count, serum bio-
chemistry including serum prostate specific antigen (PSA) levels,
contrast enhanced magnetic resonance imaging (CEMRI) pelvis
and technetium 99 methylene diphosphonate (Tc-99 mMDP) bone
scan. Patients were staged according to American Joint Committee
on Cancer (AJCC)recommendations [15]. Risk groups were deter-
mined by the National Comprehensive Cancer Network (NCCN)
guidelines [16], and stratified into high, intermediate, and low risk
categories. T1c-T3b (node negative), intermediate and high-risk
cases of adenocarcinoma prostate were included in the study. All
patients signed an informed consent form prior to initiation of
the treatment as part of routine institutional protocol. All patients
underwent bilateral orchidectomy followed by neoadjuvant and
adjuvant androgen deprivation therapy (ADT) with bicalutamide
50 mg once a day. ADT was continued for a total of 6 months in
intermediate risk patients and for 2 years in high risk patients.

Patients in IG-IMRT-M arm fulfilling the protocol conditions
were planned for insertion of fiducial gold markers 2 weeks before
RT planning. Pre-insertion urine sample was checked for signs of
Please cite this article in press as: Rastogi M et al. Pelvic bone anatomy vs impl
radiotherapy for prostate carcinoma: Comparative analysis of inter-fraction
10.1016/j.jnci.2017.08.003
infection and three gold markers measuring 1 � 5 mm (Cyber
MarkTM Fiducial Marker Kit; CIVCO Medical Solutions, Kalona) were
inserted into the prostate under the guidance of trans-rectal ultra-
sound. The intended positions of the seeds were 3 non-coplanar
positions as left superior lobe, left apex and right mid-gland. Ultra-
sound images were acquired and a 5-day course of antibiotics was
given to reduce the risk of infection.

Computed tomography (CT) simulation was performed about
7 days post seed insertion in IG-IMRT-M group and at the earliest
in IG-IMRT-B group. Patients were advised to void bladder fol-
lowed by drinking 500 ml of water, 30 min prior to simulation.
The planning CT was acquired with 3 mm slices and injection of
70–100 ml of non-ionic contrast on multi-slice CT simulator
(Somatom sensation; Siemens Medical Solution, Germany). Target
volume and OAR delineation was done as per International Com-
mission on Radiation Units and Measurements (ICRU) Reports
[17–19] No. 50, 62 and 83. The structures contoured included the
prostate, proximal and distal seminal vesicle and the pelvic lymph
node group that included bilateral internal and external iliac
lymph nodes along with bilateral obturator and presacral group
of lymph nodes. In intermediate risk cancer patients, prostate
along with proximal seminal vesicle were included in high risk
clinical target volume (HR-CTV); whereas in high risk patients, in
addition to the above, gross extra capsular extension was also
included in HR-CTV. Low Risk CTV (LR-CTV) included distal seminal
vesicle and pelvic lymph nodes. A uniform planning target volume
(PTV) expansion of 7 mm, except posteriorly (6 mm), was used to
obtain the respective HR-PTV and LR-PTV. Among OARs, rectum
(up to sigmoid colon), bladder, bowel bag, bilateral femoral heads
were contoured. Rectum was contoured inferiorly from the anal
verge till recto-sigmoid flexure. Bowel bag was contoured inferi-
orly from the most inferior small or large bowel loop to 2 cm supe-
rior to PTV. Additionally, in group B, the three markers were
contoured.

Patients with high risk were planned for RT to both primary dis-
eases (prostate + seminal vesicle) along with prophylactic lymph
node irradiation to bilateral pelvic lymph nodes, whereas interme-
diate risk patients received RT only to primary disease. A total dose
of 74–78 Gray in 37–39 fractions at 2 Gray per fraction over
8 weeks was delivered in 2 phases. In 1st phase 46 Gray was deliv-
ered in 23 fractions to both HR and LR-PTV, followed by boost of
28–32 Gray in 14–16 fractions to HR PTV. The dose constraints pre-
scribed and achieved for OARs in the two groups are listed in
Table 1. Volumetric modulated arc therapy (VMAT) planning was
performed using CMS Monaco (Version 5.0). All treatment plans
were evaluated and implemented only after meeting the stringent
quality assurance parameters. Treatment was delivered on ELEKTA
Infinity (Crawley, UK) linear accelerator with dynamic multileaf
collimation (40-pair MLC), leaf width of 1 cm at the isocenter.

The CT simulation images with target volume outlines were
transferred to X-ray Volume Imaging (XVI) (version 4.5.1) console.
Pretreatment kV-CBCT images of target volume were acquired on
XVI using Volume View (Imaging technique) and Dual Registration
(Click box registration facility). In patients of IG-IMRT-M group,
daily CBCT with online correction was performed. Acquired CBCT
images were auto registered with reference CT simulation images
using seed matching module to determine translational errors
[Fig. 1a]. Online correction was done in the anterior–posterior
(AP), superior–inferior (SI), and left–right (LR) dimensions after
data acquisition. In patients of IG-IMRT-B group, daily CBCT was
performed and online corrections were applied according to bony
anatomy based registration [Fig. 1b].

Patients were evaluated weekly for acute toxicities and were
graded as per Common Terminology Criteria for Adverse Events
[20] (CTCAE version4.03]. Late toxicities were graded as per Radi-
ation Therapy Oncology Group (RTOG) late morbidity criteria
anted gold seed marker registration for image-guided intensity modulated
motion and toxicities. J Egyptian Nat Cancer Inst (2017), https://doi.org/
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Table 1
Planning parameters.

Dose constraint Prescribed IG-IMRT-M (n = 17) achieved IG-IMRT-B (n = 18) achieved P value

Bladder V40 � 50% 46.1% ± 2.7 45.5% ± 2.4 0.49
V65 � 20% 18% ± 1.2 18% ± 0.8 1

Rectum V40 � 50% 46.7% ± 2.9 45.2% ± 1.7 0.06
V65 � 25% 22% ± 2.1 23% ± 1.9 0.14

Head of Femur V50 � 10% 8.8% ± 0.2 8.6% ± 0.5 0.13
Bowel bag V45 � 195 cc 115 cc ± 40 123 cc ± 22 0.46

Fig. 1. (a) and (b) CBCT Verification with gold marker and bony anatomy registration.

Table 2
Patient characteristics.

Variable IG-IMRT-M IG-IMRT-B

Median Age (range) 68 (56–79) 74 (55–90)
Median Body mass index (range) 24.2 (16.2–27) 23.8 (18.5–26.1)

Gleason score
�6 5 5
7 8 7
>7 4 6

T Stage
T2 9 4
T3 8 14

Pre RT PSA Levels
<10 3 1
10–20 2 4
>20 12 13

Risk Stratification
Intermediate 2 0
High 15 18

Total RT Dose
76 Gray/38 # 13 12
74 Gray/37 # 3 5
78 Gray/39 # 1 1
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[21]. The patients were followed up monthly during the first year,
2 monthly for the following two years, and 6 monthly thereafter.
Serum PSA was assessed every 3 months. This analysis has been
approved by the institutional ethics committee.

Statistical analysis

Statistical analysis was done with SPSS (statistical package for
social sciences) software version 20.0. Mean and standard devia-
tion were estimates of quantitative data. The prostate motion vari-
ability between the two groups was compared using unpaired t-
test. The acute and late toxicities were evaluated and compared
between the two arms by calculating the odds ratios (OR), with
95% confidence interval (95% CI) using the Chi-square test/Fisher
exact test. Biochemical failure was defined as a rise by 2 ng/mL
or more above the nadir PSA after EBRT with or without hormonal
therapy and the date of failure was determined at call as per Phoe-
nix consensus guidelines [22]. B-PFS was calculated from date of
biopsy till biochemical failure. Survival rates were estimated using
Kaplan–Meier method, and log-rank test was used to compare sur-
vival outcomes. All reported p-values were two sided and a value
of �0.05 was considered significant.
3 months post-RT PSA
<0.1 15 16
0.1–2 2 2
Results

Thirty-five patients treated between September 2012 and
August 2016 were included in this retrospective study; 17 patients
with gold seeds were included in IM-IGRT-M arm and 18 patients
without gold markers in IG-IMRT-B arm. Details of the patient
characteristics in the two arms are enunciated in Table 2. The mean
HRCTV and HRPTV volume were 54.55 ± 10.5 cc versus 49 ± 8.6 cc
(p = 0.24) and 142.77 ± 27.4 cc versus 133.44 ± 18.5 cc (p = 0.417)
in IG-IMRT-B versus IG-IMRT-M group, respectively.

The median dose of RT received by patients in both arms was
76 Gray (range 74–78 Gray). The mean duration of radiotherapy
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was 57 ± 2 days in IG-IMRT-B and 56 ± 2 days in IG-IMRT-M arms.
The treatment interruptions were minimal with none of the
patient having >5 fraction interruption. Only one patient of IG-
IMRT-B arm required treatment interruption of 4 days due to grade
3 lower gastrointestinal toxicity.

Altogether, 1200 kV (KV)-CBCT image registrations were done
in 35 patients (600 in each arms) that included both bony land-
mark based and seed based registrations. The interpretation of
translational shifts recorded in 3 directions (lateral, longitudinal
anted gold seed marker registration for image-guided intensity modulated
otion and toxicities. J Egyptian Nat Cancer Inst (2017), https://doi.org/
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Table 3
Prostate Variability during radiotherapy.

Bony landmark Registration Gold Seed Registration P value

Lateral Directions
<3 mm 510(85%) 420(70%)
3–5 mm 54(9%) 108(18%)
>5 mm 36(6%) 72(12%)
Mean + SD (mm) 0.4 ± 1.40 [CI = 0.27–0.49] 1.1 ± 1.7 [CI = 0.98–1.252] 0.003
Median 0.3 [CI = 0.19–0.49] 0.113 [CI = 0.92–1.32]
Range (Min-Max) (mm) 0.1–6.1 0.1–4.08

Antero-posterior Directions
<3 mm 60(10%) 102(17.0%)
3–5 mm 318(53%) 174(29%)
>5 mm 222(37%) 324(54%)
Mean + SD (mm) 3.7 ± 2.1 [CI = 3.54–3.88] 4.1 ± 2.3 [CI = 3.9–4.27] 0.001
Median 3.6 [CI = 3.41–3.88] 4.09 [CI = 3.94–4.26]
Range (Min-Max) (mm) 0.1–9.6 0.1–12.34

Superior-inferior Directions
<3 mm 396(66%) 312(52%)
3–5 mm 168(28%) 228(38%)
>5 mm 36(6%) 60(10%)
Mean + SD (mm) 2.1 ± 1.2 [CI = 2.05–2.24] 2.3 ± 1.5 [CI = 2.15–2.39] 0.095
Median 2.14 [CI = 2.04–2.25] 2.28 [CI = 2.14–2.47]
Range (Min-Max) (mm) 0.1–5.99 0.1–6.98
SD = Standard deviation: CI = 95% confidence interval
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and vertical) of KV-CBCT image guidance are given in Table 3. KV-
CBCT image registrations were done in all patients that included
both bony landmark based registration in IG-IMRT-B arm and mar-
ker based registrations in IG-IMRT-M arm.

Toxicity

The acute RT toxicities in the two arms are shown in Table 4. The
overall acute toxicities � grade 2 was skin reaction (8.5%), diarrhea
(31.4%), gastrointestinal pain (14.2%), proctitis (22%), and urinary
frequency (22%). On further analysis, we found that the acute toxic-
ities in IG-IMRT-B arm were higher vis a vis IG-IMRT-M arm and it
was only statistically significant in terms of grade � 2 diarrhea
[50% vs 11% OR:7.5 (1.3–42.7); p = 0.02] and grade �2 proctitis
[38% vs 5.8%, OR:10.1 (1.09–94.1); p = 0.04]. At a median follow up
of 36 months, overall late GU toxicity was 8.5% and 5.7% for grade
2 and 3, respectively. The late GU toxicities grade �2 [27% vs 0%;
p = 0.04] were higher in the IG-IMRT-B arm compared to IG-IMRT-
M arm. The overall late GI toxicity grade 1, 2 and 3 was 91.4%, 5.7%
and 2.8% respectively. On comparing the two groups, grade �2 late
GI toxicity was not statistically different in both arms [IG-IMRT-B
(11.7%) vs IG-IMRT-M (5.5%) OR 0.5(0.04–6.8); p = 0.95].

Biochemical control

The median duration for PSA nadir was 6 months. At a median
follow up of 36 months (11–76) months [34 months (range 15–
62) in IG-IMRT-B and 38 months (range 11–76) IG-IMRT-M], the
estimated 4 year B-PFS rates were 87% for IG-IMRT-M arm vs
81% for IG-IMRT-B with p = 0.33 [Fig. 2].
Discussion

The success of highly conformal radiation therapy techniques in
clinically localized prostate cancer relies on the accuracy of dose
delivery. Fiducial seed markers, ultrasound guided localization
and electromagnetic transponders have emerged as potential
options for prostate localization [14]. Fiducial markers placement
coupled with cone beam computed tomography (CBCT) verifica-
tion prior to treatment has emerged as a crucial component of opti-
mization of treatment accuracy, reproducibility, and minimization
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of treatment related uncertainties. This not only allows dose esca-
lation, but can potentially reduce toxicities and allow use of a tigh-
ter margin [23]. Various researchers have worked on the use of
implanted fiducial markers for prostate positioning and the evalu-
ation of prostate position variability [24–26].

Various methods have been developed for automated marker
localization for prostate position detection that include EPID,
megavoltage (MV) and KV-CBCT. Moseley et al. [27] compared a
set up using megavoltage CBCT with KV-CBCT, whereas Logadóttir
et al. [28] compared a set-up using CBCT and 2D matching. Both
these studies showed coherence with either approaches, whereas
Barney et al. [29] found significant differences in dose coverage
for 28% of patients. The KV-CBCT based IGRT provides a volumetric
image and has better soft tissue resolution that allows better pre-
cision in treatment [30]. We used KV-CBCT for both treatment
arms, as the quality of soft tissue resolution attained was better.

Various researchers have evaluated the relative prostate motion
between treatments. van der Heide et al. [31] evaluated 453
patients treated with fiducial markers and found that 34% (verti-
cal), 9% (lateral) and 35% (longitudinal) deviated >3 mm during
treatment. Schallenkemp et al. [32] analyzed the relative position
of the prostate to the pelvic bony anatomy for 20 patients with
implanted gold fiducial markers using daily portal images. The ver-
tical, horizontal, and right–left (RL) axes, the average prostate dis-
placement improved from 2.5, 3.7, and 1.9 mm, respectively,
before localization to 1.4, 1.6, and 1.1 mm after (all p < 0.001). Bar-
ney et al. [29] evaluated 1244 CBCT data in 36 patients and demon-
strated that the mean differences in the AP, SI, and LR dimensions
were 3.4 ± 2.6 mm, 3.1 ± 2.7 mm, and 1.3 ± 1.6 mm, respectively.
Only in 28% there was >5 mm difference. The prostate variability
observed with markers in our study were 4.1 ± 2.3 (AP), 2.3 ± 1.5
(SI) and 1.1 ± 1.7 (LR), which correlate closely with the above men-
tioned study results. While the variations in the lateral (p = 0.003)
and anterior-posterior directions (0.001) were statistically signifi-
cant, this was not so for the superior-inferior directions
(p = 0.095). A small sample size of the study may be the reason
for this outcome.

With patient repositioning being warranted in 15% cases in our
study and more so with seed based registration (19% vs 12%), it is
safe to assume that gold seed fiducials guide radiotherapy delivery
and allow it to be better-directed; this can also account for inter-
fraction prostate motion inside the fixed bony cavity. The shifts
anted gold seed marker registration for image-guided intensity modulated
motion and toxicities. J Egyptian Nat Cancer Inst (2017), https://doi.org/
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Table 4
Maximal acute radiation reaction (CTCAE V 4.03) [Total n – 35].

Parameter IG-IMRT-B (n = 18) IG-IMRT-M (n = 17) OR (95%CI) P Value

Grade n Grade n

Skin Reactions
<2 16 <2 16 2 (0.16–23.2) P = 1
�2 2 �2 1

Diarrhea
<2 9 <2 15 7.5 (1.3–42.7) P = 0.02
�2 9 �2 2

Fatigue
<2 12 <2 14 2.3 (0.47–11.3) P = 0.44
�2 6 �2 3

Gastrointestinal Pain
<2 16 <2 14 0.58 (0.08–4.0) P = 0.65
�2 2 �2 3

Proctitis
<2 11 <2 16 10.1 (1.09–94.1) P = 0.04
�2 7 �2 1

Urinary Frequency
<2 13 <2 14 1.79 (0.35–9) P = 0.69
�2 5 �2 3

Weight Loss
<2 15 <2 13 0.65 (0.12–3.4) P = 0.69
�2 3 �2 4

Fig. 2. Kaplan-Meier estimate of biochemical-progression free survival.

M. Rastogi et al. / Journal of the Egyptian National Cancer Institute xxx (2017) xxx–xxx 5
were more with the seed based registration compared to bony
landmark based registration in all the three translational axes,
and it was statistically significant. This gives an insight regarding
the prostatic motion inside the fixed bony pelvis. We chose to cor-
rect for translational errors alone and not the rotational variations
from our study based on reports that rotational errors are of lesser
significance [33,34] and due to time and resource constraints.

In our study, we used 7 mm PTV margin except posteriorly
where 6 mm has been used. This is in line with the Van Herk for-
mula [35], where on daily imaging a PTV margin of �7 mm can
be used. However, the use of marker based registration has shown
higher degree of accuracy in prostate localization compared to
bony landmark based registration. This can help us to further
reduce our PTV margins in patients treated with IG-IMRT. Based
on our results, we propose that a margin of 3–4 mm may be used
in the longitudinal and lateral directions and a larger margin of 5–
6 mm should be used in the antero-posterior direction when mar-
ker based registration is done along with daily CBCT. However,
since the PTV margin is subject to several other factors, we suggest
Please cite this article in press as: Rastogi M et al. Pelvic bone anatomy vs impl
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validation of these margins in the individual institutional set up,
before being used routinely.

IMRT has been associated with lower rate of acute and late radi-
ation toxicity compared to 3D conformal therapy [7,8,36]. Further,
addition of image guidance to IMRT has potential to reduce toxic-
ities by more accurate localization. Takeda et al. [37], in a large
study using marker based image guidance, showed acute grade
�2 GI and GU toxicity as 1.4% and 8.5%, respectively. The 5-year
chronic grade �2 toxicity was 6% (GI) and 6.3% (GU). Chung et al.
[11] enunciated acute rectal toxicities (CTCAE) to be 50% for IMRT
vs 7% for IG-IMRT arm. Similarly, acute urinary toxicities were 40%
for IMRT compared to 7% for IG-IMRT arm. In the study by Gucken-
berger et al. [38] grade � 2 acute GI and GU toxicity was observed
in 12% and 42%, respectively. The late grade � 2 GI and GU toxicity
was seen in 1.5% and 7.7% respectively, with IG-IMRT-M. In our
study, we found that the overall late grade � 2 was 8.5% (GI)
[11.7% vs 5.5%] and 14.2% (GU) [27% vs 0%] in IG-IMRT-M versus
IG-IMRT-B, respectively, commensurate with these studies.

However, our study had the inherent limitation of relatively
small study cohort. Inherent bias owing to retrospective nature
of our study and inadequate power (owing to small sample size)
remains one of the limitations of our study. We did not use differ-
ent PTV margins for the two arms as we tried to compare the set-
up errors between these two groups in our own scenario without
compromising the clinical outcome. The study was targeted to
understand the interfraction motion of the prostate in bony anat-
omy versus marker based registration.

Conclusion

The interfraction prostate motion variability observed based on
marker based registration with KV-CBCT is significantly higher
than bony landmark based registration. The higher precision of
prostate localization with marker based IG-IMRT allows to reduce
acute GI and chronic GU toxicity compared to bony landmark
based IG-IMRT at an escalated dose of RT.
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A B S T R A C T

Introduction: India introduced a hepatitis-B (HB) vaccine in the Universal Immunization Program in
2002–2003 on a pilot basis, expanded to ten states in 2007–2008 (phase-1), and the entire country in
2011–2012 (phase-2). We tested sera from a nationally representative serosurvey conducted duing 2017,
to estimate the seroprevalence of different markers of HB infection among children aged 5–17 years in
India and to assess the impact of vaccination.
Methods: We tested sera from 8273 children for different markers of HB infection and estimated weighted
age-group specific seroprevalence of children who were chronically infected (HBsAg and anti-HBc
positive), and immune due to past infection (anti-HBc positive and HBsAg negative), and having
serological evidence of HB vaccination (only anti-HBs positive). We compared the prevalence of
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Vaccine
India

serological markers among children born before (aged 11–17 years) and after (aged 5-10 years)
introduction of HB-vaccine from phase-1 states.
Results: Among children aged 5–8 years, 1.1% were chronic carriers, 5.3% immune due to past infection
and 23.2% vaccinated. The corresponding proportions among children aged 9–17 years were 1.1%, 8.0%
and 12.0%, respectively. In phase-1 states, children aged 5–10 years had a significantly lower prevalenc
of anti-HBc (4.9% vs. 7.6%, p < 0.001) and higher prevalence of anti-HBs (37.7% vs. 14.7%, p < 0.001
compared to children aged 11–17 years. HBsAg positivity, however, was not different in the two ag
groups.
Conclusions: Children born after the introduction of HB vaccination had a lower prevalence of past HB
infection and a higher prevalence of anti-HBs. The findings of our study could be considered as an interim
assessment of the impact of the hepatitis B vaccine introduction in India.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Disease
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc

nd/4.0/

Introduction

Hepatitis-B (HB) virus infection is a major public health
problem worldwide, with an estimated 257 million individuals
living with chronic HBV infection. In 2015, globally, 887,000 deaths
were estimated to be due to complications of chronic HB virus
infection (World Health Organization, 2017). A meta-analysis of
published data indicate that the prevalence of chronic HB virus
infection in India is 1.46% with an estimated 17 million chronic
carriers (Schweitzer et al., 2015).

The Global Health Sector Strategy on viral hepatitis (2016–
2021) endorsed by the World Health Assembly in 2016, called for
the elimination of viral hepatitis as a public health threat by
2030 (WHO, 2016). HB vaccination of infants is one of the key
strategies to tackle the burden of hepatitis B. WHO recommends
HB vaccination at birth followed by two or three doses (World
Health Organization, 2019). Several countries have documented a
marked reduction in the prevalence of chronic HB virus infection
as well as the rate of occurrence of hepatocellular cancer after
the introduction of HB vaccination (Chang et al., 1997; Liang
et al., 2009).

India introduced HB vaccine in the Universal Immunization
Program (UIP) on a pilot basis in 14 cities and 33 districts in 2002–
2003, expanded to ten states in 2007–2008 (Phase-1) and the
entire country in 2011–2012 (phase-2) (Lahariya et al., 2013).
Initially, a 3-dose schedule of either 6, 10 and 14 weeks or 0, 6 and
14 weeks (if birth dose could be given) was used; this was later
changed to 6, 10 and 14 weeks with an additional dose being given
within 24 hours of birth. HB vaccine has been available in the
private sector for several years before the introduction in the UIP
(Govt of India, 2011). Although, the majority of children receive
immunization services through the public sector, the private sector
has been contributing substantially to the vaccine delivery in high-
income states (Sharma et al., 2016).

Serological surveys estimating the prevalence of different
markers of HBV infection such as hepatitis B surface antigen
(HBsAg), antibodies to core antigen (anti-HBc), and surface antigen
(anti-HBs) are recommended to measure the impact of the Hep-B
vaccination program (World Health Organization, 2020a). In India,
a few studies have reported the impact of HB vaccination in a
limited geographical area (Aggarwal et al., 2014; Bhattacharya
et al., 2015 Bhattacharya et al., 2015).There are no data regarding
the impact of the hepatitis B vaccine introduction at the national
level, and hence there is a need for a nationally representative
serological survey (Childs et al., 2018). Conducting national-level

Methods

Survey procedure

The details of the study design, survey procedures, an
participants’ profiles are described elsewhere (Murhekar et al
2019). Briefly, the national-level survey to estimate the age
specific seroprevalence of dengue virus infection was conducted i
five geographic regions (north, east, west, south, and northeast) o
India. Three states were selected randomly from each geographi
region, and four districts were selected by a probability propor
tional to population size from each state. Within each district, fou
clusters (two in urban and two in rural) were selected randomly
One Census Enumeration Block (CEB) was randomly selected from
each cluster; all households in the CEB were enumerated, and basi
demographic details of the household members were collected
From this sample frame, 25 individuals were selected randoml
from the age groups 5–8, 9–17, and 18–45 years. Sera wer
collected from 12,300 individuals from three age groups, coverin
240 clusters (118 rural, 122 urban) from 60 selected districts of 1
Indian states spread across all five geographic regions.

Laboratory investigations

All sera from children aged 5–8 and 9–17 years were tested fo
the presence of HBsAg (a marker of chronic infection), total anti
HBc (a marker of HBV infection, either cleared or persistent), an
anti-HBs (a marker of protective antibodies) using commercia
enzyme-linked immunosorbent assays (HBsAg: Monolisa HBsA
Ultra, Biorad, France; Anti-HBc: Anticorase B-96 (TMB), Genera
Biologicals Corporation, Taiwan; Anti-HBs: Antisurase B-96 (TMB
II), General Biologicals Corporation, Taiwan). The sensitivity an
specificity of Monolisa HBsAg ultra (BIO-RAD, 2020) is 100% an
99.94%, respectively. The corresponding values for Anticorase B-9
(TMB) (anti-HBc total) (General Biologicals Corporation, Taiwan
2020) were 100% and 99.8% and for Antisurase B-96 (TMB-II) (anti
HBs) (General Biologicals Corporation, Taiwan, 2020) were 100
and 99.52%, respectively. Sera with equivocal results were reteste
using the same assay. Specimens that were equivocal on repea
testing were considered as negative. Samples with an anti-HB
titer of 1:10 or more were considered seroprotected. Patient
whose sera were positive for HBsAg and anti-HBc were considere
as chronically infected; positive for anti-HBc and negative fo
HBsAg were considered as immune due to past infection, an
positive for anti-HBs but negative for anti-HBc and HBsAg wer
d
V

surveys, however, is resource-intensive. We conducted a nationally
representative serosurvey during 2017, among individuals aged 5–
45 years to estimate the age-specific seroprevalence of dengue
virus infection in India. We tested the sera from children aged 5–17
years to estimate the seroprevalence of different hepatitis B
infection markers.
considered as having serological evidence of HB vaccination, an
negative for all markers were considered as susceptible for HB
infection (Centres for Disease Control, 2020).

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Statistical analysis

Prevalence of HBV infection

Using the survey data analysis module in STATA SE version 13.0,
we estimated weighted age-group specific prevalence along with a
95% confidence interval (CI) of individuals who were (a) showing
serological evidence of HB vaccination, (b) chronically infected,
and (c) immune due to past infection for each geographical region,
using design weight and adjusting for non-response.

Impact of Hep-B vaccination

Of the 15 states where serosurvey was conducted, the Hep-B
vaccine was introduced during 2002–2003 in the National Capital
Table 2
Prevalence of Hepatitis B virus infection (%) in different geographic regions of India by

Characteristics 5–8 years 9–17 years 

No.
tested

Chronic
infection
(95% CI)

Immune due to
past infection
(95% CI)

Vaccinated
(95% CI)

No.
tested

Chronic
infection
(95% CI)

Region
North 794 1.5 (0.5–

4.3)
5.8 (3.7–9.2) 17.7 (11.4–

26.5)
826 1.5 (0.5–

4.4)
Northeast 707 3.3 (1.3-

8.0)
3.0 (0.8 -9.8) 21.2 (11.6

-35.6)
785 0.6 (0.2-

2.1)
East 815 0.6 (0.2-

2.3)
5.1 (2.6- 9.9) 26.1 (22.2

-30.3)
874 0.5 (0.1-

1.8)
West 759 0.5 (0.1-

2.0)
6.3 (4.1-9.6) 15.5 (9.4

-24.3)
818 1.7 (0.7-

3.8)
South 959 0.9 (0.3-

2.4)
3.1 (1.7-5.7) 47.8 (41.3-

54.4)
936 0.3 (0.1-

1.3)

Area of Residence
Urban 1971 1.3 (0.4-

4.0)
4.5 (2.9-7.2) 30.6 (25.1-

36.6)
2076 0.3 (0.1-

0.7)
Rural 2063 1.0 (0.5-

2.0)
5.5 (4.0-7.4) 21.6 (17.4-

26.4)
2163 1.3 (0.7-

2.5)

Gender
Male 2155 0.7 (0.3-

1.4)
3.3 (2.2-4.9) 21.7 (17.4-

26.8)
2100 1.5 (0.7-

3.1)
Female 1879 1.5 (0.7-

3.4)
7.5 (5.3-10.4) 24.9 (20.8-

29.6)
2139 0.7 (0.2-

2.8)
Overall 4034 1.1 (0.6-

1.9)
5.3 (4.0-6.9) 23.2 (19.6-

27.4)
4239 1.1 (0.6-

2.0)

Table 1
Demographic characteristics of the children surveyed (n = 8273).

Characteristics Number (%)

Age group (years)
5–8 4,034 (48.8)
9–17 4,239 (51.2)

Sex
Male 4,255 (51.4)
Female 4,018 (48.6)

Area of residence
Urban 4,047 (48.9)
Rural 4,226 (51.1)

Region
North 1620 (19.6)
North-east 1492 (18.0)
East 1689 (20.4)
West 1577 (19.1)
South 1895 (22.9)
Territory of Delhi, during 2007–2008 in seven states (Punjab, West
Bengal, Madhya Pradesh, Maharashtra, Tamil Nadu, Andhra
Pradesh, and Karnataka) (phase-1) and during 2011–2012 in the
remaining seven states (Uttar Pradesh, Assam, Meghalaya, Tripura,
Odisha, Bihar, Rajasthan) (phase-2). We compared the unweighted
proportion of children residing in phase-1 states who were
showing serological evidence of HB vaccination, chronically
infected due to HBV, and who were immune due to past infection
among those aged 11–17 years (children born during 2000–2006,
before the introduction of hepatitis B vaccine) with children aged
5–10 years (children born during 2007–2012, after the introduc-
tion of vaccine) using the χ2 test. We also compared the age-group
specific prevalence of HBV markers in phase-1 and phase-2 states.
A p-value of <0.05 was considered significant.

Results

Demographic details

Of the 8324 sera specimens collected from children aged 5–17
years, 51 sera were insufficient and excluded from analysis; thus,
8273 sera were tested for three HBV markers. This included 4034
(48.8%) sera from children aged 5-9 years and 4239 (51.2%) from
children aged 10–17 years. About half of the sera tested were from
boys (n = 4,255, 51.4%), residing in rural areas (n = 4226, 51.1%)
(Table 1).

Overall prevalence of HBV markers

Of the 8273 sera tested, 94 (1.1%), 554 (6.7%), and 2135 (25.8%)
were positive for HBsAg, anti-HBc, and anti-HBs, respectively. The
weighted prevalence of children who were chronic carriers,
immune due to past infection, and having serological evidence
of HB vaccination was 1.1% (0.7–1.7), 7.1% (5.7–8.7), and 15.8%
(13.6–18.3), respectively (Table 2). Of the 906 children aged 5 years,
eleven (1.2%) were positive for HBsAg.
 selected sociodemographic characteristics.

5–17 years

Immune due
to past
infection (95%
CI)

Vaccinated
(95% CI)

No.
tested

Chronic
infection
(95% CI)

Immune due
to past
infection (95%
CI)

Vaccinated
(95% CI)

8.8 (4.8–15.5) 9.6 (6.2–
14.5)

1620 1.5 (0.7–
3.3)

7.9 (4.9–12.5) 12.1 (8.8–
16.4)

3.3 (1.1-9.7) 18.6 (9.3-
33.7)

1492 1.5 (0.6-
4.0)

3.2 (1.4-7.2) 19.5 (12.1-
29.8)

9.2 (7.3-11.5) 10.1 (6.3-
15.9)

1689 0.6 (0.2-
1.4)

7.8 (6.0-10.0) 15.7 (12.0-
20.2)

7.5 (4.8-11.4) 10.1 (5.1-
18.9)

1577 1.3 (0.6-
2.7)

7.0 (5.1-9.6) 12.1 (8.0-
17.9)

6.5 (4.3-9.7) 22.9 (18.9-
27.5)

1895 0.5 (0.2-
1.2)

5.4 (3.8-7.5) 31.2 (27.2-
35.5)

6.7 (4.9-9.2) 15.9 (10.5-
23.3)

4047 0.6 (0.2-
1.6)

6.0 (4.6-7.8) 20.6 (15.8-
26.3)

8.3 (6.1-11.3) 11.1 (8.5-
14.4)

4226 1.2 (0.7-
2.0)

7.3 (5.7-9.4) 14.7 (12.3-
17.5)

8.0 (6.0-10.5) 12.9 (10.0-
16.5)

4255 1.2 (0.6-
2.2)

6.4 (4.9-8.2) 16.0 (13.5-
18.9)

8.0 (5.7-11.1) 11.1 (8.2-
14.9)

4018 1.0 (0.5-
2.2)

7.8 (6.1-10.1) 15.6 (13.0-
18.7)

8.0 (6.1-10.4) 12.0 (9.6-
14.9)

8273 1.1 (0.7-
1.7)

7.1 (5.7-8.7) 15.8 (13.6-
18.3)
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Prevalence of HBV markers by age group and gender

Among children aged 5–8 years, 1.1% (0.6–1.9) were chronically
infected, 5.3% (4.0–6.9) were immune due to past infection, while
23.2% (19.6–27.4) were showing serological evidence of HB
vaccination. The corresponding proportions among children aged
9–17 years were 1.1% (0.6–2.0), 8.0% (6.1–10.4), and 12.0% (9.6–
14.9), respectively. The proportion of children who were chroni-
cally infected and were immune due to past infection was not
different in the two age groups, whereas the prevalence of children
with serological evidence of HB vaccination was significantly
higher among those aged 5–8 years compared to older children
(Table 2). The proportion of children with evidence of HB
vaccination also did not differ by gender.

Prevalence of HBV markers by geographic region

The overall prevalence of chronic carriers among children aged
5–17 years in the north, northeast, and west regions ranged
between 1.3% and 1.5%, whereas the prevalence was 0.6 and 0.5% in
the eastern and southern regions. The proportion of children with
evidence of HB vaccination was highest in the south region (31.2%,
95% CI: 27.2–35.5) and lowest in the northern (12.1%, 95% CI: 8.8–
16.4) and western (12.1%, 95% CI: 8.0–17.9) regions (Table 2).
Overall, children residing in urban areas (20.6%, 95% CI: 15.8, 26.3)
had a higher prevalence of anti-HBs on account of HB vaccination
than those residing in rural areas (14.7%, 95% CI: 12.3–17.5).

Prevalence of HBV markers in phase-1 states before and after
the introduction of hepatitis B vaccination

In the seven phase-1 states, the proportion of children
chronically infected was not different among children aged 11–
17 years (born before the introduction of the HB vaccine) and
children aged 5–10 years (born after the introduction of the
hepatitis B vaccine) (χ2 = 0.255, p = 0.614). On the other hand, the
proportion of children immune due to past infection was lower
among children born after the introduction of vaccine (4.9%) as
compared to those born before the introduction of vaccine (7.6%; χ2

= 12.56, p < 0.001). A higher proportion of children born after the
introduction of the HB vaccine had evidence of vaccination (37.7%
vs. 14.7%; χ2 = 249.0, p < 0.001) (Table 3).
Table 4
Status of hepatitis B virus infection among children in phase-1 and phase-2 states by a

Age No. of Chronic infection (%) (95% CI) No. i

Phase 1 states
5-8 years (n = 2009) 16 (0.8%) (0.5-1.3) 97 (4
9-17 years (n = 2033) 10 (0.5%) (0.3-0.9) 146 (
5-17 years (4042) 26 (0.6%) (0.4-0.9) 243 (

Phase 2 states
5-8 years (n = 1772) 28 (1.6%) (1.1-2.3) 92 (5
9-17 years (n = 1949) 38 (1.9%) (1.4-2.7) 143 (
5-17 years (n = 3721) 66 (1.8%) (1.4-2.2) 235 (

Table 3
Status of hepatitis B virus infection among children from phase-1 states before and aft

Hepatitis B status Age group 

5-10 years (n = 2

No. Chronically infected (%) (95% CI) 17 (0.7%) (0.4-1.1
No. Immune due to past infection (%) (95% CI) 121 (4.9%) (4.1-5
No. Vaccinated (%) (95% CI) 923 (37.7%) (35.8
Age group-specific prevalence of HBV markers in phase-1 and phase-
states

In the seven phase-1 states where the Hep-B vaccine wa
introduced during 2007–2008, 0.8% children aged 5–8 years an
0.5% children aged 9–17 years were chronic carriers (χ2 = 1.466
p = 0.226), whereas the proportion of children with serologica
evidence of HB vaccination in the two age groups was 39.4% an
18.0% respectively (χ2 = 224.7, p < 0.001). In the seven phase-
states where HB vaccine was introduced during 2011–2012, th
proportion of children who were chronic carriers was not differen
in the two age groups (5–8 years: 1.6%, 9–17 years: 1.9%; χ2 = 0.728
p = 0.394), whereas a higher proportion of children aged 5–8 year
(20.8%) had serological evidence of HB vaccination as compared t
9–17 years (13.6%, χ2 = 33.28, p < 0.001) (Table 4).

Discussion

In this nationally representative serosurvey conducted in 1
Indian states, about 1% of children aged 5–17 years were chroni
carriers of HBV, whereas less than 20% had antibodies agains
hepatitis B surface antigen on account of vaccination. In the seve
phase-1 states, a higher proportion of children born after th
introduction of HB vaccine had serological evidence of H
vaccination compared to those born before vaccine introduction

The prevalence of HBsAg is used to classify the endemicity o
HBV infection as well as to quantify the burden of diseas
attributable to HBV infection using mathematical models. Th
prevalence estimated in our serosurvey was lower than th
prevalence of 1.46% estimated in a systematic review (Schweitze
et al., 2015). The prevalence, however, varied with geographi
regions with the highest prevalence in northeastern and norther
states.

The presence of anti-HBs, which protects against HBV infection
in the absence of the anti-HBc, can be attributed to HB-vaccination
In India, the estimated coverage of the third dose of hepatitis-
vaccine has increased from 6% during 2004–2007, to 29% in 200
and 44% in 2011 (World Health Organization, 2020b). In our study
we found that 37.7% children aged 5–10 years residing in phase-
states had antibodies to HBsAg on account of vaccination. Thes
children were born during 2007–2012 and thus were eligible t
receive the hepatitis B vaccine.
ge group.

mmune due to past infection (%) (95% CI) No. vaccinated (%) (95% CI)

.8%) (4.0-5.8) 791 (39.4%) (37.3-41.5)
7.2%) (6.1-8.4) 367 (18.0%) (16.4-19.8)
6.0%) (5.3-6.8) 1158 (28.6%) (27.3-30.1)

.2%) (4.2-6.3) 368 (20.8%) (18.9-22.7)
7.3%) (6.3-8.6) 266 (13.6%) (12.2-15.2)
6.3%) (5.6-7.1) 634 (17.0%) (15.9-18.3)

er the introduction of hepatitis B vaccination.

P

448) 11-17 years (n = 1594)

) 9 (0.6%) (0.3-1.1) 0.614
.9) 122 (7.6%) (6.4-9.1) <0.001
-39.6) 235 (14.7%) (13.1-16.6) <0.001
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The coverage of hepatitis B vaccine in India has increased from
28.9% (urban: 43.7%, rural: 23.2%) (International Institute for
Population Sciences (IIPS), 2010) in 2007–2008 to 62.8% (urban:
63.3%, rural: 62.5%) in 2015–2016 (Government of India - Ministry
of Health and Family Welfare, 2020). The lower proportion of
children with anti-HBs in our survey could be due to lower
coverage of hepatitis B vaccine. It is also likely that we might have
under-estimated the actual prevalence of children who were
vaccinated, as anti-HBs titers are known to decline over time after
vaccination. Follow-up studies from several countries have shown
that only 60% to 85% of vaccinated individuals had anti-HBs titer
above the commonly-used cut-off of 10 mIU/mL, 5–7 years after
the completion of a 3-dose immunization schedule (Liang et al.,
2009; Aggarwal et al., 2014; Bhattacharya et al., 2015). In our
survey, we also found that about 14% of children from phase-2
states born before introducing the hepatitis B vaccine in the
national program had anti-HBs. This probably suggests that there
was vaccination of children from the private sector.

The seroprevalence of different markers of HBV infection among
children born before and after the introduction of HB vaccination in
phase-1 states provided an opportunity to document the impact of
hepatitis B vaccination (World Health Organization, 2020a).
Although HBsAg positivity was not different among children born
before and after the introduction of the hepatitis B vaccine, children
born after the introduction of the vaccine had a significantly lower
proportionofpast infection.Ahigherproportionofsuchchildrenalso
had antibodies against HB virus and hence were vaccinated. HBsAg
positivity was also lower among children from states where the
vaccine was introduced in the first phase.

Ourstudyhascertain limitations.First, thesamplesize samplefor
serosurvey was calculated assuming dengue seroprevalence of 60%
in various geographic regions and age groups (Murhekar et al., 2019).
This sample size was adequate to capture anti-HBs seroprevalence of
23% with an absolute precision of 5%, design effect of 2, and for a
confidence level of 95%. With a low prevalence of HBsAg, a larger
sample size would be required to have precise estimates. Second, in
the main survey, we did not include children younger than five years
of age for logistical reasons. Third, we did not collect information
about hepatitis B vaccination from the participants, considering
issuesabout parental recall and low retention of vaccination cards. In
the absence of such information, it was not possible to compare the
immunity levels according to vaccination status. Fourth, since the
anti-HBs titers wane with age, we might have underestimated the
proportion of children with serological evidence of HB vaccination.
However, such an individual can mount a robust immune response if
exposed tothe infection (Van Damme, 2016). Lastly, in the absence of
individual-level information about vaccination status, we analyzed
the data to assess the impact of vaccination based on the period of
introduction of the vaccine.

In conclusion, the findings of our study indicate a low
prevalence of chronic hepatitis B virus infection among children
in India. However, the prevalence was higher in the northeast and
northern states. The fact that less than 40% of children born after
the introduction of HB- vaccine have anti-HBs due to vaccination,
indicates the need to improve the coverage of three doses of HB-
vaccine in India. The findings of our study could be considered an
interim assessment of the impact of the hepatitis B vaccine
introduction, which indicates that India is on track for achieving
the South East Asia Regional goal of 1% HBsAg prevalence among 5-
year-old children (WHO, 2016).
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Summary
Background Since its re-emergence in 2005, chikungunya virus (CHIKV) transmission has been documented in most 
Indian states. Information is scarce regarding the seroprevalence of CHIKV in India. We aimed to estimate the age-
specific seroprevalence, force of infection (FOI), and proportion of the population susceptible to CHIKV infection.

Methods We did a nationally representative, cross-sectional serosurvey, in which we randomly selected individuals in 
three age groups (5–8, 9–17, and 18–45 years), covering 240 clusters from 60 selected districts of 15 Indian states 
spread across all five geographical regions of India (north, northeast, east, south, and west). Age was the only inclusion 
criterion. We tested serum samples for IgG antibodies against CHIKV. We estimated the weighted age-group-specific 
seroprevalence of CHIKV infection for each region using the design weight (ie, the inverse of the overall probability 
of selection of state, district, village or ward,  census enumeration block, and individual), adjusting for non-response. 
We constructed catalytic models to estimate the FOI and the proportion of the population susceptible to CHIKV in 
each region.

Findings From June 19, 2017, to April 12, 2018, we enumerated 117 675 individuals, of whom 77 640 were in the age group 
of 5–45 years. Of 17 930 randomly selected individuals, 12 300 individuals participated and their samples were used for 
estimation of CHIKV seroprevalence. The overall prevalence of IgG antibodies against CHIKV in the study population 
was 18·1% (95% CI 14·2–22·6). The overall seroprevalence was 9·2% (5·4–15·1) among individuals aged 5–8 years, 
14·0% (8·8–21·4) among individuals aged 9–17 years, and 21·6% (15·9–28·5) among individuals aged 18–45 years. The 
seroprevalence was lowest in the northeast region (0·3% [95% CI 0·1–0·8]) and highest in the southern 
region (43·1% [34·3–52·3]). There was a significant difference in seroprevalence between rural (11·5% [8·8–15·0]) and 
urban (40·2% [31·7–49·3]) areas (p<0·0001). The seroprevalence did not differ by sex (male 18·8% [95% CI 15·2–23·0] vs 
female 17·6% [13·2–23·1]; p=0·50). Heterogeneous FOI models suggested that the FOI was higher during 2003–07 in the 
southern and western region and 2013–17 in the northern region. FOI was lowest in the eastern and northeastern regions. 
The estimated proportion of the population susceptible to CHIKV in 2017 was lowest in the southern region (56·3%) and 
highest in the northeastern region (98·0%).

Interpretation CHIKV transmission was higher in the southern, western, and northern regions of India than in the 
eastern and northeastern regions. However, a higher proportion of the population susceptible to CHIKV in the 
eastern and northeastern regions suggests a susceptibility of these regions to outbreaks in the future. Our survey 
findings will be useful in identifying appropriate target age groups and sites for setting up surveillance and for future 
CHIKV vaccine trials.

Funding Indian Council of Medical Research.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
Globally, 1·3 billion people living in 94 countries are 
estimated to be at risk of chikungunya virus (CHIKV) 
infection.1 In India, the first wave of CHIKV outbreaks, 
from the Asian lineage of the virus, was reported from 
1963 to 1973.2 There were no published reports of CHIKV 
during the period from 1974 to 2004. CHIKV reappeared 

in 2005, with explosive outbreaks in the southern Indian 
states of Andhra Pradesh, Karnataka, Tamil Nadu, and 
Kerala, which affected nearly 1·4 million people, before 
spreading to western and northern states.3 It was 
estimated that during the 2006 epidemic, 25 588 disability-
adjusted life-years were lost, with an overall national 
burden of 45·26 disability-adjusted life-years per million.4 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2666-5247(20)30175-0&domain=pdf
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These outbreaks were caused by the Indian Ocean 
Lineage of the East-Central South African CHIKV 
genotype, which continued to circulate in India as of 
2018.5

Although the National Vector-borne Disease Control 
Program reported a declining trend in CHIKV incidence 
during 2006–11,6 laboratory confirmed cases continued to 
occur in India. Nationally, 3342 cases were reported 
in 2015 and 26 364 in 2016 with 37% reported in Delhi.7 
The Indian Council of Medical Research and the 
Department of Health Research established a network of 
virus research and diagnostic laboratories spread across 
all the regions of the country to strengthen laboratory 
capacity and provide timely diagnosis of disease outbreaks. 
During 2016–18, the 61 virus research and diagnostic 
laboratories tested serum samples from 49 380 patients 
with suspected CHIKV infection for IgM antibodies 
against CHIKV; 20·5% of the serum samples were 
seropositive. The laboratory network also diagnosed 
28 CHIKV outbreaks mostly from the southern states of 
Andhra Pradesh and Tamil Nadu and the western state of 
Rajasthan.8

The data from the National Vector-borne Disease 
Control Program and virus research and diagnostic 
laboratory network suggest ongoing CHIKV transmission 
after its 2005 re-emergence and highlight the impending 
risk of outbreaks in different parts of India.7,8 In a 2015 
study to assess the global distribution of CHIKV, most 
Indian states were categorised as having good evidence 
for the presence of CHIKV transmission, except smaller 
states in the northeast, northwest, and Chhattisgarh in 
cen tral India. Environmental suitability models for 
CHIKV transmission predicted a moderate risk for India.1

Serosurveys done during outbreaks highlighted the 
substan tial burden of asymptomatic CHIKV infections.9 
Periodic seroprevalence surveys can supplement surveil-
lance activity by providing insights on CHIKV circu lation, 
population immunity, and the risk of future outbreaks.10 
Very few CHIKV seroprevalence surveys have been 
reported from India. These surveys were either done over a 
limited geographical area,11–13 or immediately after CHIKV 
epidemics.14 Nationwide data for seroprevalence of CHIKV 
in India is absent. In this study, we aimed to estimate 
age-specific seroprevalence, force of infection (FOI), and 
the proportion of the population susceptible to CHIKV 
infection by testing serum samples of individuals aged 
5–45 years for CHIKV, collected as part of a nationally 
representative dengue serosurvey in India.15

Methods
Study design and participants
We did a nationally representative, cross-sectional, 
population-based serosurvey, which estimated the sero-
prevalence of dengue virus infection. We tested the 
serum samples collected as part of the dengue study for 
CHIKV. The age-stratified serosurvey covered three age 
groups (ie, 5–8, 9–17, and 18–45 years) across 
five geographical regions (north, northeast, east, south, 
and west) of India. In each region, three states were 
randomly selected, and from each state, four districts 
were selected by probability proportional to population 
size. We considered wards in urban areas and villages in 
rural areas as clusters. Four clusters (two from urban and 
two from rural areas) were selected randomly from each 
district. One census enumeration block was selected 
randomly from each cluster. In India, during decennial 

Research in context

Evidence before this study
We searched PubMed for estimates of seroprevalence of 
chikungunya virus (CHIKV) infection in India from database 
inception until Oct 31, 2019, using the search terms 
“chikungunya” AND “seroprevalence” AND “India” with no 
language restrictions. We identified 21 publications, of which 
four reported seroprevalence of CHIKV infection. Studies had 
reported seroprevalence of CHIKV ranging from 
2·9% (Andaman Islands) to 68·0% (Kerala). In India, 
the first wave of CHIKV outbreaks was reported during 1963–73. 
Routine surveillance data from India’s National Vector-Borne 
Disease Control Programme and the virus research and 
diagnostic laboratories network suggest continued transmission 
of CHIKV after its re-emergence in 2005. The few seroprevalence 
studies reported from India thus far were either done in a 
limited geographical area or after an outbreak. In this context, 
we tested the samples collected as part of a national serosurvey 
for IgG antibodies against CHIKV among individuals aged 
5–45 years to estimate the age-specific seroprevalence of CHIKV 
infection in India.

Added value of this study
Our study indicated a wide variation in CHIKV seroprevalence 
across geographical regions in India, with higher transmission 
in southern, western, and northern regions and very low 
amounts of transmission in northeast and eastern regions. 
Age-related increase in seroprevalence in southern and western 
regions is consistent with the endemic pattern of CHIKV 
transmission, whereas uniform seroprevalence across all age 
groups in the northern region is suggestive of an epidemic 
pattern of transmission. CHIKV seroprevalence was higher in 
urban areas of India.

Implications of all the available evidence
Our findings will aid understanding of population susceptibility 
for CHIKV, help in the design of surveillance strategies, predict 
future outbreaks, and plan control measures. Estimated CHIKV 
seroprevalence will be helpful for vaccine developers in 
understanding the population-level immunity and deciding 
appropriate target age groups and sites for future CHIKV 
vaccine trials in India.
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census operations, an enumerator is allotted one census 
enumeration block, which has about 120–150 households. 
The survey team visited the selected census enumeration 
block. First they visited all households in the area, 
numbered the houses, and listed all the family members. 
The enumeration data were uploaded to the server. We 
randomly selected 25 individuals from three age groups 
(ie, 5–8, 7–17, and 18–45 years) from the enumerated 
population using an Android application developed 
specifically for the survey. The teams visited all randomly 
selected individuals and invited them to participate in the 
study. Age was the only inclusion criterion. To 
summarise, the survey was done in 240 clusters 
(118 rural, 122 urban; all clusters from two districts of 
the National Capital Territory of Delhi were urban) 
from 60 selected districts of 15 Indian states spread 
across all five regions of India. The Institutional Ethics 
Committees of the Indian Council of Medical Research, 
National Institute of Epidemiology, and all the 
participating institutes approved the study protocol. We 
obtained written informed consent from adults, and 
parental permission and assent from children. The 
survey design has been described in our publication on 
dengue seroprevalence.15

Procedures
All serum samples were tested for the presence of 
IgG antibodies against CHIKV using CHIKjj Detect 
IgG ELISA (InBios International, Seattle, WA, USA). 
The assay was developed by generating recombinant 
viruses, which contained the structural protein genes of 
pathogenic CHIKV and the non-structural protein genes of 
an insect-specific alphavirus, Eilat virus.16 The assay was 
found to have a sensitivity and specificity of more than 90%. 
As per the manufacturer’s instructions, the immune status 
ratio (ISR) value for each serum sample was calculated by 
dividing the mean test sample optical density (OD450) by the 
cutoff control value. Serum samples with ISR values of 1·0 
or more were considered positive, values less than 1·0 were 
considered negative, and those between 0·9–1·1 were 
retested with the same assay. As part of quality control, 
each serological test was done with positive and negative 
controls provided by the manufacturer. As an additional 
quality measure, we randomly retested 538 serum samples 
and calculated the agreement between the two IgG results.

Statistical analysis
We estimated weighted age-group-specific seroprevalence 
of CHIKV infection along with 95% CIs for each region 
with design weight and adjusting for non-response 
(appendix p 2). We calculated 95% CIs with Taylor-
linearised variance estimation for SEs. We estimated the 
overall seroprevalence based on seroprevalence in different 
regions and considering the proportion of the population 
aged 5–8, 9–17, and 18–45 years in each region as weights. 
We used inverse distance weighting, a spatial interpolation 
method using ArcGIS, version 10 software to map the 

seroprevalence observed in the study. We calculated 
Spearman’s rank correlation between the variables ISR 
and age.

We used Muench’s catalytic model to estimate the FOI 
for CHIKV transmission.17–19 We stratified the CHIKV 
ELISA results into eight age groups, which were 5–9, 
10–14, 15–19, 20–24, 25–29, 30–34, 35–39, and 40–45 years, 
denoted by n.

The contribution to the likelihood of λ from an 
individual who was seronegative in age group n was:

Ln     =exp (–5∑i=1  λi – 2·5λn)
Neg n–1

The contribution to the likelihood of λ from an 
individual who was seropositive in age group n was:

Ln   =1 – Ln    
Pos  Neg

The value 2·5 in the likelihood function in any age 
group, for example:

L5–9 = 1 – exp [ –(5λ1 + 2∙5λ2)]
pos

contributes 5·0 years from birth and 2·5 years (half) from 
the present age group to FOI (where λi [i=1, 2, 3, and so on 
up until 8] is the mean annual FOI in the 5-year time 
periods going backward from 2013–17, 2008–12, 2003–07, 
up until 1977–82). We built two different models: constant 
FOI and heterogeneous FOI. The Akaike Information 
Criteria values between the two models were used to 
assess the best model fit for each region. FOI estimates 
reflect CHIVK transmission by time period as well as age, 
although the contribution of time period is greater. See Online for appendix

Northern 
region

Northeastern 
region

Eastern 
region

Southern 
region

Western 
region

All regions

Age group, years

5–8 794; 16·9% 
(6·9–35·9)

722; 1·3% 
(0·3–5·2)

815; 3·1% 
(1·8–5·5)

960; 10·7% 
(7·3–15·6)

768; 7·0% 
(4·7–10·3)

4059; 9·2% 
(5·4–15·1)

9–17 826; 14·0% 
(3·9–38·9)

805; 0·5% 
(0·1–1·8)

874; 4·6% 
(2·7–7·9)

936; 36·4% 
(28·9–44·7)

824; 16·4% 
(10·0–25·7)

4265; 14·0% 
(8·8–21·4)

18–45 782; 19·9% 
(7·9–41·8)

833; 0·03% 
(0·005–0·19)

797; 4·5% 
(2·6–7·7)

820; 50·2% 
(37·3–63·1)

744; 30% 
(21·2–40·6)

3976; 21·6% 
(15·9–28·5)

All, 5–45 2402; 17·9% 
(9·4–31·5)

2360; 0·3% 
(0·1–0·8)

2486; 4·4% 
(3·0–6·3)

2716; 43·1% 
(34·3–52·3)

2336; 23·3% 
(17·5–30·3)

12 300; 18·1% 
(14·2–22·6)

Sex

Male 1145; 18·0% 
(10·6–29·0)

1028; 0·6% 
(0·2–2·1)

1192; 5·9% 
(3·8–8·9)

1289; 42·1% 
(32·1–52·9)

1159; 23·8% 
(16·7–32·6)

5813; 18·8% 
(15·2–23·0)

Female 1257; 18·0% 
(8·5–34·2)

1332; 0·1% 
(0·02–0·21)

1294; 3·3% 
(1·7–6·2)

1427; 43·9% 
(34·1–54·1)

1177; 23·0% 
(17·4–29·8)

6487; 17·6% 
(13·2–23·1)

Area of residence

Rural 1117; 3·8% 
(1·7–8·0)

1196; 0·3% 
(0·08–0·92)

1280; 4·2% 
(2·8–6·3)

1415; 38·6% 
(27·6–50·9)

1229; 20·0% 
(13·5–28·6)

6237; 11·5% 
(8·8–15·0)

Urban 1285; 48·1% 
(33·5–62·9)

1164; 0·6% 
(0·2–1·6)

1206; 5·3% 
(2·1–12·8)

1301; 53·2% 
(44·1–62·0)

1107; 37·2% 
(26·2–49·8)

6063; 40·2% 
(31·7–49·3)

Data are number tested; prevalence (95% CI). n=12 300.

Table 1: Weighted seroprevalence of IgG antibodies against chikungunya virus
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We estimated the age-specific proportion of seropositive  
individuals based on the FOI estimates obtained from the 
catalytic model. All of those individuals who were 

seronegative were assumed to be susceptible. We projected 
the 2017 age-structured population data from the 2011 
census. We estimated the susceptibility for the whole 
population with the sum of the total number of susceptible 
people from all ages divided by the total population. For 
children aged younger than 5 years, we used the FOI 
estimated during the period 2013–17. As we did not have 
data for FOI before 1976, we assumed two scenarios for the 
population aged 45–70 years to estimate the susceptible 
proportion: (1) using mean FOI estimated during 1977–82 
and (2) using mean FOI estimated during 2013–17. We did 
the analysis with use of the survey data analysis module in 
Stata SE, version 13.0 and R, version 3.5.1 software.

Role of the funding source
The funder of the study had no role in the study design, 
data collection, data analysis, data interpretation, or 
writing of the report. All authors had full access to all the 
data in the study and the corresponding author had final 
responsibility for the decision to submit for publication.

Results
From June 19, 2017, to April 12, 2018, we enumerated 
117 675 individuals, of whom 77 640 were aged 
between 5 years and 45 years. Of the 17 930 randomly 
selected individuals, 2980 (16·6%) were not available 
during the survey. Of the 14 950 individuals who were 
available for participation, 1213 (8·1%) refused to 
participate in the survey, 1405 (9·4%) refused to provide a 
blood specimen, and 32 (0·2%) were excluded because 
their actual age was different from the age group for 
which they were randomly selected. Thus, data for 
12 300 individuals were used for estimation of CHIKV 
seroprevalence.15

Of the 12 300 individuals enrolled, 4059 (33·0%) were 
aged 5–8 years, 4265 (34·7%) were aged 9–17 years, and 
3976 (32·3%) were aged 18–45 years. 77·9% of par-
ticipants were Hindu, 52·7% were women, 50·7% were 
residents of rural areas, and 8·2% had no formal 
education. Further details of the study profile and 
sociodemographic characteristics of the population 
surveyed are described elsewhere. 15

Of the 12 300 serum samples tested, 2043 were positive 
for IgG antibodies against CHIKV, indicating 
past exposure to CHIKV, with the weighted overall 
sero  pre  valence of 18·1% (95% CI 14·2–22·6). The sero-
prevalence was highest in the southern (43·1% [95% CI 
34·3–52·3]) region, followed by the western (23·3% 
[17·5–30·3]), and the northern (17·9% [9·4–31·5]) 
regions. The seroprevalence was low in the eastern 
(4·4% [3·0–6·3]) and northeastern (0·3% [0·1–0·8]) 
regions (table 1, appendix p 3). The overall seroprevalence 
was 9·2% (5·4–15·1) among individuals aged 5–8 years, 
14·0% (8·8–21·4) among individuals aged 9–17 years, and 
21·6% (15·9–28·5) among individuals aged 18–45 years. 
The overall seroprevalence was higher in urban (40·2% 
[95% CI 31·7–49·3]) than in rural (11·5% [8·8–15·0]) 

5–8 years 9–17 years 18–45 years Overall

Northern region

Punjab 13/286 (5%) 17/288 (6%) 17/260 (7%) 47/834 (6%)

National Capital 
Territory of Delhi

81/253 (32%) 85/257 (33%) 100/252 (40%) 266/762 (35%)

Uttar Pradesh 31/255 (12%) 42/281 (15%) 50/270 (19%) 123/806 (15%)

Northeastern region

Assam 2/242 (1%) 5/270 (2%) 1/260 (<1%) 8/772 (1%)

Meghalaya 3/231 (1%) 4/255 (2%) 1/282 (<1%) 8/768 (1%)

Tripura 2/249 (1%) 4/280 (1%) 1/291 (<1%) 7/820 (1%)

Eastern region

Bihar 5/243 (2%) 9/286 (3%) 6/256 (2%) 20/785 (3%)

West Bengal 14/248 (6%) 21/257 (8%) 24/255 (9%) 59/760 (8%)

Odisha 2/324 (1%) 3/331 (1%) 11/286 (4%) 16/941 (2%)

Southern region

Andhra Pradesh 69/327 (21%) 149/345 (43%) 173/313 (55%) 391/985 (40%)

Karnataka 29/300 (10%) 87/275 (32%) 114/261 (44%) 230/836 (28%)

Tamil Nadu 27/333 (8%) 140/316 (44%) 148/246 (60%) 315/895 (35%)

Western region

Rajasthan 13/243 (5%) 29/266 (11%) 56/253 (22%) 98/762 (13%)

Madhya Pradesh 26/264 (10%) 59/277 (21%) 81/261 (31%) 166/802 (21%)

Maharashtra 25/261 (10%) 128/281 (46%) 136/230 (59%) 289/772 (37%)

Data are n/N (%). 

Table 2: Unweighted seroprevalence of IgG antibodies against chikungunya virus in different states of India

Northern 
region

Northeastern 
region

Eastern region Southern 
region

Western region

Constant 
force of 
infection

0·012 
(0·011–0·013)

0·0006 
(0·0003–0·0008)

0·002 
(0·002–0·003)

0·028 
(0·026–0·029)

0·017 
(0·016–0·018)

AIC 2983·49 362·33 1357·50 5131·93 3742·54

Heterogeneous force of infection

2013–17 0·028 
(0·018–0·036)

0·001 
(0·0002–0·002)

0·004 
(0·0007–0·006)

0·007 
(0·0004–0·022)

0·007 
(0·0005–0·018)

2008–12 0·009 
(0·0008–0·024)

0·0008467 
(0·00006–0·002)

0·0029 
(0·0003–0·007)

0·05452 
(0·024–0·072)

0·02309 
(0·004–0·039)

2003–07 0·004 
(0·0002–0·012)

0·0005 
(0·00003–0·002)

0·001 
(0·00008–0·004)

0·057 
(0·034–0·083)

0·043 
(0·023–0·063)

1998–
2002

0·004 
(0·0002–0·012)

0·0003 
(0·00002–0·001)

0·0009 
(0·00005–0·004)

0·008 
(0·0005–0·029)

0·009 
(0·0006–0·027)

1993–97 0·003 
(0·0002–0·011)

0·0004 
(0·00002–0·002)

0·001 
(0·00007–0·005)

0·009 
(0·0007–0·032)

0·007 
(0·0005–0·022)

1988–92 0·003 
(0·0002–0·009)

0·0005 
(0·00003–0·002)

0·002 
(0·0001–0·007)

0·012 
(0·0008–0·038)

0·005 
(0·0003–0·019)

1983–87 0·003 
(0·0002–0·013)

0·0007 
(0·00004–0·003)

0·003 
(0·0002–0·009)

0·016 
(0·001–0·047)

0·005 
(0·0003–0·019)

1977–82 0·004 
(0·0002–0·014)

0·0009 
(0·00006–0·004)

0·003 
(0·0002–0·011)

0·017 
(0·001–0·054)

0·008 
(0·0005–0·028)

AIC 2387·86 420·18 928·34 3236·35 2456·28

Data are force of infection (95% CI) unless specified. AIC=Akaike Information Criteria. 

Table 3: Estimated force of infection
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areas (p<0·0001) and a similar pattern was observed in all 
regions. The seroprevalence was not different by sex 
(male 18·8% [95% CI 15·2–23·0] vs female 
17·6% [13·2–23·1]; p=0·50). In the southern region, 
the seroprevalence increased from 10·7% (95% CI 
7·3–15·6) among children aged 5–8 years to 
36·4% (28·9–44·7) among children aged 9–17 years, 
and 50·2% (37·3–63·1) among those aged 18–45 years. A 
similar pattern of age-specific increase in prevalence was 
observed in the western region. By contrast, in the 
northern region, the seroprevalence was not different 
across age groups and ranged between 14·0% and 19·9%.

There was a wide variation in seroprevalence across 
states within the southern, western, and northern 
regions. In the northern region, overall seroprevalence 
was lowest in the state of Punjab (47 [6%] of 834) and 
highest in the National capital Territory of Delhi  
(266 [35%] of 762). In the western region, the 
seroprevalence ranged between 13% (98 of 762) in 
Rajasthan and 37% (289 of 772) in Maharashtra, whereas 
in the southern region, the seroprevalence ranged 
between 28% (230 of 836) in Karnataka and 40% (391 of 985) 
in Andhra Pradesh (table 2). As part of quality control, 
538 randomly selected samples were retested; 
the agreement between IgG results in the initial and 
subsequent retesting was 98·9% (95% CI 97·6–99·5).

The Akaike Information Criteria of constant and 
heterogeneous FOI models are shown in table 3. The 
heterogenous FOI models were the best fit models for all 
regions except the northeastern region, as the Akaike 
Information Criteria of these models were lower than 

constant FOI models. In the southern and western regions, 
the mean annual FOI was highest during 2003–07. In the 
southern region, the FOIs were 0·057 for 2003–07 
and 0·054 for 2008–12, indicating that, on average, 
5·5% individuals who were seronegative from this region 
seroconverted every year for 2003–07 and 5·2% for 
2008–12. In the northern region, the peak transmission 
was observed during 2013–17 with an FOI of 0·028. Very 
low to no transmission was observed in the northeast and 
eastern regions during all periods (table 3, figure). 
Estimates of FOI for different states of India are given in 
the appendix (p 4).

The estimated proportion of the population who were 
susceptible in 2017 with the first assumption (mean FOI 
estimated during 1977–82) was lowest in the southern 
region (56·3%) and highest in the northeastern 
region (98·0%). Similarly, with assumption two (mean 
FOI estimated during 2013–17), the propor tion who were 
susceptible was lowest in the southern region (57·0%) 
and highest in the northeastern region (98·0%; 
appendix p 5). The proportion who were susceptible was 
high in the younger age group and declined with 
increasing age (appendix p 6).

Of the 12 300 samples tested, 1739 (14·1%) were positive 
for dengue and CHIKV. The proportion of individuals 
with co-infection of dengue and CHIKV ranged between 
0·0% (0 of 2360) in the northeast region and 30·8% 
(836 of 2716) in the southern region. Co-infection 
increased with age from 5·8% (235 of 4059) in the 
5–8 years age group to 21·6% (859 of 3976) in the 
18–45 years age group. A significant difference was 
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Figure: Observed and model-predicted seroprevalence of chikungunya virus by age
Seroprevalence by age group in the northern (A), northeastern (B), eastern (C), southern (D), and western (E) regions. Error bars indicate 95% CIs. FOI=force of 
infection. 



Articles

e46 www.thelancet.com/microbe   Vol 2 January 2021

observed in the proportion of individuals with co-
infection between rural (643 [10·3%] of 6237) and urban 
areas (1096 [18·1%] of 6063; p<0·0001; appendix p 7)

There was no correlation between ISR values and age 
among individuals who were seropositive (r=–0·16) and 
individuals who were seronegative (r=–0·06). The dis-
tribution of ISR values by age group showed a clear 
separation of seronegative and seropositive using manu-
facturer recommended ISR cutoff values (appendix 
pp 8–9).

Discussion
Our population-based serosurvey of 15 Indian states 
indicated that 18% of the study population had past 
exposure to CHIKV. The seroprevalence was less than 5% 
in the northeastern and the eastern regions but was 
higher in the southern, northern, and western regions. 
The geographical variations in seroprevalence observed 
for CHIKV were similar to that of dengue.15 The ongoing 
transmission of CHIKV in India after its re-emergence 
in 2005 could be due to the fact that between 56·3% and 
98·0% of the Indian population in different regions is 
still susceptible to infection. By contrast, the Indian 
Ocean islands did not report any CHIKV cases after 
initial outbreaks, due to the development of herd 
immunity.20

The age-specific seroprevalence of CHIKV showed 
different patterns by region, with an increase in seroprev-
alence with age in southern and western regions and 
uniform seroprevalence across age groups in the northern 
region. Increase in seroprevalence with age observed in 
southern and western regions indicates an endemic pattern 
of CHIKV transmission, whereas uniform sero prevalence 
across age groups observed in the northern region suggests 
an epidemic pattern of transmission.13 Consistent with the 
dengue seroprevalence observed in India, the CHIKV 
seroprevalence was also higher in urban areas than rural 
areas. However, in the southern and western regions, 
20–39% of the population showed evidence of exposure to 
CHIKV infection in rural areas as well.

Previous serosurveys from different geographical 
settings in India have reported CHIKV seroprevalence 
ranging from 2·9% to 68·0%.11–14 Serosurveys reported 
from Andaman Islands (2·9%) and Kolkata (4·4%) 
detected a low level of seroprevalence. These serosurveys 
were from before the 2005 outbreak.11,12 The sero-
prevalence for the southern region observed in our study 
was similar to the seroprevalence of 44% reported in 
Chennai, a metropolitan city in south India, in 201113 
and lower than the seroprevalence reported from 
Kerala (68%) immediately after the 2007 outbreak.14 
Although seroprevalence data are not available, large 
CHIKV outbreaks were reported from northern states 
such as Delhi and Punjab.21,22

In India, the first wave of CHIKV transmission was 
reported in 1963–73.2 Our study population aged 
5–45 years in 2017, was born after the year 1972. The FOI 

of CHIKV in the southern and western regions indicated 
that transmission peaked during 2003–07, corresponding 
to the introduction of the East-Central South African 
genotype of the virus in India. Although large outbreaks 
of CHIKV were not reported after 1973, our analysis 
suggested low amounts of transmission with an FOI 
ranging between 0·008 and 0·017 in the southern region 
during the period between 1973 and 2004. In the northern 
region, CHIKV transmission peaked during 2013–17. 
This finding is consistent with the surveillance data from 
the National Vector-borne Disease Control Program, with 
reported CHIKV outbreaks or upsurges in the number of 
CHIKV cases from northern states including Delhi, 
Punjab, and Uttar Pradesh. Very low seroprevalence and 
FOI in the northeastern region suggest a relatively recent 
(2014–17) introduction of the infection in the region.23,24 
An entomological survey done in seven northeastern 
states during 2004–05 observed an abundance of 
Aedes aegypti and Aedes albopictus in all states. Such a 
conducive environment coupled with high CHIKV 
susceptibility estimated by our study position both 
northeast and eastern regions of India at higher risk of 
CHIKV outbreaks in future.25 Bangladesh, which shares 
a border with eastern and northeastern Indian states 
such as West Bengal, Assam, Tripura, and Meghalaya, 
reported its first large CHIKV outbreak in Dhaka in 2017.26

Our serosurvey has some limitations. First, the sample 
size for the serosurvey was calculated assuming a dengue 
seroprevalence of 60% in various regions and age 
groups.15 This sample size was adequate to capture 
CHIKV seroprevalence in a given age group within a 
region of 20% with an absolute precision of 5%, design 
effect of 2, and a confidence level of 95%. Our sample 
size, however, might not have been adequate to capture 
very low seroprevalence in the northeast and eastern 
regions of the country. Second, we did not include 
children aged younger than 5 years and adults older than 
45 years, meaning that our results are not necessarily 
representative of all age groups. Third, due to resource 
constraints, we could not test the samples for the CHIKV 
Plaque Reduction Neutralization Test. Although CHIKV 
is known to show cross-reactivity with Eastern equine 
encephalitis virus and Mayaro virus, the viruses or 
antibodies to them have not been reported from India.

The study findings will be useful to improve the public 
health preparedness in tackling future outbreaks in 
regions with a high susceptibility for CHIKV. In our study, 
co-infection of dengue and CHIKV was found to be higher 
in the southern region followed by the western and 
northern regions. In addition to co-circulation of 
CHIKV and dengue in India,22 detection of indige nous 
transmission of Zika virus infection in 201627 highlights 
the importance of novel vector control approaches.28 

Several CHIKV vaccine candidates are under develop-
ment with a few already in phase 1/2 trials 
(CTRI/2017/02/007755, NCT02562482). Information 
about disease burden and the level of population 



Articles

www.thelancet.com/microbe   Vol 2 January 2021 e47

immunity is useful for vaccine developers in identifying 
appropriate target age groups and sites for CHIKV vaccine 
trials in India.29

In conclusion, our study indicates heterogeneous 
transmission of CHIKV in India with a higher prevalence 
in three of the five regions under investigation. The 
pattern observed for CHIKV was similar to dengue 
transmission reported in our earlier study.16 Our data 
indicated the possibility of continued transmission of 
CHIKV in all regions of India, especially in the northeast 
and eastern regions.
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Introduction

Circumcision is commonly performed as a religious ritual 
in certain communities (Muslims, Jews) worldwide [1]. It is a 
relatively safe procedure with very low complications rates (5-
20%) reported when done by an expert healthcare professional 
[2,3]. We herein report an extremely rare case of 12-year-old 
boy who developed renal failure secondary to meatal stenosis 
(MS) after circumcision. 

Observations

A 12-year-old Muslim male, a resident of the rural area in 
Uttar Pradesh, northern India presented in July 2017 with a 
history of the poor urinary stream and straining on micturition 
for last 10 years. He also gave a history of intermittent puffiness 
of the face, anorexia and decreased urine output. He revealed a 
non documented history of undergoing circumcision at his home 
by an unskilled person at an age of 2 years. He denied any history 
of fever, oral ulcers, joint pain, diarrhea, drug intake, alopecia, 
immunization. There was no history suggestive of constipation 
and lower limb weakness. The patient intermittently took 
ayurvedic oral medications prescribed by a local health 
practioner in last 10 years however he never underwent any 
investigations such as ultrasonography (USG) or retrograde 
urethrogram (RGU). On examination, the child was of short built 
with stable vital signs (BP-102/56mmHg, PR-96/min). There 
was mild pallor with facial puffiness. Examination of the penis 
revealed circumsized penis with pinpoint external urethral  

 
meatus (calibration with 6 Fr feeding tube could not be done) 
and cicatrisation of the distal penile skin (Figure 1 & 2). Focused 
neurologic examination and other systemic examination was 
unremarkable. Blood serum chemistries revealed mildly raised 
erythrocyte sedimentation rate (ESR)-22 mm during the first 
hour, anemia with normal cell counts (haemoglobin-7.3g/dl, total 
leucocyte count-9000/mm3, platelet count-2.5 lacs), deranged 
renal function tests (blood urea-85mg/dl, serum creatinine-
3.1mg/dl) and normal serum electrolytes (Na-136mEq/l, 
K-4.4mEq/l). The estimated glomerular filtration rate (GFR) as 
calculated by MDRD equation was 29ml/min/1.73m2 (normal 
> 90ml/min/1.73m2) [4]. Rheumatoid factor, anti-nuclear 
antibody, and C-reactive protein levels were within normal limits. 
Urine analysis revealed 2-4 pus cells/HPF with the absence of 
RBCs and proteins. Urine culture was sterile after 48 hours of 
incubation. Uroflowmetry revealed decreased peak flow rates 
(8ml/s), decreased average flow rate (5ml/s) with raised post 
void residual urine (PVR) of 220ml. Ultrasonography (USG) of 
abdomen revealed thickened trabeculated bladder with bilateral 
moderate hydro-ureteronephrosis. A retrograde urethrogram 
(RGU) was performed which showed meatal stenosis with rest 
of anterior urethra normal (Figure 3). To complete the study a 
micturating cystourethrogram (MCU) was performed which 
revealed right sided vesicoureteric reflux (VUR). Based on 
clinical examination and investigations reports, a provisional 
diagnosis of meatal stenosis with secondary bladder changes 

 
Abstract 

Circumcision is commonly performed as a religious ritual in certain communities (Muslims, Jews) worldwide. It is a relatively safe procedure 
with very low complications rates (5-20%) when done by an expert healthcare professional. After 10 years of undergoing circumcision at his 
home, a 12-year-old Muslim boy presented with difficulty in voiding. On evaluation he was found to have a scarred pinpoint external urethral 
meatus, deranged renal function tests, bilateral moderate hydroureteronephrosis with right vesico-ureteric reflux (VUR). He underwent 
meatoplasty. At 6 months follow up the patient is voiding well with improvement in his kidney function parameters and resolution of VUR. 
In communities practicing ritual circumcision customary beliefs and lack of patient education often clash with healthcare services and pose 
challenges to individuals to obtain quality healthcare services resulting in neglect of disease with disastrous outcomes.
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with bilateral hydroureteronephrosis with chronic renal failure 
was made. After proper counseling and consent, he underwent 
dorsal meatoplasty with “inverted V” incision under general 
anesthesia [5]. Postoperative period was uneventful. At 6 
months follow up the patient is passing urine with a good stream 
(peak urinary flow> 15ml/s, average urinary flow- 12ml/s, post 
void residue < 50ml). His kidney function parameters have 
also improved with a decrease in blood urea (34mg/dl) and 
serum creatinine (1.2mg/dl) levels. A repeat USG, MCU revealed 
resolution of bilateral hydro-ureteronephrois and right VUR.

Figure 1: Clinical image showing scarred external urethral 
meatus.

Figure 2: Clinical image showing cicatrisation of distal penile 
foreskin with local oedema

Figure 3: Retrograde urethrogram(RGU) showing metal 
stenosis with normal caliber of urethra.

Discussion

Childhood circumcision is routinely performed in certain 
communities in India as a religious ritual. When done by expert 
healthcare professionals the procedure is relatively safe [6]. 
Various minor complications can occur with circumcision such as 
bleeding, infection, wound dehiscence etc that can be managed 
conservatively and have no chronic sequalae [6,7] However some 
complications like excess loss of penile skin, urethro-cutaneous 
fistula and meatal stenosis (MS) can have a long-term impact on 
sexual and urinary function [6,7]. There is conflicting data on the 
estimated incidence of post circumcision MS. In a recent meta-
analysis done by Morris et al, the authors found that the estimated 
incidence of MS is < 1%. [8] However, this study underestimates 
the magnitude of the MS problem in circumcised boys by several 
orders of magnitude by including a myriad studies which rely 
on overtly incomplete register data with short-term follow-up, 
based on which any estimate of the absolute risk of MS will be 
misleading. While universally acknowledged to be extremely 
rare in intact boys, a recent clinical study which published data 
relying on direct penile examination from as varied geographical 
areas as the United States, the United Kingdom, Bangladesh and 
Iran, suggested that MS will develop in somewhere between 5% 
and 20% of boys circumcised during infancy or childhood [3]. The 
cause of MS after circumcision has been proposed to be due to 
frenular artery ligation, surgical wound infection or as a result of 
chemical meatitis [9]. The former mechanism of MS may be more 
relevant in our case. The risk of MS may be potentially reduced 
by application of petroleum jelly after performing circumcision 
[8]. Another author proposed that frenular artery preservation 
during circumcision or use of alternative techniques such as 
preputial plasty may decrease chances of meatal stenosis after 
circumcision [9]. In India, there is a social obligation to undergo 
ritual circumcision in certain communities as soon as a boy is 
born. Despite the availability of expert healthcare professionals 
parents prefer to get procedures like circumcision done by un-
trained persons with or without anesthesia at their homes/local 
centers. In the present context of ritual, Muslim circumcision, 
preputioplasty is hardly relevant, because this surgery is not 
an option for religious purposes. Adherence to routine aseptic 
surgical principles during circumcision may also reduce the post-
operative complications including MS. Factors such as illiteracy, 
rigid social beliefs, and low socioeconomic status may prevent the 
people living in rural/remote areas to obtain quality healthcare. 
In the present case, the patient underwent circumcision at an 
age of 2 years by an untrained health professional at his home. 
The cause of MS in the present case may be inadvertent ligation 
of the frenular artery during circumcision leading to urethral 
mucosal ischemia supplemented by local wound infection. In 
extreme cases, untreated MS may result in upstream upper tract 
changes and deterioration of renal function. To the best of our 
knowledge, this is the first case report on post-circumcision MS 
causing chronic renal failure.
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Conclusion

Meatal stenosis is a rare and preventable complication 
of circumcision. Neglected cases of meatal stenosis may 
rarely cause renal failure. Adherence to aseptic surgical 
principles during circumcision may reduce the post-operative 
complications. Extensive education and promotion of available 
healthcare practices must be done among communities in which 
ritual circumcision is routinely performed.
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Summary 
posterior urethral valve and foreign body are among the 
important causes of male urethral obstruction. although 
one is congenital and the other is acquired, both entities 
are rare in children with only a few reported cases. 
Because of myriad of symptoms associated with both 
conditions, a conclusive diagnosis requires both physical 
examination and radiological imaging. We report a first 
of its kind association of posterior urethral valve with 
foreign body in the posterior urethra in a 6-year-old 
male child which was eventually managed by endoscopic 
intervention.

BaCkground
Posterior urethral valve (PUV) and foreign body 
are among the important causes of male urethral 
obstruction. Although one is congenital and the 
other is acquired, both entities are rare in children 
with only a few reported cases. PUV is a congenital 
cause of male urethra obstruction with an incidence 
of 1:8000 to 1:25 000.1 

Although the aetiology is antenatal, patient may 
present as a neonate or a child or even as an adult. 
Foreign bodies in urethra also have a very low 
propensity of occurrence in children.2

We report a first of its kind association of foreign 
body in urethra with posterior urethral valve in a 
6-year-old male child and eventually managed by 
endoscopic intervention.

CaSe preSenTaTion
Case report
A 6-year-old male child came to the outpatient 
department with complaints of recurrent urinary 
tract infection, nocturnal enuresis and burning 
micturition since birth. He had recent onset history 
of dribbling of urine and dysuria. There was no 
history of haematuria, colicky abdominal pain or 
fever. His physical examination was unremarkable. 
His weight and height were both below the fifth 
percentile of his age, although his IQ was normal. 
Complete haemogram was normal with normal 
blood counts and serum creatinine value. Urine 
routine microscopy revealed few pus cells and 
culture revealed growth of Escherichia coli.

X-ray kidney, ureter and bladder did not 
reveal any radio opacity in the pelvic region. 
Ultrasound abdomen was done and suggested 
of a distended bladder with thickened walls 
with bilateral mild hydroureteronephrosis with 
significant postvoid residual urine. Micturating 

cystourethrogram (MCU) showed a dilated poste-
rior urethra with distended bladder as shown in 
figure 1.

A diagnosis of PUV was made and it was decided 
to perform operative intervention. On cystoscopy, 
child was found to have PUV with a surprising 
finding of foreign body in posterior urethra as 
shown in figure 2.

It appeared glistening blue plastic material and 
was radiolucent.

First the PUV was fulgurated. The foreign body 
was then removed cystoscopically along its longi-
tudinal axis with a Double J stent removal forceps, 
taking care not to damage the remaining healthy 
urethra. The plastic material measured around 
1.5 cm in length and appeared tip of pen cap as 
shown in the figure 3.

differenTial diagnoSiS
Hinman syndrome.

ouTCome and follow-up
On follow-up at 3 months, the child was voiding 
well with no recurrence of symptoms.

diSCuSSion
A myriad of self-inserted materials have been 
reported in adults ranging from electrical cables, 
pencils, ball point pens, pen lids, copper wire, 
batteries, marbles, plants and vegetables, toys, 
pieces of latex, gloves, tip of Foley catheter and 
safety pins.2 3 But self-insertion of foreign body is 
rarely reported in literature in the paediatric age 
group.2 3

How a foreign body landed up in the posterior 
urethra of a 6-year-old child is an anomaly that 
has perplexed the authors with failure to reach a 
conclusive answer. Multitude of theories exist on 
self insertion of foreign body in urethra ranging 
from psychiatric illness, intoxication, sexual grati-
fication and attempts to relive itching by inserting 
objects in the urethra.4 In all possibility, the authors 
opine that the child could have accidentally inserted 
the foreign body while playing. Another hypothesis 
is that the child may have inserted a pen (a complete 
one) into the urethra trying to relieve his obstructed 
voiding/dysuria, the pen cap disconnected from the 
pen and remained in the urethra as a foreign body.

Selected psychoanalytical theories have also been 
put forth, for example, Kenney’s theory of impul-
sivity, Wise’s sado-maso-fetishistic theory and Dr 
Poulet’s manic masturbation hypothesis with the 
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most prevalent motivation being masturbation and autoerotism.3 
Whether these theories hold true in a paediatric child is a sepa-
rate topic to discuss and debate.

A study conducted by Alibadi et al reported reasons for self-in-
strumentation in 15 patients and found autoeroticism in six and 
psychiatric causes in two patients. In three patients, however, no 
definite reason for self-insertion could be described.5

On the other hand, accidental and iatrogenic foreign bodies 
occur much more rarely.6

Obtaining a correct history, although paramount, is often 
difficult from patients of paediatric age group. Leading questions 
are asked to evoke responses, the testimony of which also needs 
to be confirmed with the parents/guardians. Patience and high 
index of suspicion is therefore required.

Patients with both PUV and foreign body can present with a 
wide array of symptoms—neonates generally present with poor 
urinary stream, outlet obstruction and urinary tract infection. 
Delayed presentation in childhood is also common with presen-
tations including recurrent urinary tract infections, nocturnal 
enuresis and dribbling of urine.7 8

The presenting symptoms of foreign body reflect irritation 
of the lower genitourinary tract with the most common being 
dysuria, lower abdominal and urethral pain, microscopic or 
gross haematuria, acute urinary retention, urethral discharge 
and fever.9 10

Because symptoms can overlap, it is very hard to discern either 
anomaly on basis of clinical presentation alone. A radiolucent 
foreign body in posterior urethra coexisting with posterior 
urethral valve may be easily missed.

Diagnosis in most cases can be confirmed by physical exam-
ination and combination of radiological findings. Foreign bodies 
distal to urogenital diaphragm can be easily palpated. A pelvic 
X-ray, an ultrasound and a CT can help define both a radiolucent 
as well as radiopaque foreign body.3 4

MCU is commonly done to diagnose PUV. A child with ultra-
sound finding of upper tract dilatation or dilated posterior 
urethra should undergo MCU to rule out PUV.11

In our case, the foreign body was missed on both MCU and 
ultrasound. A part of this misdiagnosis could stem from the 
fact that foreign body in our case was hollow tubular plastic 
which could have accumulated the contrast material during 
MCU.

Cystourethroscopy is an important part of urological arma-
mentarium for diagnosing and managing both these conditions. 
Indeed, endoscopic manipulation and extraction utilising forceps 
and snares can be both diagnostic and therapeutic for treatment 
of urethral foreign bodies. Cystoscopy-guided valve fulguration 
is also the treatment of choice for PUV.11 12

There have been associations of urethral calculus with PUV 
previously reported in the literature. In the present case, we 
demonstrated a rare association of PUV with self-inserted foreign 
body. The authors believe this to be first ever documented case 
with aforementioned presentation. A thorough search on pub 
med and Google scholar did not reveal any previous literature 
on this association.

It is apothegmatic to keep these two similar presenting condi-
tions in mind when evaluating any child presenting with unusual 
lower urinary tract symptoms. One should think of unusual 
causes in patients with unusual presentations, especially in paedi-
atric age group.

figure 1 Micturating cystourethrogram (MCU) demonstrating a 
dilated posterior urethra with no vesicoureteric reflux.

figure 2 Foreign body cystoscopically seen in posterior urethra 
following valve fulguration.

figure 3 Plastic foreign body measuring 1.5 cm in length.
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learning points

 ► Posterior urethral valve and foreign body are among the 
important causes of male urethral obstruction.

 ► It is axiomatic to keep these two similar presenting conditions 
in mind when evaluating any child with lower urinary tract 
symptoms.

 ► It is recommended that a thorough evaluation be performed 
in children with unusual lower urinary tract symptoms. The 
diagnosis requires a combination of physical examination and 
radiological imaging. Treatment is cystourethroscopy which 
acts as both diagnostic and therapeutic.

 ► The family should exercise vigilance over their children to 
prevent risk of reinsertion of any foreign body in future.
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Introduction: Concurrent chemora-
diotherapy (CTRT) remains one of the 
treatment options in patients with 
muscle invasive bladder cancer (MIBC) 
unwilling/unsuitable for radical sur-
gery. We evaluated the role of volumet-
ric modulated arc therapy (VMAT) in 
MIBC patients treated with definitive 
CTRT.
Material and methods: 25 patients 
of histologically proven transitional 
cell MIBC (T2–T4a, N0, M0) unwilling/
unsuitable for radical surgery (after 
maximal transurethral resection of 
bladder tumour) were recruited in 
this prospective study. Primary clini-
cal target volume (CTV) consisted of 
the gross tumour and whole bladder. 
Primary planning target volume (PTV) 
and nodal PTV were prescribed 60 Gy 
and 54 Gy (both in 30 fractions). Con-
current chemotherapy was cisplatin  
(40 mg/m2) weekly. Acute toxicities 
were assessed as per Common Ter-
minology Criteria for Adverse Events 
(CTCAE) version 4.0. Survival estimates 
were done from the date of registra-
tion using the Kaplan-Meier method.
Results: Median age was 70 years (37–
80 years). Median overall treatment 
time was 45 days (44–51). Median 
number of chemotherapy cycles was 
5 (range 3–6). 5 (20%) and 4 (16%) pa-
tients respectively suffered from acute 
grade ≥ 2 gastrointestinal and grade  
≥ 2 genitourinary toxicities during 
treatment. One patient each had grade 
3 anaemia and neutropenia. At a me-
dian follow-up of 34 months (10–45 
months), 3-year progression-free sur-
vival and overall survival were 65.6% 
and 81.2% respectively. 3-year distant 
metastasis-free survival was 90.5%. 
Bladder preservation rate at 3 years 
was 68%.
Conclusions: Definitive CTRT with 
VMAT is well tolerated in patients with 
MIBC unsuitable for surgery and yields 
decent survival and bladder preserva-
tion outcome.

Key words: bladder carcinoma, radio-
therapy, chemotherapy, VMAT.
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Introduction

Bladder cancers constitute 3% of total cancer incidence worldwide with 
about 0.5 million new cases being reported per year, according to GLOBO-
CAN 2018 [1]. Traditionally, muscle invasive bladder cancer has been treat-
ed with radical cystectomy with ileal conduit (RC) and pelvic lymph node 
dissection followed by adjuvant therapy depending on post-operative histo-
pathology. However, high perioperative risks coupled with the physical and 
psychological impact of urinary diversion and sexual dysfunction warranted 
an alternative approach [2, 3].

Trimodality therapy (TMT) for bladder conservation consists of maximal 
transurethral resection of the bladder tumour (TURBT), radiotherapy (RT) and 
concurrent chemotherapy with RC being reserved as a salvage option. His-
torically, TMT provides bladder preservation rates of approximately 70–75% 
at 5 years [4] and 50–60% at 10 years [5, 6]. Although there is a scarcity of 
evidence pertaining to head-on comparison of RC vis-a-vis TMT, the existing 
evidence favours RC in terms of locoregional control. This may be attribut-
ed to selection bias, with better performance status and younger patients 
being given preference for surgery over TMT. Further, the RT techniques and 
chemotherapeutic agents used in historical studies have evolved over time. 
Thus, the oncologic outcome achieved with carefully selected patients using 
modern RT techniques and chemotherapy may be similar to RC, and this has 
been demonstrated in a few metanalyses and propensity score analyses [4, 
7]. The TMT approach with concurrent chemoradiotherapy (CTRT) has po-
tentiated the tumour control rates in post-TURBT bladder cancer patients [8, 
9]. In the study by James et al., the 2-year locoregional disease-free surviv-
al rate was significantly better (p = 0.03) in the CTRT group 67% (59–74%) 
compared to 54% (46–62%) in the RT group at a median follow-up of 69.9 
months [9].

Traditionally, the TMT approach in bladder cancer included conventional 
RT leading to increased genitourinary (GU) and gastrointestinal (GI) toxicity. 
James et al. in the BC 2001 trial [9] reported grade 3–5 acute GU toxicity of 
38% and GI toxicity of 17% with the TMT approach. Based on the dosimet-
ric studies, intensity-modulated radiotherapy (IMRT) has been hypothesized 
to minimize the dose to the small and large bowel without compromising 
target volume coverage [10]. Literature pertaining to volumetric modulated 
arc therapy (VMAT) has limitations such as varied inclusion criteria, use of 
neoadjuvant chemotherapy [11] and being retrospective [12] in nature. 



178 contemporary oncology

Against this backdrop, our study was designed with the 
primary objective of assessing the feasibility and toxicity 
of VMAT with concurrent chemotherapy in muscle invasive 
bladder cancer patients treated with radical RT after maxi-
mal transurethral resection as a part of the TMT approach. 
We also intended to evaluate the efficacy of this approach 
in terms of bladder preservation rate and survival out-
come.

Material and methods

This study was a prospective interventional cohort 
study conducted between August 2015 and December 
2018, with the recruitment period being from August 2015 
to November 2016, at a tertiary care centre with due ap-
proval from the institutional ethics committee. Patients 
with histopathologically confirmed, muscle invasive, tran-
sitional cell carcinoma of the bladder T2–T4, N0, M0 (AJCC 
7th) [13] after complete/maximal TURBT, age 18–80 years 
of either sex with Karnofsky Performance Status (KPS) 
scale ≥ 70 and unifocal disease were included in the study. 
Patients with tumour related hydroureteronephrosis, mul-
tifocal disease, extensive carcinoma in situ or previous in-
travesical BCG therapy were excluded. Patients with any 
synchronous or metachronous malignancy, previous histo-
ry of any malignancy, or unfit for concurrent cisplatin were 
excluded from the study. Patients were required to provide 
informed written consent prior to enrolment in the study. 
Pre-treatment evaluation included detailed history, clinical 
examination complete blood counts, routine biochemis-
try, chest X-ray, cystoscopy, contrast-enhanced computed 
tomography (CECT) of the abdomen and pelvis and bone 
scan. 

Computed tomography simulation

The patients included in the study were immobilized 
in a supine position with knee rest and 2 sets of CT sim-
ulation were done. The patients were asked to void the 

urine and then drink 500 ml of water. At 90 minutes af-
ter drinking the water, CT simulation without contrast 
was performed and it was deemed as a full bladder scan. 
Thereafter, the patient was asked to void the urine and 
contrast enhanced CT simulation was performed using 
70–100 ml of non-ionic contrast on an empty bladder 
with knee rest and it was deemed as empty bladder scan. 
Images were acquired using a Multislice CT Simulator 
(Siemens SOMATOM) with 3 mm image acquisition from 
L1–L2 to mid-thigh. In our study, contouring was done as 
per the consensus guideline given by Hindson et al. [14]. 
Gross tumour volume (GTV) was defined as macroscopic 
tumour visible on CT and/or on cystoscopy. The primary 
clinical target volume (CTV-P) was contoured as GTV along 
with the whole bladder, identified by the outer bladder 
wall. CTV-P further included all anatomical variation such 
as cystocele and diverticulum [14, 15]. In patient with tu-
mours at the bladder base, the proximal urethra was also 
included in the CTV. 

The two data sets of simulations (full bladder and emp-
ty bladder) were used to generate the internal target vol-
ume (ITV) to ensure that in all possible circumstances the 
ITV included the maximum extension of the full bladder. 
However, the CT slices with empty bladder were used as 
the primary image for GTV and CTV delineations. CTV nod-
al included internal (hypogastric and obturator), external 
iliac lymph nodes and presacral lymph nodes. The nodal 
contouring was done in accordance with Radiation Ther-
apy Oncology Group (RTOG) nodal contouring for pelvic 
lymph nodes [16].

The ITV was given a 1 cm isotropic margin to generate 
the primary planning target volume (PTV-P). The PTV nod-
al (PTV-N) was generated by 7 mm uniform expansion of 

Table 1. Dose volume parameters for organs at risk and target vol-
umes

Target/ 
Organs at risk 

Constraints given Achieved doses

Rectum V50 < 50% Median V50 = 30%
Range V50: 28–48%

Abdominal 
cavity

V45 < 195cc Median V45 = 202 cc
Range V45: 124–285 cc

Head of femur 
right

D
max

 < 45 Gy Median D
max

 = 43 Gy
Range D

max
: 35–51 Gy

Head of femur 
left

D
max

 < 45 Gy Median D
max

 = 44 Gy
Range D

max
: 35–50 Gy

PTV-HR 60/30 fractions at 
2 Gy/fraction
D95 ≥ 95%

Median D95 = 57 Gy
Range D95 = 58.2–59.7 Gy

PTV-IR 54 Gy/30 fractions 
at 1.8 Gy/fraction

D95 ≥ 95%

Median D95 = 51.8 Gy
Range D95 = 50.78–52.92 Gy

V45 – volume receiving 45 Gy, D
mean

, D
max

 is mean dose and maximum dose 
to structure respectively, D95 is dose received by 95% of volume of that 
structure. PTV-HR, PTV-IR is planning target volume high risk, intermediate risk 
respectively

Table 2. Patient characteristics

Parameter Number Percentage (%)

Sex, male : female 24 : 1

Age, median (range) 70 years (37–80 years)

KPS

≥ 80 3 12

< 80 22 88

T stage

T2 13 52

T3 7 28

T4 5 20

Overall stage

II 13 52

III 12 48

Number of concurrent chemotherapy cycles

≥ 5 21 84

< 5 4 16

Differentiation

High 19 76

Low 6 24

KPS – Karnofsky Performance Status scale
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CTV-N. All planning and treatment were carried out with 
an empty bladder to minimize the risk of geographic miss 
and to keep the treated volumes as small as possible. The 
organs at risk contoured were rectum, bilateral femoral 
heads, and abdominal cavity, according to RTOG pelvic 
normal tissue contouring guidelines by Gay et al. [17]. 

60 Gy in 30 fractions at 2 Gy per fraction (5 fractions 
per week) was delivered to PTV-P and 54 Gy in 30 fractions 
to PTV-N at 1.8 Gy per fraction was delivered along with 
concurrent cisplatin (40 mg/m2) weekly. A complete blood 
count, serum creatinine and electrolytes were drawn at 
the start of every week.

Volumetric modulated arc therapy (VMAT) plans were 
generated using TPS-CMS Monaco (Version 5.0) with an 
intention to cover at least 95% of the PTV by the 95% iso-
dose line. Planning dose constraints are enumerated in Ta-
ble 1. Treatment was delivered on a multi-energy (6-10-15 
MV) ELEKTA Infinity (Crawley, UK) linear accelerator. Treat-
ment verification was done using cone beam computed 
tomography (CBCT) daily for the first 3 fractions followed 
by twice weekly for the rest of the fractions. 

Patients were evaluated weekly for acute toxicities and 
graded as per Common Terminology Criteria for Adverse 
Events (CTCAE) version 4.03. Acute toxicities evaluated 
were: diarrhoea, proctitis, anal pain, urinary frequency, 
urinary urgency, urinary incontinence, cystitis and radia-
tion dermatitis. Post-treatment follow-up was done every 
month for 3 months and once every three months there-
after. Follow-up cystoscopy and urine cytology was per-
formed every 3rd month for 2 years, every 6 months for the 
next 2 years and annually thereafter. CECT thorax, abdo-
men and pelvis was performed once every 6 months for 
the first 2 years and annually thereafter to evaluate the 
status of locoregional disease. Patients were also advised 

to have kidney function tests including serum electrolytes 
at each visit. 

Statistical analysis 

Statistical analysis was done with SPSS using software 
version 20. Mean and standard deviation were estimates 
of quantitative data. Local control was defined as no ev-
idence of tumour at the primary site based on clinical, 
cystoscopic and/or radiographic findings. Bladder pres-
ervation rates were evaluated at the time of the last fol-
low-up and were defined as the percentage of patients 
having an intact functional bladder. Overall survival (OS) 
was calculated from the date of registration to the date 
of death from any cause. Progression-free survival (PFS) 
was evaluated from the date of registration to the date of 
disease progression. Survival rates were estimated using 
the Kaplan-Meier method.

Table 3. Highest grade acute radiotherapy toxicities as per Common 
Terminology Criteria for Adverse Events (CTCAE) version 4.03

Parameter Grade 1 Grade 2 Grade 3

Proctitis 17 (68) 3 (12) 1 (4)

Rectal pain 8 (32) 4 (16) 0

Radiation dermatitis 3(12) 0 0

Cystitis 15 (60) 1 (4) 2 (8)

Urinary frequency 21 (84) 3 (12) 1 (4)

Diarrhoea 14 (56) 2 (8) 3 (12)

Anaemia 0 5 (20) 1 (4)

Neutropenia 2 (8) 4 (16) 1 (4)

Data are given as n (%)

Table 4. Comparative analysis of various studies using intensity-modulated radiotherapy (IMRT) in bladder

Study Patient 
population

RT 
techniques

RT dose Concurrent 
chemotherapy

DFS/LRC Overall 
survival

GI toxicities GU toxicities

Turgeon 
et al. 
[31]

T2–T3N0M0 
(n = 24)

IMRT hypo-
fractionated

50 Gy/20# to 
bladder PTV

40 Gy/20# to 
nodal PTV

Cisplatin 40 
mg/m2

3 year 
DFS: 75%

3 year 
OS: 61%

Grade 3: 4%
Grade 2: 

29%
Grade 1: 

50%

Grade 3: 4%
Grade 2: 29%
Grade 1: 41%

Hsieh  
et al. 
[12]

T2 to T4 or 
high-risk 
T1N0M0
(n = 19)

IMRT 64.8 Gy/36# Cisplatin 35 
mg/m2

2 year 
LRPFS: 
84.9%

2 year 
OS: 

33.2%

≥ grade 2: 
5%

≥ grade 2: 
0%

Whalley 
et al. 
[30]

T2–T4N0M0
(n = 28)

IMRT 66 Gy/30# 
(n = 21) or  

55 Gy in 20# 
(n = 7)

Cisplatin 35 
mg/m2

90% 
CTRT,
86%

RT alone

100% 
CTRT,
69%

RT alone

≥ grade 2: 
21%

≥ grade 2: 
21%

Murthy 
et al. 
[11]

T1–T4N0M0 
TCC

(n = 44)

IMRT-SIB 
plan of the 

day

64Gy/32# to 
bladder PTV
55Gy/32# to 

nodal PTV

Cisplatin 30 
mg/m2

3-year 
LRC: 78%

3 year 
OS: 67%

Grade 2: 
27%

Acute grade 
3: 11%

Acute grade 
2: 34%

Our 
study

T2–4N0M0 IMRT-SIB 60 Gy/30# to 
bladder PTV

54 Gy/30# to 
nodal PTV

Cisplatin 40 
mg/m2

3-year 
PFS:

65.6%

3-year 
OS: 

81.2%

≥ grade 2: 
20%

≥ grade 2: 
16%

IMRT-SIB – intensity-modulated radiotherapy with simultaneous integrated boost, PTV – planning target volume, DFS – disease-free survival, LRPFS – locoregional 
failure-free survival, LRC – locoregional control, PFS – progression-free survival GI – gastrointestinal, GU – genitourinary
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Results 

29 patients were enrolled in the study during August 
2015 to November 2016. Out of these, 1 patient developed 
bone metastasis during RT, 2 patients defaulted during RT 
and one patient developed hydroureteronephrosis due to 
bladder obstruction even before the start of RT and these 
4 patients were excluded. 25 patients who completed the 
treatment as per protocol and followed up thereafter were 
included in this final analysis. The baseline patient charac-
teristics of these patients are presented in Table 2. 

Median RT duration was 45 days (range 44–51 days). 
3/25 (12%) patients required RT interruption for > 3 days  
(1 patient had 5 days interruption due to grade 3 diarrhoea 
and 2 patients had > 7 days interruption due to leukope-
nia). The median number of concurrent cisplatin cycle was 
5 (range 3–6 cycles). Median RT dose delivered to PTV-P 
was 60 Gy and to PTV-N was 54 Gy.

200 CBCT images based on bony landmark registra-
tions were done in 25 patients (median 8 per patient). 
The median shifts in supero-inferior, antero-posterior and 
lateral (left-right) directions were 5.3 ±2.2, 4.2 ±1.8 and 1.1 
±0.7 mm respectively. A PTV margin of 1 cm as used in our 
study encompassed the daily variations in all CBCT data. 

Acute RT toxicities are tabulated in Table 4. Acute grade 
4 GI or GU toxicity was not reported in any of the patients. 
1/25 patient had grade 3 febrile neutropenia and grade 3 
diarrhoea for which the patient needed hospitalization. 
Grade 3 anaemia was observed in 1 patient requiring blood 
transfusion. No patient experienced thrombocytopenia. 

Median follow-up was 34 months (10–45 months).  
6 patients died in this period. Among them, 4 patients had 
disease progression (2 local progression, 1 patient brain 
metastasis and 1 had bone and liver metastasis). Renal 
failure was the cause of death in 2 patients and 2 patients 
died due to disease progression. 2 patients died due to 
myocardial infarction and were disease free until the last 
visit. 3-year progression-free survival, overall survival and 
distant metastasis-free survival were 65.6%, 81.2% and 
90.5% respectively. Bladder preservation rate at 3 years 
was 68%. 

Discussion

The RT dose used for TMT is in the range 60–64 Gy in 
various studies [18, 19]. Two TROG studies have demon-
strated tolerability of low dose weekly cisplatin with min-
imal acute toxicity [20]. James et al. in a randomized trial 
used fluorouracil (500 mg/m2) during fractions 1–5 and 
16–20 of RT and mitomycin C (12 mg/m2) on day 1. How-
ever, grade 3 and 4 acute toxicity reported in this study 
was about 36%. Among IMRT studies, Murthy et al. [11] 
used concurrent cisplatin 30 mg/m2 weekly. In our study, 
we used 60 Gy for the primary PTV with injection of cis-
platin 40 mg/m2 weekly as the concurrent chemotherapy 
regimen.

In our study, contouring was done as per Australian & 
New Zealand faculty of Radiation Oncology Genito-Urinary 
Group 2011 consensus guidelines [14, 15]. Studies are on-
going to define the inclusion of whole or partial bladder 
for CTV in hypo-fractionated RT in bladder [21]. Prostatic 

involvement by bladder cancer is not uncommon and it in-
creases with multifocal tumour, bladder trigone tumours 
and presence of carcinoma in situ [22, 23]. MIBC with 
urethral involvement has a high propensity to involve the 
vaginal wall; thus these sites of potential spread need to 
be included in the CTV [15, 24]. Elective lymph node RT in 
MIBC has remained controversial. In radical cystectomy 
series with extensive lymph node dissection, the lymph 
node positivity rate was about 25%. Various studies have 
demonstrated that an extended lymphadenectomy and 
higher number of lymph nodes identified in the pathologic 
specimen are associated with improved locoregional con-
trol and overall survival [25, 26]. Further, T stage ≥ T3 and 
presence of lymph vascular invasion (LVI) in preoperative 
biopsy have been associated with a higher number of pel-
vic lymph nodes involved [27]. Based on the cystectomy 
series data, we decided to treat internal, external iliac, 
presacral and obturator groups and delivered 54 Gy in 30 
fractions to the elective nodal volumes. Other studies have 
also used this dose fractionation schedule [28, 29]. We did 
not observe any nodal failures in our patients. However, 
our study lacks a sufficient sample size to meaningfully 
draw any conclusion on this aspect of management.

There are very few clinical studies addressing the im-
pact of IMRT/VMAT on the locoregional control and toxici-
ty in management of MIBC. Whally et al. evaluated the role 
of IMRT in MIBC [30]. However, this study included patients 
undergoing both RT alone and CRT, different RT fraction-
ations were used and about 32% had previous BCG treat-
ment. Other studies pertaining to IMRT in bladder cancers 
such as that of Turgeon et al. [31] used hypo-fractionat-
ed RT and neither Turgeon et al. [31] nor Hsieh et al. [12] 
used any image guidance, making treatment uncertainties 
a major reason for concern. Murthy et al. [11] evaluated the 
“plan of the day” approach with differential PTV margins 
and IGRT. However, even their results were diluted by in-
clusion of patients receiving neoadjuvant chemotherapy. 
Thus, the strength of our study lies in inclusion of a na-
ive group of patients without any previous BCG therapy, 
without hydronephrosis and prospectively treating them 
with VMAT along with image guidance without the use of 
neo-adjuvant chemotherapy.

Acute GI and GU toxicities have been the biggest im-
pediment in RT of bladder cancer. Various IMRT studies 
have reported acute GI toxicity ≥ grade 2 being 21–38% 
and acute GU toxicity ≥ grade 2 ranging from 21 to 50%. 
The toxicity profile in these studies has been shown to 
be dependent on whether concurrent chemotherapy was 
used or not. Studies have demonstrated that use of IMRT 
has resulted in a higher degree of small bowel sparing. 
Treatment interruptions due to acute GI or GU toxicities 
are seen in as many as 11% of patients (20) treated using 
conventional RT. A comparative table depicting toxicities 
and outcomes is presented in Table 4.

Complete response achieved with various IMRT series 
has been at par with the conventional RT era. Most studies 
report 87–90% CR rates with RT alone and 90–100% CR 
rates with use of the CRT regimen. The bladder preserva-
tion rate reported in the study by Murthy et al. [11] was 
83% at 3 years; in our study it was 68% at 3 years. Higher 
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rates of bladder preservation in the Murthy et al. (11) study 
may be due to use of neo-adjuvant chemotherapy. The 
disease-free survival rates and OS rates have been vari-
able. Most studies have reported 2-year locoregional con-
trol rates ranging from 78% to 90% and 2-year OS ranging 
from 26% to 69%. 3-year OS and PFS in our study were 
65.6% and 81.2% respectively and comparable with exist-
ing literature (Table 4). Since bladder cancer is a disease 
of the elderly and OS data have more contributing factors 
such as comorbidities at this age, we believe that 2–3 year 
disease-free survival rates are a more reliable endpoint for 
efficacy of IMRT technique. 

The patients included in our study were those with 
a complete TURBT, no carcinoma in situ, no hydronephro-
sis, T2–T4 disease with node negative status, aged 18–80 
years and unifocal tumours. These patients were mostly 
ideal candidates for a TMT approach and the patients were 
also not fairly those who were deemed unsuitable for sur-
gery but those who were unwilling to undergo a radical 
cystectomy. There has not been a phase III randomized 
controlled trial directly comparing radical cystectomy with 
TMT. An attempt to derive comparative outcome analysis 
between radical cystectomy and trimodality therapy has 
been made by several authors. However, these suffer from 
many confounders and existence of imbalance between 
patient and tumour factors. A propensity score analysis 
by Kulkarni et al. showed no difference in disease-specific 
survival in two arms and the rate of salvage cystectomy in 
the TMT arm was 10% [4]. The long-term outcome report-
ed by the Massachusetts General Hospital, Boston group 
suggested excellent 10-year disease-specific survival of 
59% and overall survival of 39%. The 5-year salvage cys-
tectomy rate was 16% in patients treated between 2005 
and 2013 [32]. Systemic dissemination remains one of the 
predominant failure patterns in patients treated with ei-
ther radical cystectomy or TMT. To combat this, some au-
thors have also suggested incorporation of neo-adjuvant 
chemotherapy with the TMT approach, and this needs to 
be validated in future clinical trials to further improve the 
outcome of patients treated with the TMT approach [33].

The follow-up of patients with bladder cancer could be 
tricky and is mostly guided by consensus guidelines rather 
than evidence-based practice. Particularly, the interpreta-
tion of cystoscopy after definitive TMT may be difficult. Af-
ter definitive trimodality therapy of muscle invasive blad-
der cancer, urine cytology, liver and renal function tests 
are recommended every 3–6 months for the first 2 years. 
Imaging of chest, abdomen and pelvis is recommended 
every 3–6 months for 2 years. Random biopsies are also 
recommended by ESMO guideline in these patients at ev-
ery 3–6-month interval for 2 years [34]. However, random 
biopsies are not recommended during follow-up by NCCN 
guidelines [35]. We used cystoscopy, urine cytology, imag-
ing and kidney function tests including serum electrolytes 
for follow-up of patients as mentioned in the materials 
and methods section. We did not use random biopsies in 
our cohort of patients during follow-up as we had exclud-
ed patients with multifocal disease and those with carci-
noma in situ disease.

The strength of our study lies in the inclusion of a rel-
atively uniform group of patients, and exclusion of pa-
tients with hydronephrosis, previous BCG therapy or any 
neoadjuvant chemotherapy. All our patients received CRT 
as per protocol along with image guidance with minimal 
treatment interruption, thus implying good compliance. 
Properly selected patients with strict compliance, detailed 
toxicity reporting and complete follow-up data provide 
value to our study. However, our study had inherent lim-
itations of a relatively small patient number and relatively 
short follow-up. 

Conclusions

VMAT with concurrent cisplatin-based chemotherapy 
in MIBC patients unsuitable/unwilling for surgery yielded 
a 3-year bladder preservation rate of 68% in our study and 
is associated with acceptable acute radiation morbidities. 

The authors declare no conflict of interest.
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DesCripTion 
A 70-year-old man with bladder outlet obstruc-
tion due to benign prostatic hyperplasia who 
was on urethral (Foley) catheter presented to 
us with complaint of purple discoloration of his 
urine collection bag (figure 1). He had history of 
multiple failed trials of voiding without catheter. 
Along with this he had constipation for which he 
was already taking laxatives. He was on Foley 
catheter for 6 months (which was changed every 
3 weeks) and now was planned for transurethral 
resection of prostate (TURP). He was alarmed by 
this discolouration. His urine was clear but the 
urine collection bag had a purple discoloura-
tion. On microscopic examination, his urine had 
plenty of leucocytes and his urinary pH was 8. 
His urine culture was positive for Escherichia coli 
(>105 colony forming units/mL). His serum creat-
inine was 0.9 mg/dL. A diagnosis of purple urinary 
bag syndrome (PUBS) was made. His catheter was 
replaced and he was treated with culture-guided 
antibiotics. He was counselled regarding the 
benign nature of this discolouration. Two weeks 
later, he underwent TURP and was discharged 
uneventfully.

PUBS is usually a side effect of prolonged 
catheterisation (per-urethral or suprapubic) 
along with urinary tract infection (UTI). Other 
risk factors for PUBS include alkaline urine, 
female gender (increased risk of UTI due to 
shorter urethra), constipation (gives more time 
for bacterial action on tryptophan metabolites) 
and chronic renal failure (diminished clearance 
of tryptophan metabolites).1 The bluish discol-
oration is proposed to be due to the breakdown 
of metabolites of tryptophan by bacteria. This 
usually occurs in alkaline urine though a case 
of PUBS in acidic urine has also been reported.2 
Many bacteria have been implicated in the patho-
genesis of PUBS that include E. coli, Proteus 
mirabilis, Pseudomonas aeruginosa, Klebsiella, 
Enterococci and Group B Streptococci. A series 
of biochemical reactions take place within the 
tubing and bag that start with deamination of 
tryptophan. Indole produced from this conju-
gates to form indican (indoxyl sulfate), which 
oxidises into blue coloured indigo and red 
coloured indirubin. The combination of indigo 
and indirubin gives a purple hue to the urine 
collection bag.1 The discolouration itself is 
benign. The underlying UTI is of more concern. 
The management of PUBS includes changing 
the catheter and urine collection bag along with 
treating the underlying UTI with appropriate 
antibiotics. The patients who are on prolonged 
catheterisation may not show classical signs of 
UTI due to various comorbidities and PUBS may 
serve as an indicator of UTI in them.3 For the 
patient, bluish discolouration of his urine may 
be alarming. It is important that a primary care 
physician knows about the pathogenesis and 
management of this entity so that he may allay 
patient concern.

Figure 1 Purple discolouration of urine collection 
bag—PUBS. PUBS, purple urinary bag syndrome. 

Learning points

 ► Purple urinary bag syndrome (PUBS) is in itself a 
benign condition that occurs due to breakdown 
of tryptophan metabolites in alkaline urine by 
bacteria, the underlying urinary tract infection 
(UTI) is the more concerning thing in a patient 
with PUBS.

 ► The management of PUBS includes change of 
urinary catheter and collection bag along with 
treatment of underlying UTI.

 ► PUBS may serve as an indicator of UTI in 
patients with various comorbidities as they may 
not manifest the classical signs of UTI.
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ABSTRACT 

Trachoma is the world's leading infectious cause of blindness. In 1996, WHO launched the Alliance for the Global Elimination of Trachoma 

by the year 2020, based on the 'SAFE' strategy (surgery, antibiotics, facial cleanliness, and environmental improvement). 

Background 

To assess the evidence supporting the antibiotic arm of the SAFE strategy by assessing the effects of antibiotics on both active trachoma 

(primary objective), Chlomydia trochomatis infection of the conjunctiva, antibiotic resistance, and adverse effects (secondary objectives). 

objectives 

Search methods 

We searched relevant electronic databases and trials registers. The date of the last search was 4 January 2019. 

Selection criteria 

We included randomised controlled trials (RCTS) that satisfied either of two criteria: (a) trials in which topical or oral administration of an otihiotic was compared to placebo or no treatment in people or communities ith trachoma, (b) trials in which a topical antibiotic was compared with an oral antibiotic in people or communiues With trachoma. We also included studies addressing different dosing strategiesS in the population. 

Data collection and analysis 

Aio uced standard methods expected by Cochrane. we assessed the certainty of the evidence using the GRADE approach. Main results 

We identified 14 studies where individuals with trachoma were randomised and 12 cluster-randomised studies. Any antibiotic versus control (individuals) 

1G61 oarticipants) randomised individuals with trachoma to antibiotic or control (no treatment or placebo). All of these 

Nine rolled children and young people with active trachoma. Ihe antibiotics used in these studies included topical (oxy)tetracycline 

Antibiotics for trachoma (Review) 
Copyright O 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd. 
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ABSTRACT
Introduction: Trigeminal neuralgia (TN) is an uncommon disorder seen in dental and neurologic practice, which presents with brief lancinating 
pain in the face, in the area distributed by the trigeminal nerve. The wide ranges of treatments currently used for TN are ample evidence that 
there is no simple answer to how it should be managed.

Purpose: In this study, we want to evaluate, if repeated peripheral alcohol injection is an effective treatment of TN patients.

Material and Methods: Retrospective data analysis of patients treated with peripheral alcohol injections from November 2011 to July 
2017 were conducted. We selected the patients who reported at least three times for alcohol injection and duration of pain relief recorded as 
reported by patients.

Results: Effects of 96% absolute alcohol injection alcohol injection ranging from 13 to 15 months pain relief, but in second or third time, this 
duration was decreased to 11–12 months, whereas no much significant complication were observed.

Conclusion: Even single time neurectomy is not permanent cure, so patients choose less invasive option such as peripheral alcohol injections 
in repeated use instead of a surgical option.

Keywords: Alcohol, carbamazepine, neuralgia, neurectomy

INTRODUCTION

Trigeminal neuralgia (TN) is an uncommon disorder seen in dental 
and neurologic practice that presents with brief lancinating pain 
in the face, in the area distributed by the trigeminal nerve. The 
disease is also known by less familiar names such as “Fothergill’s 
disease” or “tic douloureux.”[1] A single attack may last for a few 
seconds but may also present in clusters of variable intensity for 
2 min in a paroxysmal fashion.[2,3]

The uncertainty of sudden pain even taking medication 
sometimes patients found helpless and may commit suicide. 
Although the effective medical and surgical therapies for the 
disorder exist with certain limitations. The wide ranges of 
treatments currently used for TN are ample evidence that 
there is no simple answer to how it should be managed. 
Opinions can differ greatly regarding the best treatment for 

this condition. Neurectomy is probably the oldest recorded 
surgical procedure for TN. Conventionally, it is only when 
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medications fail, or severe side effects develop in those 
patients are offered surgical options.[4]

The goal of any form of the treatment for TN is a 
long‑term relief of pain. While medications provide 
effective management for many TN patients, medical 
therapy is often not a permanent solution of this problem. 
Fortunately, for TN patients, there are several surgical 
procedures available if medications no longer provide the 
desired results.

The management of TN other than surgical is peripheral 
nerve injections of different chemical agents such as 
chloroform, boiling water, glycerol, and phenol. Peripheral 
alcohol injections have also been used, preferably during 
the first attack, or if the patient is very old. Patients with 
serious medical morbidity who cannot undergo invasive 
surgical procedures safely may benefit from an injection 
of alcohol into the painful peripheral trigeminal nerve 
branch.[5] In this study, we want to evaluate the effect of 
absolute alcohol injection in neuralgic patients regarding 
the duration of pain relief and its complication in repeated 
use.

Aims and objective
•	 In	this	study,	we	want	to	evaluate	the	effect	of	absolute	

alcohol injection in neuralgic patients regarding the 
duration of pain relief and its complication

•	 If	absolute	alcohol	injection	is	a	better	treatment	option	
in neuralgia patients in repeated use for long duration 
pain relief?

MATERIALS AND METHODS

Individuals for the present study were selected from 
among the patients treated for TN, India, from November 
2009 to July 2017. Patients were selected randomly 
irrespective of age, sex, caste, creed, and socioeconomic 
status. Data were collected from the patient’s record, 
regarding the selected treatment option and how long 
pain was relieved.

Absolute 96% absolute alcohol injection was given 1 ml for 
inferior alveolar nerve, 0.5 ml for infraorbital nerve, 0.5 ml 
for mental nerve, and 0.5 ml for supraorbital nerve.

The duration of pain recorded when patients have again 
reported for the alcohol injection.

RESULTS

Our study assessed the effectiveness of peripheral alcohol 
injections in the management of TN for which a retrospective 
case audit of patients who received peripheral alcohol 
injections in 2009 to March 2017 [Table 1]. Effects of 
peripheral alcohol injection ranging from 13 to 15 months 
pain relief, but in second or third time, this duration was 
decreased to 11–12 months [Table 2]. Whereas no much 
significant complication were observed [Table 3].

Statistical analysis
The small number of neuralgic patients precluded statistical 
analysis.

DISCUSSION

As a result, patients and practitioners encounter considerable 
uncertainty when making treatment decisions in TN 
patients. Medication is often a first line of the treatment; 
conventionally, it is only when medications fail, or severe side 
effects develop that patients are offered surgical options.[6] 
Medicinal therapy is initially effective for most patients with 
TN. Unfortunately, about half of the TN sufferers eventually 
become dissatisfied with medical therapy, due to incomplete 
control of pain‑ or drug‑related side effects that are almost 
always experienced. Common side effects include drowsiness, 
diplopia, ataxia, and hyponatremia.

In search of better pain relief, peripheral alcohol injections 
continue to have a better role in the management of TN. 
Although alcohol injection is essentially a simple technique, 
the alcohol must be injected very precisely as it is highly 
toxic. Stookey and Ransohoff[7] combined several reports 
totaling 1500 patients and found the length of pain relief to 
be 12 months or less. Repeated injections were more difficult 
due to fibrosis. The study reported that no significant pain 
relief duration between the first block and repeated block.[8] In 
our study, we observed that first‑time use of absolute alcohol 
provide 13–15‑month pain relief, but in the second time, the 
period of pain relief was 11–12 months, but the third time, it 
was <11 months. The reason of less effectiveness in subsequent 
injections may be due to fibrosis. As other study also reported 
the disadvantage of transient burning sensation on injection 
and reduced effectiveness with repeated administration due 
to the dense fibrotic tissue around the nerve region reducing 
penetration of the fluids[8] other side effect such as diplopia 
and sensory loss reported in literature, we observe some 

Table 1: Patients with different type of trigeminal neuralgia treated with alcohol injection

Total number of patients Inferior alveolar nerve Infraorbital nerve Mental nerve Supratrochlear/supraorbital nerve
100 patients 46 patients 30 patients 20 patients 4 patients
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complication such as local site ulceration sensory nerve 
weakness, but all complications were reversible.[4]

As compare to alcohol injection, neurectomy provides better 
pain relief. Quinn[9] reported a retrospective case series of 
neurectomies and noted a pain relief period of 24–32 months. 
Grantham and Segerberg[10] also reported a case series of 
neurectomies and noted, an average pain relief period of 
33.2 months. Even single time neurectomy is also not permanent 
cure, so patients choose less invasive option such as peripheral 
alcohol injections in repeated use instead of a surgical option.

CONCLUSION

Alcohol injection and surgical options may be considered 
for patients who do not respond to medical management. 
Unfortunately, no any treatment is providing permanent pain 
relief; however, we should explain all treatment option with 
all long‑term complication and duration of pain relief so 
that patient may choose their treatment option. Thus, due 

to the avoidance of repetition of surgery, patients choose 
less invasive option such as peripheral alcohol injections in 
repeated use.

Still, it is a challenge for patients and doctors both for seeking 
better and better treatment option.

Thus, furthermore, study and research work required for 
seeking better treatment option.
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Table 2: Duration of pain relief

Duration of effect 
(after absolute alcohol 
injection)

IAN ION MN ST/SO 
nerve

1st injection 15-17 
months

16-17 
months

13-15 
months

13-15 
months

2nd injection 11-13 
months

11-13 
months

9-11 
months

8-10 
months

3rd injection 8-10 
months

10-11 
months

8-10 
months

8-9 
months

IAN: Inferior alveolar nerve, ION: Infraorbital nerve, MN: Mental nerve, 
ST: Supratrochlear, SO: Supraorbital

Table 3: Complications

Number of patient Site of injection Complication
6 IAN Local site ulceration
2 ION Unilateral upper lip weakness
1 MN Local site ulceration
1 ST/SO Reversible upper eyelid 

weakness
IAN: Inferior alveolar nerve, ION: Infraorbital nerve, MN: Mental nerve, 
ST: Supratrochlear, SO: Supraorbital
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Background Degenerative lumbar spinal stenosis (DLSS) is an important cause 
of pain and disability among the elderly and common indication for spinal surgery. 
However, due to age-related comorbidities, it becomes difficult for elderly patients 
of DLSS to immediately go for operative treatment. Caudal epidural steroid injection 
(CESI) can be an effective procedure for a selected group of patients who have chronic 
function-limiting lower back and lower extremity pain secondary to DLSS. The aim of 
this study was to compare the effects of CESI with physical therapy in patients afflicted 
with DLSS.
Materials and Methods It is a single center, open-label randomized controlled trial 
conducted in department of Physical Medicine and Rehabilitation at a tertiary care 
center of northern India from January 2016 to August 2017 among DLSS patients. 
Trial was registered under the clinical trial registry of India. Patients were random-
ized in two groups–32 in intervention group A (CESI with local anesthetic and physical 
therapy) and 32 in control group B (physical therapy alone). Outcome measures were 
numerical pain rating scale (NPRS), Oswestry disability index (ODI), and mean claudi-
cation distance (MCD) at 3, 6, 12, and 24 weeks.
Results NPRS and ODI showed significant improvement at 3, 6, 12, and 24 weeks 
(group A >> group B). Improvement in MCD was seen at each follow-up from baseline 
(group A >> group B).
Conclusion Caudal epidural steroid administration can ameliorate pain, disability 
and claudication distance in DLSS patients, which provides them a window period for 
further definitive management.
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Introduction
Degenerative lumbar spinal stenosis (DLSS) is one of the most 
debilitating health conditions among elderly individuals and 
the most recurrent indication for spinal surgery in individu-
als aged above 60 years.1 However, due to age-related comor-
bidities, it becomes difficult for elderly patients afflicted 
with DLSS to immediately go for operative treatment.2,3

Various conservative treatment modalities are being used 
to alleviate the symptoms of lumbosacral radiculopathy in 
patients with DLSS. Many elderly patients find conservative 
therapy appropriate, as it minimizes invasive intervention 
and decreases the risks of morbidity.4 In a study, it was 
reported that the conservative treatment for lumbar spinal 
stenosis is not a success for elderly patients, and they should 
be convinced to undergo operative treatment.5,6 Nandi et 
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al reported that caudal epidural steroid injection (CESI) 
provides no additional improvement over placebo in the 
long-term natural history of lumbosacral radiculopathy. 
However, it can be important for short-term management 
of painful radiculopathy.7 Epidural injections may be con-
sidered as an effective procedure for a select group of 
patients who have chronic function-limiting lower back 
and lower extremity pain secondary to DLSS.8 So, this study 
aims to evaluate the overall short- and long-term effect of 
CESIs plus physical therapy in patients with DLSS as well as 
to compare its effect on pain scores and functional ability in 
patients receiving physical therapy alone.

Materials and Methods
Study Design and Period
The study was designed as a prospective, single-center, 
open-label, randomized controlled trial in accordance with 
the principles outlined in the Declaration of Helsinki and 
registered prospectively with the clinical trials registry, India 
(CTRI/2017/07/009036). Data recruitment and follow-up 
was done during the study period between January 2016 and 
August 2017.

Study Setting
The study was conducted in the Department of Physical 
Medicine and Rehabilitation at a tertiary care center of north 
India.

Study Participants and Inclusion Criteria
All patients of age 50 years or older with clinically and radio-
logically confirmed diagnosis of DLSS, having neurogenic 
claudication, with numerical pain rating scale (NPRS) score 
of more than 4, T2-weighted MRI showing lumbar midsagit-
tal anteroposterior canal diameter at the most stenotic level 
as ≥ 13 mm and consented to participate were included in 
the study.

Exclusion Criteria
Patients with lateral recess or foraminal stenosis without the 
presence of central canal stenosis, with progressive neuro-
logical deficit or worsening neurological status/severe nerve 
root compression, primary or secondary malignancy of lum-
bar spine, vascular claudication, Pott's spine, peripheral neu-
ropathy, history of prior surgery or fracture of lumbar spine, 
hip disease, severe peptic ulcer disease, bleeding tendencies, 
uncontrolled diabetes, pregnant or lactating mothers, past 
history of treatment with epidural steroid injections, psy-
chiatric or cognitive problems that may hamper the outcome 
evaluation, and had active local/systemic infection were 
excluded.

Among the total 76 patients enrolled in the study, 
those excluded were as follows: three patients who had 
moderate-to-severe lumbar canal stenosis on MRI (mid-
sagittal anteroposterior canal diameter < 13 mm), two who 
had history treatment with epidural steroid injection, three 
patients who had pure foraminal stenosis without central 
canal stenosis, two patients who had avascular necrosis of 

hip joint, and two who had raised leucocyte count (sugges-
tive of infection). A total of 64 patients were randomly allo-
cated in the intervention and control group. The study design 
and participant flow chart are given in ►Fig. 1.

Sample Size
The sample size (n) was determined using the following for-
mula: n = ([Zα/2+Zβ]2*2*σ2)/d.2 Taking critical value Zα/2 as 
1.96, and Zβ as 0.84 and to detect hypothesized difference 
of 1.5 between the two groups (variants = 4.45), significant 
with 95% confidence interval and power of 80%, the required 
sample size was 32 patients in each group.9

Patient Groups, Randomization, and Blinding
All patients attending the day care facility of the hospital with 
clinical diagnosis of degenerative lumbar spinal stenosis were 
enrolled in the study. After recording the demographic data, 
they were subjected to detailed history and clinical examina-
tion. Serological tests included complete blood count, blood 
sugar (fasting and postprandial), C-reactive protein, serum 
levels of calcium, phosphate and alkaline phosphatase. This 
was followed by a radiological examination which included 
digital roentgenogram of lumbar spine and MRI of lumbar 
spine for assessment of diameter of spinal canal. MRI revealed 
DLSS as interpreted by a single radiologist. Canal stenosis 
was classified based upon midsagittal diameter measured in 
millimeters (mm) obtained on T2 sagittal images at the nar-
rowest stenotic level. The classification was mild ≥13 mm, 
moderate11–< 13 mm, and severe ≤ 11 mm diameter. The level 
with the most severe stenosis was used for the classification of 
the 64 patients: 39 had single level stenosis and 25 had multi-
ple level stenosis.10 Baseline clinical outcome parameters, that 
is, NPRS, Oswestry disability index (ODI), and mean claudica-
tion distance (MCD) in feet were recorded.10-13

The patients were randomly allocated into two groups, that 
is, intervention and control group A and B, respectively. A com-
puterized randomization table was created by a researcher 
who was not involved in the study. Each randomized patient 
was issued a concealed envelope with details of either form 
of treatment. The exact details of the treatment allocation of 
patients were concealed in an encrypted folder of the com-
puter system. In the intervention group, CESI was adminis-
tered to the study subjects by a trained clinician and this was 
followed by exercise program. The control group was only sub-
jected to a planned physical therapy protocol under the super-
vision of a physical therapist who was unaware of the study. 
The follow-up and assessment of outcome was blinded, as it 
was done by clinicians who were not a part of the study. Every 
effort was made to minimize any form of bias in the study.

Interventions
Patients were given fluoroscopically guided CESI using 10 mL 
(0.5%) Lignocaine with 80 mg (2 mL) Triamcinolone Acetonide 
in intervention group A. CESI was given by a trained clinician 
using Allengers C-arm HF49R. For confirmation of a successful 
block, relief of pain by at least 50%, anesthesia or diminished 
sensation in distribution of blocked nerves was considered. 
After injection, patients were monitored to ensure stability 
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of cardiovascular and respiratory systems. On aggravation of 
symptoms like pain in back, buttocks or legs, analgesics like 
diclofenac tablet 50 mg was prescribed SOS. Similar physical 
therapy protocol was given in the intervention group as was in 
the control group.

In control group B, only physical therapy was given. It 
included three sets of 10 posterior pelvic tilts, two sets of sin-
gle and double knee to chest and self-lumbar side exercises 
and, finally, three sets of 30 seconds for specific hip flexor 
stretching for rectus femoris and iliopsoas. Transversus 
abdominis isometric exercises were also done. Supervised 
physical therapy was done for 5 days a week, that is, a total of 
15 sessions were given. Patients were constantly motivated 
for completing the 15 sessions, and if one session was missed, 
it was scheduled on other days. After completing the proto-
col, patients were advised to continue physical therapy at 
home also. Details of home-based physical therapy was con-
firmed on telephone by the investigator once a week in both 
the groups during the study period.

No serious complications like epidural abscess, infection 
or haematoma were reported in the intervention group 
during the study period of 6 months.

Statistical Analysis
The data was analyzed using SPSS version 24.0. Descriptive 
statistics were calculated using mean, standard deviation 
(SD), percentages, column graphs and cross-tabulations. 
Intra- and intergroup analysis was done by comparing mean 
using repeated measures Anova and independent t-test, 
respectively. Probability (p) was calculated to test statistical 
significance at the 5% level of significance. p < 0.05 was con-
sidered as statistically significant.

Results
A total of 64 subjects were randomized into two groups 
for study. The mean age of group A was 60.66 ± 7.29 years, 
and in group B, it was 61.13 ± 7.03 years. No significant 

Fig. 1 Study design and participant flow.
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difference (p = 0.794) was found between the average 
ages of the two groups. The male:female ratio in group A 
was 59.4: 40.6 percent, while in group, B it was 40.6:59.4 
percent. No significant difference (p = 0.134) was found 
between the sex ratio of the two groups. As much as 62.8 
percent of group A and 60.2 percent of group B participants 
had single-level stenosis, while 70.6 percent of group A and 
68.3 percent of group B had grade B level of stenosis, and 
there was no significant difference. The mean midsagittal 
canal diameter was 14.3 ± 0.52 mm and 14.7 ± 1.08 mm in 
group A and B, respectively, and there was no significant 
mean difference in the diameter in the intervention and 
control group (►Table 1).

Comparison of NPRS at Various Follow-ups
In the intragroup comparison of NPRS of group A among 
various follow ups, it was found that the mean NPRS was 
found to be 8.78 ± 0.02 at baseline, which was reduced to 
3.78 ± 0.98 in the 3 weeks follow-up, 5.01 ± 0.88 in the 
6 weeks follow-up and that was maintained to 4.43 ± 1.11 
in the 12 weeks follow-up, and finally it was 4.49 ± 0.25 in 
the 24 weeks follow-up. Similarly, in group B, mean NPRS 
was found to be 8.90 ± 0.12 at baseline, which was reduced 
to 7.34 ± 0.87 in the 3 weeks follow-up, further reduced 
to 6.61 ± 1.04 in the 6 weeks follow-up, 5.98 ± 0.39 in the 
12 weeks follow-up, and finally it was 5.74 ± 0.44 in the 

24 weeks follow-up. The reduction in mean NPRS from 
baseline to last follow-up in both group A and B was highly 
significant (p < 0.001).

In the intergroup comparison, statistically significant 
difference (p < 0.001) was observed in mean NPRS at 3, 6, 
12, and 24 weeks, respectively, but mean NPRS of group A 
was less than group B throughout, thereby the interven-
tion group showed better improvement than control group 
(►Table 2).

Comparison of ODI at Various Follow-ups
In the intragroup comparison of size of ODI (%) of group A 
among various follow-ups, it was found that the mean ODI 
was found to be 71.06 ± 7.87at baseline which was reduced 
to 64.31 ± 7.07 in the 3 weeks follow-up, to 57.25 ± 7.19 
in the 6 weeks follow-up, to 56.03 ± 7.16 in 12 weeks fol-
low-up, and finally it was 55.01 ± 5.24 in the 24 weeks 
follow-up. Similarly, in group B, the mean ODI was 
70.19 ± 8.64 baseline which was reduced to 68.69 ± 8.71in 
the 3 weeks follow-up, to 61.44 ± 8.21 in the 6 weeks fol-
low-up, to 60.31 ± 7.67 in the 12 weeks follow-up, and 
finally it was 59.28 ± 6.11 in the 24 weeks follow-up. The 
reduction in mean ODI from baseline to last follow-up in 
both group A and B was highly significant (p < 0.001).

In the intergroup comparison, statistically significant 
difference (p < 0.05) was observed in mean ODI at 3 weeks, 

Table 2  Between and within group comparison of NPRS at various follow-ups

Follow up time NPRS t value p-Valuea

Group A
(n = 32)

Group B
(n = 32)

Baseline 8.78 ± 0.02 8.90 ± 0.12 5.580 < 0.001b

3 weeks 3.78 ± 0.98 7.34 ± 0.87 15.367 < 0.001b

6 weeks 5.01 ± 0.88 6.61 ± 1.04 6.644 < 0.001b

12 weeks 4.43 ± 1.11 5.98 ± 0.39 7.453 < 0.001b

24 weeks 4.49 ± 0.25 5.74 ± 0.44 13.973 < 0.0001b

p-Valuec < 0.001 < 0.001

Multiple comparisons from baseline (p < 0.01) All pairs All pairs

Abbreviation: NPRS, numerical pain rating scale.
aIndependent t test.
bp < 0.01.
cRepeated measures Anova test.

Table 1  Baseline characteristics of study participants in intervention and control group

Characteristics Group A
(n = 32)

Group B
(n = 32)

p-Value

Age (years) Mean ± SD 60.66 ± 7.29 61.13 ± 7.03 0.794a

Sex Males 19 (59.4) 13 (40.6) 0.134b

Females 13 (40.6) 19 (59.4)

Level of stenosis Single level 20 (62.8) 19 (60.2) 0.066b

Multiple level 12 (37.2) 13 (39.8)

Midsagittal canal diameter (mm) Mean ± SD 14.3 ± 0.52 14.7 ± 1.08 0.064a

Note: At the time of patient enrolment, number (percentage).
aIndependent t test.
bChi square test
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6 weeks and 12 weeks, respectively, and mean ODI of group 
A was less than group B throughout, thereby the interven-
tion group showed better improvement than control group 
(►Table 3). 

Comparison of Mean Claudication Distance (MCD) in 
group A and B
The MCD in group A and B was 457 and 294 feet, respec-
tively, at 3 weeks. Similarly, it was 622 feet in group A and 
453 feet in group B at 6 weeks. Further at 12 weeks, the MCD 
was 671 and 476 feet in group A and B, respectively. There 
was a significant difference in MCD at 3, 6, and 12 weeks (p 
< 0.0001) (►Fig. 2).

Discussion
With increasing longevity of life and aging populations, the 
prevalence and associated clinical disability related to degen-
erative lumbar spinal stenosis is on the rise. The results of 
the study show a clear benefit from the use of CESIs using 
Lignocaine and Triamcinolone acetonide along with physical 
therapy in patients with DLSS. There was statistically and clin-
ically significant reduction in pain and disability in the inter-
vention group. This benefit was seen after the injection at 3, 6, 
12 and 24 weeks when compared with physical therapy alone.

In our study, majority of the patients of DLSS were males. 
Similar male predominance was depicted by Cohen et al,14 Koc 
et al15 and many other researchers.6,7,16,17 This is in contrast to 
study conducted by Botwinet al,10 Delport et al,18 Southern 
et al19where female predominance was seen. There seems to 
be a change in trend of DLSS as per gender, and a shift is seen 
from females to males in the past 5 years. This is attributed 
to the fact that there is increase in incidence of male obesity 
due to changes in food habits which is more central and can 
result in pathologies of spine.20

We observed a significant difference in improve-
ment of pain at 3, 6, 12 and 24 weeks in patients receiv-
ing CESIs, which is similar to Nandi et al,8Koc et al15 and 
Arden et al17 who also found a statistically significant 

improvement in pain at 3 weeks in patients receiving 
CESIs, followed by no benefit from 6 to 52 weeks. Evidence-
based, short-term efficacy of CESIs in ameliorating pain by 
more than 50 percent has been reported by many stud-
ies.13,21,22 In contrast to this, few researchers have observed 
no significant improvement in pain at 12 weeks in patients 
with DLSS. They have explained that low-efficacy, under-
dosage, and a dilution effect due to the high-volumes 
injected could have influenced the effect of CESIs in their 
study.14,23

Our study reports a significant difference in improvement 
of disability at 3, 6, 12 and 24 weeks after CESIs, indicating 
both short- and long-term improvement in DLSS. Our results 
are supported by Radcliffe et al,16as they showed a gradual 
improvement in disability with respect to duration from 
the day of receiving the CESIs, with a peak at 24 weeks and 
decline after that. Koc et al15 compared the efficacy of CESIs 
with physical therapy and placebo and reported significant 
improvement in disability at 6 months in all the three groups 
from baseline. Our findings are in agreement with other 
studies also.21,22

Our findings of NPRS and ODI at 3, 6, 12 and 24 weeks are 
in concordance with Botwin et al 13 who has reported in their 
study an improvement in pain and disability at 6 months. 

Table 3  Between and within group comparison of ODI at various follow-ups

Follow-up time ODI t value p-Valuea

Group A
(n = 32)

Group B
(n = 32)

Baseline 71.06 ± 7.87 70.19 ± 8.64 − 0.421 0.675

3 weeks 64.31 ± 7.07 68.69 ± 8.71 2.209 0.031b

6 weeks 57.25 ± 7.19 61.44 ± 8.21 2.172 0.033b

12 weeks 56.03 ± 7.16 60.31 ± 7.67 2.307 0.024b

24 weeks 55.01 ± 5.24 59.28 ± 6.11 3.001 0.004b

p-Valuec < 0.001 < 0.001

Multiple comparisons from baseline All pairs All pairs

Abbreviation: ODI, Oswestry Disability Index.
aIndependent t test.
bp < 0.05 is significant.
cRepeated measures Anova test.

Fig. 2 Mean claudication distance (MCD) (feet) by walking tolerance 
test at various follow-ups.
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Based on a systematic review on CESIs in 2015, the evidence 
is Level II for long-term, 2-year efficacy for CESIs with local 
anesthetic alone or with local anesthetic and steroids.24

Many systematic reviews have been conducted to assess 
the efficacy of CESIs for disability improvement, as there is 
a lot of discrepancy regarding their short-term or long-term 
benefits.24-26 This is attributed to the fact that improvement in 
disability is correlated with the age of the patient. Comorbid 
conditions play a major role in outcome of disability after the 
intervention, which is especially more pronounced in elder 
age groups.27

No significant difference was seen in the MCD between 
intervention and control group at 24 weeks. Our findings 
can be supported by the fact that the effect of steroids dissi-
pates over time due to which none of the outcome measures 
were significant at 6 week follow-ups.14 A study by Huda 
et al 28 also found a significant difference in walking tolerance 
test at 4 weeks in patients receiving CESIs but no difference 
at 12 weeks and that was statistically significant (p < 0.05).

The sociodemographic pattern, lifestyle of population, 
dietary habits, risk of comorbidity, and wide variation in 
consumption of tobacco and alcohol have a direct as well 
as an indirect effect on the status of pain and disability. 
This draws attention to the fact of availability of very low 
evidence about efficacy of CESIs in Indian population. Very 
few Indian studies have assessed the efficacy of CESIs in 
patients with DLSS; therefore, our study has highlighted 
compelling evidence regarding the same.

Strengths and Limitations
The strengths of our study is that it discloses new ave-
nues for more research concerning the long-term efficacy 
of CESIs, especially in patients suffering with mild and 
moderate stenosis and those patients who are more than 
50 years of age, as both CESIs with physical therapy and a 
well-planned exercise program seem to bring nearly same 
improvement in patients with DLSS at 24 weeks. There is 
a need for safer, less-invasive treatment options for older 
adults with DLSS for reducing their functional disability and 
promoting independence because older adults have comor-
bid conditions such as diabetes that may increase the risks 
due to systemic absorption of corticosteroids as compared 
with compared with young and middle-age adults.

Our study has the following limitations: First, due to the 
heterogeneous nature of the intervention, that is, caudal 
epidural steroid injection and physical therapy versus physical 
therapy, patients were aware of the intervention, so that might 
have altered their perception of pain. Second, a larger sample 
size would have helped in better generalization of our findings.

Conclusion
The study concludes that in case of mild canal compromise and 
mild-to-moderate compression of nerve roots, caudal epidural 
steroid injections along with physical therapy are helpful for 
alleviating pain and disability as compared with only physical 
therapy given alone, which provides these elderly patients 
a window period for undergoing any operative procedure 

in future, as this group shows poor patient compliance and 
delayed consent for surgical management, due to fear of 
loss of independence postsurgery and presence of various 
comorbidities in this age group. Moreover, only physical 
therapy requires motivation and inner strength on the part 
of the patient, so addition of caudal epidural steroid injection 
offers them additional benefit in terms of symptom relief.
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INTRODUCTION
Lumbar canal stenosis is a narrowing or stricture of the spinal canal, 
with potential for nerve impingement, which may occur in the 

[1, 2]central canal, in the lateral recess, or at the neural foramen.  It 
[3]typically affects persons over 50 years of age.  Lumbar canal 

narrowing may be multifactorial. Degenerative changes are 
typically involved, including facet hypertrophy, ligamentum �avum 
thickening, and disc bulging and protrusion, alone or in 
combination. Degenerative spondylolisthesis, a distinct clinical 
feature characterized by forward displacement of vertebra due to 
disc and facet degeneration, is another frequent factor, further 

 [4]compromising the diameter of the lumbar canal.

Pathophysiology behind LSS is due to inadequate oxygenation and 
accumulation of metabolite in the cauda equine resulting ischemia 
of the central canal and nerve root. In the presence of two low 
pressure blocks, there will be venous congestion in the intervening 

 [5]segments and reduction of blood �ow by 64%.

Classical symptoms seen are pseudoclaudication, also known as 
neurogenic claudication, paresthesia, weakness, or heaviness in the 
buttocks radiating into the lower extremities with walking or 

[1,3,4]prolonged standing, relieved with �exion or sitting.  Detailed 
Clinical history and �ndings on physical examination, Spinal 
imaging by MRI or CT Myelography are usually performed to 

[6]con�rm the clinically suspected diagnosis.

This study is based on the literature review in Lumbar spinal stenosis 
favourably in�uence the conservative treatment including back 
care, exercise programs, physical theray & medication alone or in 
combination yield to give good results in patients having mild to 

 [6-10]moderate symptoms of LSS.  Aim of this study to reduce the 
pressure over spinal cord and improve the spinal blood �ow in the 
ischemic area resulting prevention from further damage of spinal 
nerve roots. 

MATERIAL AND METHODS
A total of 68 subjects were enrolled in this study after written 
informed consent and clearance from institutional ethics 
committee. All subjects were randomly allotted into two groups by 
computer generated system. All subjects satisfying the inclusion 
criteria were enrolled which included age between 45 to 75 years, 
subjects having neurogenic claudication, pain, parasthesia, 
heaviness in the buttock radiating into the lower extremities with 
walking or prolonged standing and radiological �nding of lumbar 
spine show narrowing of spinal canal diameter which are grade A 
and B, Grading of lumbar canal stenosis into four grades (A, B, C & D) 
through morphology of dural sac in MRI based on literature reiview 
Constantin et al.

Subjects who excluded from study presented with malignancy of 
lumbar spine (primary or secondary), infection of spine or 
surrounding structure, vascular claudication, Pott's spine, 
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peripheral neuropathy, prior surgery or fractures of lumbar spine, 
hip disease and severe peptic ulcer disease, subjects with an 
inappropriate diagnosis of Lumbar canal stenosis and subjects with 
neurological de�cit or other inappropriate medical conditions 

 [8]complicating the pathology or MRI grade c and d.

38 subjects were given Aspirin 75 mg sustained release orally at bed 
time and Xanthinol nicotinate 150mg  12 hourly after meal by oral 
route which formed the PT+DT group, whereas 30 were treated with  
physical therapy alone which also served as PT group. Drug therapy 
was continued at same dosage till the end of study period of 3 
months. All patients took part in physical therapy, exercise and 
treadmill session. Physical therapy consisted hot pack (20min) + 
Short wave diathermy (10min) over the lumbar region, 5 days a 

 [9]week for 15 sessions.  Flexion exercise based on subject tolerance 
on the speci�c day consisted of pelvic tilt, single knee to chest, 
double knee to chest, partial sit-ups, hamstring stretch, hip �exor 
stretch, and squat (15 repetitions, three times in a day, and three 
days in a week for three months). Exercise were taught and 
performed by physiotherapist during hospital session and patients 
were instructed to repeat the same exercise twice a day at home. 
Treadmill session based on the patients tolerance on the speci�c 
day and could extend up to 45 min three times per week for three 

 [10]months.  Treadmill session were performed during hospital 
session under supervision .Outcome measures were assessed by 
numerical pain rating scale (NPRS), Claudication distance (CD), 
Oswestry Disability Index (ODI) and Roland Morris Disability Index 

st(RMDI) at 1  visit, 3 weeks, 6 weeks and 3 months.

All subjects were explained about the procedure to dispel fear and 
misconception. They were explained about the procedure and 
regular follow up.

Determination of neurogenic claudication distance: The patient 
was placed over treadmill walker with zero inclination (explaining 
the procedure before) and walks over treadmill with a comfortable 
walking speed until the appearance of claudication pain and 
distance walked was recorded from treadmill display at the point of 

 [9]appearance of claudication.  
 
RESULTS
A total of 68 subjects were included in this study, randomize in to 
two groups PT group (n=30) and PT+DT group (n=38), 22 patients 
having concomitant disease like hypertension, coronary artery 
disease, type 2 DM. In PT+DT group no adverse effect reported by 
the patient, and outcome parameters were assessed. At baseline 
there is no signi�cant difference between groups Patient's age, sex, 
MRI grading, Claudication distance, NPRS, RMDI and ODI (Table 1). 
Comparing the mean claudication distance within the groups, 
Tukey test showed signi�cant (p<0.05 or p<0.001) increase in PT 
group at 12 wk as compared  to other periods (0 wk, 3 wk and 6 wk) 
while in PT+DT group it increase signi�cantly (p<0.001) at all periods 
except 0 wk and 3 wk . Similarly, comparing the mean claudication 
distance between the groups, showed signi�cantly (p<0.001) 
different and higher claudication distance in PT+DT group as 
compared to PT group at 12 wk while at other periods it did not 
differed (p>0.05) between the two groups i.e. found to be 
statistically the same. At �nal evaluation net improvement in 
claudication distance was 27.1% higher in PT+DT group as 
compared to PT group (Figure 1).  Comparing the mean NPRS within 
the groups, showed signi�cant (p<0.001) decrease in NPRS in both 
groups between all the periods. Similarly, comparing the mean 
NPRS between the groups, showed signi�cantly (p<0.001) different 
and lower NPRS in PT+DT group as compared to PT group at both 6 
wk and 12 wk while at other periods (0 wk and 3 wk) it did not 
differed (p>0.05) between the two groups i.e. found to be 
statistically the same. At �nal evaluation improvement in NPRS was 
37.2% in PT+DT group as compared to PT group (�gure 2). 
Comparing the mean RMDI within the groups, showed signi�cant 
(p<0.001) decrease in RMDI in both groups between all the periods. 
Similarly, comparing the mean RMDI between the groups, showed 
signi�cantly (p<0.001) different and lower RMDI in PT+DT group as 

compared to PT group at 12 wk while at other periods (0 wk, 3 wk 
and 6 wk) it did not differed (p>0.05) between the two groups i.e. 
found to be statistically the same. Comparing the mean ODI within 
the groups, showed signi�cant (p<0.01 or p<0.001) decrease in ODI 
in both groups between all the periods. Similarly, comparing the 
mean ODI between the groups, showed signi�cantly (p<0.001) 
different and lower ODI in PT+DT group as compared to PT group at 
12 wk while at other periods (0 wk, 3 wk and 6 wk) it did not differed 
(p>0.05) between the two groups i.e. found to be statistically the 
same. At �nal evaluation net improvement in both the disability 
index was 20.2% and 25.2% respectively in PT+DT group as 
compared with PT group (Table 2).

DISCUSSION
Lumbar canal stenosis is a common cause of neurogenic 
claudication pain and disability. The readily accepted treatment of 
mild to moderate level of LSS is largely conservative with surgery 
reserved for severe symptoms or failed conservative therapy. Many 
studies have reported reasonable effectiveness of conservative 
therapy as �rst line treatment plan and practiced with mixed result. 
Numerous option are available in conservative treatment include 
physical therapy including exercise programme, orthoses, electrical 
modalities, traction, manual therapy, epidural block, injection with 
or without steroids, NSAID's, Calcitonin, muscle relaxants, 
methylcobalamine, prostaglandins, gabapentine and multimodal 
treatments.

Most of the pharmacological treatment used focus on symptomatic 
and suppression of pain pathways. Epidural steroid injections, 
calcitonin and NSAID's aim to reduce nerve root in�ammation. 
Drugs acting on ischaemia or vascular component of disease are few 
in number. This study has used combination of Xanthinol nicotinate 
with Aspirin for the �rst time as a pharmacologic treatment option. 
In our study, group treated with drug therapy had signi�cant 
improvement in all assessed parameters. Calcitonin is another drug 
considered to be effective by increasing the blood �ow.

In our study, we evaluated the effect of a drug regime in 
combination physical therapy and exercise. We used Xanthinol 
nicotinate and Aspirin with aim to decrease the viscosity of blood 
along with dilatation of small sized arterioles, combined action of 
these drugs help to reverse the ischaemia of central canal by 
decreasing sludging, increased blood �ow and wash out painful 
metabolites.  

 [12]Fritz et al  in their study used Visual Analogue Scale for pain and 
Oswestry Disability Index and Roland Morris Disability Index used 
for outcome assessment. At 10 week of follow up period and net 
improvement was noted 20%, 18%, and 25% respectively while 
Numerical Pain Rating Scale for pain, Oswestry Disability Index and 

[13]Roland Morris Disability Index were used in this study.  Onel et a  
use combined physical therapy with super�cial heat and deep heat 
modalities with calcitonin and exercise programme for one month 
at the end of study he found 70% of patients achieved good 

[9] outcomes. Fusan Sahin et al studied 45 subjects who received 8 
weeks of treatment of concomitant use of calcitonin with physical 
therapy reporting no bene�cial effect on the claudication distance. 
In this study net mean improvement in claudication distance of 
PT+DT group 27.1% higher as compared to PT group. Ammendolia 

 [14]et al  showed signi�cant improvement in the NPRS from 0 week to 
6 week nonsurgical multimodal programme which is consistent 

 [15] with results of this study. Fritz JM, Irrgang JJ et al measured 
stphysical impairment at 1  visit and after 4 weeks follow up physical 

therapy by using Oswestry Disability Index and Quebec Back Pain 
Disability Scale. In this study, the mean change in ODI of PT+DT 

 group was 25.2% higher as compared to PT group. Fusan Sahin et al
[9] concluded that subjects having LSS who received 8 weeks of 
treatment with calcitonin with physical therapy had no change in 
RMDI. While this study showed improvement in RMDI of PT+DT 
group was 20.2% higher as compared to PT group. Comparison 
between conservative and surgical treatment favour surgical 
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 [16]option. Johansson et al  reported 19 untreated patients with 
spinal stenosis were compared to 44 patients treated surgically. In 
the follow up period one third of treated and one half of un-treated 
patients still had neurogenic claudication and VAS estimation 60% 
of surgically treated patients and 33% of un-treated patients felt 

 [ 1 7 ]  better. Atlas  et al compare surgical and non-surgical 
management LSS in 4 years outcome. Initially they enrolled 148 
patients and follow 119 patients out of which 67 treated surgically 
and 52 treated non-surgically. After 4 years surgically treated 
patients had more severe symptoms at baseline compared with 
non-surgically treated patients showed better outcome in their 
symptoms, treatment satisfaction and functional status. In non-
surgically treated patients improvement is little and stable during 4 
years period. Possible limitation of this study is lack of control group, 
small sample size & follows up period.

CONCLUSION
This study thus clearly shows that the subjects with Physical therapy 
combined with drug therapy have more improvement then physical 
therapy alone for lumbar canal stenosis. Multimodal conservative 
approaches are more bene�cial. Educating the patient about back 
care is also equally important. It's effective and safe to be 
administered in outpatient clinics considering that the top priority 
of a pain control program is restoration of function to perform usual 
ADL. 

Table:-1 Comparison of patient Age, Gender, MRI Grading & 
follow up parameters during baseline

Fig.1:- Improvement in claudication distance.

Table:-2 Comparison of Pre & Post-treatment in follow up 
parameters

Fig. 2:- Improvement in NPRS
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    PT group 
(n=30)   

  PT+DT group 
(n=38)

P value

Age       54.00 ± 9.55        58.21 ± 10.24 > 0.05
Gender             

Male
      18 (60.0)  20 (52.6) > 0.05

Female       12 (40.0) 18 (47.4)
MRI grading    A       17 (56.7) 15 (29.1)  > 0.05

B 13 (43.3) 23 (60.5)
CD       563.33 ± 

336.4
       309.61 ± 322.8 > 0.05

NPRS       6.43 ± 1.52        7.29 ± 1.47 > 0.05
RMDI       39.04 ± 13.11        47.63 ± 12.21 > 0.05
ODI       36.20 ± 12.99        47.47 ± 12.21 > 0.05

Pre-treatment Post-treatment P value
CD PT 563 ± 336.4 818.33 ± 591.10          <0.001

PT+DT 309.61 ± 322.38 1343.42 ± 541.50
NPRS PT 6.43 ± 1.52 4.03 ± 1.35          <0.001

PT+DT 7.29 ± 1.47 2.53 ± 1.22
RMDI PT 39.04 ± 13.11 28.43 ± 12.20            0.002

PT+DT 47.63 ± 12.11 18.37 ± 11.48
ODI PT 36.20 ± 12.99 27.57 ± 13.18            0.026

PT+DT 47.47 ± 12.48 15.37 ± 9.27
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Influenza A and Respiratory Syncytial Virus
(RSV) has been recognized as a major cause
of acute respiratory tract infection. H1N1 is
one of the subtypes of influenza A, pandemic
worldwide in July 2009, causing 18,449 deaths
globally. To investigate the prevalence and
clinical manifestation of the influenza A,
H1N1pdm09, and RSV. Throat/nasal swab col-
lected from the patients of all age group either
outpatients/inpatients having respiratory illness
from 2 to 5 days. The clinical data were
recorded in a predesigned questionnaire. RNA
was extracted and analyzed by real time PCR
at a tertiary care center, 2009–2014. Total 4,352
samples tested for influenza A and H1N1. Out
of 4,352, 32.2% (median positivity 21%; range
16–41% during 6 years) were positive for
influenza A and 19% were H1N1 (median
positivity 16.7%; range 8.7–23% during 6
years). Total 1653 samples were analyzed for
RSV from 2011 to 2014, 12% were RSV positive
(median positivity 11.35%; range 10–16.3% dur-
ing 4 years). Pharyngitis, dyspnea were fre-
quent symptoms in influenza A and H1N1
(P< 0.005) whereas bronchiolitis and pneumo-
nia were commonly present in RSV (P< 0.005).
The positivity of influenza A and H1N1 was
higher in age-group 21–30, whereas RSV in
infant and children. H1N1 and RSV were co-
circulated and have common clinical symp-
toms particularly in lower age group. There-
fore, laboratory confirmation is necessary for
further disease prognosis. Age was an impor-
tant risk factor that affects the positivity of
influenza A, H1N1, and RSV. Different clinical
manifestation of H1N1 and RSV will be helpful
for early and accurate diagnosis. J. Med.
Virol. # 2016 Wiley Periodicals, Inc.

KEY WORDS: influenza virus; epidemiology;
respiratory tract infection

INTRODUCTION

Influenza and Human Respiratory Syncytial Virus
(RSV) are recognized as a major cause of acute
respiratory tract infection, most common in young
children, older age and immunocompromised patients
[Englund et al., 1991; Trento et al., 2006; Fry et al.,
2010; Nair et al., 2010; Choudhary et al., 2013].
Influenza is segmented negative sense RNA virus
belongs to family Orthomyxoviridae, subdivided as
influenza A, influenza B and influenza C [Lamb and
Choppin, 1983; Samji, 2009]. H1N1 is one of the
subtype of influenza A, which was responsible for
pandemic outbreak in May 2009 and spread worldwide
in July, causing death around 18,449 globally [Shri-
khande et al., 2012]. In India, first case of influenza A
(pdm H1N1) reported in 2009 and by the end of 2010
around 20,604 cases, claiming 1,763 deaths. Since
2010, sporadic cases of H1N1 were reported from
several regions of Northern and Western India.
Whereas, RSV a member of Paramyxoviridae is a

non segmented negative sense RNA virus [Falsey and
Walsh, 2000]. It is a major cause of acute respiratory
tract infection among children and reported mainly
in the first 2 years of life [Choudhary et al., 2013]. It
causes destruction of epithelial cells, which leads to
bronchiolitis and pneumonia mainly in children.
However, recent studies also document the RSV as a
cause for acute respiratory tract infection (ARTI) in
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adult patients. According to World Health Organiza-
tion (WHO) global RSV burden as 64 million cases
and about 160,000 deaths annually [Gupta et al.,
2011]. Hospital based studies from developing coun-
tries documented 27–96% of RSV in hospitalized
cases of acute respiratory tract infection [Weber
et al., 1998]. In India, the RSV has been identified as
an important cause of lower respiratory tract infec-
tions (17–32%) in the pediatric age group. Clinical
presentation of RSV and influenza is quite similar
and often co-circulate in mid winter.
We sought to investigate the prevalence of influ-

enza virus as well as RSV by real time PCR among
patients of different age groups. Estimating the
burden of RSV and influenza in a large number of
population and over a long period, will be helpful in
understanding overall transmission patterns and
community burden in Northern India, as well as
developing effective control and prevention strategy.
We have also gained insight into the clinical features
of influenza and RSV patients. A better understand-
ing of differences in clinical feature and severity
among influenza and RSV patients will be helpful in
early and differential clinical diagnosis.

MATERIALS AND METHODS

Sample Collection

All the samples were collected from clinically sus-
pected patients, who were attending general hospital
out patients (OPD) and admitted to the ward (IPD) at
Sanjay Gandhi Postgraduate Institute of Medical
Science (S.G.P.G.I.M.S) and pediatric department of
CSMMU, Lucknow, Uttar Pradesh, India, during
August 2009 to December 2014, were consecutively
enrolled. Nasal/throat swab were collected in 3–4ml
VTM (Viral Transport Media) as per WHO protocol.
Patients having respiratory illness like, that is, Fever
>38˚C, cough, pharyngitis and dyspnea at 2–5 days of
all age group both male/female were included in the
study. Non cooperative Patients or parents in sample
collection and inadequate or improper samples (not
suitable for laboratory evaluation) were excluded from
the study. The Median duration of symptoms was 7
(range 2–30) days. In this study, patients were catego-
rized in two groups, based on severity of illness viz.,
influenza-like illness (ILI) and severe acute respiratory
illness (SARI). Case definition of ILI was as: sudden
onset of fever over 38˚C, and cough, pharyngitis and
nasal congestion. Whereas SARI was defined as sud-
den onset of fever >38˚C, accompanied by cough or
pharyngitis, and shortness of breath (children) or
difficulty in breathing (adults) and requiring hospitali-
zation [Dangi et al., 2014]. Clinical data were collected
from the questionnaire that was used to record patient
information including demographic data, date of
onset of symptom, days of illness, travel history and
antiviral treatment. The year wise and gender wise
distributions of the all patients in each age group are
presented in Table I.

Ethics Statement

The study was approved by the Institutional Ethics
Committee (IEC) of the Institute (Ref. No.-XLVIIIECM/
B-P15) and written informed consents were obtained
from all patients.

RNA Isolation

RNA was extracted using the QIAmp viral RNA
mini kit (Qiagen, Valencia, CA) according to the
manufacturer’s manual. One hundred forty micro-
litres of clinical samples were used as starting
material for RNA extraction and finally eluted in
50ml of elution buffer. Real time PCR was done for
the confirmation of Influenza A, H1N1, and RSV by
using group specific probe and primer set.

Detection of Influenza A and H1N1pdm09

Nucleic acid amplification was performed on the
ABI 7500 platform (Applied Biosystem, Foster City,
CA) using SSIII superscript one step reverse tran-
scriptase (RT-PCR) kit (Invitrogen). Specific primers
and probes were used as per CDC protocol [WHO,
2009]. In brief, 25ml reactions comprised of 12.5 2�
SSIII buffers, 1ml SSIII enzyme mix, 20 pmol of each
forward and reverse primer and 5ml of RNA tem-
plate. Thermal cycling conditions were as follows:
50˚C for 30min for reverse transcription, initial
denaturation at 94˚C for 5min, 45 cycles of 15 s at
94˚C and 45 s at 55˚C. RT-PCR kit using four sets of
primer and probes. Samples found positive for all the
four probes viz. Influenza A, Swine Influenza A,
Swine H1, RNase P (Inf A, swA, swH1, RNase P)
were considered positive for H1N1pdm virus. If
samples found positive in Influenza A and RNase P it
is consider as a seasonal flu. The RNase P were used
as a positive internal control for human nucleic acid
gene and negative template controls (NTC) were used
with each run for the validation of experiment.

cDNA Synthesis

A cDNA was synthesized using Invitrogen Kit.
Briefly, 5ml of RNA was mixed with 1ml of 10mM
dNTPs mix, 1ml of 50ng/ml random hexamer primer,
3ml RNase free water. The mixture was incubated at
65˚C for 5min then place on ice for 1min. followed by
addition of 2ml of 10X RT-buffer, 1ml of 200U/ml of
superscript III RT, 1ml of 40U/ml of RNase out, 4ml
of 25mM MgCl2 and 2ml of 0.1mM DTT. The
reaction was incubated at 50˚C for 50min followed by
at 85˚C for 5min to terminate the reaction mixture
was chilled on ice.

Detection of RSV by Real Time PCR

Real Time PCR (ABI 7500 standard) has been
carried out with 2ml of cDNA template in final
volume of 20ml, containing 10ml of 2� TaqMan
Universal PCR master mix (Applied Biosystems).
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Primer and probes were taken from conserved re-
gions of RSV [Jokela et al., 2010; Yang et al., 2011;
Jain et al., 2014; Singh et al., 2014]. Briefly, 15 pmol
of the each primers and 5 pmol of the probe labeled
with a 5&#-3934; reporter dye JOE and 3&#-3934;
quencher dye BHQ, following the thermal profile was
at 50˚C for 2min, 10min hold of 95˚C followed by 45
cycles 15 s at 95˚C and 1min at 60˚C.

Statistical Analysis

Graph Pad prism 5 statistical software was em-
ployed for statistical analysis of data. Year wise
clinical data of the study population were summa-
rized and presented as the mean� standard deviation
(SD) or median values with a range. Group compar-
isons were performed using chi-square test for cate-
gorical variables. Level of statistically significance
was set at P values <0.05.

RESULTS

Total 4,352 specimens (2009–2014) were analyzed
for influenza and H1N1, 1,400 (32.2%) samples were
positive for influenza A (median: positivity 21%;
range 16–41% during 6 years), out of them 822 (19%)
were positive for H1N1 (median: positivity 16.7%;
range 8.7–23% during 6 years). Total 1653 samples
(2011–2014) were analyzed for RSV, 199 (12%)
were found positive (median: positivity 11.35%; range
10–16.3% during 6 years). In this study all samples
were analyzed in six age groups (0–10, 11–20, 21–30,
31–40, 41–50, �51) and their age specific burden
were found different.
In year 2009, total 1,997 samples were analyzed, 774

(39%) were found positive for influenza A among them
419 (21%) were H1N1. The higher rate of positivity for
influenza A and H1N1 were found in age group 0–10
years, that is, 49% and 36%, respectively. In year
2010, total 702 samples were analyzed, 290 (41.3%)
were influenza A positive with 165 (23.5%) H1N1. Risk
of influenza A was higher in 0–10 years and H1N1 was
in age group 21–30 (44% and 31.2%, respectively).
During 2009–2010 no samples was tested for RSV.
In year 2011, total 550 samples were screen, 59

(11%) were H1N1 positive among 110 (20%) influenza
positive cases and 62 (11.2%) were positive for RSV.
Susceptible age group for influenza A and H1N1 were
found to be 21–30 years (32.3% and 20.5%, respec-
tively) and higher rate of RSV infection were found
in pediatric patient, that is, in age group 0–10 years
(34.1%) but fewer cases were observed in higher age
group �50 (6.1%) age group.
In year 2012, out of 741 samples only 164 (22%)

samples were positive for influenza A having 133
(18%) H1N1 and 87 (11.7%) were RSV. High risk age
group for influenza A and H1N1 was found in 41–50
years (31.8% and 24.6%, respectively), whereas RSV
was in 0–10 years (69.4%).
In year 2013, we have screen 214 samples, 38

(17.7%) were positive for influenza A, 33 (15.4%) for

H1N1 and 35 (16.3%) for RSV. Positivity for influenza
and H1N1 was higher in age group 31–40 years
(33.3% and 30.3%, respectively) while for RSV was in
0–10 years (28.7%) age group.
In year 2014, only 148 samples were screened, 24

(16%) and 13 (8.7%) were positive for influenza A and
H1N1, respectively, and 15 (10%) were positive for
RSV. High risk age group for influenza A was in
older age group (>51) and H1N1 positivity was in
11–20 years (26% and 16.6%, respectively). Whereas
for RSV was 0–10 years (29.7%). Males were higher
in all three groups, that is, for Influenza A, male/
female ratio was 1.47:1 (834/566) in H1N1 1.5:1(496/
326) and RSV, 1.6:1(123/76).
The entire study subdivided in pandemic (2009–2010)

and post pandemic period (2011–2014). Total 2,699
samples were screened in pandemic year (2009–2010),
1,064 (39%) samples were positive for influenza A, only
584 (55%) samples were found positive for H1N1. In
post pandemic year (2011–2014) total 1,653 samples
were collected, Out of this 336 (20%) were positive for
influenza A, 238 (71%) cases were H1N1 positive among
them and 199 (12%) were positive for RSV.

Clinical Presentations

Clinical presentation of patients infected with pdm
H1N1 were compared with seasonal influenza A and
RSV (P values were given in Table II; chi-squared
test). Significant difference were associated with
clinical presentation in all groups, that is, influenza
A, H1N1, and RSV. Pharyngitis (63%, 64.4%, and
35%, P< 0.001) (Table II). Dyspnea (33.7%, 71.28%,
and 10.55%, P< 0.001), brochiolitis (7.1%, 19%, and
65.3%, P< 0.001), pneumonia (6%, 19%, and 59.3%,
P< 0.001), febrile seizures (10.5%, 12.8%, and 4.5%,
P< 0.002) and ILI (30.7%, 78.2%, and 6%, P< 0.001)
and SARI (22.3%, 32%, and 3%, P< 0.001).

DISCUSSION

Co-circulation of influenza and RSV at the same
time make the diagnosis difficult [Shatizadeh et al.,
2014]. They shares common features like both are
prevalent in winters and often at the same time
mutation frequency is quite high which may lead to
recurrent infections [Fleming et al., 2005]. In large
population influenza virus illness pattern varies
within different age group. However RSV is mostly
common in younger children of age below 10 years
[Sato et al., 2005; Zlateva et al., 2007; Reiche and
Schweiger, 2009; Arnott et al., 2011]. Thus in order
to define the burden and impact of respiratory
viruses, we have conducted an epidemiologic study
influenza A, H1N1, and RSV from 2009 to 2014.
In particular, in the study, H1N1 infection was

more frequent in adult patients (21–30 years) and
minimum cases were in older age group [Shrikhande
et al., 2012]. The inference could be persistence of
immune memory resulting from previous exposure
[John and Moorthy, 2010]. Whereas RSV-associated
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hospitalization rate were found to be higher in
pediatric patients (�10 years). Although few cases
were reported from older age group also (�50 years),
result was consistent with a study conducted in US
which shows that RSV was responsible for 1% child
hospitalization, 70% of which during the first year of
life [Calegari et al., 2005; Shatizadeh et al., 2014].
The uneven incidence rate of RSV has been

reported different parts of India; Kolkata (10.3%)
[Agrawal et al., 2009], Assam(7.9%) [Biswas et al.,
2013], and Delhi 17% [Maitreyi et al., 2000]. Accord-
ing to study, influenza A and H1N1 were more
prevalent in year 2009 (48% and 21%) and RSV in
year 2013 (16.3%). From 2009 to 2012, in case of
influenza A and H1N1 upward shift in target age
group was observed, that is, target age group shifted
from younger to higher (11–20 year to 41–50 year)
[Hayward et al., 2014]. This could be because of
protective antibody titer were generated among chil-
dren and younger age group during pandemic 2009,
which protected them from H1N1 infection during
post pandemic period.
Rates of influenza A(H1N1)pdm09-associated infec-

tion during pandemic was estimated to approx 1.4
times higher than post pandemic period whereas
similar study was conducted in South Africa in 2009
reported approximately double rate of influenza
A(H1N1)pdm09-associated infection than post pan-
demic period [Tempia et al., 2014].
A significant difference in positivity of Influenza A

and H1N1 has been found in pandemic as compare to
post pandemic year (P¼<0.001), but no difference has
been established in case for RSV (P< 0.21) (2011–2014).

SYMPTOMS

Fever, cough and nasal congestion were the com-
mon clinical signs and symptoms among all patients.

However high grade fever, cough, myalgia, and
febrile seizures were frequently present in seasonal
influenza A. But pharyngitis, dyspnea, chest pain,
headache, and myalgia were more commonly seen in
patients with H1N1 virus infection than seasonal flu
(Influenza A) and RSV.
In case of RSV infection, nasal congestion, wheez-

ing were commonly present and severe complication
like bronchiolitis and pneumonia were frequently
present than influenza A and H1N1(P¼ 0.001). Fre-
quency of RSV in lower respiratory tract infection is
more than upper respiratory tract infection. Few
gastrointestinal problems like vomiting and diarrhea
were seen in H1N1 and RSV cases but it was not
statistically significant (P¼ 0.656, P¼ 0.377). ILI was
frequently observed in influenza positive cases
(P< 0.005) however SARI was common clinical pre-
sentation of H1N1 positive cases (P< 0.005). RSV is
challenging to differentiate from influenza in higher
age group because of the similarity in the clinical
presentation, seasonal overlap and other respiratory
infection [Widmer et al., 2012]. Some limitation of
the study is worth mentioning, we were not able
include RSV in first 2 years of the study (2009–2010).
Second, we have no data for the detection of other
respiratory virus and sub typing of influenza A
positive but H1N1 negative. Third, we have not been
able to estimate the regional and geographical condi-
tion which may be important for prevalence and
morbidity rate.
This study elucidated influenza A, H1N1, and RSV,

differentiating their clinical features and determined
the coexistence in disease burden. Therefore, the
results demonstrate the importance of epidemiologi-
cal surveillance of influenza A, H1N1, and RSV in
different region of Northern India. The study out-
come insists simultaneous diagnosis of RSV with
influenza in pediatric population, considering as high

TABLE II. Clinical Presentation of Laboratory Confirm Cases With Influenza A, H1N1, and RSV

Symptoms Influenza A (n¼ 1,400) H1N1pdm (n¼ 822) RSV (n¼ 199) Pa

Fever 990 (70) 612 (74.4) 144 (72.4) 0.164
Cough 1,205 (86) 700 (85.2) 164 (82.4) 0.373
Nasal congestion 1,110 (79) 665 (81) 168 (84) 0.199
Pharyngitis 881 (63) 505 (64.4) 78 (35) 0.001�
Dyspnea 472 (33.7) 586 (71.2) 21 (10.6) 0.001�
Chest pain 566 (40.4) 336 (40.8) 85 (42.7) 0.088
Wheezing 262 (18.7) 150 (18.2) 40 (20) 0.832
Headache 414 (29.5) 250 (30.4) 49 (24.6) 0.271
Myalgia 330 (23.5) 199 (24.2) 32 (16) 0.044
Bronchiolitis 100 (7.1) 157 (19.1) 130 (65.32) 0.001�
Pneumonia 85 (6.1) 156 (19) 118 (59.3) 0.001�
Croup like coughing 77 (5.5) 52 (6.3) 8 (4) 0.416
Vomiting 171 (12.2) 106 (13) 21 (10.5) 0.656
Diarrhea 62 (4.4) 45 (5.5) 7 (3.5) 0.377
Febrile seizures 147 (10.5) 106 (12.8) 9 (4.5) 0.002�
ILI 643 (45.9) 231 (28.1) 12 (6) 0.001�
SARI 226 (16.14) 264 (32) 6 (3) 0.001�

Data are shown as number (% of data no.). ILI, influenza like illness; SARI, severe acute respiratory illness.
�Shows statically significant difference (P< 0.005).
aComparisons were made using chi-square or Fisher’s exact test for categorical variables.
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risk group for RSV infection. Older age population
was also susceptible for RSV infection; they so should
not be neglected as prevention of the same may
reduce circulation in communities. Study emphasizes
the need of influenza and RSV vaccination as well as
their management.
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Arteriovenous malformations (AVMs) of the scrotum are very rare, with only 
35 adult cases in the literature. An 8-year-old boy presented with an ulcerated 
bleeding AVM of the scrotum. The patient was resuscitated and managed 
conservatively initially. After the control of bleeding, oral propranolol was started. 
There was a decrease in the size of scrotal and penile swelling, healing of ulcer 
with total healing by 1 month, and no recurrence of bleeding episode. To the best 

propranolol.

 Arteriovenous malformation, propranolol, scrotal ulceration

Gurmeet Singh, Archika Gupta, Sarvesh Kumar Gupta, Rahul Kumar Rai, Anand Pandey, S. N. Kureel

on anterolateral side of right hemiscrotum, and there was 

scrotal skin was edematous and indurated [Figure 1]. 
Bilateral testes were normally descended and palpable 
and were free from overlying swelling and ulcer. 

limits. Clinically, the provisional diagnosis of a vascular 
anomaly was made. Color Doppler Ultrasonography 
(USG) of the penile and scrotal region showed diffuse 
vascular lesion, involving subcutaneous tissue of right 
scrotum, part of left hemiscrotum, and penile shaft 
showing both arterial and venous waveforms. Both testes 
were free from the lesion; however, the right testis was 
smaller in size. A provisional diagnosis of scrotal AVM 

tomography (CT) angiography of scrotum and penis. 
CT angiography revealed a tangle of vessels in the 
subcutaneous tissue of right hemiscrotum, part of left 

during the arterial and venous phase. The left testis was 
normal, but the right testis was smaller [Figure 2].

After the control of bleeding, the child’s parents refused 
any sort of invasive intervention either angioembolization 

rteriovenous malformations (AVMs) of the scrotum, 
involving the testes or other scrotal components, are 

extremely rare.[1-4] To the best of our knowledge, only 
35 cases have been reported in medical literature to 
date. Most of the cases reported were adults with only a 
few pediatric cases. Scrotal AVMs are usually managed 
with angioembolization and/or surgery similar to AVMs 
at any other sites.[4,5] Few reports have described the use 
of oral propranolol in the management of AVMs[6-8] but 
none in scrotal AVMs. Herein, we report a case of large 
scrotal AVM extending to the penile shaft, presented 
with ulceration and acute bleeding, and after local 
control of bleeding was treated with oral propranolol.

asymmetric enlargement of both scrotum and swelling 
of the penile shaft since birth and acute bleeding 
from right-sided scrotal skin for 1 day. Bleeding was 
spontaneous with no history of any recent or remote 
obvious trauma or any other diseases. The patient was 

blood transfusion. Local control of bleeding was achieved 
with direct pressure. After control of bleeding, local 
examination revealed large irregular swelling involving 
both scrotum (right > left) and the penile shaft more on 
dorsal surface. An ulcer of 3 cm × 2 cm size was present 
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Summary

Occurrence of bowel perforation in newborn with low 

Anorectal Malformation (ARM) is very rare, as thorough 

clinical examination of perineum in newborn is usually 

sufficient to make diagnosis of anorectal malformations. 

However, in 21-32% cases of ARM, there can be delay in 

diagnosis resulting in inadequate treatment. This 

diagnostic and therapeutic delay may lead to bowel

perforation. We report a case of 2.6 Kg male neonate with 

low ARM who had presented to us with 

pneumoperitoneum. On exploratory laparotomy, a 

sigmoid colon perforation was found which was repaired 

with proximal diverging colostomy. Anoplasty was also 

done at the same time.

Background

As we know, sigmoid colon perforation in low anorectal 

malformation is a very rare ocurrence and with 

anocutaneous fistula it’s even rarer. Therefore reporting of 

this case is very important. Timely diagnosis, early 

referral to tertiary care centre, prompt and precise 

intervention are the key to successful management.  

Case Presentation

A 2.6 kg male baby presented to our department at day 6 

of life with complaints of progressive abdominal 

distension, respiratory difficulty, vomiting, inability to 

pass meconium and absent anal opening since birth. The 

baby was delivered by full-term vaginal delivery at home 

under observation of local dai. Baby cried soon after birth 

and passed urine within 24 hours. However, he had not 

passed meconium till day 5 of life resulting in progressive 

abdominal distension. He was taken to a local physician 

who had noticed an absent anal opening and referred the 

patient to our department. There was no history of 

meconuria. On physical examination, baby was 

dehydrated, with heart rate of 148/min and respiratory rate 

of 34/min. Abdomen was shiny, tensed and grossly 

distended. Perineal examination revealed absent anal 

opening and a very narrow pinpoint fistula with meconium 

staining at the anterior margin of anal dimple (Figure-1). 

X-ray abdomen was suggestive of gas under bilateral 

dome of diaphragm indicating pneumoperitoneum 

(Figure-2). Other blood investigations were within normal 

limits. Baby was resuscitated with intravenous fluids and 

antibiotics. After adequate resuscitation, exploratory 

laparotomy was performed using left transverse sub 

umbilical incision. Gush of air came as soon as the 

peritoneum was incised and whole bowel was found 

stained with meconium and fibrinous flakes. A 5x5 mm 

perforation was identified in low sigmoid colon at 

antimesenteric border (Figure-3). Meconium along with 
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Summary
spontaneous renal artery dissection (sraD) is a rare 
entity with less than 200 cases reported in literature. 
It usually affects middle-aged men and the clinical 
presentation is non-specific. Many times it is associated 
with conditions such as hypertension, fibromuscular 
dysplasia or vasculitides. We report the case of a patient 
who initially had renal infarct due to sraD and then 
progressed to have bowel ischaemia. the renal infarct 
preceded bowel ischaemia in this patient and to the 
best of our knowledge this is the first such association 
reported in literature. our report emphasises the point 
that whenever this condition is diagnosed in a patient 
one should be vigilant for other vascular disorders.

BaCkground
Patients complaining of flank pain are commonly 
seen in our emergency departments. Renal colic is 
the most common diagnosis made. There are many 
differential diagnoses in these cases, but sponta-
neous renal artery dissection (SRAD) is a rare possi-
bility. This is a serious condition, but a combination 
of having very common clinical presentation and 
more relevant differential diagnoses make SRAD 
a remote possibility in the emergency physician’s 
mind. In fact many of them are unaware of this 
condition. We present the case of a patient with 
SRAD who also had concomitant bowel ischaemia.

CaSe preSenTaTion
A 48-year-old man presented to the emergency 
department with pain in his right flank for 2 days. 
The pain was continuous, dull aching in nature. An 
ultrasonography was carried out, which was sugges-
tive of a hypoechoic area in the middle and lower 
poles of the right kidney. The patient was haemo-
dynamically stable so he was given parenteral anal-
gesics and a contrast-enhanced CT (CECT) scan 
was done the next day. CECT revealed an infarct 
involving the middle and lower poles of the right 
kidney (figure 1) with no other associated abnor-
mality. The patient was then transferred to the 
inpatient ward for monitoring and was further 
investigated. The patient did fine on conserva-
tive management with intravenous analgesics 
and cefazolin as the prophylactic antibiotic. On 
follow-up ultrasonography there was no increase 
in size of the infarct. He was relieved symptomati-
cally and was subsequently discharged. Two weeks 

later he presented to the emergency department 
with continuous fever and right flank pain since 2 
days. He had also developed a necrotic patch on 
his right flank (figure 2). On examination he was 
found to have a distended abdomen with dimin-
ished bowel sounds. His cardiac and respiratory 
examinations were unremarkable. He was admitted 
and broad-spectrum intravenous antibiotics were 
started.

inveSTigaTionS
His total leucocyte counts (TLCs) were 16.5x109/
Lwith a shift to the left and serum creatinine was 
1.6 mg/dL. A repeat CECT scan was done after 
proper hydration. The scan was suggestive of an 
increase in size of the renal infarct which now 
also involved the upper pole of the right kidney 
(figure 3), along with a filling defect in the right 
renal artery, suggesting a diagnosis of SRAD 
(figure 4). On the arterial phase of CECT scan the 
aorta was normal in appearance. Additionally, he 
was found to have large bowel oedema and mild 
ascites. The patient’s ECG did not show any specific 
changes. The patient’s condition deteriorated, and 
he developed tachypnoea and abdominal pain. On 
the third day his TLC increased to 22 000 /mm3 and 
he went into septic shock, for which vasopressor 
(norepinephrine) was started.

TreaTmenT
The patient was initially started on low molecular 
weight heparin (LMWH) as SRAD was suspected. 
He was planned for invasive renal angiography and 
possible stenting of the affected renal artery but the 
patient developed features of peritonitis and was 
suspected to have bowel ischaemia (because he had 
bowel oedema on CECT) so it was decided that 
exploratory laparotomy be carried out. The patient 
was taken to the operating room on vasopressor 
support. Intraoperatively it was found that the 
whole of the distal ileum and a part of the prox-
imal ileum was gangrenous, along with a portion of 
the proximal large bowel. The gangrenous segment 
was resected and an end ileostomy was done. As 
the ends of the bowel were oedematous, the patient 
was not a candidate for primary anastomosis. 
Debridement of the necrotic patch on the right 
flank was also carried out. Postoperatively LMWH 
was continued.

http://casereports.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bcr-2017-223745&domain=pdf&date_stamp=2018-03-10
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ouTCome and follow-up
In the postoperative period the patient continued to be on venti-
lator and vasopressor support. He progressed to multiple organ 
dysfunction syndrome and expired on the fifth postoperative 
day.

diSCuSSion
SARD is rare and has a vague clinical presentation. Thus this 
diagnosis is missed many times.1 Patients with this condition 
commonly present with flank pain. Although a wide spectrum 
of clinical presentations has been reported in literature ranging 
from simple colicky pain to uncontrolled hypertension with or 

without renal failure,2 hypertension is the most common clinical 
clue that may make one suspect this diagnosis.3 Classically men 
are more affected than women, with the male to female ratio 
reported to be between 4:1 and 10:1 in various studies.4 5 Typi-
cally middle-aged men are most commonly affected and they 
usually do not have any cardiovascular risk factors. Some 
authors have reported that the left kidney is more affected than 
the right kidney owing to the anatomical characteristics of the 
left renal artery that make it more susceptible to dissection. It is 
hypothesised that the longer length of the right renal artery lets 
it distribute sheer stress more evenly, protecting it from dissec-
tion.6 7 Around 10%–15% of SRADs are bilateral. When bilat-
eral disease is seen then an underlying arterial disease should 
be suspected.8 9 There is a high prevalence of fibromuscular 
dysplasia in patients with SRAD. SRAD can also occur in normo-
tensive people, usually after vigorous exercise. This is attributed 
to the greater degree of stretch on the renal artery leading to 
intimal tear.10 Renal ultrasound and Doppler have a poor sensi-
tivity for diagnosing SRAD. Angiography is the gold standard 
for diagnosing SRAD. CT angiography (which is a non-invasive 
diagnostic modality) is the best way to diagnose this condition 
as conventional angiography is invasive and MR angiography 
is expensive and also not readily available everywhere.11 There 
are no definitive guidelines for the treatment of this condition. 

figure 1 Contrast-enhanced CT scan showing an infarct at the middle 
and lower poles of the right kidney.

figure 2 Necrotic patch on the patient's back.

figure 3 Contrast-enhanced CT scan showing increase in the size of 
right renal infarct (which now also involved the upper pole).

figure 4 Contrast-enhanced CT scan of the patient showing filling 
defect in right renal artery (blue arrow) suggestive of infarct due to 
spontaneous renal artery dissection.
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There are less than 200 cases reported in literature, some of 
them treated by endovascular interventions and others managed 
conservatively with analgesics, antihypertensives, anticoagulants 
and antiplatelets.12 13 Excellent outcomes have been reported 
with conservative medical management, but the experience is 
limited to a few cases only.14 15 A reasonable approach would 
be to give a trial of medical therapy with close monitoring of 
the patient and switching over to endovascular interventions if 
the patient’s disease progresses. But some authors strongly advo-
cate early endovascular interventions and consider this crucial 
for the salvage of renal function.16 Surgical interventions have 
a limited role and surgical revascularisation procedures have a 
high nephrectomy rate approaching around 40%.2 17

Although SRAD has frequently been associated with fibro-
muscular dysplasia, atherosclerosis and other vasculitides, it has 
never been reported in association with bowel ischaemia. As 
various vasculopathies are associated with SRAD, probably an 
underlying vasculopathy may have been responsible for both the 
SRAD and the associated bowel ischaemia in our patient. A post-
mortem examination would have been valuable to confirm our 
diagnosis and find the underlying cause but the patient’s relatives 
did not give consent for it. This association is extremely rare and 
is probably the first such case reported in literature.

learning points

 ► Spontaneous renal artery dissection (SRAD) has a non-specific 
presentation, but it may be suspected in a patient having 
features suggestive of renal infarct on ultrasonography with 
no other possible explanation for his symptoms, and can be 
confirmed by CT angiography.

 ► Though SRAD may be a solitary diagnosis, many times it is 
associated with fibromuscular dysplasia, atherosclerosis and 
other vasculitides.

 ► Most of the cases with SRAD can be managed with medical 
therapy.

 ► One should keep a close watch for other vascular disorders 
in patients with renal infarct associated with SRAD, as our 
case developed peritonitis due to bowel ischaemia, and early 
identification of this condition could have prevented the 
mortality.
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COPD consists of oxidative stress, protease-antiprotease 
imbalance, and inflammation, of which oxidative stress 
forms prime component.[4] Oxidative stress affects airways 
by myriad mechanisms including mucus hypersecretion, 

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is 
a major cause of chronic morbidity and mortality 
worldwide.[1,2] The disease is characterized as chronic 
irreversible inflammatory damage, predominantly in small 
airways, and lung parenchyma.[3] The pathogenic triad of 

Original Article

Background: Oxidant‑antioxidant imbalance forms a prime component in pathogenesis of chronic obstructive pulmonary 
disease (COPD). Studies of oxidative stress markers in South Asians were sparse. Methods: One hundred and eighty 
COPD patients and eighty healthy nonsmokers were enrolled in the study. Serum malondialdehyde (MDA) and iron 
levels were estimated for oxidative stress. Three antioxidant markers evaluated‑catalase, superoxide dismutase (SOD), 
and serum copper. Patients on antioxidant therapy and with sepsis and chronic illness were excluded from the study. 
Results: The mean age of COPD patients was 59.29 ± 10.3 years. Serum levels of MDA and iron were significantly 
higher in COPD patients compared to controls (5.21 ± 1.9 vs. 0.71 ± 0.29 nmol MDA/ml, P = 0.0001 and 69.85 ± 85.49 vs. 
79.32 ± 24.39 μg/dl, P = 0.0001, respectively). Mean level of all antioxidant enzymes catalase, SOD, and copper were 
significantly diminished in cases when compared to control population (P = 0.001). Levels of MDA and iron were found 
to be significantly elevated in higher Global Initiative for Chronic Obstructive Lung Disease (GOLD) classes (III, IV) 
when compared to lower GOLD Classes (I, II). The levels of serum antioxidants were significantly depleted in higher 
GOLD grades too. COPD patients who were male and smoked had significantly higher levels of oxidants and depleted 
antioxidant levels compared to female and nonsmoking compatriots. Serum MDA levels negatively correlated with forced 
expiratory volume 1 s and forced vital capacity (r = −0.19 and r = −0.21, P ≤ 0.01). The presence of a cough significantly 
correlated with higher levels of MDA and iron (P = 0.001). The levels of MDA negatively correlated with SOD and catalase 
levels. Conclusion: Oxidative markers (MDA and iron) are higher whereas antioxidants (catalase, copper, and SOD) 
are significantly reduced in patients of COPD. Serum MDA levels correlate with lung functions and disease severity.

KEY WORDS: Chronic obstructive pulmonary disease, malondialdehyde smoking, oxidative stress

Study of oxidative stress biomarkers in chronic obstructive 
pulmonary disease and their correlation with disease 
severity in north Indian population cohort

Jyoti Bajpai, Ved Prakash, Surya Kant, Ajay Kumar Verma, Anand Srivastava, Darshan K Bajaj, MK Ahmad1, 
Avinash Agarwal2

Departments of Respiratory Medicine, 1Biochemistry and 2Medicine, King George’s Medical University, Lucknow, Uttar Pradesh, India

ABSTRACT

Address for correspondence: Prof. Surya Kant, Department of Respiratory Medicine, King George’s Medical University, Lucknow, Uttar Pradesh, India. 
E‑mail: jyotibajpai33@gmail.com

How to cite this article: Bajpai J, Prakash V, Kant S, Verma AK, 
Srivastava A, Bajaj DK, et al. Study of oxidative stress biomarkers 
in chronic obstructive pulmonary disease and their correlation 
with disease severity in north Indian population cohort. Lung India 
2017;34:324-9.

This is an open access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows 
others to remix, tweak, and build upon the work non-commercially, as long as the 
author is credited and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

Access this article online
Quick Response Code:

Website: 

www.lungindia.com

DOI: 

10.4103/lungindia.lungindia_205_16



Bajpai, et al.: Oxidative stress biomarkers in COPD

Lung India • Volume 34 • Issue 4 • July - August 2017 325

damage to airway epithelium, neutrophil influx, airway 
inflammation, and increased apoptosis.[5] Several processes 
lead to oxidative stress-related tissue damage, primary 
among them is lipid peroxidation which leads to the 
formation of various lipid hydroperoxides and aldehydic 
products.[6-8] Many markers of oxidative stress have been 
shown to have direct correlation among themselves 
and severity of airway obstruction represented by 
forced expiratory volume 1 s (FEV1).

[9] Simultaneously, 
other studies have highlighted the deficiency of native 
antioxidant defense mechanisms of lungs in COPD. 
The important naturally occurring antioxidants in body 
include glutathione system, catalase, and superoxide 
dismutase (SOD) system.[10,11] Trace elements such as iron, 
zinc, and copper have also been proposed to involved 
in oxidant-antioxidant cycle in COPD.[12] Markers of 
oxidant–antioxidant imbalance can be studied from blood, 
exhaled breath, sputum, and bronchoalveolar lavage.[13,14] 
However, large studies regarding oxidative stress in COPD 
patients in Asian Indians are sparse. The present study was 
designed to study the serum markers oxidant–antioxidant 
imbalance in COPD patients and their association with 
disease progression or severity.

METHODS

Study subjects
Patients of COPD presenting to outpatient, indoor, and 
intensive care unit in the Department of Respiratory 
Medicine were studied from August 2014 to August 
2015. Healthy nonsmoker subjects with no pulmonary, 
cardiovascular, or oncological disease, inflammation, 
infection, and neurological dysfunction that could 
influence the oxidative status were enrolled as controls. 
COPD was defined according to the Global initiative for 
Chronic Obstructive Lung Disease (GOLD) criteria.[1] 
The lung functions were analyzed using Mir Spirolab 
II spirometer and the patients with COPD were selected 
and grouped into mild, moderate, severe, and very severe 
severity group according to the GOLD criteria. Subjects 
with history of tuberculosis, bronchial asthma, diabetes 
mellitus, hypertension, lung cancer, cardiovascular, 
renal diseases, chronic hepatic failure, and prior 
antioxidant intake were excluded from the study. The 
study was approved by local ethics board and performed 
in accordance with ethical standards outlined in the 
Declaration of Helsinki. Detailed written and informed 
consent was taken from all subjects.

Markers of oxidative stress
Malondialdehyde (MDA) was estimated according to 
the method of Stocks and Dormandy.[15] The levels were 
estimated as nmol MDA/ml.

Estimation of catalase was done by the method described 
by Aebi.[16] Activity of catalase was estimated as U/ml.

Estimation of SOD was done by the method of McCord 
and Fridovich[17] and measured in U/ml.

Statistical analysis
The results were presented in mean ± standard 
deviation and percentages. The Chi-square test 
was used to compare the categorical variables. The 
unpaired t-test was used to compare two discrete 
variables. The one-way analysis of variance was 
used to compare more than two discrete variables. 
Pearson correlation coefficient was calculated to find 
the direction of association between two discrete 
variables. The P < 0.05 was considered statistically 
significant. All the analyses were carried out using 
SPSS 16.0 version (SPSS Inc., Chicago, IL, USA).

RESULTS

A total of 180 patients of COPD were enrolled in the study. 
Eighty age- and sex-matched healthy nonsmoker controls 
were taken for comparison. The mean age of our study 
population was 59.29 + 10.3 years. Baseline demographic, 
clinical, and biochemical features are enumerated in 
Table 1. Majority of the subjects in our study population 
were male. Out of 180 COPD patients about two third 
(67.8%) were smokers and majority of smokers (69.7%) 
had smoking index in between range of 100–500. majority 
of the patients were in GOLD Class 2 (40.6%) and almost 
half of subjects had a duration of illness <5 years. Cough 
and breathlessness were predominant symptoms in study 
patients. Mean PCO2 levels were elevated as was mean 
total leukocyte count.

Results of biomarker analysis of the study are presented 
in Table 2. MDA levels, which is a marker of oxidative 
stress, were significantly higher in COPD patients than 
controls (5.21 ± 1.9 vs. 0.71 ± 0.29 nmol MDA/ml, 
P = 0.0001) [Table 2 and Figure 1b] and serum iron 
levels were also significantly elevated in patients 
vis-a-vis controls (169.85 ± 85.49 vs. 79.32 ± 24.39 
μg/ml, P = 0.0001). On the contrary, mean level of 
antioxidant enzymes catalase (0.13 ± 0.12 U/ml), and 
SOD (10.57 ± 7.71 U/ml) were significantly diminished 
in cases compared to control population and the levels 
of serum copper were also significantly diminished 
in cases (63.33 ± 54.04 vs. 102.02 ± 10.88 μg/ml, 
P =0.0002); [Table 2 and Figure 1a, c and d]. Among 
patients of COPD, the serum level of all biomarkers of 
oxidative stress (MDA and serum iron) was significantly 
higher in males compared to females [P = 0.0001, Table 3]. 
Consequently, the antioxidant levels (catalase and 
SOD) were correspondingly, significantly lower in male 
population vis-à-vis female cohort (P = 0.0001). All these 
data point toward a greater oxidative and anti-oxidative 
imbalance in males when compared to their female COPD 
counterparts.

Among patients with COPD, the mean levels of serum 
biomarkers of oxidative stress (MDA and serum iron) 
were significantly higher in smokers compared to 
nonsmokers (P = 0.0001), Consequently, the antioxidant 
levels (catalase, SOD, and copper) were significantly lower in 
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smoking population vis-à-vis nonsmoking cohort (P = 0.0001 
for former two and 0.01 for latter). All these data corroborate 
with a greater oxidative and anti-oxidative pathway 
imbalance in smokers. However, nonsmoking COPD patients 
still have significantly higher values of oxidative markers 
compared to their non-COPD counterparts.

The serum levels of oxidative stress marker MDA were 
found to be significantly elevated in higher GOLD 
Classes (III, IV) when compared to lower GOLD Classes 
(I, II). There was a similar significant pattern of prevalence 
higher serum iron levels in higher GOLD class and vice 
versa. The levels of serum antioxidants (catalase and SOD) 
diminished significantly in higher GOLD grades when 
compared with lower grades.

There was no difference in oxidative stress markers according 
to site of enrolment – outpatient, inpatient, or intensive care 
setting. This implies that oxidative stress is prevalent at all 
stages of COPD. Similarly, there was no significant difference 
in distribution of antioxidant enzymes the different care 
setting from which the patients were enrolled. However, 
serum copper levels tended to be lower in an outpatient 
setting compared with other two setting with difference 
reaching borderline significance (P = 0.08).

Of the various symptoms, the presence of cough 
significantly correlated with higher levels of MDA and 
iron (P =0.001). On the contrary, it predicted lower levels 
of catalase, SOD, and copper. Cough also more frequent in 
high COPD severity grades than lower grades (P = 0.04). 
This could explain the relationship of cough and higher 
levels of oxidative stress in the study. The levels of MDA 
correlated positively with number of pack years and 
increasing age (r = 0.24, P = 0.02 and r = 0.15, P = 0.01). 
The levels of catalase and SOD negatively correlated 
with age (r = −0.14, P = 0.05 and r = −0.23, P = 0.001). 
MDA levels had also negative correlation with FEV1 and 
forced vital capacity (FVC) (r = −0.19, P = 0.01 and r = 
−0.21, P = 0.004; [Table 4]). Levels of other markers did 

Table 1: Baseline demographic, clinical, and biochemical 
parameters of study subjects

Cases Controls P
Age	(years)
50 28	(15.6) 28	(35) 0.13
50‑60 72	(40) 32	(40)
61‑70 61	(33.9) 16	(25)
>71 19	(10.6) 4	(5)
Male	sex,	n	(%) 136	(75.6) 56	(70) 0.55

COPD	GOLD	stages
1 7	(3.9) NA
2 73	(40.6)
3 60	(33.3)
4 40	(22.2)

Smokers 122	(67.8) NA
Pack	years	(mean±SD) 17.56±13.83
Smoking	index
<100 12	(9.8)
100‑500 85	(69.7)
501‑1000 22	(18.0)
>1000 3	(2.5)

Symptoms
Cough 134	(74.4) NA
Breathlessness 180	(100)
Pedal	edema 85	(47.2)
Fever 87	(48.3)
Clubbing 12	(6.7)

Duration	of	illness	years NA
<5 85	(47.2)
5‑10 64	(35.6)
>10 31	(17.2)

Arterial	blood	gas	analysis	(mean)
pH 7.37±0.07 NA
PCO2	(mmHg) 51.72±15.41
PO2	(mmHg) 60.49±12.37

Biochemical	parameter
Hemoglobin	(g	%) 13.08±2.06 NA
Total	leukocyte	counts	(/mm3) 12,700±4927.86
Serum	sodium	(meq/L) 137.15±5.37
Serum	potassium	(mmol/L) 3.96±0.81
Serum	urea	(mg/dl) 42.07±15.93
Serum	creatinine	(mg/dl) 1.06±0.37
Serum	bilirubin	(mg/dl) 0.77±0.032

GOLD: Global initiative for Chronic Obstructive Lung Disease, 
COPD: Chronic obstructive pulmonary disease, SD: Standard deviation, 
NA: Not available

Table 2: Comparison of biomarkers between cases and 
controls
Markers Cases (n=180) Controls (n=20) Pa

MDA	(nmol	MDA/ml) 5.21±1.95 0.71±0.29 0.0001*
Catalase	(U/ml) 0.13±0.12 1.05±0.45 0.0001*
SOD	(U/ml) 10.57±7.71 37.03±5.93 0.0001*
Iron	(µg/dl) 169.85±85.49 79.32±24.39 0.0001*
Copper	(µg/dl) 63.33±54.04 102.02±10.88 0.002*
aUnpaired t‑test, *Significant. MDA: Malondialdehyde, SOD: Superoxide 
dismutase

Figure 1: Distribution of biomarkers among chronic obstructive 
pulmonary disease patients (cases) and controls, (a) superoxide 
dismutase levels (in U/ml) were significantly decreased in 
cases (P = 0.0001), (b) serum malondialdehyde levels (in nmol MDA/
ml) were significantly higher in cases (P = 0.0001), (c) serum catalase 
levels (U/ml) were significantly diminished in cases (P = 0.0001), 
(d) serum iron levels (&# 956; gm/dl, blue bars) were significantly 
higher (P = 0.0001) in cases and serum copper levels (&# 956; gm/dl, 
red bars) were significantly lower in cases (P = 0.002)
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proteins, DNA, and lipids, which may cause direct lung 
injury or may induce a variety of cellular responses 
through the generation of secondary metabolic reactive 
species. Membrane lipids are highly susceptible to free 
radical damage which is found to be highly detrimental 
to the functioning of the cell. MDA is a product of lipid 
peroxidation and an indirect measure of free radical 
activity in body. As free radical injury increases lung 
function decreases. Oxidative stress is reported to play 
an important role in the pathophysiology of COPD. 
The aim of the present study was to evaluate the 
oxidant-antioxidant imbalance in healthy nonsmoker 
controls and COPD group. The levels of oxidative 
markers such as MDA were significantly higher in 
COPD patients when compared with controls. Similarly, 
the levels of antioxidants – catalase and SOD were 
significantly reduced in patients of COPD. Various 
studies have similarly found significantly raised 
levels of MDA and reduced levels of catalase and 
SOD in patients of COPD when compared to healthy 
controls.[18,19] However, very few studies have evaluated 
role of metals in COPD. We found significantly higher 
levels of iron (as a marker of oxidative stress) and low 
copper in COPD patients as compared to controls. 
The part played by copper in oxidant-antioxidant 
mechanism is controversial. Some studies have labeled 
it as an oxidant and demonstrated higher copper levels 
in COPD patients.[20] Other studies have highlighted 
role of copper as an integral part of copper-zinc SOD 
system, and hence, as an antioxidant.[21] In the present 
study, copper levels were hand in glove with antioxidant 
enzymes catalase and SOD and inversely correlated with 
MDA and iron. In a nutshell, copper behaved similar to 
conventional antioxidants in our study.

Gender and smoking had discriminating effects on 
oxidative and antioxidant imbalance. In our study, males 
had higher serum level of all biomarkers of oxidative 
stress (MDA and serum iron) compared to females. The 
level of antioxidant enzymes was depleted in females 
when compared to males. Very few studies have elucidated 
gender differences in levels of oxidative markers. Our 
study would be first of its kind to show signal of gender 
differences of oxidative markers. The higher prevalence 
of smoking and greater external exposure would be key 
factors for this difference. Role of sex hormones may 
have some role. Smoking patients with COPD in our 
study had higher levels of oxidative stress markers and 
diminished levels of antioxidant enzymes when compared 
to nonsmokers. The results are not surprising as cigarette 
smoke is the prime generator of oxidative free radicals.[22] 
However, nonsmoking COPD patient do continue to have 
oxidative stress from other sources such as respiratory 
infections, inflammation, dust, and air pollution. Depletion 
of naturally occurring antioxidants also plays a major role 
in perpetuation of oxidative stress.

With increasing grades of GOLD class for COPD severity, 
the levels of MDA and iron were progressively increased. 

not significantly correlate with pack-years, duration of 
illness, and age.

The levels of MDA had negative correlation (r > 0.50, 
P < 0.01) with catalase, SOD, copper [Figure 2a and b]. 
Catalase also had negative correlation with iron and copper 
and positive correlation with SOD. SOD levels positively 
correlated with copper and inversely with iron.

DISCUSSION

The study results support the oxidant and antioxidant 
imbalance theory of COPD. Lungs are exposed to high 
levels of free radicals. Production of reactive oxygen 
species has been found directly linked to oxidation of 

Table 3: Comparison of markers between male and female 
among the chronic obstructive pulmonary disease subjects
Markers Gender Pa

Male Female
MDA	(nmol	MDA/ml) 5.59±1.86 4.05±1.77 0.0001*
Catalase	(U/ml) 0.10±0.11 0.21±0.13 0.0001*
SOD	(U/ml) 8.28±5.92 17.63±8.36 0.0001*
Iron	(µg/dl) 184.39±79.34 123.90±88.87 0.0001*
Copper	(µg/dl) 60.63±61.08 71.70±18.76 0.23

*Significant. MDA: Malondialdehyde, SOD: Superoxide dismutase

Figure 2: Scatter diagram showing negative linear correlation of 
malonidialdehyde with catalase (a) and superoxide dismutase (b), 
respectively

b

a

Table 4: Correlation of biomarkers with forced 
expiratory volume 1 s and forced vital capacity among 
chronic obstructive pulmonary disease subjects
Markers Correlation coefficient, P

FEV1 FVC FEV1/FVC ratio
MDA	(nmolMDA/ml) −0.19,	0.01* −0.21,	0.004* 0.07,	0.32
Catalase	(U/ml) −0.10,	0.15 −0.06,	0.39 −0.07,	0.34
SOD	(U/ml) −0.07,	0.34 −0.01,	0.86 −0.05,	0.44
Iron	(µg/dl) 0.09,	0.21 0.04,	0.57 0.03,	0.62
Copper	(µg/dl) 0.01,	0.91 −0.003,	0.97 −0.03,	0.66

*Significant. FEV1: Forced expiratory volume 1 s, FVC: Forced vital 
capacity, MDA: Malondialdehyde, SOD: Superoxide dismutase
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Similarly, catalase and SOD were depleted significantly 
with advancing GOLD stages. Copper levels followed 
similar trend but failed to show significance.

The elevated oxidative stress biomarkers in stable COPD 
patients (those attending outpatient department) indicate 
its predominant role in pathogenesis and not a second 
fiddle to exacerbations or infections. Surprisingly, the 
presence of cough indicated high-oxidative stress and 
diminished antioxidants.

The levels of MDA correlated positively with number 
of pack years and increasing age. MDA levels had also 
negative correlation with FEV1 and FVC. The levels of 
MDA had negative correlation with catalase, SOD, copper. 
Catalase levels had also negative correlation with iron and 
positive correlation with SOD and copper.

Our study and various studies[23,24] mentioned clearly prove 
the point that MDA is the marker which has consistently 
shown correlation with lung functions, namely, FEV1 and 
hence disease severity.

The understanding of COPD has undergone a paradigm 
shift in recent years. It is now considered rather a systemic 
disease associated with extrapulmonary manifestations 
such as cardiovascular disease, diabetes, obstructive 
sleep apnea, and metabolic syndrome.[25] Even subclinical 
atherosclerosis is common in COPD patients contributing 
to overall COPD morbidity.[26] Oxidative stress can be the 
only plausible common pathogenetic link between COPD 
and other systemic manifestations.

COPD is a chronic disease without any disease 
modifying therapy till date. Oxidative stress is potential 
mechanism which can be altered to halt its progression. 
A biomarker-based (preferably MDA) study can be utilized 
to assess the efficacy of novel antioxidant or other agents 
in modifying the course of this disease.

The primary limitations of the study include smaller 
sample size and lesser number of healthy volunteers 
compared to diseased subjects. Lack of follow-up of these 
patients over time to see the temporal trends of these 
biomarkers values is also one.

CONCLUSION

Oxidative stress markers (MDA and iron) are significantly 
elevated in North Indian patients of COPD, whereas 
antioxidant (catalase, SOD, and copper) levels are depleted. 
Male and smoking COPD patients demonstrate this 
disparity further. Of these markers, MDA levels correlate 
with decline in lung functions (FEV1 and FVC).
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among Indian Doctors during Initial Phase 
of COVICD-19 Pandemic 
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ABSTRACT 
of the responses were obtained from doctors in age group of 

20-40 years and 49% of the total responses were from faculty 

in govenment medical college. It was revealed that 9% doctors 

were willing to quit medical profession and 23% doctors preferred 

not to serve patients during pandemic of contagious disease. 

As many as 58.6% expressed that incidences of doctors facing 

htroduction: Numerous doctors have been infected while treating 

he patients of Coronavirus Disease (COVID-2019). Expecting 

doctors to treat without any regard to their safety is an extreme 

and unrealistic approach. Apart from professional obligations. 

doctors have personal obligations to their families too. 
public 

harassments abuse and social discrimination 
dissuaded 

Aim: To understand the barriers of willingness and ability to serve 

during pandemics for Indian doctors. 

them from serving 
COVID-19 patients. A 59.4% and 58.2% 

of doctors had responsibility of child-care and elderly-care 

respectively 
which was acting bamier to ability to serve during 

the pandemic. As many as 49.2% brought it to light that the 

infrastructure at their workplace was not up to the mark to deal 

with COVID-19 patients.

Materials and Methods: This cross-sectional study, Peer-tested 

web-based questionnaire was carried out at the King George's 

Medical University, Lucknow, India, along with infomed consent 

om incorporated into Google form, was posted on a whatSAPp 

group. Study was 
conducted from April to June 2020. The group 

ncluded 400 Indian medical practitioners,
selected randomly. It 

Comprised of total 49 questions,
including open 

and close ended 

yPE, In English language. Out of these, 14 questions
were pertaining 

One present study. The exploratory 
data analysis 

was 
used to 

analyse and interpret the data. 

Conclusion: This study has brought into light that fear of 

contracting
the disease due to lack of Personal Protective 

Equipment (PPE), risking one's family for getting infected, 

responsibility of child-care and elderly-care along with social 

ostracism as 
untouchables are the major deterrents for willingness 

to work. Distance from workplace, one's illness and lack of proper 

infrastructure at workplace are barriers to ability to work during 

esults: 
Responses 

were 
submitted by 256 (64% response 

rate) 

doctors out of which 121 were 
from males, 134 from 

females and COVID-19 for Indian doctors. 

person preferred not to disclose 
the gender. Majority (64.8%) 

Kevwords: 
Child-care, 

Contagious, Coronavirus disease-2019,
Elderly care, Infrastructure, Public harassment

(6). responsibility Of child-care 18], lack of experience in handing 

Similar pandemics and low perceived level of hospital preparedness

9. The present study would lead to find implcations tor planning 

and policy making by stakeholders and utilise our limited resources 

to the best. As during the pandenic, social distancing norms hamper 

INTRODUCTION 

Itis time to appreciate
the 

excruciatingly

hard 
work of doctors 

hroughout
the pandemic 

for 
weltare of the society. 

Numerous 
doctors 

and 
healthcare

workers 
have been 

infected 
with the virus whle treating 

the patients. Apart 
from 

professional 
obligations, 

doctors have personal 

obligations for their 
families 

too. 
Ihese are 

reasonable
thoughts 

which 

can act as 
bariers to 

willingness 
to work dunng 

pandemics. At the 

same time there are 
factors acting as bamiers to ability of doctors to 

serve. Ability 
refers to the capability ot the individual to report to work, 

whereas 
vwillingness 

relers to a personal 
decision to report to work [1]. 

Various 
studies have revealed that the fear of getting infected with 

novel agents may result in absenteeism of healthcare workers to dt ne dOctors had, their working conditions; status 

extent of 35-55% (2-5). In past, it has been observed that peak 

workplace
absenteeism was 

correlated with the highest occurrence 

of both intluenza-like illness and influenza positive laboratory tests (6]. 

h yet another study, 16% of the workers were unwilling to respond 

to a pandemic flu energency regardless of its severity {7]. In a study. 

a sample of healthcare workers said that they would abandon their 

workplaco during a pandemic for protection of themselves and their 

fanilies [8. 

conventional methods of data collection, Indian Council of Medical 

Research (ICMR) has approved online surveys as an acceptable 

method of data collection [10). So we decided to carry out a web- 

based questionnaire study to explore the working scenarno of 

doctors in India during the early phase. 

The part of the study containing data on information about the 

of running Outpatient Departments (OPDs), training in protective 

equipment and infection control for COVID-19, health insurance plan 

nor any Security against the incidences of doctors getting assaulted 

by patients of COVID-19 and their attendants provided by their

institute or state government and mental distress during early phase 

of the pandemic has been accepted for publication elsewhere [11). 

The present study helps us to understand the barriers to willingness 

and ability to serve duning pandemics for Indian doctors.

The rnajor lactors acting as barriers to willingness during pandemics 

have bren staled as foar of contracting an illness (3,7]. occurrence 

1hnth eandonic-lke inoss and pandemio positive laboratory tests 

MATERIALS AND METHODs 

A cross-sectional study was carried out at the King George's Medical 

Univer sity, Lucknow., India, over a period from April to June 2020. 
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ABSTRACT 

Background: During the present pandemic of coronavirus disease 2019 (COVID-19), in spite of providing selfless 

continuous hours of duties and staying distant from family members and loved ones, contrary, 
there have been incidences

across the nation where health professionals
have been assaulted. Apart from that, there have been news that acute 

shortage of protective gears for doctors and health professionals is putting them at greater risk of COVID-19 exposure. 

Aims and Objectives: The present study was designed to analyze the working 
scenario of Indian doctors during the 

carly phase of present 
emergency

situation of pandemic 
COVID-19 and to make 

recommendations to 
stakeholders for 

future. Materials and 
Methods: A web-bascd

qucstionnaire, peer 
tested by faculty of KGMU, along with informed 

consent form incorporated 
into Google 

Forms was posted on a WhatsApp group 
which included 400 Indian medical 

practitioners, 
selected randomly. 

Results: The majority of responses (65o) were obtained from physicians in the age 

group of 20-40 years. 
About 66% of doctors had stopped running 

outpatient 
departments. 

Whereas 41% did not receive 

any training for the management of COVID-19,
61Yo telt that their iraining was 

insutticient. About 46% were not trained 

in protective
equipment

and 
infection

control for COVID-I 

any 
health 

insurance plan nor any security against the 
incidences ot doctors getting 

assaulted by patients of COVID-19 

and their 
attendants provided by their 

institute or state government. Only 21% of doctors reported personal protective 

-19. More than 55% of doctors admitted that neither there was 

workers at their workplace and triage teams availability by only 

equipment 
in adequate 

number for all the 

51% of doctors. 
About 50% of doctors 

were not dealing 
wilh patients at all and 30% thosc attending the patients were 

undergoing
mental distress. 

About 777o Complaincd
that tnere were no cmergency plans for their family and 84% had 

the grudge that there were no 
incentives 1or dealing With patients during lhe present times of COVID-19 pandemic by 

their institute.
Conclusions:

The present study 
reveals that our preparedness to tackle il in the initial phase was not up 

health care Te 

to the mark. 

KEY 
WORDS: 

Coronavirus 
Disease 2019; Doctors; India; Scenario 
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Proximal fibular osteotomy (PFO) is relatively newer surgery in field of 
osteoarthritis (OA) knee. Effect of PFO over gait in OA knee patients 
have not been studied in any known set up yet. Aim of this study was to 
assess the effect of PFO by instrumented gait analysis in medial com-
partment OA knee patients. From 2019 to 2020, 22 patients with grade 
2 and 3 (Kellgren Lawrence grade) medial compartment OA knee, 
without having any symptomatic relief  by conservative measure, were 
enrolled for PFO. Pre-operative fitness was obtained before surgery 
and patients were studied prospectively. After PFO, patients were ad-
vised to walk on 2nd post op day onwards and follow up was done at 
end of 2nd week and 4th week. Patients were assessed by instrument-
ed gait analysis at pre-operative and 4 week post-operative follow up. 
Most patients had significant changes in observed gait parameters (re-
duced varum angle peak in stance, reduced step width, increased ca-
dence, reduced first peak appearance time of vertical Ground Reaction 
Force) after PFO due to biomechanical changes around knee. PFO is 
an emerging, low cost, safer surgery with lesser hospital stay. It reduc-
es symptoms in medial OA knee patients by improving the biomechani-
cal alignment, reflected in changes of gait parameters. 
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steoarthritis is one of the most common 
degenerative diseases of knee causing joint 
cartilage and subchondral bony destruction; 

resulting to pain, functional limitation and disability 
particularly in elderly population

1
. Obesity poses 

potential risk of developing osteoarthritis knee at 
earlier age

2
. Prevalence of knee OA in men is low-

er compared with women. Females, particularly 

those ≥55 years, tended to have more severe OA 
knee

3
. Medial compartment involvement with 

varum deformity is very commonly seen in OA 
knee patients

4,5
. There are different treatment op-

tions available for OA knee. Surgical approach is 
preferred when conservative measures fail to pro-
vide significant pain relief or when there is signifi-
cant deformity at knee. Among all surgical 

O 
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measures for OA knee, Proximal Fibular Osteoto-
my is a relatively newer surgery that provides good 
symptomatic relief in medial compartment OA knee 
with improvement in radiographic appearance of 
knee and improvement of varum deformity

6
. 

The 3-dimensional gait analysis is a non-invasive 
method for detecting the biomechanics and forces 
acting around knee joints and it is superior to other 
observational gait analysis. It can differentiate 
normal and pathological gait patterns and it is very 
useful in selecting different treatment protocols

7
. 

Clinical methods, digital X-ray etc. were used in 
different studies to check different angles around 
knee before and after PFO. But those do not pro-
vide information about change in the forces and 
angles around knee joint during walking after PFO. 
This information is necessary to determine the ef-
fectiveness of PFO in improving biomechanical 
alignment of knee during walking. Different gait 
parameter changes in OA knee patients are well 
established by multiple studies. 

But study featuring gait analysis before and after 
proximal fibular osteotomy in osteoarthritis knee 
patients has not been done in any known set up or 
no such article can be found in available literature 
till date. Thus we had designed this prospective 
study to assess the effect of PFO in OA knee pa-
tients by instrumented gait analysis. 

The aim of this study was to assess the changes in 
different gait parameters (spatiotemporal, kinetics, 
kinematics) in medial compartment OA knee pa-
tients after proximal fibular osteotomy. 

Material and methods 

Total 22 patients were enrolled as per inclusion 
and exclusion criteria, from February 2019 to Feb-
ruary 2020 and studied prospectively. Informed 
consent forms were duly signed by each enrolled 
patient and patient’s caregiver. Clearance from 
Institutional Ethical Committee (IEC) was taken 
before enrolment of the patients. After recording 
the demographic data, all the patients were sub-
jected to clinical and radiological assessment be-
fore enrollment for our study. X-ray of bilateral 
knee (Antero-posterior and lateral view) is obtained 
and Kellgren-Lawrence grading is done

8
. Detailed 

history was taken before doing clinical examina-
tion. 

Inclusion criteria 

1. Medial compartment knee OA (Kellgren-
Lawrence grade 2, grade3)

8
;  

2. Ambulatory without the use of an assistive de-
vice;  

3. Able to walk at least 11 meters (length of our 
walkway in gait lab) repeatedly;  

4. Age 50–70 years;  
5. Significant varum deformity;  
6. Ineffective conservative measures;  
7. Patients, willing to participate in the study. 

Exclusion criteria 

1. Any fracture, infection, other pathology, co 
morbidity and surgical history involving hip, 
knee and spine;  

2. Congenital abnormality or paresis of lower limb; 
3. Other systemic or neurologic diseases that af-

fects gait. 

Patients satisfying inclusion criterions and without 
having any exclusion criteria are selected for study.  

 
Fig 1. Study protocol 

Pre-operative analysis: all necessary preoperative 
blood and cardiologic investigations are done for 
fitness. Gait analysis of each enrolled subject was 
done before surgery in Gait laboratory (BTS motion 
analysis LAB, BTS Bioengineering, USA, 2009 
Spa®). 

Proximal fibular osteotomy was performed as per 
standard protocol

6
. 

Postoperative rehabilitation protocol:  

Post op day 1: Patients were made to stand with 
walker for minimum 5 minutes for 4 to 5 times in a 
day and isometric quadriceps strengthening exer-
cises were started.  

Post op day 2: Patients were allowed to walk with 
walker or with cane or with attendant’s support for 
5 to 10 minutes for 4 to 5 times a day.  

Patient was followed up at 14th post op day for 
stitch removal.  
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Post op analysis: Patients were followed up at 4 
week post op period with instrumented gait analy-
sis performed at same visit to track changes in dif-
ferent gait parameters. 

Gait analysis protocol: 

All study participants were made to walk barefoot 
along a defined 11-meter walk-way in the gait la-
boratory (BTS motion analysis LAB, BTS Bioengi-
neering, USA, 2009 Spa®) at a self-selected, com-
fortable speed.  Spatiotemporal, kinetics and kine-
matics parameters were collected using a six cam-
era system (BTS SMART DX®), force platform 
system with two force plates(BTS P-6000 force 
platform) and other associated machinery. We 
used “Helen Hayes” protocol for gait analysis. First 
of all, patient’s weight [kg] and height [cm] was 
measured. For the measurement of other anthro-
pometrical parameters, the patient kept in supine 
position on a table.18 spherical markers were at-
tached on the subject’s body: 3 on the trunk, 3 on 
the pelvis, 2 on each thigh, 2 on each shank, and 2 
on each foot. The subjects were asked to hold an 
orthostatic position for at least 3 - 5 seconds over a 
force platform with proper alignment of the feet. 
Then subjects were asked to walk normally 
through the walkway and told to stop as per re-
quirement. Before starting acquisition, correct cali-
bration of the system was verified each time. Vec-
tor visualized on each force platform was assigned 
to the right (right gr) or left limb (left gr) according 
to the corresponding foot contact on the platform. 
Heel strike and toe off of both sides were identified 
manually in computer. 

The results of the elaboration were visualized in 
the report in the form of graph and numerical val-
ues. Multiple parameters (spatiotemporal, kinemat-
ics and kinetics) are obtained in report. Curve of 
right and left side were presented as green and red 
line respectively. Gait parameters we observed in 
this study, are highest peak of varus angle in 
stance phase, 1st peak appearance of vertical 
ground reaction force, cadence, single support 
phase(%of gait cycle), step width. 

Sample size was calculated from reference paper 
by Xiaohu Wang et al (2017). The study results 
were analyzed using descriptive statistics and 
making comparisons among the various groups. 
Discrete (categorical) data were summarized as in 
proportions and percentages (%). Paired and un-
paired t test; Pearson’s correlation were used for 
calculation purpose. The data were analyzed by 
using the Statistical Product and Service Solutions 
software version 20.0 (IBM SPSS Corp., IL, USA).  
In testing a given hypothesis, the maximum proba-

bility with which we would be willing to take risk is 
called level of significance of the test [p-value ≥ 
0.05 – Non-significant; p-value < 0.05 – Significant; 
< 0.01 - Highly Significant; < 0.001 - Very Highly 
Significant]. 

Results 

We prospectively studied 22 participants. The 
mean age of the cases was 58.41±5.08 yr, the 
male to female ratio was 9/13, mean weight and 
heights were 66.95±10.12 and 159.95±8.26 re-
spectively while the knee grades 2 & 3 were in the 
ratio 10/12. 

Table 1: Base line summary of cases in study 

Variable Summary 

Age(yr) [Mean±SD] 58.41±5.08 

Gender [M/F] 9/13 

Weight(kg) [Mean±SD] 66.95±10.12 

Height(cm) [Mean±SD] 159.95±8.26 

BMI [Mean±SD] 26.28±4.40 

OA Knee Grade [Grade 2/Grade 3] 10/12 

 

In our study, pre op mean of RT knee Varus Angle 
(VA) peak in stance phase (°) was 14.20±6.38 
which was changed to 7.22±6.92 at 4 week post op 
follow up (p<0.001). The pre op mean of LT knee 
Varus Angle (VA) peak in stance phase (°) was 
14.03±4.93 which was changed to 9.24±6.13 at 4 
week follow up (p<0.001). 

In our study, the pre op mean of GRF (Right) 1st 
peak appearance time (% of gait cycle)was 
24.26±3.12 which was changed to 20.04±2.58 
(p<0.001) and the pre op mean of GRF (Left) 1st 
peak appearance time (% of gait cycle) was 
25.19±6.37 which was changed to 21.36±4.55 at 4 
week postoperative follow up (p<0.001). 

In our study, the pre op mean of Right single sup-
port phase (% of gait cycle) was 32.32±4.81 which 
was changed to 33.69±4.65 and the pre Op mean 
of Left single support phase (% of gait cycle)was 
32.43±6.14 which was changed to 33.52±6.06 at 4 
week post op follow up. The changes were not sig-
nificant (p>0.05). 

In our study, the pre op mean of cadence 
(steps/min) was 96.25±8.78 which was changed to 
99.27±9.63 at 4 week follow up (p=0.001). 

The preoperative mean of step width (meter) was 
0.16±0.04 which was changed to 0.14±0.04 at 4 
week follow up (p<0.001). 
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Table 2: Pre op & 4 week post op follow up changes in different gait parameters 

Parameters
 

Pre op
 

Follow up
 

Mean dif-

ference 
t-value p value

 

Knee Varus Angle  peak in 

stance phase (°)
 

14.20±6.38 (right)
 

7.22±6.92 (right)
 

6.98 6.52 
<0.001

 14.03±4.93 (left) 9.24±6.13(left) 4.78 6.43 

GRF 1st peak time (% of 

gait cycle)
 

24.26±3.12 (right)
 

20.04±2.58 (right)
 

4.22 6.07 
<0.001

 25.19±6.37 (left) 21.36±4.55 (left) 3.83 4.46 

Single support phase (% of 

gait cycle)
 

32.32±4.81 (right)
 

33.69±4.65 (right)
 

-1.37 -1.99 0.062
 

32.43±6.14(left) 33.52±6.06(left) -1.08 -1.49 0.154 

Cadence (Steps/Min)
 

96.25±8.78
 

99.27±9.63
 

-3.02 -4.04 0.001
 

Step width (Meter)
 

0.16±0.04
 

0.14±0.04
 

0.02 9.40 <0.001
 

 

Table 3: Comparisons of post op follow up (4 week) changes of parameters according to OA knee 
grades 

Dependent variable OA knee grade Mean SD t-value p-value 

Change in Rt varus angle (VA)  
peak in stance phase 

2 5.61 3.04 
-1.39 0.184 

3 8.51 5.80 

Change in Lt VA  
peak in stance phase 

2 5.91 3.04 
1.31 0.206 

3 3.97 3.27 

Change in Rt GRF  
1st peak time of gait cycle 

2 4.13 2.70 
-0.12 0.903 

3 4.31 3.52 

Change in Lt GRF  
1st peak time of gait cycle 

2 5.14 4.52 
1.33 0.200 

3 2.87 2.91 

Change in Rt single  
support phase 

2 -2.02 2.98 
-0.99 0.334 

3 -0.65 3.03 

Change in Lt single  
support phase 

2 -2.37 3.89 
-1.56 0.138 

3 -0.15 2.31 

Change in cadence 
2 -4.46 3.97 

-1.85 0.079 
3 -1.83 2.68 

Change in step width 
2 0.02 0.01 

1.36 0.190 
3 0.02 0.01 

 

No significant difference of results were found be-
tween two OA knee grades (K-L grade 2 & 3) in 
correlation analysis (p>0.05). 

In our study, the correlation of age was found to be 
significant with changes in left knee varum peak in 

stance phase (r=0.467, p=0.044), right single sup-
port phase (r=-0.494, p=0.031) and step width (r=-
0.500, p=0.018). Correlations of BMI with changes 
in all gait parameters are not found to be signifi-
cant. 
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Table 4: Correlations of parameter changes (between pre op & 4 week post op follow up) with Age & 
BMI 

Variable 

Age (year) BMI 

Pearson corre-
lation (r ) 

p-value 
Pearson corre-
lation (r ) 

p-value 

Change in Rt VA peak in stance phase .033 .893 -.009 .972 

Change in Lt VA peak in stance phase .467 .044 -.131 .593 

Change in Rt GRF 1st peak time of gait cycle .261 .280 -.102 .677 

Change in Lt GRF 1st peak time of gait cycle -.085 .729 .357 .133 

Change in Rt single support phase -.494 .031 .293 .223 

Change in Lt single support phase .169 .488 -.234 .335 

Change in cadence .067 .768 -.145 .521 

Change in step width -.500 .018 .270 .223 

 

Discussion 

Osteoarthritis knee is a progressive degenerative 
disease. When conservative measures fail to re-
duce pain & functional outcome, surgical methods 
are undertaken. But most of the surgeries, like total 
knee replacement, high tibial osteotomy are costly, 
requires longer hospital stay and sometimes give 
rise to serious complications. in comparison, prox-
imal fibular osteotomy (PFO), an emerging, low 
cost, safer surgery causing good functional and 
symptomatic outcome and patient can be dis-
charged within 2 to 3 days. Proposed mechanism 
about how PFO works is mechanical axis realign-
ment of knee, shifting load from medial to lateral 
side after removing the lateral support of fibula and 
this can be described by the hypothesis of correc-
tion of non-uniform settlement as stated by 
Prakash et al

9
. 

With the advancement of 3D gait analysis, espe-
cially in the field of OA knee the gait parameter 
changes are not unknown any more. Now it is chal-
lenge to use this information for purpose of diag-
nosis and decision making for different therapeutic 
approaches. 

Demographic data of our subject groups matches 
other International and National level studies

10,11
 

(Table 1). 

We noticed reduced peak knee varum angle in 
stance phase, reduced step width, increased ca-
dence and reduced first peak appearance time of 
vertical Ground Reaction Force after PFO in our 
study. However, we found no change in single 
support phase time (% of gait cycle). 

It was seen that both normal population and medial 
compartment OA knee patients have tendency to 
go into knee varum but it is 4 times more in case of 
later group

12
. In our study, there is significant re-

duction in knee varum angle peak in stance phase 
after PFO. Change in biomechanics of the knee 
and improved knee joint alignment is reflected by 
decreasing varum angle peak in stance.  

1st peak appearance time (% of gait cycle) of verti-
cal ground reaction force in OA knee group is 
higher than in normal population. In OA knee there 
is delay in first peak rise time which indicates poor 
weight transfer and acceptance onto heel. Slower 
loading rate is attributed to subject’s attempt to 
smooth out vertical acceleration and deceleration 
during the stance to reduce the stress across the 
affected knee joint

13
. Our study shows earlier ap-

pearance of first peak of vertical Ground Reaction 
Force (GRF) after PFO, indicating improved weight 
transfer onto heel and reduced stress over knee 
joint. 

Single support phase exerts more loading force on 
knee thus increases pain, that is why in OA knee 
patient adopts gait pattern with less time in single 
support phase. Improvement in symptom and re-
duction of medial knee compartment loading are 
reflected by increased single support phase dura-
tion. But we found no significant change in single 
support phase after PFO; this may be due to small 
sample size other variable factors. 

Increased cadence exerts more knee loading force 
causing increased pain in an already painful knee. 
That is why with disease progression in OA, ca-
dence decreases as per adaptation by patient

14,15
. 

There was increased cadence in our study after 
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PFO that indicates relief in pain and improvement 
in knee joint function due to reduced loading of 
medial knee compartment after surgery. 

In our study, the pre op mean of step width was 
significantly reduced at 4 week post op follow up. 
Gait analysis in OA knee shows increased step 
width than normal population

16
. In OA knee step 

width increases as patient prefer broader base dur-
ing walking to counter knee instability and muscu-
lar weakness associated with OA. Our result 
proved that there was noticeable improvement in 
knee stability due to mechanical axis correction 
after PFO. 

We also compared the changes in gait parameters 
between patients having grade 2 and grade 3 OA 
knee to check the improvement in which grade of 
OA knee is better after PFO. We got no significant 
difference in gait parameter changes between the 
two OA knee grades (p>0.05) in correlation analy-
sis as the features of those two grades are not 
hugely different. Our study showed that gait pa-
rameter improvement after PFO are not affected by 
degree of degeneration of knee, unless the degen-
eration and deformity is severe. 

With increasing age there is increasing incidence 
of OA knee with genu varum deformity and other 
deforming forces acting around knee joint associ-
ated with OA knee, reflected by increased 
tibiofemoral angle. In our study, we observed that, 
higher age group has less improvement in step 
width (p<0.05). Increased step width is a compen-
satory mechanism to provide stability in OA knee. 
With higher age there is muscular weakness along 
with change in bony alignment at knee. PFO cor-
rects bony alignment but not muscular weakness. 
That is why in old age, change in step width after 
PFO is less as compared to younger people. 

There was no patient dropout in our study. Mild 
post op local pain and 3 cases of post op fever 
were noted in our study, which was managed con-
servatively. 

Study with larger sample size and long follow up is 
needed before establishing the changes we found. 
In OA knee, muscle imbalance and activation pat-
tern around knee joint play huge role in altering the 
knee biomechanics and to detect that factor gait 
analysis including EMG (Electromyography) is 
needed, which was not done in our study. 

Mechanism of PFO and how it works is not clear 
from this study and yet to be established by further 
studies. As no study on gait analysis before and 
after PFO was done in any known set up, results 
obtained from this study yet to be established. 

Conclusion 

It is seen in our study that proximal fibular osteot-
omy can effectively improve the biomechanical 
changes related with OA knee. We did not perform 
gait analysis in immediate postoperative period as 
post op pain might have interfered with result. 
Proximal fibular osteotomy relieves knee pain by 
increasing the medial knee joint space, thus reduc-
ing varum angle at knee and this is reflected in 
various gait parameter changes in our study. As 
this surgery does not involve knee joint; there is no 
major complication like other surgeries performed 
in OA knee. Other surgeries like total knee re-
placement (TKR) can be performed at later stage if 
needed, as knee is not touched in PFO. Safe dis-
tance is maintained in this surgery to avoid dam-
age to common peroneal nerve. Patient can ambu-
late soon after the surgery. Gait parameter chang-
es, in our study indicates that PFO tends to nor-
malize the altered biomechanics that are seen in 
OA knee. 
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INTRODUCTION: 
Maxillofacial trauma has been managed by Maxillomandibular 
xation time immemorial and still is an important pillar of 

1maxillofacial bony injury management, but in 1978 Champy et al  
introduced a surgical technique in which mini-plates were used in the 
maxillofacial region, and these plates becomes very popularised in the 
management of facial trauma and even in orthognathic surgery.  There 
are a little but heterogenous data in existing literature concerning the 
removal of these plates or any other xation devices, so the risk and 
benet of plate removal still remains a controversial topic. Mini-plates 
are composed of material having biocompatibility and better physical 
properties. However, various studies reported the side effect of these 
internal xatures like metal toxicity and allergy, migration, palpability, 
and thermal sensitivity, associated with the application of these mini-
plates, and the standard protocol for plate removal is still controversial. 

2,3,4Some researchers recommend removal in general  while others do 
5,6,7not recommend removal unless clinical symptoms occur . However 

there are no evidence base data that recommends that every plate 
should be remove just after bone healing but the study reported that 
with many reasons the plate removal cannot be avoided and its removal 

8,9,10range varies from 7% to 33.8%

With this backdrop, the present retrospective study was planned to 
observe the incidence of plate removal.

AIM AND OBJECTIVES: 
The purpose of this study was to observe the plate removal incidence at 
our centre and to nd out that if this is within an acceptable range?

MATERIAL AND METHOD: 
We observed the operation theatre records and collected the 
information of patients, who underwent open reduction and mini plate 
xation and the data of plate removal surgery in the Department of Oral 
and Maxillofacial Surgery of the King George's medical University for 
one year. We also noted the fracture sites from where the plates were 
removed.

RESULTS: 
In our department, trauma patients were operated 5 days in a week by 
open reduction and xation with the use of plates. We observed OT 
records and found that 261 trauma patients operated by open reduction 
and xation by using plates annually. We also observed that 56 (21.4%) 
male and 3 (1.14%) female and total 59 (22.6 %) patients and 86 sites 
were operated for plate removal in the same time period. Site of plate 
removal in trauma patients were also observed.  We observed 
maximum plate removal done from Para symphysis site and minimum 
from Symphysis region. (table-1)

We also observed the age distribution and found that maximum plate 
removals were done in 20 to 40-year age group patients. The small 
number of incidence rate precluded statistical analysis. (table 2)
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ABSTRACT
INTRODUCTION: There are no evidence base data recommended that every plate should be remove just after bone healing but the study reported 

8,9,10that with many reasons the plate removal cannot be avoid and its removal range varies from 7% to 33.8%  
PURPOSE: The purpose of this study was to observe the plate removal incidence at our centre and to nd out that if this is within an acceptable 
range?
METHODS: We observed the operation theatre record and recorded the incidence of plate xation and plate removal within 1 year period.
RESULTS:  We found that 261 trauma patients operated by open reduction and xation by using miniplates. In which only 5 patients were female. 
In the same way we also observed that 56 (21.4 %) male and 3 (1.14 %) female and total 59 (22.6 %) patients and 86 sites operated for plate removal 
in the same time period.
CONCLUSION: Although removal rate at our centre is within acceptable range, even then we recommend adherent to strict infection control 
program to further minimize this data. 
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Site of plate removal No. Of patients

Left side Right side

Lefort  I 2 2

Lefort  II 7 4

Fronto zygomatic 4 7

Buttress  region 4 7

Parasymphysis 13 8

Symphysis 20 2

Body 8 5

Angle 3 6

Condyle 2 2

Age No. Of patients

1-10 year 2

10-20 year 3

20-30 year 29

30-40 year 13

40-50 year 9

50-60 year 2

60-70 year 1
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DISCUSSION: 
During the last 3 decades use of plates and screws has become routine 
in the management of maxillofacial fractures worldwide. Although 
management of maxillofacial fracture with plates and screws is 

11popular choice, but associated with some complications  (local 
infections, pain, dehiscence, etc). The controversy regarding retention 
of symptom free mini-plates used for maxillofacial surgery still 

2,3,4 persist. Many centers have advocated the routine removal of plates 
with their argument that the mini-plate could possibly act as a foreign 
object with the potential to cause complications, and that mini-plates 
generate growth restrictions among paediatric patients whereas in 

5,6,7other centers,  they are routinely left in place and  oppose the 
removal of  mini-plate   with the explanation  of  its biocompatibility, 
low incidence of complications and the risks of general anaesthesia 
during removal, possible damage to adjacent anatomical structures, 
and the expense of removal. Evidence has not yet supported a general 
consensus for the removal of mini-plates. In our centre we do not 
favour the routine removal of asymptomatic plates but we remove the 
plate only in case of infections, plate exposure, and any other reason of 
discomfort or on patients demand.

Many authors have reported vide range of mini-plates removal, 
8,9,10extended from 7% to 33.8% . The present study also reported a 

specic removal rate of 22.6 %, which lies within the reported range 
and closer to the minimum incidence range of plate removal.

This study indicated several causes for plate removal, such as 
infection, plate loosening, pain, and patient request (without clinical 
symptoms). We found that 2 paediatric patients were operated with 
non-absorbable plate so advised for plate removal due to avoid growth 
inhibition. Previous study reported that resorbable plates may be 
option for the management of paediatrics fractures. But unfortunately, 
resorbable plates also have its limitation such as these plates are 
comparatively bulky, and takes longer period of time to resorb. 
Therefore, these resorbable plates may cause some inhibition of facial 
growth when placed over the growth centres. As the resorbable screws 
are larger in size and have larger grooves making it difcult and 
sometime impossible to use over thin bone. Lastly, resorbable plates 
require additional time for the placement due to the technique required 

12 to place these plates. So the use of resorbable plate in paediatrics 
patients is not completely justied.

We observed that infections with loosening of plate were the major 
case of plate removal and one patient requested for removal because he 
has feeling of warmth at fronto-zygomatic plate whenever he works in 
his farm in summer. In our study, maximum  patients were 20-40 years 
age group, who are most active group for outdoor activity.  We 
observed 1.1 % female patients for plate removal and the incidence of 
male patients (21.4 %) were higher mainly due to higher outdoor 
activity.  In reference to age distribution, most of the previous study 
also reported the higher incidence rate in either 20 to 30-year age 

13 14group  or 30 to 40-year age group patients.

Although some previous study shows more incidence of mandibular 
13plate removal . We also observed that the incidence of plate removal 

was more at para symphysis region and the main reason may be due to 
intake of liquid diet through lip causes infection in this site particularly 
if the quality of suturing is not good. The number of plate removal for 
Le-Fort fractures site was close to Para symphysis site, the reason may 
be due to the quality of maxillary bone is highly thin near the maxillary 
sinus, which leads to the loosening of screws, bone resorption and the 
proliferation of inammatory granulation tissue, increasing the 

8possibility of infection . Although the incidence of maxillofacial plate 
removal is not high in our study and also corroborate the previous 
studies but we have to think that even this incidence can be minimised. 
Probably the infections causing plate removal may be minimise by 
putting more stress on quality control and maintenance of sterilisation 
and use of sensitive antibiotics, reduction of operating time and also 
improving the closure technique to avoid plate exposures.

CONCLUSION: 
Our study shows that although we don't recommend asymptomatic 
plate removal but we remove plate which is within the acceptable 
range but many of the reasons of plate removal such as infection, plate 
exposures etc can be minimised just by some improvements in 
sterilization control, technique modication, and proper patients 
counselling. 
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Urology is a popular surgical super specialty, and rapid expan-
sion of knowledge due to active engagement of clinicians and 
researchers, for all aspects of urologic diagnosis and treatment, 
compel a practicing urologist to remain abreast with all that is 
‘new and relevant’. This book is an effort in this direction. 

The special focus article on female lower urinary tract 
symptoms (LUTS) by Nayyar et  al. encourages urologists 
to use uroflowmetry and post-void residual urine (PVRU) 
assessment by ultrasonography (USG) in any female 
having persistent LUTS (both storage and/or voiding) for 
more than 4 weeks. They are diagnosed as having ‘voiding 
dysfunction’ in case Qmax is <15 ml/sec, or if abnormal flow 
pattern is seen during repeated evaluations or/and if PVRU 
is ≥100  ml. A widespread use of this practice will then 
highlight the actual burden of clinical problem and there-
after uniform patterns of therapy will emerge. For instance, 
use of alpha antagonist in females is not a very common 
practice, certainly not as common as for males, even though 
the therapy is fruitful. Common perception is that urethral 
stricture disease is more common in females while the fact 
is that functional obstructions far outnumber anatomical 

obstructions. The clarity on such issues will emerge only 
after day to day use of ‘voiding dysfunction’ as diagnosis 
utilizes objective criteria. 

A new advancement for interventional/nonsurgi-
cal management of prostatic cancer, and also select cases 
of Benign prostatic hyperplasia (BPH), is High Intensity 
Directional Ultrasound (HIDU) Ablation. The paper by 
Galgano et  al. explains most of the relevant details and 
reveal promise of this technique. The procedure is done on 
magnetic resonance imaging (MRI) machine not only to use 
MR imaging for guidance but also to use MR thermometry 
to control spread of thermal gradient across the prostate and 
thus protect neurovascular bundle and the erectile function. 
Although, the authors claim this to be a good modality for 
focal therapy of organ confined CaP, yet whether this will 
show universal and similar success for all locations of prostatic 
tumors, remains to be seen. Attempting to treat anterolateral 
apical lesions with HIDU will need more precision compared 
to a posterior lobe lesion as the erectile nerves are closer to 
the former. Hoping to cool down the margins of therapeu-
tically targeted area in anterolateral location by posteriorly 
placed cooling device in rectum appears unconvincing and 
more data is needed in this direction. All new modalities 
need to go through the acid test involving four clinically hard 
hitting dimensions, Efficacy–Safety-Cost-Sustainability and 
HIDU for CaP, and BPH has just begun its journey through 
the initial two dimensions. 

The paper by Cordell et al. on Hydatid disease of bladder 
touches a rather rare disease, which whenever presents clini-
cally, is rather easy to diagnose and treat, provided the treat-
ing urologist has high index of suspicion.   

The transgender surgery is fast making its grounds in 
developing countries and Dr. Christopher has highlighted 
some pertinent points related to challenges faced in catheter-
ization and cystoscopy of neourethra during evaluation for 
stone diseases urinary tract infections (UTI) in such highly 
selected individuals. It is a ‘must read’ paper for all those 
actively engaged in this field.

Kato et  al. highlight a rare complication of using a 
transvaginal mesh for prolapse surgery wherein the ureter 
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got eroded by a part of mesh and ureteric exposure with 
ureteric stones developed. It is a common observation that 
ladies who live with rather large genital prolapse for many 
years, have dragged down lower ureters. They are located 
behind the proximal part of cystocele and not surprisingly 
get compressed by the mesh. So, a preoperative computed 
tomography (CT) urogram will help in identifying patients at 
risk of such a complication.

The urethral dilatation for female urethra is commonly 
practiced all over the world and the paper by Dr.  Manasa 
evaluated this simple procedure as well as other procedures 

like self-dilatation, Clean Intermittent Catheterization (CIC), 
sphincterotomy, botulinum toxin for management of female 
bladder outlet obstruction (BOO). With the increasing exper-
tise in undertaking female urethroplasties, the procedure of 
urethral dilatation is likely to take a back seat, similar to the 
situation seen with male urethral strictures.  

Laparoscopic ureteral implantation has also now become 
a standard procedure, thanks to better instrumentation, 
optics and growing skill of laparoscopic surgeons. Stic et al. 
have nicely elaborated some pertinent technical aspects of 
this method which will surely benefit the reader. 
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Learning Objectives

 z To bring the understanding of previous chapters into a 
clinical perspective to allow developing a rational working 
algorithm for female LUTS.

 z To develop a rational sequence for investigation and 
management of voiding dysfunction.

Female voiding issues are a manifestation of plethora of 
poorly understood disease processes that have been catego-
rized and named based on symptom profile, urodynamic 
finding, radiological imaging, or sometimes a presumptive 
pathogenetic process. However, the exact pathogenesis, etiol-
ogy, risk factors, natural history, and therapeutic management 
of all these disorders are still to be deciphered and leaves lot 
of lacunae in our understanding of these disorders. Moreover, 
there is considerable overlap of the symptoms of storage and 
voiding disorders in women. With many systemic diseases 
also manifesting through similar symptoms, the clinician has 
to appropriately investigate the patient and collate all avail-
able evidence to reach a proper diagnosis and plan manage-
ment accordingly. This is important to alleviate symptoms and 
improve quality of life, to prevent progression of disease, and, 
if possible, to provide a cure. Individual disease processes that 
may result in BOO have been dealt with in earlier chapters. In 
this chapter, a practical approach to management of female 
lower urinary tract symptoms (LUTS) is presented with 
focus on voiding dysfunction and bladder outlet obstruc-
tion (BOO). The development of such an algorithm is import-
ant to

1. To generate awareness about the evidence-based manage-
ment of female LUTS that is otherwise inadequately 
covered in general gynecology or urology training.

Working Algorithm for Female Lower Urinary Tract 
Symptoms
Rishi Nayyar, Nikhil Khattar, Arabind Panda

2. To standardize the management of female LUTS and 
rationalize the sequencing of investigations ordered for it.

3. To minimize treatment-related adverse effects.
Voiding dysfunction may be considered as an all-encom-

passing term including any kind of voiding problem arising 
due to systemic or local causes affecting anatomical or physi-
ological function of bladder, sphincter, or urethra or their 
neurological control (Fig.  1). It may not always be possible 
to differentiate specific disease process based only on history 
at first visit, but it serves well to differentiate known systemic 
diseases; establish the severity of symptoms and impact on 
quality of life through various scoring symptoms; gauge 
and moderate the expectations of patients; or start empir-
ical treatment, if any, based on presumed working diagno-
sis. In general,  voiding dysfunction should be looked for 
only if symptoms have been consistently present for more 
than 4  weeks  (expert opinion). It may be reiterated here 
that as per ICS (International Continence Society) defini-
tion, voiding dysfunction is described as an abnormally slow 
and/or incomplete micturition, based on abnormally slow 
urine flow rates and or abnormally high post-void residuals, 
ideally on repeated measurement to confirm abnormality 
[1]. We suggest  a Q max of <15 ml/s or a repeated abnor-
mal uroflow pattern and/or a high post-void residue (PVR) 
on ultrasound (100 ml or more). It is clear from this defini-
tion that diagnosis of voiding dysfunction cannot be inferred 
from voiding symptoms directly, and voiding dysfunction 
in a female should not be labeled so till investigations have 
been carried out, sometimes including invasive investigations 
as well [2]. Many cases presenting only with storage type of 
LUTS also have voiding dysfunction as an underlying cause. 
Therefore, it is important to keep a high index of suspicion and 
do above-minimum investigations in all females presenting 
with any kind of LUTS, recurrent UTI, or bladder pain-like 
symptoms to the clinic (Fig.  2). Many studies have shown 
that out of all cases diagnosed as voiding dysfunction most 
patients present with combined storage and voiding LUTS 
(~60–70%) or isolated storage LUTS (~30–40%). Isolated 
voiding symptoms alone are uncommon in this setting [3].
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A brief overview of storage and voiding urinary symptoms 
is given in Fig.  3. It is the clinician’s job to understand the 
patient’s description of her symptoms and fit them into a 
particular type of storage or voiding dysfunction. However as 
discussed earlier, it is just a step forward in management and 
the sensitivity, specificity, or predictive value of any presenting 
symptom (LUTS) for diagnosis of voiding dysfunction is quite 
low [4, 5].

Algorithm for Evaluation of Female LUTS at 
First Visit

When a patient presents for the first time, a detailed documen-
tation of type of LUTS, symptom scoring and quality of life 
or bother assessment must be done. In addition, the history 
and examination are directed toward identifying any systemic, 
or co-existent (neurological, gynecological, psychological, 
gastrointestinal, endocrinological) disease that may directly 
impact and present with LUTS (Fig.  4). Uroflowmetry and 
PVR assessment should be ordered for all  besides a urine 
routine/culture examination.

Women who present with LUTS should be examined 
in a dorsal position to look for pelvic organ prolapse (POP). 
Higher degrees of prolapse is more commonly associated with 
voiding dysfunction and BOO [6]. Overactive bladder (OAB) 
may also be commonly associated with POP. A trial of pessary 
effectively reduces the prolapse and gives an opportunity to 
re-evaluate the symptoms in 1–2  weeks. Improvement in 
symptoms and flow parameters can directly establish a causal 
relationship and further investigations add little [6]. A surgi-
cal repair or a long-term pessary use can be offered. OAB 
symptoms also get relieved with prolapse reduction in up to 
60% of patients [7].

More specific and higher investigations may be in order 
for a few like the ones who have obvious neurological disease, 
previous anti-incontinence surgery, or paraurethral mass. In 
all these situations treatment of primary inciting cause either 
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diseases; establish the severity of symptoms and 
impact on quality of life through various scoring 
symptoms; gauge and moderate the expectations 
of patients; or start empirical treatment, if any, 
based on presumed working diagnosis. In gen-
eral, voiding dysfunction should be looked for 
only if symptoms have been consistently pres-
ent for more than 4 weeks (expert opinion). It 
may be reiterated here that as per ICS 
(International Continence Society) definition, 
voiding dysfunction is described as an abnor-
mally slow and/or incomplete micturition, based 
on abnormally slow urine flow rates and or 
 abnormally high post-void residuals, ideally on 
repeated measurement to confirm abnormality 
[1]. We suggest a Q max of <15  ml/s or a 
repeated abnormal uroflow pattern and/or a 
high post-void residue (PVR) on ultrasound 
(100 ml or more). It is clear from this definition 
that diagnosis of voiding dysfunction cannot be 
inferred from voiding symptoms directly, and 
voiding dysfunction in a female should not be 
labeled so till investigations have been carried 
out, sometimes including invasive investigations 
as well [2]. Many cases presenting only with stor-
age type of LUTS also have voiding dysfunction 

as an underlying cause. Therefore, it is important 
to keep a high index of suspicion and do above- 
minimum investigations in all females presenting 
with any kind of LUTS, recurrent UTI, or bladder 
pain-like symptoms to the clinic (Fig.  10.2). 
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Urethral
stricture

Voiding dysfunction

Primary
bladder

neck
obstruction

Bladder
outlet
obstruction

Fowler’s
syndrome

Dysfunctional
voiding or Poor

relaxation of
external sphincter

Fig. 10.1 Schematic 
representation to display 
the inter-relation among 
various diagnostic terms 
used in the context of 
female voiding 
dysfunction

Women with voiding or storage LUTS,
recurrent UTI, bladder pain

Uroflowmetry and Post-void residue

Voiding
dysfunction

Qmax ≤ 15 ml/s, or
abnormal flow pattern, and/or

high PVR (>100 ml)

Fig. 10.2 Simple flowchart showing when to suspect 
voiding dysfunction and when to diagnose a patient as 
having voiding dysfunction

R. Nayyar et al.
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diseases; establish the severity of symptoms and 
impact on quality of life through various scoring 
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Fig. 1: Schematic representation to display the inter-relation among 
various diagnostic terms used in the context of female voiding 
dysfunction.

Fig. 3: Various presenting symptoms of female voiding dysfunction 
(Female LUTS). The symptoms are neither specific nor sensitive enough 
for diagnosis of any particular disease and often there is a significant 
overlap, particularly in patients with chronic presentation.

Fig. 2: Simple flowchart showing when to suspect voiding dysfunction 
and when to diagnose a patient as having voiding dysfunction.
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Many studies have shown that out of all cases 
diagnosed as voiding dysfunction most patients 
present with combined storage and voiding 
LUTS (~60–70%) or isolated storage LUTS 
(~30–40%). Isolated voiding symptoms alone are 
uncommon in this setting [3].

A brief overview of storage and voiding urinary 
symptoms is given in Fig. 10.3. It is the clinician’s 
job to understand the patient’s description of her 
symptoms and fit them into a particular type of 
storage or voiding dysfunction. However as dis-
cussed earlier, it is just a step forward in manage-
ment and the sensitivity, specificity, or predictive 
value of any presenting symptom (LUTS) for diag-
nosis of voiding dysfunction is quite low [4, 5].

10.1  Algorithm for Evaluation 
of Female LUTS at First Visit

When a patient presents for the first time, a 
detailed documentation of type of LUTS, 
symptom scoring and quality of life or bother 
assessment must be done. In addition, the his-
tory and examination are directed toward identi-
fying any systemic, or co-existent (neurological, 
gynecological, psychological, gastrointestinal, 
endocrinological) disease that may directly 
impact and present with LUTS (Fig.  10.4). 
Uroflowmetry and PVR assessment should be 
ordered for all besides a urine routine/culture 
examination.

Fig. 10.3 Various presenting symptoms of female void-
ing dysfunction (Female LUTS). The symptoms are nei-
ther specific nor sensitive enough for diagnosis of any 

particular disease and often there is a significant overlap, 
particularly in patients with chronic presentation

10 Working Algorithm for Female Lower Urinary Tract Symptoms
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takes precedence or must be continued simultaneously. For 
those who have long-standing symptoms, palpable bladder, 
or features of uremia, an ultrasonogram of the kidney, ureter, 
and bladder region (KUB) and renal function assessment are 
necessary. Ultrasonogram of pelvis may also be in order based 
upon gynecological examination findings.

For cases presenting with LUTS post anti-incontinence 
surgery, or with acute on chronic retention, or for those 
on self-intermittent catheterization for voiding, one may 
directly proceed for voiding cystourethrography (VCUG) 
and urodynamic studies (UDS). Cases presenting with 
urinary retention on catheter have an obvious upfront diagno-
sis of voiding dysfunction.

Algorithm for Evaluation of Voiding 
Dysfunction in Subsequent Visits

As discussed earlier, all patients with any abnormal uroflow 
pattern, or peak flow <15 ml/s or high PVR (>100 ml), come 
under the ambit of voiding dysfunction for further evalua-
tion and management. In clinical practice, it makes sense to 
get ultrasound KUB also done early on during management, 
predominantly to assess for prevoid fill volume of bladder and 
rarely anatomical issues like bladder diverticulum or stones. 
Often it is very practical to combine ultrasound KUB and pelvis 
when ultrasound is ordered for a PVR assessment. A trial of 
alpha blockers may be considered for those who don’t have 

Fig. 4: Algorithmic clinical management protocol for evaluation of female LUTS (without pelvic pain or hematuria) at first visit, indicating findings (blue 
boxes), steps taken (pink boxes), and investigations ordered (yellow boxes). All findings and steps may not be mutually exclusive of each other (orange 
box) (OABSS Overactive Bladder Symptom Score, BFLUTS Bristol Female Lower Urinary Tract Symptom Score, IPSS International Prostate Symptom Score).
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Women who present with LUTS should be 
examined in a dorsal position to look for pelvic 
organ prolapse (POP). Higher degrees of pro-
lapse is more commonly associated with voiding 
dysfunction and BOO [6]. Overactive bladder 
(OAB) may also be commonly associated with 
POP.  A trial of pessary effectively reduces the 
prolapse and gives an opportunity to re-evaluate 
the symptoms in 1–2  weeks. Improvement in 

symptoms and flow parameters can directly 
establish a causal relationship and further investi-
gations add little [6]. A surgical repair or a long- 
term pessary use can be offered. OAB symptoms 
also get relieved with prolapse reduction in up to 
60% of patients [7].

More specific and higher investigations may 
be in order for a few like the ones who have obvi-
ous neurological disease, previous anti- 

Female LUTS (4 weeks)

Storage LUTS Both storage and Voiding LUTS Voiding LUTS

Bladder diary; Urine routine / culture; Uroflowmetry; Post-void residue (± Ultrasound-KUB/pelvis)

Additional measures based upon contributory History / Examination

History; Age, onset/duration of LUTS, retention, bother for life, incontinence, bowel movements, obstetric
/sexual history, medications, co-morbidities, diet, previous treatments, neurological or muscular disease

Examination: General health, genital health, incontinence, prolapse, and meatus

Gynecological issues
especially Prolapse

Polydipsia, polyuria
polyphagia

Stress, anxiety, emotion.
congnitive dysfuntion

Treatment /
Referral

Endocrinology /
Psychiatry referral

Psychiatry / Neurology
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Treat co-morbidities
/ appropriate referral

Avoid diuretics,
cholinergics, alpha

agonists,
psychotropic drugs

Urethral /
parauretral mass

No leading finding
MRI
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VCUG,

Urodynamics
Video-

Urodynamics
Post anti-

incontinence surgery

PFMT
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anticholinergics
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USG-KUB

Incontinence

Stress Mixed Urge Overflow MRI head or spine
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Orthopedics / Neurology
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parastheias, constipation, neurological or

muscular deficits, seizures, head or spinal trauma

Known co-
morbidities

OABSS
Symptom score and bother assessment

OABSS/BFUTS/IPSS BFLUTS/IPSS

Drugs affecting
urinary function

Fig. 10.4 Algorithmic clinical management protocol for 
evaluation of female LUTS (without pelvic pain or hema-
turia) at first visit, indicating findings (blue boxes), steps 
taken (pink boxes), and investigations ordered (yellow 
boxes). All findings and steps may not be mutually exclu-

sive of each other (orange box) (OABSS Overactive 
Bladder Symptom Score, BFLUTS Bristol Female Lower 
Urinary Tract Symptom Score, IPSS International Prostate 
Symptom Score)
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very high PVR (>300 ml) or a static (box-like) flow pattern 
on uroflowmetry. This is based on the premise that functional 
obstructions far outnumber urethral stricture disease among 
women and a large proportion (50–60%) of these may respond 
reasonably well [8,  9]. Moreover, alpha blockers have also 
shown acceptable adverse event profile when used in males 
over long term. Pelvic floor muscle rehabilitation with focus 
on relaxation exercises should be instituted based on the same 
premise.

For cases with static flow pattern,  an office urethral 
calibration helps to select patients who may benefit with 
urethrocystoscopy upfront. Office urethral calibration with a 
soft catheter (18 Fr) may similarly help in those who fail a trial 
of alpha blockers. A VCUG and UDS would still be required 
to corroborate anatomical findings with their functional value. 
Cases with very large PVR (>300 ml) or voiding efficiency of 
less than 50% and straining pattern on uroflow, have high 
chances of having underactive bladder [10] and may therefore 
proceed for UDS directly. However, in most clinical situa-
tions and in principle, a VCUG study should precede UDS 
to depict any reflux, diverticulum, and so on that may impact 
the interpretation of UDS. Here it may be emphasized that in 
females there are no definitive radiological markers to identify 
parts of urethra on VCUG. Therefore, it is a good practice to 
place a radiopaque marker at the meatus to better identify 
course and length of urethra on the X-ray image. Otherwise 
it becomes difficult to identify where the urethra ends and 
hence the site of obstruction may be misinterpreted. Also, it’s 
a good practice to obtain both side oblique images not to 
miss any small bladder or urethral diverticulum. Prolapse 
is also better depicted on oblique and lateral images. Women 
who present with any kind of LUTS after an anti-incontinence 
surgery of any type should preferably be evaluated with video-
UDS directly. The temporal relationship of a preceding surgery 
improves the yield of video-UDS and provides an objective 
evidence to decide for best course of action. Figure 5 gives a 
simplistic algorithmic overview of management of LUTS and 
voiding dysfunction in women.

Urodynamic studies form the central pillar for defining 
the type of voiding dysfunction in combination with VCUG. 
As the pressure flow cut-offs are still evolving and nomograms 
need validation, presently the video-urodynamic criteria for 
considering a diagnosis of BOO or underactive detrusor in the 
female [11–13] are:

1. Any dilatation/ballooning in the urethra on Video 
films/VCUG irrespective of the Pdet@Qmax should be 
considered as BOO.

2. Any Pdet@Qmax  >  20 cm of H2O suggests a strong 
possibility of BOO and a value >35–40 virtually confirms 
BOO in a female.

3. Consider Detrusor underactivity if Pdet@Qmax is 
<20 cm H2O. Any value <10 cm H2O virtually confirms 
an underactive detrusor.

4. Pdet@Qmax between 10 and 35  cm  H2O can have 
coexisting BOO and underactivity and reliance should be 
placed on urethral image suggesting any dilatation during 
voiding.
For cases where the UDS findings are not very specific 

and the diagnosis of BOO or underactive bladder (UAB) is 
not apparent, it may help to repeat the study in same sitting. 
Similarly, for patients who have underactive detrusor on 
UDS, a repeat study (may be in same sitting) with balloon of 
a Foley’s catheter blocking the bladder neck may help differ-
entiate those with true detrusor underactivity from those who 
inherently void only by pelvic floor/sphincter relaxation or 
abdominal contraction. Isovolumetric contraction measure-
ments of the detrusor may also provide a better estimation of 
bladder contractility [14, 15]. Overfilling of bladder, non-re-
duction of prolapse, caliber of catheter, impacted fecaliths, 
alpha blockers or agonists, and so on may also impact the 
voiding parameters and should be kept in mind when inter-
preting the UDS findings. Furthermore, it should be realized 
that overactivity and underactivity may coexist in the same 
patient. Overactivity refers to contractions during storage 
phase while underactivity by its origin refers to voiding phase. 
In fact, patients with detrusor hyperreflexia with impaired 
contractility (DHIC) are not uncommon in clinical practice 
[13]. Overall, UDS findings are not binding on the clinical 
diagnosis, particularly in a scenario when the results of UDS 
are equivocal.

The role of electromyography (EMG) is also contribu-
tory at best and should not be given an overarching signifi-
cance. This is because EMG inherently has the least validity 
and reliability among all UDS tests. This means that EMG 
trace doesn’t always represent true sphincteric activity and is 
corrupted with action potentials from voluntary pelvic floor, 
anal or urethral sphincteric activity. Reliability is also low 
because the placements of leads, type of leads, and many other 
similar factors have an immense bearing on the type of EMG 
trace.

The role of pelvic ultrasound or MRI in the management 
of BOO in women is not yet clearly defined. Measurement of 
anterior or posterior urethrovesical angle; angle of urethral 
axis; bladder neck descent; urethral or bladder neck thick-
ness; thickness of pelvic diaphragm; sphincteric thickness; 
bladder wall thickness; bladder wall ischemia; and change 
in all these measurements during straining or voiding are 
all important clinical assessments that are being studied as 
the evidence support in management of BOO in women is 
building up [16–18]. In this regard, the role of transvaginal, 
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transperineal, transrectal ultrasound, and static or dynamic 
pelvic MRI presently remains investigational.

Role of urethrocystoscopy is also not very obvious in the 
scheme of things. The prime reason for endoscopy is to evalu-
ate for anatomical obstruction, predominantly FUS, which 
is otherwise rare. To improve the pick-up rate and positive 
predictive value of endoscopy we recommend use of urethral 
calibration with an 18  Fr soft catheter or a fixed/static flow 

pattern on UFM to select cases for it. It should be done with 
an integrated cystoscope sheath (14 Fr) or a pediatric cysto-
scope (11  Fr). A special effort should be made to inspect 
urethra completely to diagnose anatomical narrowings before 
entering the bladder. It is preferable to perform endoscopy 
under sedation/anesthesia to avoid the effect of pelvic floor 
spasm confounding the findings. For obvious anatomical 
strictures, a dilatation or definitive reconstruction can be done 
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Storage LUTS Both storage and Voiding LUTS Voiding LUTS

Result of Uriflowmetry (UFM) and post-void residue (PVR)

PFR > 15ml/s and PVR < 100 ml

Treat for OAB
Anticholinergic / β3 agonist

Straining pattern, PVR > 300 ml Static flow pattern

Urodynamics (Pressure flow study with electromyography ± videourodynarnics)

Could not
void during

study

Corroborate
free flow
UFM with
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and VCUG

Intermittent self
catheterization /

Cholinergics
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catheterization / Botulinum toxin in
bladder neck
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Pelvic floor and bladder
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/ Internal
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BOO at
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•  Any dilatation/ballooning of
urethra on VCUG video, or
•  Any Pdet@Qmax > 35 cm
H2O, but any Pdet@Qmax >20
cm H2O is strongly suggestive

    Equivocal findings or
Coexistent UAB + BOO
•   Pdet@Qmax
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Voiding Cystourethrography (VCUG)
(Radiological evidence of balloning of urethra)

Urethroscopy ±
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Fig. 10.5 Algorithmic clinical management protocol for 
evaluation of female LUTS after basic investigational 
work-up has been done. The findings are indicated in blue 
boxes, steps taken in pink boxes, and investigations 
ordered in yellow boxes. Orange box indicates the ambit 
of voiding dysfunction (PFR peak flow rate, OAB overac-

tive bladder, UAB underactive bladder, UFM uroflowme-
try, PBNO primary bladder neck obstruction, DV 
dysfunctional voiding, PRES poor relaxation of external 
sphincter, FS Fowler’s syndrome, FUS female urethral 
stricture)

R. Nayyar et al.

Fig. 5: Algorithmic clinical management protocol for evaluation of female LUTS after basic investigational work-up has been done. The findings are 
indicated in blue boxes, steps taken in pink boxes, and investigations ordered in yellow boxes. Orange box indicates the ambit of voiding dysfunction 
(PFR peak flow rate, OAB overactive bladder, UAB underactive bladder, UFM uroflowmetry, PBNO primary bladder neck obstruction, DV dysfunctional 
voiding, PRES poor relaxation of external sphincter, FS Fowler’s syndrome, FUS female urethral stricture).
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at the same sitting depending on the case scenario. There is 
no role for cystoscopy in women with functional obstruction 
unless the intention is to operate for a functional bladder neck 
obstruction or intrasphincteric botulinum toxin for dysfunc-
tional voiding (DV)/Fowler’s syndrome.

Follow-Up of Patients with Voiding 
Dysfunction

Individual follow-up protocol for patients will depend upon 
their individual diagnosis, severity of symptoms, and baseline 
back pressure changes or loss of renal function. In general, a 
UDS study may be repeated after 3–6 months  to ascertain 
the impact of treatment and improvement of flow dynamics. 
For those who don’t benefit, UDS may be repeated as clini-
cally indicated or at onset of new symptoms or complications. 
Once the disease process has stabilized, the frequency of UDS 
is reduced.

Key Learning Points

 z A voiding dysfunction should be suspected in any woman 
with LUTS (irrespective of storage or voiding symptoms) 
of more than 4 weeks’ duration or recurrent UTI.

 z Voiding dysfunction presenting only as voiding symptoms 
is uncommon.

 z A uroflowmetry and PVR should be obtained in all 
women presenting with LUTS.

 z Externally obvious causes like pelvic organ prolapse or 
periurethral pathologies should be excluded by thorough 
examination. An office urethral calibration may help 
detect luminal narrowing.

 z A video-urodynamic study (or UDS + VCUG) is the best 
way to characterize a voiding dysfunction.

Case Discussion

A 65-year-old lady presented with severe voiding LUTS 
in form of slow stream and prolonged time to empty. The 
symptoms were progressive over 20  years. Her ultrasono-
gram revealed a thick-walled bladder with high residual urine 
of 190 cc and normal upper tracts. On examination she had 
anterior compartment pelvic organ prolapse reaching above 
the introitus, the meatus was normal. The symptoms and high 
residuals disproportionate to grade 1 prolapse, a calibration 
with 18 Fr was smooth. She did not respond to a trial of alpha-
blockers and underwent further evaluation. Voiding films in 
anteroposterior showed a mild bladder descent, but lateral 
films confirmed a poorly opening bladder neck (Fig. 6a, b). Her 
urodynamic study revealed a poorly compliant bladder (end 
filling pressure 80 cm H2O and very high voiding pressures, 
i.e., Pdet@Qmax 180 cm H2O, Q max 2 ml/s) (Fig. 6c). A final 
diagnosis of PBNO was made and she was subjected to bladder 
neck resection (Fig. 6d), which relieved her symptoms.
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10.3  Follow-Up of Patients 
with Voiding Dysfunction

Individual follow-up protocol for patients will 
depend upon their individual diagnosis, severity 
of symptoms, and baseline back pressure changes 
or loss of renal function. In general, a UDS 
study may be repeated after 3–6  months to 
ascertain the impact of treatment and improve-
ment of flow dynamics. For those who don’t ben-
efit, UDS may be repeated as clinically indicated 
or at onset of new symptoms or complications. 
Once the disease process has stabilized, the fre-
quency of UDS is reduced.

Key Learning Points
• A voiding dysfunction should be suspected in 

any woman with LUTS (irrespective of stor-
age or voiding symptoms) of more than 
4 weeks’ duration or recurrent UTI.

• Voiding dysfunction presenting only as void-
ing symptoms is uncommon.

• A uroflowmetry and PVR should be obtained 
in all women presenting with LUTS.

• Externally obvious causes like pelvic organ 
prolapse or periurethral pathologies should be 
excluded by thorough examination. An office 

urethral calibration may help detect luminal 
narrowing.

• A video-urodynamic study (or UDS + VCUG) 
is the best way to characterize a voiding 
dysfunction.

Case Discussion
A 65-year-old lady presented with severe voiding 
LUTS in form of slow stream and prolonged time 
to empty. The symptoms were progressive over 
20  years. Her ultrasonogram revealed a thick-
walled bladder with high residual urine of 190 cc 
and normal upper tracts. On examination she had 
anterior compartment pelvic organ prolapse 
reaching above the introitus, the meatus was nor-
mal. The symptoms and high residuals dispropor-
tionate to grade 1 prolapse, a calibration with 
18 Fr was smooth. She did not respond to a trial 
of alpha-blockers and underwent further evalua-
tion. Voiding films in anteroposterior showed a 
mild bladder descent, but lateral films confirmed 
a poorly opening bladder neck (Fig.  10.6a, b). 
Her urodynamic study revealed a poorly compli-
ant bladder (end filling pressure 80 cm H2O and 
very high voiding pressures, i.e., Pdet@Qmax 
180 cm H2O, Q max 2 ml/s) (Fig. 10.6c). A final 
diagnosis of PBNO was made and she was sub-

a b

Fig. 10.6 VCUG: (a) anteroposterior film showing blad-
der neck descent during attempted voiding and (b) lateral 
film showing poor opening of neck.  (c) UDS revealed 
poorly compliant bladder and urodynamic BOO with 

Pdet@Qmax of 180 cm H2O and Q max of 2 ml/s. She 
was diagnosed with PBNO and subjected to (d) bladder 
neck resection, which relieved her symptoms

R. Nayyar et al.

Fig. 6: VCUG: (a) anteroposterior film showing bladder neck descent during attempted voiding and (b) lateral film showing poor opening of neck. (c) 
UDS revealed poorly compliant bladder and urodynamic BOO with Pdet@Qmax of 180 cm H

2
O and Q max of 2 ml/s. She was diagnosed with PBNO and 

subjected to (d) bladder neck resection, which relieved her symptoms.
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Fig. 6: (continued)
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jected to bladder neck resection (Fig.  10.6d), 
which relieved her symptoms.
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Abstract

Purpose of Review: The goal of this paper was to review 
the novel treatment modality of high-intensity transurethral 
directional ultrasound for prostate cancer.
Recent Findings: Prostate cancer is a heterogeneous disease 
with some patients electing for active surveillance and focal 
therapies instead of definitive treatment with radical prosta-
tectomy or radiation therapy. Prostate MRI has become a 
cornerstone of prostate cancer diagnosis, targeted biopsy, and 
treatment planning. Transurethral high-intensity directional 
ultrasound allows for MRI-guided ablation of the prostate 
gland with the ability to contour boundaries and spare criti-
cal structures, such as the neurovascular bundle and urinary 
sphincter. Although results are still emerging, this may offer 
patients a new option for focal therapy with a favorable side-
effect profile.
Summary: High-intensity transurethral directional ultra-
sound is an emerging treatment modality for both whole-
gland and focal ablation with promising early results. Further 
research is needed to establish safety, tolerability, and long-
term oncologic outcomes.

Keywords: Prostate cancer, Focal therapy, High-intensity 
ultrasound, Ablation

Introduction

Prostate cancer is a common disease, with an estimated 
191,930 cases in the USA projected in 2020 marking the 
second most common non-cutaneous malignancy in men [1]. 

MR-Guided High-Intensity Directional Ultrasound 
Ablation of Prostate Cancer
Samuel J. Galgano1,2, Virginia B. Planz3, Sandeep Arora3, Soroush Rais-Bahrami1,2,4

However, there is considerable heterogeneity in disease aggres-
siveness with marked differences in survival rates between 
men who have localized prostate cancer or regional disease 
spread compared to those with distant metastases [1]. As a 
result, increased efforts to risk-stratify patients have occurred 
through the use of risk nomograms, Partin tables, and the 
newly developed grade group system [2–5]. In addition, the 
increasing utilization of prostate MRI to guide targeted biopsy 
sampling and identify occult lesions has led to improved risk-
stratification prior to definitive treatment when compared to 
standard biopsy alone [3, 6, 7]. As a result, there is an increased 
interest in managing patients with less aggressive disease with 
active surveillance or minimally invasive interventions (whole 
gland, partial gland, or focal therapy), rather than definitive 
pelvic radiotherapy or radical prostatectomy [8]. The goal for 
minimally invasive therapy is to have an acceptable oncologi-
cal efficacy while avoiding the significant side effects associated 
with radical therapies like surgery and radiation. Focal therapy 
for prostate cancer provides a targeted treatment that treats 
only the image-defined tumor while sparing the remainder of 
the gland, thus decreasing potential risks of erectile dysfunc-
tion and other side effects from more aggressive therapies. 
Options for focal therapy of prostate cancer include cryoab-
lation, stereotactic body radiation therapy (SBRT), radiofre-
quency ablation, microwave ablation, high-intensity focused 
ultrasound (HIFU), laser ablation, irreversible electropora-
tion, photothermal ablation, and high-intensity directional 
ultrasound (HIDU). These focal treatments have been evalu-
ated since 1996, but have failed to gain widespread use due 
to lack of durable cancer treatment outcomes and cure [9]. 
However, given the increasing accuracy of risk-stratification 
through MRI-targeted biopsies, there is renewed interest in 
focal therapy for prostate cancer to reduce the morbidity of 
overtreatment via whole-gland treatments of the disease while 
not being completely reliant on active surveillance reserved 
commonly for the lowest risk cases. Additionally, many of these 
focal therapies can be adapted to perform true focal, segmental/
partial, or subtotal treatments nearing whole-gland treatment 
while sparing critical quality-of-life-impacting structures such 
as the urinary sphincter, neurovascular bundles, and bladder 
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neck. All degrees of tissue coverage provide the treating physi-
cians with a wide array of patient-personalized options.

High-Intensity Ultrasound for Prostate 
Ablative Interventions

High-intensity-focused ultrasound (HIFU) use in the prostate 
was first described in 1993 by Gelet et  al. in a study on its 
effects on tissue coagulation necrosis on benign prostatic 
hypertrophy (BPH) delivered via a transrectal approach [10]. 
The use of HIFU in the prostate was then advanced to prostate 
cancer, where early studies demonstrated feasibility and effec-
tiveness in achieving tumor necrosis [11, 12]. The theoretical 
advantage of focal or partial gland HIFU for prostate cancer 
is the treatment of only the affected focal lesion or half of 
the gland involved, which should decrease the potential side 
effect of erectile dysfunction completely preserving viability 
of the contralateral side neurovascular tissues. When HIFU is 
performed as a whole-gland ablation, the treatment can still 
be targeted to avoid critical structures, including the urethra, 
urinary sphincter, and neurovascular bundles. Treatment of 
lesions adjacent to the urethra has been shown to result in 
increased risk of urinary complications when full coverage is 
administered for proper cancer control. Subsequent evalua-
tions of HIFU in the treatment of clinically significant local-
ized prostate cancer have demonstrated reasonable short-term 
and medium-term oncologic and functional outcomes, but 
long-term oncologic control of prostate cancer remains under 
ongoing investigation [13, 14]. Additionally, while clear crite-
ria exist to diagnose biochemically recurrent prostate cancer 
in patients who have undergone prostatectomy or definitive 
whole-gland radiation therapy, there is uncertainty in how 
to determine biochemical recurrence in the setting of focal 
therapy where a measurable portion of the prostate remains 
untreated [15–17]. As a result, follow-up of these patients is 
challenging and requires repeat biopsies of both the treated 
and untreated regions of the prostate, often combined with the 
use of prostate MRI if used for primary diagnosis and disease 
localization [18].

High-intensity directional ultrasound (HIDU) was 
initially developed in 2012 as an alternative to HIFU for 
patients with either BPH or prostate cancer [19]. This system 
takes advantage of the increasing utilization of MRI for the 
localization of prostate cancer and functional MRI techniques, 
including MR thermometry, to monitor and guide tissue 
response in the prostate gland. The treatment is administered 
via a transurethral approach, which differs from HIFU where 
the treatment is delivered transrectally. The studies for FDA 
approval were performed as whole-gland ablation, but cases 
of partial gland and focal/segmental HIDU therapies are also 

being reported. The TULSA HIDU system controls tempera-
ture at the edge of the ablation zone through a feedback loop 
which maintains a 57 °C temperature for ablation and allows 
for preservation of the neurovascular bundles in cases of 
whole-gland ablation. The TULSA HIDU system also allows 
for unique contouring of the treatment margin, which differs 
from whole-gland cryoablation and HIFU. The system also 
provides continuous rectal and urethral cooling during the 
procedure to minimize the risk of thermal injury to the urethra 
and rectum. Additional advantages of HIDU compared to that 
of HIFU include reductions in treatment times and the ability 
to treat larger glands, which is a significant challenge in HIFU 
which has to aim the focal point of ultrasound for ablation 
based on energy crystals in the transrectal probe. However, 
overall setup times for HIDU are longer than for HIFU, and 
the overall procedural time is often comparable. Initial phase 
1 clinical trials of HIDU demonstrated safety and feasibility 
of delivering a whole-gland prostate ablation in patients with 
localized prostate cancer with an acceptable side effect profile 
[20••]. A subsequent study enrolled patients with localized 
prostate cancer who underwent HIDU prior to prostatectomy 
which showed excellent spatial targeting of HIDU treatment 
delivery compared to histologically proven prostate cancer 
foci [21]. Recently, studies have also demonstrated excellent 
reduction in prostate tissue volumes in patients enrolled in the 
prior phase 1 trial, suggesting potential utility in BPH [22].

Patient Selection

As with any treatment modality, optimization of patient selec-
tion is paramount to achieve the best clinical outcomes. In 
regard to focal therapy for prostate cancer, some uncertainty 
exists about which patients would benefit most from focal 
therapy. Currently, focal therapy is reserved primarily for men 
with limited volume intermediate-risk prostate cancer with a 
solitary unilateral cancerous lesion. Historically, this has been 
an issue owing to known limitations of systematic biopsy and 
underdiagnosis of higher-risk or multifocal cancers. However, 
given the increasing utilization of prostate MRI for both lesion 
detection, targeted biopsy, and therapy planning, local therapy 
continues to emerge as a viable treatment modality for these 
patients [23–25]. Additionally, some men are reluctant to 
undergo either surgery or whole-gland radiation therapy but 
also do not want to be postponing any therapy by means of 
active surveillance for their prostate cancer. In these scenarios, 
HIDU and other minimally invasive focal therapy treatments 
offer a potential option for these patients. Intermediate-risk 
prostate cancer is a heterogeneous group and includes both 
favorable (grade group 2, Gleason 3 + 4 = 7) and less favorable 
(grade group 3, Gleason 4 + 3 = 7) variants as well as patients 
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with grade group 1, Gleason 3 + 3 = 6 prostate cancer with 
significantly elevated PSA in excess of 10 ng/mL. The uncer-
tainty of utilizing focal therapy for favorable intermediate-risk 
patients has increased in recent years owing to the expansion 
of active surveillance guidelines to include some men with 
favorable intermediate-risk prostate cancer [26]. There have 
also been historical concerns regarding the potential toxicity 
associated with salvage therapy after focal ablative therapies, 
but recent studies and meta-analyses suggest adequate toler-
ance of salvage prostatectomy, brachytherapy, and/or external 
beam radiotherapy in cases of biochemical recurrence follow-
ing focal therapy for prostate cancer [27–29]. Current guide-
lines from the American Urological Association, National 
Comprehensive Cancer Network, and Society of Urological 
Oncology only recommend focal therapy (partial gland 
ablation) in the setting of a clinical trial given the lack of long-
term oncological follow-up [30, 31].

Currently, HIDU has only been formally studied in whole-
gland ablation, but focal and partial gland options clearly exist 
for treatment. Thus, concerns regarding undertreatment of 
potential multifocal lesions are less important than for partial 
ablation or focal therapy of the prostate gland. However, the 
temperature feedback loop at the ablation margin and rectal/
urethral cooling offers potential to decrease side effects during 
whole-gland ablation, and HIDU may be a better tolerated 
treatment modality versus whole-gland transperineal percu-
taneous cryoablation or transrectal HIFU. Additionally, 
recent advances in molecular imaging with prostate-specific 
membrane antigen PET/CT and PET/MRI have allowed for 
greater confidence in pretreatment staging and detection of 
metastatic disease, which may play a role in helping refine 
exactly which patient populations are most suitable for focal 
therapy and would potentially benefit from a localized treat-
ment [32]. However, given the novelty of the HIDU treatment 
modality, it remains uncertain what patients would benefit 
most from this treatment modality over other focal therapy 
ablative options. Early phase 1 clinical trials of HIDU were 
performed on patients with low-risk or intermediate-risk 
prostate cancer with satisfactory safety and toxicity profiles, 
but larger studies are needed to assess both short-term and 
long-term efficacy in multiple different patient populations 
[33,  34]. The use of novel techniques for the treatment of 
BPH has been expanded in recent years with the development 
of several methods of laser enucleation of the prostate and 
prostatic artery embolization. While patients who have under-
went HIDU procedures for prostate cancer have experienced 
a significant decrease in prostate volumes, further research 
is needed with head-to-head comparison of prostate volume 
reduction and potential side-effect profiles of these different 
minimally invasive options.

Technical and Procedural Considerations

Prior to implementation of a HIDU practice, several factors 
need to be considered prior to initiation. First, HIDU is a 
procedure that is typically performed under general anesthe-
sia in-bore in the MRI scanner. This leads to unique challenges 
with anesthesia availability and having MR-compatible 
anesthesia equipment. Additionally, many of the devices used 
to perform HIDU require modifications to the Faraday cage in 
the MR scanner to allow for the controls to safely pass from the 
control room to the patient. These modifications are somewhat 
unique to each manufacturer and device and may or may not be 
compatible with other high-intensity therapeutic devices used 
for other urologic or neurosurgical applications. Thus, having 
a dedicated scanner to perform HIDU on may be a consid-
eration to minimize the number of modifications performed 
on a single MR scanner and setup costs. These procedures 
also require several hours of scanner time, which can be 
challenging due to the inability to utilize the MR scanner for 
scheduling diagnostic studies. Thus, these cases may best be 
performed after hours or on weekends when diagnostic MRI 
is not routinely being performed on the scanner. Additionally, 
the HIDU procedure like any new procedure has a learn-
ing curve associated with it that leads to commonly longer 
procedure times. As expected, as the number of HIDU cases 
performed increases, the overall procedure time has been 
shown to decrease [35••]. While initial HIDU procedures may 
require several additional hours of scanner time, a streamlined 
high-functioning HIDU practice is reported to be able to treat 
4 patients per day in a relatively consistent fashion. A carefully 
selected strategy for implementation and patient scheduling is 
essential to minimize these concerns.

Additionally, not all MR scanners are capable of perform-
ing HIDU due to the software requirements. Currently, the 
software required for HIDU and MR thermometry requires 
the use of only select 1.5 and 3.0 Tesla MRI scanners and may 
require software upgrades to acquire the necessary software. 
Following modifications to the MR Faraday cage and software 
upgrading, the HIDU procedure first involves the induction of 
general anesthesia on the MRI gantry. Following satisfactory 
induction of anesthesia, the HIDU transurethral applicator 
and probe are inserted into the urethra in a sterile fashion. 
Real-time MR guidance is utilized to place the HIDU probe 
in the requisite position (Fig. 1). The HIDU probe is a rotat-
ing ultrasound probe that allows for treatment of both large 
and small prostate glands and anterior and posterior prostate 
tissue. The probe ablates a 3-cm region in each direction from 
the urethra and is composed of a total of 10 ultrasound trans-
ducers that are 5 mm in length. The maximum craniocaudal 
dimension of the prostate which can be treated is 5 cm, and 
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the maximum volume that can be treated is 90 cc. A limita-
tion during HIDU and HIFU treatments is the presence of 
calcifications within the prostate, which limit MR thermom-
etry and reflect ultrasound waves, thereby rendering treat-
ment suboptimal or ineffective due to altered level of energy 
administration and inaccurate real-time temperature assess-
ment. During the administration of in-gantry high-intensity 
ultrasound treatment, MR thermometry is utilized to evalu-
ate temperature changes in prostatic tissue during treatment 
(Fig.  2). MR thermometry is an advanced functional MR 
technique that allows for thermal monitoring of tissues during 
a variety of treatments, including HIFU, microwave ablation, 
laser ablation, and high-intensity transcranial neurosurgical 
applications. This real-time MR thermal monitoring of tissue 
allows for careful temperature control of selected regions with 
sparing of high-risk anatomy, including the periurethral and 

perirectal tissues, to minimize adverse events and side effects 
after the treatment. The maximum temperature in the periure-
thral tissues is controlled to be 86  °C, and the periphery of 
the gland is controlled at a maximum temperature of 57 °C, 
both of which are achieved through continuous rectal and 
urethral cooling during the procedure. Structures outside the 
HIDU ablation zone do not receive any heat, and the HIDU 
ablation zone can be designed in any shape, which differs 
from cryoablation and HIFU. Following completion of the 
treatment, an immediate MRI can be obtained to evaluate and 
confirm ablation margins within the prostate gland. After the 
procedure, patients undergo standard care following general 
anesthesia and are most commonly not required to remain in 
the hospital from a urologic standpoint.

Effectiveness and Potential Complications

Transurethral HIDU was first examined in a pilot feasibility 
trial in 2012 where 8 patients who were scheduled to undergo 
radical prostatectomy for clinically localized prostate cancer 
underwent HIDU prior to surgery [19]. All patients enrolled 
in this study had a Gleason score of less than or equal to 7 
and a PSA of 15 ng/mL. These patients underwent MR-guided 
HIDU in a 1.5 Tesla MR scanner with the average proce-
dure time lasting approximately 3 h. HIDU was tolerated by 
all patients, and a temperature uncertainty of less than 2  °C 
was observed during all treatments. Additionally, following 
radical prostatectomy, the prostate specimen was sliced in 
the treatment plane to evaluate spatial targeting accuracy. In 
this trial, a spatial targeting accuracy of − 1.0  mm ± 2.6 was 
achieved. Thus, the early findings from this HIDU study states 
that MR-guided HIDU is feasible, safe, and well-tolerated with 
potential applications for both whole-gland and focal treat-
ment of prostate cancer.

Subsequently, a multicenter single-arm prospective phase 
1 clinical trial was performed to further evaluate HIDU whole-
gland ablation in patients with localized prostate cancer [20••]. 

is composed of a total of 10 ultrasound transducers that are
5 mm in length. The maximum craniocaudal dimension of
the prostate which can be treated is 5 cm, and the maximum
volume that can be treated is 90 cc. A limitation during HIDU
and HIFU treatments is the presence of calcifications within the
prostate, which limit MR thermometry and reflect ultrasound
waves, thereby rendering treatment suboptimal or ineffective
due to altered level of energy administration and inaccurate
real-time temperature assessment. During the administration
of in-gantry high-intensity ultrasound treatment, MR thermom-
etry is utilized to evaluate temperature changes in prostatic
tissue during treatment (Fig. 2). MR thermometry is an ad-
vanced functional MR technique that allows for thermal mon-
itoring of tissues during a variety of treatments, including
HIFU, microwave ablation, laser ablation, and high-intensity
transcranial neurosurgical applications. This real-timeMR ther-
mal monitoring of tissue allows for careful temperature control
of selected regions with sparing of high-risk anatomy, includ-
ing the periurethral and perirectal tissues, to minimize adverse
events and side effects after the treatment. The maximum tem-
perature in the periurethral tissues is controlled to be 86 °C, and
the periphery of the gland is controlled at a maximum temper-
ature of 57 °C, both of which are achieved through continuous
rectal and urethral cooling during the procedure. Structures
outside the HIDU ablation zone do not receive any heat, and
the HIDU ablation zone can be designed in any shape, which
differs from cryoablation and HIFU. Following completion of
the treatment, an immediate MRI can be obtained to evaluate

and confirm ablation margins within the prostate gland. After
the procedure, patients undergo standard care following general
anesthesia and are most commonly not required to remain in
the hospital from a urologic standpoint.

Effectiveness and Potential Complications

Transurethral HIDUwas first examined in a pilot feasibility trial in
2012 where 8 patients who were scheduled to undergo radical
prostatectomy for clinically localized prostate cancer underwent
HIDU prior to surgery [19]. All patients enrolled in this study had
a Gleason score of less than or equal to 7 and a PSA of 15 ng/mL.
These patients underwent MR-guided HIDU in a 1.5 Tesla MR
scanner with the average procedure time lasting approximately
3 h. HIDU was tolerated by all patients, and a temperature uncer-
tainty of less than 2 °C was observed during all treatments.
Additionally, following radical prostatectomy, the prostate speci-
men was sliced in the treatment plane to evaluate spatial targeting
accuracy. In this trial, a spatial targeting accuracy of − 1.0 mm±
2.6 was achieved. Thus, the early findings from this HIDU study
states that MR-guided HIDU is feasible, safe, and well-tolerated
with potential applications for both whole-gland and focal treat-
ment of prostate cancer.

Subsequently, a multicenter single-arm prospective phase 1
clinical trial was performed to further evaluate HIDU whole-
gland ablation in patients with localized prostate cancer [20••].
The study enrolled a total of 30 patients with biopsy-proven
low-risk and intermediate-risk prostate cancer who were treated
and followed for a total of 12 months. The primary aim of this
study was to deliver therapeutic whole-gland HIDU ablation with
3-mm safety margins and sparing of 10% of viable prostate
around the prostatic capsule to avoid neurovascular injury. All
patients tolerated the HIDU procedure well, and the median treat-
ment time of patients was 36min. UsingMR thermometry during
treatment, spatial control of ablation was ± 1.3 mm, which is in
agreement with prior studies [19]. The side-effect profile of HIDU
was examined through the use of the Common Terminology
Criteria for Adverse Events (CTCAE) and included hematuria in
approximately 50% of patients, urinary tract infection in 33%,
acute urinary retention in 27%, and epididymitis in 3.3%. Of note,
most of these toxicities observed were CTCAE grades 1 and 2,
with only the epididymitis reachingCTCAEgrade 3, and no rectal
injuries were observed in this study. Patient quality-of-life and
symptom burden were assessed with both the International
Prostate Symptom Score and International Index of Erectile
Function, both of which returned to pretreatment baseline by the
12-month follow-up. Median serum PSA values decreased 87%
by 1 month follow-up and remained stable at 12 months, indica-
tive of the treatment effect. Treated patients underwent repeatMRI
and biopsies at 12-month follow-up which demonstrated reduc-
tions in cancer length in 61% of patients, clinically signif-
icant disease in 31% of patients, and any residual prostate

Fig. 1 Sagittal T2-weighted MR image demonstrating a transurethral
ultrasound applicator (arrow) with software overlay and contoured
prostate volume. Endorectal cooling device is also seen (star)
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Fig. 1: Sagittal T2-weighted MR image demonstrating a transurethral 
ultrasound applicator (arrow) with software overlay and contoured 
prostate volume. Endorectal cooling device is also seen (star).

Fig. 2: MR thermometry (Tmax) images with color overlay demonstrating conformal ablation along the drawn prostate contour during one clockwise 
360-degree rotation of the transurethral ultrasound applicator device. Temperature is controlled by an automated feedback algorithm.cancer (of any Gleason grade) in 55% of patients. The find-

ings of this phase 1 trial led the researchers to conclude that
MR-guided HIDU was a feasible, safe, and precise treat-
ment for whole-gland ablation in patients with localized
prostate cancer and warranted a larger prospective trial.

A later substudy of the multicenter phase 1 trial evaluated
changes in prostate volumes in patients who underwent HIDU
[22]. The patient’s prostate MRIs were evaluated at treatment
day and at 12-month follow-up, and their viable prostate vol-
ume was determined by subtracting the non-perfused volume
of prostate tissue from the total prostate volume and scaling
the value by the degree of fibrosis noted on the follow-up
prostate biopsy. Following HIDU, the median reduction in
viable prostate volume at follow-up was 88%. While early
and not the primary focus, this study suggests a potential ap-
plication of HIDU as a minimally invasive treatment of BPH.

Data from centers participating in the phase 2 study of
HIDU have begun to emerge. In a single center participating
in the transurethral ultrasound ablation (TULSA) whole-gland
HIDU ablation trial for men with organ-confined low-to-
intermediate-risk prostate cancer, the primary endpoint of
PSA reduction by at least 75% was achieved in 8 of 9 patients
with a median PSA reduction of 95.4% [35••]. All patients
demonstrated a histologic benefit at the 12-month follow-up
prostate biopsy [35••]. None of the patients in this cohort
experienced serious urinary or gastrointestinal side effects,
and no postprocedural erectile dysfunction was reported
[35••]. These results are encouraging and suggest that
TULSA HIDU is a feasible and efficacious treatment option
for men with organ-confined low-to-intermediate-risk prostate
cancer, with an excellent side-effect profile, especially
pertaining to erectile dysfunction.

Conclusion

HIDU offers a novel approach to utilizing high-intensity ultra-
sound energy administration to potentially treat localized pros-
tate cancer. While HIFU has been studied in multiple clinical
trials, currently, there is only early evidence regarding the safety,
efficacy, and tolerability of HIDU with more studies underway
and data emerging. An active clinical trial is underway
(NCT02766543) to evaluate MR-guided HIDU in a larger

patient cohort. Technical demands of HIDU are not insignificant
and require close multidisciplinary collaboration between urol-
ogy, radiology, and anesthesiology to optimize patient selection,
throughput, and periprocedural management.
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The study enrolled a total of 30 patients with biopsy-proven 
low-risk and intermediate-risk prostate cancer who were 
treated and followed for a total of 12 months. The primary aim 
of this study was to deliver therapeutic whole-gland HIDU 
ablation with 3-mm safety margins and sparing of 10% of 
viable prostate around the prostatic capsule to avoid neurovas-
cular injury. All patients tolerated the HIDU procedure well, 
and the median treatment time of patients was 36 min. Using 
MR thermometry during treatment, spatial control of ablation 
was ± 1.3 mm, which is in agreement with prior studies [19]. 
The side-effect profile of HIDU was examined through the 
use of the Common Terminology Criteria for Adverse Events 
(CTCAE) and included hematuria in approximately 50% of 
patients, urinary tract infection in 33%, acute urinary reten-
tion in 27%, and epididymitis in 3.3%. Of note, most of these 
toxicities observed were CTCAE grades 1 and 2, with only 
the epididymitis reaching CTCAE grade 3, and no rectal 
injuries were observed in this study. Patient quality-of-life and 
symptom burden were assessed with both the International 
Prostate Symptom Score and International Index of Erectile 
Function, both of which returned to pretreatment baseline by 
the 12-month follow-up. Median serum PSA values decreased 
87% by 1 month follow-up and remained stable at 12 months, 
indicative of the treatment effect. Treated patients underwent 
repeat MRI and biopsies at 12-month follow-up which demon-
strated reductions in cancer length in 61% of patients, clini-
cally significant disease in 31% of patients, and any residual 
prostate cancer (of any Gleason grade) in 55% of patients. The 
findings of this phase 1 trial led the researchers to conclude that 
MR-guided HIDU was a feasible, safe, and precise treatment 
for whole-gland ablation in patients with localized prostate 
cancer and warranted a larger prospective trial.

A later substudy of the multicenter phase 1 trial evalu-
ated changes in prostate volumes in patients who underwent 
HIDU [22]. The patient’s prostate MRIs were evaluated at 
treatment day and at 12-month follow-up, and their viable 
prostate volume was determined by subtracting the non-per-
fused volume of prostate tissue from the total prostate volume 
and scaling the value by the degree of fibrosis noted on the 
follow-up prostate biopsy. Following HIDU, the median 
reduction in viable prostate volume at follow-up was 88%. 
While early and not the primary focus, this study suggests a 
potential application of HIDU as a minimally invasive treat-
ment of BPH.

Data from centers participating in the phase 2 study of 
HIDU have begun to emerge. In a single center participating in 
the transurethral ultrasound ablation (TULSA) whole-gland 
HIDU ablation trial for men with organ-confined low-to-in-
termediate-risk prostate cancer, the primary endpoint of PSA 
reduction by at least 75% was achieved in 8 of 9 patients with 

a median PSA reduction of 95.4% [35••]. All patients demon-
strated a histologic benefit at the 12-month follow-up prostate 
biopsy [35••]. None of the patients in this cohort experienced 
serious urinary or gastrointestinal side effects, and no postpro-
cedural erectile dysfunction was reported [35••]. These results 
are encouraging and suggest that TULSA HIDU is a feasible 
and efficacious treatment option for men with organ-confined 
low-to-intermediate-risk prostate cancer, with an excellent 
side-effect profile, especially pertaining to erectile dysfunction.

Conclusion

HIDU offers a novel approach to utilizing high-intensity 
ultrasound energy administration to potentially treat local-
ized prostate cancer. While HIFU has been studied in multiple 
clinical trials, currently, there is only early evidence regarding 
the safety, efficacy, and tolerability of HIDU with more studies 
underway and data emerging. An active clinical trial is under-
way (NCT02766543) to evaluate MR-guided HIDU in a larger 
patient cohort. Technical demands of HIDU are not insignifi-
cant and require close multidisciplinary collaboration between 
urology, radiology, and anesthesiology to optimize patient 
selection, throughput, and periprocedural management.
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Abstract

Purpose of Review: We sought to discuss the current litera-
ture on the hydatid disease of the bladder. We will shed light 
on history and physical findings, successful diagnostic work 
ups, and the various treatment options.
Recent Findings: Currently, the literature on hydatid disease 
of the bladder is primarily case studies with limited number of 
patients. While hydatid disease is prevalent in endemic areas, 
hydatid disease of the bladder is rare and presents after years 
of cyst enlargement and subsequent symptoms.
Summary: Clinical manifestations usually depend on the 
site and size of the cysts; however, patients can present with a 
wide array of nonspecific symptoms. Diagnostic tools include 
laboratory testing for serum antigen, radiographic evaluation 
with ultrasound, or CT/MRI. Surgical excision represents the 
corner stone in management of hydatid disease of the bladder 
without recurrence in 100% of the reported cases.

Keywords: Echinococcus, Hydatid, Bladder, Parasite, Urinary 
tract, Cyst
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Introduction

Echinococcus granulosus, also known as the hydatid worm, is 
a 2 to 7-mm long cyclophyllidea parasite found dwelling in a 
definitive host’s intestinal tracts. The life cycle of cystic echino-
coccus (CE) begins with the ingestion of Echinococcus eggs by 
an intermediate host (such as a sheep), either through contam-
inated foods or direct ingestion. The eggs then hatch in the 
small intestine and become six-hooked onchospheres, which 
penetrate the intestinal wall and disseminate via blood and 
lymph to invade organs, with the lungs and liver most promi-
nent. Once the onchosphere has invaded the organ, it devel-
ops into a thick-walled cyst. As the cyst enlarges, it produces 
daughter cysts and protoscolices. This causes the disease 
process we now recognize as CE or hydatid disease. The life 
cycle is completed when the definitive host (such as a dog or 
fox) ingests the cyst containing organs, and the protoscolices 
develop into the adult stages with eggs being released into the 
feces. Humans are considered to be an aberrant intermediate 
host for Echinococcus granulosus because it is unlikely that the 
human organs would be consumed by a definitive host and, 
thus, human infection disrupts the life cycle of the parasite [1].

Hydatid disease is primarily prevalent in the Mediterranean 
region and African and Central Asian countries, such as 
China, Iran, South Africa, Tunisia, and Southern Russia. The 
incidence of hydatid disease is 50 cases per 100,000 person-
years in these endemic areas with a prevalence of 5 to 10% [2]. 
Rural areas, poor economic conditions, and low education are 
often precipitating factors leading to hydatid disease.

Hydatid disease in humans primarily results in the forma-
tion of cysts in the liver (59–75%) or lungs (5–15%). Less 
commonly, these parasites can spread hematogenously or via 
retroperitoneal lymphatics to other organs such as the spleen 
(3%), bones (1–4%), central nervous system (1–2%), and 
kidneys (3%) [3, 4]. Symptoms usually present after the cysts 
have had an incubation period between 5 and 20 years [4••]. 
Pelvic and urinary bladder echinococcosis are extremely rare, 
with an incidence of only 0.2 to 2.25% in endemic regions. In 
a study by Gun et al. with 329 patients diagnosed with hydatid 
disease, results showed that 22% of all hydatid disease cases 
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were found in sites outside of the liver [3]. Of those cases, 
almost half of them (46%) had concomitant hydatid disease in 
the liver, likely as the primary site. In the remaining 54%, the 
primary site was the extrahepatic site. Among the reviewed 
hydatid bladder cases, 79% of the cysts originated at the 
bladder, while 14% originated in the liver and 7% in the spleen.

The hydatid cyst has a well-formed structure with classic 
histomorphology (Fig. 1). The cyst wall consists of three layers. 
The outer pericyst/ectocyst, the middle-laminated anuclear 
membrane, and the inner germinal layer (which is the living 
part of the cyst, producing protoscolices and the laminated 
membrane). The thin pericyst is composed predominantly 
of host cells, including fibroblasts, lending to its white color-
ation on gross inspection [5]. The middle layer is a laminated 
anuclear membrane [5]. The innermost layer is the germinal 
layer and consists of the daughter/brood cysts and protosco-
lices [6••]. When the outermost and innermost layers are 
identified with various imaging techniques such as ultrasound 
(US), computed tomography (CT) scan, or MRI, diagnostic 
criteria can be met.

While hydatid disease of the urinary tract accounts for 
1 to 5% of all cases, hydatid disease of the bladder is more 
uncommon (< 1% of all cases). After onchospheres arrive 
in the connective tissue of the peritoneum by bypassing the 
hepatic or pulmonary filters, they can become trapped in the 

pelvic cavity. As the cyst expands, it can compress the bladder 
or invade the bladder parenchyma as evidenced by reported 
cases of hydatiduria in isolated retrovesicular or retroperito-
neal disease [7].

History and Physical Findings

Among the reviewed recent literature, 17 patients were 
identified with hydatid disease of the bladder that reported 
various symptoms with consistent physical findings. The most 
commonly reported symptoms were frequent urination, vague 
lower abdominal pain, and dysuria. Other symptoms include 
incomplete emptying, difficulty urinating, urinary retention, 
urge incontinence, severe pelvic pain, nausea, vomiting, tenes-
mus, fatigue, pelvic pressure, and gross hematuria (Fig. 2).

Hydatiduria, the excretion of microscopic scolices or 
macroscoptic daughter cysts and/or membranes, has also been 
reported [8]. Renal hydatidosis can present with hydatiduria 
in 5 to 25% of cases [9]. In comparison, in a study of 42 cases 
with isolated retrovesicular or retroperitoneal disease, hydati-
duria was seen in 9.5% of the cases [8]. Kaur et al. described 
a case with a cystovesicular fistula, and hydatiduria presented 
with burning micturition; urge incontinence; and a 6-month 
history of intermittent passage of small, white, balloon-like, 
grape-sized structures in the urine [10].

Hydatid disease is primarily prevalent in theMediterranean
region and African and Central Asian countries, such as
China, Iran, South Africa, Tunisia, and Southern Russia.
The incidence of hydatid disease is 50 cases per 100,000
person-years in these endemic areas with a prevalence of 5
to 10% [2]. Rural areas, poor economic conditions, and low
education are often precipitating factors leading to hydatid
disease.

Hydatid disease in humans primarily results in the forma-
tion of cysts in the liver (59–75%) or lungs (5–15%). Less
commonly, these parasites can spread hematogenously or
via retroperitoneal lymphatics to other organs such as the
spleen (3%), bones (1–4%), central nervous system (1–2%),
and kidneys (3%) [3, 4]. Symptoms usually present after the
cysts have had an incubation period between 5 and 20 years
[4••]. Pelvic and urinary bladder echinococcosis are extremely
rare, with an incidence of only 0.2 to 2.25% in endemic re-
gions. In a study by Gun et al. with 329 patients diagnosed
with hydatid disease, results showed that 22% of all hydatid
disease cases were found in sites outside of the liver [3]. Of
those cases, almost half of them (46%) had concomitant hy-
datid disease in the liver, likely as the primary site. In the
remaining 54%, the primary site was the extrahepatic site.
Among the reviewed hydatid bladder cases, 79% of the cysts
originated at the bladder, while 14% originated in the liver and
7% in the spleen.

The hydatid cyst has a well-formed structure with classic
histomorphology (Fig. 1). The cyst wall consists of three
layers. The outer pericyst/ectocyst, the middle-laminated
anuclear membrane, and the inner germinal layer (which is
the living part of the cyst, producing protoscolices and the

laminated membrane). The thin pericyst is composed predom-
inantly of host cells, including fibroblasts, lending to its white
coloration on gross inspection [5]. The middle layer is a lam-
inated anuclear membrane [5]. The innermost layer is the ger-
minal layer and consists of the daughter/brood cysts and
protoscolices [6••]. When the outermost and innermost layers
are identified with various imaging techniques such as ultra-
sound (US), computed tomography (CT) scan, or MRI, diag-
nostic criteria can be met.

While hydatid disease of the urinary tract accounts for 1 to
5% of all cases, hydatid disease of the bladder is more uncom-
mon (< 1% of all cases). After onchospheres arrive in the
connective tissue of the peritoneum by bypassing the hepatic
or pulmonary filters, they can become trapped in the pelvic
cavity. As the cyst expands, it can compress the bladder or
invade the bladder parenchyma as evidenced by reported
cases of hydatiduria in isolated retrovesicular or retroperitone-
al disease [7].

History and Physical Findings

Among the reviewed recent literature, 17 patients were iden-
tified with hydatid disease of the bladder that reported various
symptoms with consistent physical findings. The most com-
monly reported symptoms were frequent urination, vague
lower abdominal pain, and dysuria. Other symptoms include
incomplete emptying, difficulty urinating, urinary retention,
urge incontinence, severe pelvic pain, nausea, vomiting, te-
nesmus, fatigue, pelvic pressure, and gross hematuria (Fig. 2).

Hydatiduria, the excretion of microscopic scolices or
macroscoptic daughter cysts and/or membranes, has also been

Fig. 1 a Hematoxylin and eosin
stain of a hydatid cyst at × 40
magnification; the laminated
membrane is indicated by the
asterisks (*). b Hydatid cyst at ×
100 magnification, with blue
arrow indicating representative
protoscolices. c Hydatid cyst at ×
400 magnification, with blue
arrow indicating representative
protoscolices. d Protoscolix at ×
800 with classic hooklets (black
arrows) and calcareous corpuscles
(yellow arrow)
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Fig. 1: a Hematoxylin and eosin 
stain of a hydatid cyst at × 40 
magnification; the laminated 
membrane is indicated by the 
asterisks (*). b Hydatid cyst at 
× 100 magnification, with blue 
arrow indicating representative 
protoscolices. c Hydatid cyst at 
× 400 magnification, with blue 
arrow indicating representative 
protoscolices. d Protoscolix at × 800 
with classic hooklets (black arrows) 
and calcareous corpuscles (yellow 
arrow).
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Bladder irritation constitutes the most common finding 
in the reported cases (57%); however, some patients with 
bladder hydatidosis were asymptomatic (7%) and were only 
diagnosed with hydatid disease incidentally [11].

A few reports demonstrated physical findings in the 
context of the hydatid disease of the bladder. Findings 
include deep tenderness in suprapubic region and palpable 
masses and/or lumps [10, 12, 13]. Digital rectal exam is often 
documented to be negative apart from one case that demon-
strated a smooth cystic extraluminal mass that was felt anteri-
orly in rectovesical pouch without prostatic enlargement [14].

Diagnostic Workup

Abdominal ultrasound (US) represents the gold standard 
diagnostic tool in evaluating patients with hydatid disease of 
the bladder. US is widely used due to its low cost and high 
sensitivity that can reach approximately 93 to 98% detection 
in patients with the disease. [6••]. On US, hydatid disease of 
bladder can be categorized into six different types depend-
ing on cyst presentations. Type 1 shows a simple cyst without 
internal architecture; Type 2 displays a cyst with “echogenic 
sand” representing a prominent laminated layer [15]; Type 3 
has the “water lily sign” where the cyst has prominent lamina-
tions and daughter cysts (the endocyst membrane may be 
detached from the ectocyst, resulting in floating membranes); 
Type 4 shows a multilocular cysts, also known as “cyst within 
a cyst,” and also may look like a solid mass; Type 5 is a calcified 

cyst; and type 6 shows disseminated cysts with daughter cysts 
in multiple organs.

Furthermore, additional radiologic description on US 
that are suggestive of hydatid disease can include the following: 
“multicystic lesion,” “heterogenous mass,” “spoke in wheel,” 
and “unilocular.” These various findings may present as purely 
cystic lesions or solid-appearing masses. In the reported liter-
ature, characteristic cyst findings of hydatid disease were 
seen easily via US. However, CT scan and MRI can be used 
for determining the site, size, and number of cysts for more 
detailed evaluation and guiding management. Despite CT 
providing a high sensitivity between 90 and 100% detection, 
US remains the imaging modality of choice, likely in part, due 
to the difference in cost and wide availability.

Blood work and serology testing can be confirmatory 
tools of primary disease when combined with the radiologic 
findings, and further studies can be used to evaluate treatment 
response in the follow-up period [16]. In diagnosing hydatid 
disease of the bladder, serology provided a sensitivity of 60 to 
90% [6••]. Additionally, when known positive cases of hydatid 
disease of the bladder were evaluated, serology detected only 
56% of the cases [6, 9, 10, 13]. When evaluating the CBC, recent 
literature revealed that eosinophilia is only seen in 21% of the 
cases and that leukocytosis was present only in a single case 
[3, 11, 17]. In one case, diagnosis was made intraoperatively 
as preoperative CT findings were inconclusive, but identified 
a multiloculated mass. Only after intraoperative puncture 

Fig. 2: Symptom prevalence in reported cases of hydatid disease of the bladder.

reported [8]. Renal hydatidosis can present with hydatiduria in
5 to 25% of cases [9]. In comparison, in a study of 42 cases
with isolated retrovesicular or retroperitoneal disease,
hydatiduria was seen in 9.5% of the cases [8]. Kaur et al.
described a case with a cystovesicular fistula, and hydatiduria
presented with burning micturition; urge incontinence; and a
6-month history of intermittent passage of small, white, bal-
loon-like, grape-sized structures in the urine [10].

Bladder irritation constitutes the most common finding in
the reported cases (57%); however, some patients with blad-
der hydatidosis were asymptomatic (7%) and were only diag-
nosed with hydatid disease incidentally [11].

A few reports demonstrated physical findings in the con-
text of the hydatid disease of the bladder. Findings include
deep tenderness in suprapubic region and palpable masses
and/or lumps [10, 12, 13]. Digital rectal exam is often docu-
mented to be negative apart from one case that demonstrated a
smooth cystic extraluminal mass that was felt anteriorly in
rectovesical pouch without prostatic enlargement [14].

Diagnostic Workup

Abdominal ultrasound (US) represents the gold standard di-
agnostic tool in evaluating patients with hydatid disease of the
bladder. US is widely used due to its low cost and high sensi-
tivity that can reach approximately 93 to 98% detection in
patients with the disease. [6••]. On US, hydatid disease of
bladder can be categorized into six different types depending
on cyst presentations. Type 1 shows a simple cyst without
internal architecture; Type 2 displays a cyst with “echogenic
sand” representing a prominent laminated layer [15]; Type 3

has the “water lily sign” where the cyst has prominent lami-
nations and daughter cysts (the endocyst membrane may be
detached from the ectocyst, resulting in floating membranes);
Type 4 shows a multilocular cysts, also known as “cyst within
a cyst,” and also may look like a solid mass; Type 5 is a
calcified cyst; and type 6 shows disseminated cysts with
daughter cysts in multiple organs.

Furthermore, additional radiologic description on US that
are suggestive of hydatid disease can include the following:
“multicystic lesion,” “heterogenous mass,” “spoke in wheel,”
and “unilocular.” These various findings may present as pure-
ly cystic lesions or solid-appearing masses. In the reported
literature, characteristic cyst findings of hydatid disease were
seen easily via US. However, CT scan and MRI can be used
for determining the site, size, and number of cysts for more
detailed evaluation and guiding management. Despite CT pro-
viding a high sensitivity between 90 and 100% detection, US
remains the imaging modality of choice, likely in part, due to
the difference in cost and wide availability.

Blood work and serology testing can be confirmatory tools
of primary disease when combined with the radiologic find-
ings, and further studies can be used to evaluate treatment
response in the follow-up period [16]. In diagnosing hydatid
disease of the bladder, serology provided a sensitivity of 60 to
90% [6••]. Additionally, when known positive cases of hyda-
tid disease of the bladder were evaluated, serology detected
only 56% of the cases [6, 9, 10, 13]. When evaluating the
CBC, recent literature revealed that eosinophilia is only seen
in 21% of the cases and that leukocytosis was present only in a
single case [3, 11, 17]. In one case, diagnosis was made intra-
operatively as preoperative CT findings were inconclusive,

Fig. 2 Symptom prevalence in reported cases of hydatid disease of the bladder
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and subsequent pathology reports was hydatid disease of the 
bladder confirmed [4•].

Treatment

Surgical resection of the cyst constitutes the main curative 
treatment in hydatid disease of the bladder. The use of anthel-
mintic medication was attempted (e.g., neoadjuvant therapy 
of preoperative treatment with albendazole), but there was 
no evidence that it assisted in cure [14]. However, Paul et al. 
included that in the case of accidental cyst rupture, secondary 
infection could be reduced by preoperative albendazole [6•]. 
In a report by Sarkar et al., preoperative albendazole did not 
reduce the cyst size [14]. Preoperative treatment was inconsist-
ent. Barabas-Hajdu et al. completed 4 weeks of a daily 400-mg 
dose of albendazole prior to surgery, while Subramaniam et al. 
completed 15  mg/kg/day of the drug until surgery could be 
scheduled [13, 17].

Once intervention is approached, there are two main 
options for cyst excision (i.e., cystectomy). The first is 
complete excision, which most of the reported cases were 
able to undergo. Given the difficult nature of removing a cyst 
in the rectovesical pouch (i.e., the pouch of Douglas), there 
is a concern of rupturing the cyst and subsequently seeding 
protoscolices, leading to disseminated hydatidosis. The other 
option is percutaneous puncture, aspiration, injection, and 
reaspiration (PAIR). Although it was not reported to be used 
for the removal of hydatid disease of the bladder, it is usually 
completed for hydatid disease of the liver. PAIR repeatedly 
injects scolicidal agents (e.g., hypertonic saline or ethanol) 
into the cyst cavity using CT or US-guided imaging in an 
attempt to remove all Echinococcal  lifeforms. This has only a 
40% success rate, but is an available option for patients who 
refuse surgery, are poor candidates for surgery, or if surgery is 
contraindicated.

Another available method for cyst removal is the Palanivelu 
hydatid system (PHS), a device used by Subramaniam et al., in 
which the device laparoscopically removes internal contents 
of the endocyst without excising the entire cyst [14]. The 
surgical steps resemble the PAIR system, but instead of being 
performed via minimally invasive percutaneous needle aspira-
tion, the PHS system is completed laparoscopically with four 
transperitoneal ports.

Ultimately, the gold standard for cyst removal is laparot-
omy with cystectomy, which is both curative and diagnostic 
[15]. To prevent disseminated hydatidosis or allergic reaction, 
the bladder is washed with 10% povidone-iodine solution, 
and the abdominal cavity is isolated with gauze soaked in 20% 
hypertonic saline. Other scolicidal agents include cetrimide, 
chlorhexidine, and absolute alcohol [10].

Bladder cysts have been described as having dense 
adhesions surrounding the bladder and gut wall. Some cysts 
are attached to the superior part of the bladder, simply arising 
from its wall. Excision is then made without opening the 
cavity of the bladder. In a report by Ercil et al., omentoplasty 
was completed to fill the defect that the cyst had made [17]. 
Some surgeons removed the cyst entirely, others opened the 
cyst intraoperatively suctioning the cyst prior to removal. In 
Lahyani et al., the cyst had originated from the sigmoid colon, 
yet it resulted in a fistula with the bladder, requiring sigmoid-
ectomy and placement of a bladder collar [18]. Postoperatively, 
albendazole was prescribed along with routine follow-up and 
observation for other hydatid disease locations. Two regimens 
have been described for postoperative treatment; the first was 
albendazole (400 mg twice a day) for a month and the second 
was a longer plan of ciprofloxacin (500  mg twice a day) for 
3 days, albendazole (10 mg/kg/day) for 12 weeks, and meben-
dazole (100 mg/kg/day) for 6 months [4, 6]. In another study, 
a pregnant patient was prescribed a regimen of albendazole at 
10 to 15 mg/kg/day for 1 to 3 months [12••].

Outcomes

Data obtained regarding follow-up was not consistently 
reported, mainly due to the socioeconomic barriers of the 
population affected by hydatid disease. Of the patients with 
documented return to clinics, follow-up ranged from 6 weeks 
to 1 year. Eser et al. demonstrated the importance of abdomen 
and thorax imaging to be performed at least once in a period of 
2 years for early detection of recurrence [19]. Hydatid disease 
of the bladder showed good prognosis because among the 
cases reported, 100% of the patients that returned for follow-
up reported to be cured and symptom free.

Conclusion

The prevalence of hydatid disease of the bladder is extremely 
low and restricted to certain geographic area. Even when 
hydatid disease of the bladder does occur, it usually takes years 
before significant symptoms occur. Fortunately, the disease is 
curable and does not show any signs of mortality or significant 
morbidity with appropriate therapy.

While hydatid disease of the bladder can develop into 
large cysts that cause acute retention or significant pain, the 
accurate diagnosis with US or other imaging modalities can 
lead to the surgical cure. For surgeons, the extraction of the 
cyst can be challenging, with inappropriate puncture leading 
to disseminated disease. However, with careful preparation 
and scolicidal agents, these complications are unlikely.
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In the context of prevention of hydatid disease of the 
bladder, it is necessary to recognize that hydatid disease 
disproportionately affects rural communities and those 
living in poor economic conditions. As the disease is mainly 
spread by stray dogs or eating contaminated food, education 
surrounding hydatid disease can help encourage sanitary 
habits, such as proper hand washing, and public efforts can be 
made to deworm stray dogs.
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Introduction

Transgender patients have specific considerations when 
assessing the neo-urethra. Broadly, there are 2 categories, 
namely, transgender female urethras for patients who have 
had any kind of vaginoplasty and transgender male urethras 
for patients who have had phalloplasty or metoidioplasty. For 
those who have not had their urethra altered surgically in 
the context of genital gender-affirming surgery (GGAS), the 
care is exactly the same as for cisgender males and cisgender 
females. There is also a heterogeneous group of transgender 
patients who identify as non-binary who have some aspects 
of both male and female identity. These individuals should 
have urologic care appropriate to the type of neo-urethra 
constructed, or if no urethral surgery has been performed, 
then appropriate to the born gender.

Anatomy of Transgender Female Urethras

Essentially, these patients are dealt with in exactly the same 
way as any cisgender female. The neo-urethra is fairly short 
and the meatus is in the perineum. There are some specific 
anatomical issues that must be considered. Firstly, there may 
be quite a lot of corpora spongiosum remaining after recon-
struction around the well-vascularised urethra. Secondly, 
the prostate is typically left in situ and is encircling the 
proximal urethra between the membranous urethra and the 
bladder neck. Finally, the seminal vesicles are also left in situ 
at the time of vaginoplasty. The prostate and seminal vesicles 
are usually small and atrophic but this may not always be 
the case.

General Urological and Endourological Considerations in 
the Care for Transgender Patients: Catheters, Scopes and 
Haematuria, UTI, Stones and Surgical Positioning
Nim Christopher

Catheters

Catheterisation should be performed as usual for cisgender 
females either with short female urethral catheters or the 
longer male catheters. Occasionally these patients will have 
meatal stenosis, which can be treated exactly as in a female 
urethra, i.e., using curved Cluttons urethral sounds or straight 
meatal dilators. In difficult cases specialised dilators may have 
to be used, such as S-Curve™ urethral dilators (Cook Medical®, 
USA) over a Nitinol coated hydrophilic guide wire (Terumo®, 
Japan). There should be no issue with performing clean inter-
mittent self-catheterisation (CISC) if required as the meatus 
should be in an anatomically correct female position.

Cystourethroscopy

The perineal urethra is analogous to that of a cisgender male 
bulbar urethra with the same calibre; therefore, standard 
endoscopic equipment including a 21/22F cystoscope with 
a terminal lip, or a resectoscope, could be used without a 
problem. In cases of meatal stenosis or a stricture, it would 
be useful to place a safety guidewire and utilize a flexible or 
paediatric cystoscope.

Haematuria

Visible haematuria should be assessed and investigated in 
the normal fashion as for cisgender females. There are some 
extra potential causes which should be considered. These are 
bleeding from the prostate and/or seminal vesicles. These male 
structures would normally be shrunken and atrophic due to 
loss of testosterone after bilateral orchidectomy, if the patient 
has already had GGAS or due to Gonadotrophin Releasing 
Hormone (GnRH) agonists or Androgen receptor blockade 
if they have not had GGAS yet. However, if the patient has 
transitioned late in life, then there may already be significant 
natural benign prostatic enlargement. These patients may also 
suffer from orgasmic bleeding. They should be investigated as 
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per the normal protocol for male haemospermia, i.e. seminal 
or urine culture, Prostatic Specific Antigen (PSA) blood test 
and transvaginal or transrectal ultrasound to assess prostate 
and seminal vesicles. It would be sensible to also perform 
digital transvaginal examination of the prostate if there is an 
accessible full-depth vaginoplasty in much the same way as 
a digital rectal examination (DRE) of prostate for cisgender 
males. Obviously in zero-depth vaginoplasty, a standard DRE 
of prostate is indicated.

Urinary Tract Infections

Lower urinary tract infections (UTIs) are relatively common 
in cisgender  females because of the short native urethra [1]. 
The same will apply for transgender female urethras and will 
be treated in exactly the same way [2]. Transgender females 
may also develop bladder outflow obstruction secondary to 
benign prostatic  obstruction (BPO) which can also present 
with UTIs. Standard investigations include digital transvagi-
nal/transrectal examination of the prostate, urinary flow rate 
and post-void bladder residual volume scan. If there is poor 
bladder emptying secondary to BPO, then standard urologi-
cal treatment protocols apply, i.e. alpha-blockers such as 
Alfuzosin, Tamsulosin and/or 5-alpha reductase inhibitors 
such as Finasteride and Dutasteride. In some patients, the 
symptoms may be severe enough to warrant ablative prostate 
surgery to reduce obstruction [3, 4]. This could be in the form 
of a standard transurethral resection of prostate, bladder neck 
incision, newer technologies such as laser prostatectomy with 
different laser wavelengths and/or the latest technologies such 
as hydro-jet ablation prostatectomy and so on [5]. The patient 
should be clinically assessed in exactly the same way as for a 
cisgender male.

Stones

The transgender female urethra is made from the normal male 
bulbar urethra with transitional cell epithelium so is unlikely to 
suffer from stone formation unless keratinised or hair-bearing 
squamous epithelium has been used for urethral repair. All 
reconstructed urethras, particularly those made from kerati-
nised skin with potential hair follicles, have a risk of urinary 
stone formation. Bladder stones would be rare except in cases 
of chronic urinary retention. The risk of upper urinary tract 
stone formation should not be influenced by the oestrogen 
therapy in the under 50y age group. If anything, the incidence 
of upper urinary tract stone formation should be reduced for 
the younger transgender females when compared to cisgen-
der males due to the protective effect of oestrogen [6]. In the 
over 50y age group, the data is mixed in that postmenopausal 

cisgender females on oestrogen replacement therapy may have 
a higher incidence of renal stone formation than those not on 
hormone replacement therapy [7,  8]. There is no published 
data on older transgender females regarding renal stone 
formation. The neo-urethra is wide and there is easy access for 
all the normal endoscopic stone clearing equipment.

Surgical Positioning

If a transgender female needed endoscopic urological inter-
vention, the standard lithotomy position for rigid cystoscopy 
under general anaesthesia or supine with hips/knees flexed 
and abducted for flexible cystoscopy under local anaesthe-
sia is perfectly adequate. For open/reconstructive surgery 
for urethral stenosis, a low or extended lithotomy could be 
required for surgical access. Neovaginal stenosis is one of the 
most common problems in transgender females after vagino-
plasty and is usually due to lack of regular self-vaginal dilation. 
Again, depending on surgeon preference, either a low or 
extended lithotomy position would give good access for surgi-
cal repair

Transgender Male Urethras

Transgender male patients after a phalloplasty are expected to 
have a thinner-walled bladder analogous to a cisgender female 
bladder as opposed to the bladder of a cisgender male. The 
bladder then empties through a native urethra into a perineal 
urethra (pars fixa) which is anastomosed to an extended skin-
tube neo-urethra (pars pendulans). The longer neo-urethra 
increases the resistance to flow, following Poiseuille’s Law, 
which may conceivably cause bladder muscular hypertrophy 
[9–11].

For patients with metoidioplasty who void from the tip 
of the micro-penis, the proximal part of the urethra  (pars 
fixa) is constructed from native meatal skin or an anterior 
vaginal mucosal flap [12,  13]. Native meatal skin is non-se-
cretory and is not keratinised. Vaginal mucosa does contain a 
significant secretory component and because of the multiple 
skin folds can stretch considerably. The middle and distal part 
of the neo-urethra is typically formed from thin inner labial 
skin and/or buccal mucosa graft embedded onto the corpora 
cavernosa of the clitoris. The labial skin portion of the neoure-
thra is expandable under hydrostatic voiding pressure whereas 
the buccal graft portion does not expand much.

For phalloplasty, there are various methods of urethral 
reconstruction. The proximal part is exactly the same as the 
metoidioplasty urethra. The middle or scrotal part of the 
neo-urethra is made from thin inner labial skin like for metoid-
ioplasty. The phallic portion of the neo-urethra can be made 
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in many different ways. Commonest is a vascularised free/
pedicled flap of keratinised skin, e.g. radial artery phalloplasty 
or antero-lateral thigh phalloplasty [14–21]. Other methods 
include the use of long non-hair bearing inner labial/clitoral 
hood skin flaps and buccal grafts on to the phallus [22, 23]. 
In our experience, if skin grafts are placed onto the fat of the 
phallus at the time of single-stage phalloplasty, the graft take 
is not so good because of the lesser blood supply in fat at the 
time of flap transfer. If the skin grafts are placed on a well-per-
fused muscle, as in the muscular latissimus dorsi flap, the graft 
take is expected to be better [22]. A third method is to use a 
prelaminated urethra [24]. This is performed by wrapping a 
40F stent with split thickness skin graft with the raw surface 
on the outside and tunnelling it into the phallus donor site. 
The stent is left in for 3 months for the skin graft to ‘take’ and 
then the phallus is transferred with the urethra embedded 
inside. A caution must be taken with this approach as circular 
grafts are known to be unreliable and are strongly discour-
aged in urologic literature [AUA Urethral Stricture Guidelines 
statement 21] [25]. The survivability of the phallic neo-urethra 
is dependent on the blood supply, so free/pedicled flaps would 
be better than long local skin flaps which would then be better 
than a prelaminated skin graft neo-urethra. This is particu-
larly important if a penile erectile prosthesis is inserted as this 
will disturb the underlying blood supply and patients are then 
more likely to develop an ischaemic urethral stricture. It is also 
extremely important to avoid using hair-bearing skin for the 
neo-urethra as this would make complications more likely.

Catheters

The neo-urethra in transgender males is usually very difficult 
to catheterise. First, because the urethral calibre at the level of 
pendulous urethra is normally expected to be 14–16 French. 
Second, the connection of the often tortuous perineal urethra 
(pars fixa) to the native urethra is usually at almost a 90-degree 
angle. Lastly, almost 40 percent of patients after phalloplasty 
present with small residual or recurrent vaginal cavity under 
the native urethra, and a blindly placed catheter may preferen-
tially pass into such a cavity [26]. Still, a careful attempt could 
be made with a generously lubricated 14F silicone catheter. For 
metoidioplasty, a smaller 12F or 10F catheter may be needed. 
The regular latex catheters are usually too soft.

The phallus should be firmly pulled away from the body 
and slightly downwards to straighten out the curve of the 
scrotal urethra and make the 90-degree bend at the native 
meatus less to help with catheter passage. This is usually 
very difficult to negotiate just with a catheter. An experi-
enced practitioner could carefully try a 12–14 French Coude 
tip catheter which has a slightly angled and stiffer pointy tip 

which might be safely negotiated through. Care must be taken 
to never try and force the catheter through as this will lead to 
false passages and urethral damage and lots of bleeding.

The other relatively safe approach would be an attempt 
to pass a guide wire blindly into the phallus neo-urethra 
until almost no wire is left outside the phallus. If the other 
end of the guidewire has not come back out of the phallus, 
then it is very likely in the bladder. An open-ended cathe-
ter can then be passed over the guidewire to prove passage 
into the bladder. The demonstration of the urine drip from 
the open-ended catheter, however, may not prove placement 
into the bladder  – a large vaginal remnant filled with urine 
may produce the same urine drip [26]. Therefore, the safest 
approach to urethral catheterisation is with a use of a flexi-
ble cystoscope to insert a guidewire over which a catheter can 
be passed. If available, a flexible pediatric cystoscope or an 
8-french ureteroscope could be used and could help navigat-
ing even through some non-obliterated strictures. Obviously 
if there is a very narrow stricture causing urinary retention, 
the safest and most sensible thing to do is to place a supra-
pubic catheter. With the suprapubic tube in place, the patient 
can have a retrograde and voiding urethrogram to assess the 
stricture and plan future management.

Cystourethroscopy

Because the neo-urethras are typically narrow and tortuous, 
standard 21/22 French  rigid cystoscopes or 24–26 French 
resectoscopes are not suitable for use in patients after phallo-
plasty or metoidioplasty. In general, the use of rigid endoscopic 
instruments should be avoided in patients with neo-urethra. 
However, if no other alternative is present, we recommend 
using the most narrow instrument available, ideally ≤17 
French calibre. Again, it is preferable to use a smaller flexi-
ble 16 French cystoscope or better yet 7–8 French paediatric 
cystoscopes  in patients with a neourethra. The practitioner 
should be aware that the scrotal neo-urethra has a 90-degree 
or greater acute bend in the transition to the native urethra so 
the entrance to the bladder may not be immediately obvious. 
There is often a posterior pouch just before the native urethra 
which represents the distended vaginal/urethral flap used in 
the original urethroplasty, and it is easy to miss the native 
urethral opening which is high up at the 12 o’clock position. 
With these considerations, it is more appropriate to use a flexi-
ble cystoscope.

Haematuria

Transgender male  patients will have all the usual potential 
causes for haematuria in addition to several that are specific 
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to phalloplasty. Bleeding from granulation tissue on the 
neo-urethral suture line is common and is often seen soon 
after the neo-urethra has been made. We suspect the acidic 
urine causes the granulation tissue to subside naturally. If 
granulation tissue persists, it  could be easily treated with 
diathermy applied through a flexible cystoscope. Because 
the neo-urethra swells from the heat artefact, it is recom-
mended to always leave a catheter afterwards for a few days. 
Of note, in some cisgender patients after undergoing phallo-
plasty, such as those with urinary diversion for bladder exstro-
phy complex, only seminal fluid is expected to be passing 
through the neo-urethra. The alkaline nature of the seminal 
discharge seems to promote excessive granulation tissue in the 
neo-urethra in this author’s experience

Urinary Tract Infections

The rate of urinary tract infections in transgender males 
is unknown at this point. In our experience, in the absence 
of urinary obstruction, it is exceedingly rare for transgen-
der males to present with urinary tract infections. Although 
random urine culture frequently shows presence of bacteria, 
due to skin-tube urethra colonisation by bacteria, these are 
usually asymptomatic bacteriuria.

Transgender male patients with symptomatic urinary 
tract infections should be investigated as any cisgender male 
with a UTI: upper urinary tract ultrasound, urinary flow rate 
and post-void bladder volume scan and cystoscopy. Unless 
the patient is immunocompromised, they should only receive 
antibiotic treatment for microbiologically proven UTI with 
symptoms. Asymptomatic patients can just be monitored as 
long as the rest of the urinary tract is normal. If the urine 
cultures are persistently positive, it is worth investigating for 
strictures, stones and remnant vaginal cavities which could 
serve as reservoirs of infected urine. The only other exception 
is for patients having a penile prosthesis inserted where any 
UTI should be treated prior to surgery. In the author’s experi-
ence, about 5% of transgender male patients with a neo-phal-
lus will have very severe recurrent UTIs. If full investiga-
tions reveal no treatable abnormality, then rotating low-dose 
prophylactic antibiotic therapy can be tried for 3–6 months to 
allow the bladder lining to recover. If this fails, then a tempo-
rary defunctioning perineal urethrostomy can be made to give 
the bladder mucosa a rest for 6 months and to recover. The 
neo-urethra can be reconnected at a later date if the patient is 
UTI free.

In this era of increasing antibiotic resistance, there is 
much interest in non-antibiotic therapies such as D-Mannose, 
Probiotics, Cranberry supplements, Methenamine 
Hippurate, Oestrogens, Intravesical Glycosaminoglycans, 

Immunostimulants, Novel Vaccines and other agents in 
cisgender females with recurrent UTIs [27]. The evidence is 
mixed and there is no high-level data supporting any single 
treatment, and it is suggested that a multimodal approach is 
more likely to be successful. Unfortunately, there is no data 
for transgender male  patients. The author has also empir-
ically tried both transurethral and bladder instillations of 
hyaluronic acid in selected patients who did not respond to 
prophylactic antibiotics with some success. Hyaluronic acid 
bladder instillations have been used for cisgender females 
with chronic UTIs to reduce the number of UTIs by about 
50% [28]. In the transgender male patient, the problem is 
bacterial colonisation in the skin tube urethra. Because the 
neo-urethra is difficult to catheterise, the patient would need 
a flexible cystoscopy to insert the 40 mg/40 ml of hyaluronic 
acid into the bladder. The patient retains it for at least 1 hour 
before voiding. Treatments are weekly for 6 weeks and then 
monthly for 1 year if there is a good response. Concomitant 
prophylactic antibiotics can be gradually weaned off over the 
year. Alternatively, the patient can inject about 20 mg/20 ml of 
hyaluronic acid into the urethra with a syringe and then use a 
penile clamp or finger compression to keep it in the neo-ure-
thra for about 1 hour before voiding. The treatment proto-
col frequency is the same as for bladder instillations. Most 
patients will not be keen on a perineal urethrostomy even if 
it is temporary. Intravesical antibiotic therapy has also been 
tried in the short term for cisgender  females with recurrent 
UTIs using gentamicin, neomycin/polymyxin, neomycin or 
colistin [29]. Treatment was well tolerated with 78% seeing a 
reduction in UTIs. As with other therapies, there are no data 
on transgender individuals.

Stones

Keratinised skin will be constantly rejuvenated with the old 
keratin falling off as the epithelium replaces itself. In normal 
skin, this becomes house dust. In the neo-urethra, this keratin 
reacts with the urine to form a white sticky sediment that 
attaches to the neo-urethra and any hairs present. A good 
flow of urine usually washes most of this out, but because the 
neo-urethra is not a perfectly smooth cylindrical tube, eddies 
and currents from turbulent flow occur. This means that parti-
cles can be trapped in parts of the neo-urethra. This will lead 
to urethral stone formation. Patients may have almost no 
symptoms because the proximal or scrotal neo-urethra just 
expands to accommodate the stones and urine can flow round 
the outside. In the phallic portion of the urethra, they are 
usually more symptomatic because this neo-urethra is much 
less expandable. Hence, patients are more likely to present 
with obstructive urinary symptoms or UTIs or passing lots of 
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debris in the urine. Sometimes, the problem is only discov-
ered when it proves impossible to pass a catheter during other 
surgery.

A urethrogram is recommended to check for strictures 
and also if the bladder end of the neo-urethra is normal. 
These urethral stones can be dealt with endoscopically with a 
narrow rigid or flexible cystoscope and Holmium laser fibre. 
Unfortunately, urethral stones are often in association with a 
stricture and/or hairy skin, so it is usually easier to perform an 
open urethro-lithotomy to extract all the stones and lay open 
the stricture and expose the hairy area. Once the inflamma-
tion has settled down, the neo-urethra can be reassessed to 
determine how to repair it.

Bladder stones are unusual and present a problem in 
urethral access. Because the neo-urethra is relatively narrow 
and has a 90-degree bend in the perineum,  and is there-
fore much less flexible than a native urethra, it is usually impos-
sible to get a standard rigid cystoscope in to use a Pneumatic, 
Electrohydraulic, Laser or Ultrasonic lithoclast. Also, even if 
the bladder stone can be broken up, there is still the problem 
of how to get the fragments out. A percutaneous transpubic 
bladder puncture is one alternative using the same equip-
ment as for Percutaneous Nephro-lithotomy. This allows good 
visualisation and access to the bladder stone and fragments can 
be easily removed with grasper forceps. A suprapubic cathe-
ter would be left in the suprapubic tract for 10–14 days. If 
the surgeon is experienced in transgender male neo-urethral 
reconstruction or has access to a colleague that does, then a 
temporary perineal urethrostomy can be made to allow access 
for the standard cystoscopic equipment. Subsequently, a routine 
bladder stone destruction with the various lithoclasts can be 
performed and fragments washed out in the usual fashion. The 
neo-urethra would have to be reformed afterwards and a cathe-
ter left in for 2–3 weeks until healed.

Ureteric stones are treated in exactly the same way as for 
cisgender males with one difference. It would not be possible 
to perform a rigid ureteroscopy because of the difficulties of 
access via the neo-urethra so flexible ureteroscopy and a laser 
lithotripter would be the replacement option.

Surgical Positioning

If a transgender male patient needs urethral surgery, a lithot-
omy would be the best position to achieve access to the entire 
urethra. In cases where the problem is only at the meatus or 
phallic urethra, a supine position would be adequate.

For penile erectile prosthesis and testis prosthesis, there are 
2 positions depending on surgeon preference and patient body 
habitus. For average size patients, a supine position with the 
legs 45–60° apart gives access to both sides of the neo-scrotum 

for testes prosthesis insertion and also penile prosthesis inser-
tion. Penile prosthesis insertion could be either via an infra-
pubic-type approach at the phallus base or an infero-lateral 
approach via the side of the neo-scrotum over the adductor 
tendon. There is good access for pubic bone fixation for both 
single- and double-cylinder penile prosthesis. For overweight 
patients needing a double cylinder penile prosthesis via the 
infero-lateral approach, the lithotomy position would give 
easier access. For non-transgender phalloplasty patients with 
a native scrotum and existing crura of corpora cavernosa, a 
scrotal approach in the supine position with legs together is 
appropriate. If there are no native crura, the approach is the 
same as for transgender males.

Take Home Points

 z External phenotype and urologic anatomy do not always 
match, so be vigilant.

 z If no history of urethral reconstruction, then transgender 
urologic surgery is exactly the same as for patient’s native 
gender.

 z For transgender  female urethroplasty urologic surgical 
access is exactly as for cisgender females.

 � Remember there is still a prostate and a much thicker 
and vascular bulbo-spongiosum.

 � Standard urological instrumentation can be used.
 z For transgender  male urethroplasty the urethra is 

narrower, tortuous and less forgiving.
 � Insert catheters over a guide wire or via flexible 

cystoscopy.
 � Use smaller calibre instruments.
 � Open urethral stone removal is usually quicker and 

safer than endoscopic as you can deal with the cause 
at the same time.

 � Bladder stones can be accessed via suprapubic 
puncture or open cystolitholopaxy.

 � Ureteric stones can be accessed with the flexible ureter-
oscope or in antegrade fashion via renal puncture.

 � Urinary tract infections can be difficult to clear because 
of bacterial colonisation of the skin tube urethra.
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Introduction

In Japan self-cut mesh is used for transvaginal mesh surgery 
(TVM), which continues to be a core option for treating 
prolapse because of the relatively low complication rates [1, 2]. 
However, the use of transobturator arms can result in ureteral 
exposure. We report two cases.

Case 1

A 61-year-old woman developed temporal right femoral 
pain and edema 15  days after TVM. Four months later, she 
had macroscopic hematuria and was diagnosed with a right 
ureteral stone; she underwent ESWL twice at another hospital. 
The stone remained, and hydronephrosis worsened (Fig.  1). 
After laser lithotripsy through nephrostomy, ureteral exposure 
was identified (Fig.  2). She was referred to us and under-
went transabdominal ureterocystostomy. She had no further 
complications during 9 years of follow-up.

Case 2

A 60-year-old woman developed macroscopic hematuria and 
vaginal pain 4.5  years after TVM. Abdominal CT showed a 
left ureteral stone (Fig. 3). During vaginal palpation, a small 
tender mass was tangible in the left proximal wall of the 
vagina. A ureteroscope revealed a ureteral stone fixed to the 
ureteral wall (Fig.  4). She underwent transvaginal removal 
of the stone (Fig.  5), but ureteral anastomosis was impos-
sible transvaginally. Thus, she underwent transabdominal 

Ureteral Exposures with Stone Formation after 
Transvaginal Mesh Prolapse Surgery
Kumiko Kato1, Shoji Suzuki1, Jun Nagayama2, Shigeki Yamamoto2

ureterocystostomy, and the postoperative course was unevent-
ful during 5 years of follow-up.

Discussion

In western countries, the rate of mesh exposure, the major-
ity of which is vaginal exposure, often reaches > 10% [3], 
while relatively low rates (approximately 2–3%) have been 
reported in Japan [1,  2]. Full-thickness vaginal dissection 
is paramount for avoiding vaginal exposure and has been 
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Introduction

In Japan self-cut mesh is used for transvaginal mesh surgery
(TVM), which continues to be a core option for treating pro-
lapse because of the relatively low complication rates [1, 2].
However, the use of transobturator arms can result in ureteral
exposure. We report two cases.

Case 1

A 61-year-old woman developed temporal right femoral
pain and edema 15 days after TVM. Four months later,
she had macroscopic hematuria and was diagnosed with a
right ureteral stone; she underwent ESWL twice at another
hospital. The stone remained, and hydronephrosis wors-
ened (Fig. 1). After laser lithotripsy through nephrostomy,
ureteral exposure was identified (Fig. 2). She was referred
to us and underwent transabdominal ureterocystostomy.
She had no further complications during 9 years of fol-
low-up.

Case 2

A 60-year-old woman developed macroscopic hematuria and
vaginal pain 4.5 years after TVM. Abdominal CT showed a
left ureteral stone (Fig. 3). During vaginal palpation, a small
tender mass was tangible in the left proximal wall of the va-
gina. A ureteroscope revealed a ureteral stone fixed to the
ureteral wall (Fig. 4). She underwent transvaginal removal

Fig. 1 (Case 1) Abdominal CT showed right hydronephrosis
accompanied by a lower ureteral stone, 8 × 6 mm, adjacent to the
vagina 13 months after Prolift®-type anterior TVM. At that time, the
possibility of ureteral mesh exposure was not considered by the
attending physician, which led to delayed diagnosis. Although rare,
caution must be taken to rule out concomitant ureteral exposure in
patients who have a past history of urogynecological mesh operations.
Japanese medical societies such as the Japanese Society of Female Pelvic
Floor Medicine (JFPFM) and Japanese Society of Pelvic Organ Prolapse
Surgery (JPOPS) are conducting enlightening activities on TVM via pe-
riodical lectures and patient registry [2]
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Fig. 1: (Case 1) Abdominal CT showed right hydronephrosis accompanied 
by a lower ureteral stone, 8 × 6 mm, adjacent to the vagina 13 months 
after Prolift®-type anterior TVM. At that time, the possibility of ureteral 
mesh exposure was not considered by the attending physician, which 
led to delayed diagnosis. Although rare, caution must be taken to rule 
out concomitant ureteral exposure in patients who have a past history 
of urogynecological mesh operations. Japanese medical societies such 
as the Japanese Society of Female Pelvic Floor Medicine (JFPFM) and 
Japanese Society of Pelvic Organ Prolapse Surgery (JPOPS) are conducting 
enlightening activities on TVM via periodical lectures and patient registry 
[2].



28 • TIPS & TRICKS: UROLOGY

Fig. 2: (Case 1) Ureteroscopic findings. Ureteral mesh exposure (blue 
fibers) was identified by a ureteroscope after laser lithotripsy through 
nephrostomy. Subsequently, transabdominal ureterocystostomy was 
performed without removing the ureteral exposure. Postoperative follow-
up with vaginal examinations and CT scans showed no findings including 
prolapse recurrence or stone formation.

Fig. 4: (Case 2) Ureteroscopic findings. A ureteroscope revealed a ureteral 
stone containing blue fibers fixed tightly to the medial wall of the left 
ureter. A ureteral stent could be inserted smoothly.

Fig. 3: (Case 2) Abdominal CT scan showed a left lower ureteral stone, 
10 × 5 mm in diameter, adjacent to the vagina 4.5 years after Prolift®-type 
anterior TVM.

Fig. 5: (Case 2) Macroscopic surgical specimen findings. A mesh arm 
that was embedded in the ureter accompanied by a stone growing both 
inside and outside of the ureteral wall was identified with the transvaginal 
approach. Prior insertion of a ureteral stent eased palpation of the 
distorted lower position of the ureter. The mesh arm was sufficiently 
dissected and resected with the stone and the involved ureteral wall. As 
transvaginal closure of the opened ureteral wall or ureteral anastomosis 
could not be done securely, transabdominal ureterocystostomy was 
performed as agreed upon with preoperative informed consent. 
Postoperative follow-up with vaginal examinations and CT scans was 
uneventful with no recurrence of prolapse or stones.

of the stone (Fig. 5), but ureteral anastomosis was impossible
transvaginally. Thus, she underwent transabdominal
ureterocystostomy, and the postoperative course was unevent-
ful during 5 years of follow-up.

Discussion

In western countries, the rate of mesh exposure, the majority
of which is vaginal exposure, often reaches > 10% [3], while

relatively low rates (approximately 2–3%) have been reported
in Japan [1, 2]. Full-thickness vaginal dissection is paramount
for avoiding vaginal exposure and has been thoroughly
discussed in Japanese medical societies as the “lychee layer”
[1, 2]. However, deeper, more medial dissection and
tranobturator arms can cause ureteral exposure. Ureteral ex-
posure might occur because of intraoperative ureteral injury or
gradual migration of mesh arms. A shift to modified TVM
without tranobturator arms will contribute to avoiding ureteral
exposure [2].

Fig. 2 (Case 1) Ureteroscopic findings. Ureteral mesh exposure (blue
fibers) was identified by a ureteroscope after laser lithotripsy through
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distorted lower position of the ureter. The mesh arm was sufficiently
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transvaginal closure of the opened ureteral wall or ureteral anastomosis
could not be done securely, transabdominal ureterocystostomy was
performed as agreed upon with preoperative informed consent.
Postoperative follow-up with vaginal examinations and CT scans was
uneventful with no recurrence of prolapse or stones
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thoroughly discussed in Japanese medical societies as the 
“lychee layer” [1, 2]. However, deeper, more medial dissection 
and tranobturator arms can cause ureteral exposure. Ureteral 
exposure might occur because of intraoperative ureteral 
injury or gradual migration of mesh arms. A shift to modified 
TVM without tranobturator arms will contribute to avoiding 
ureteral exposure [2].
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Learning Objectives

 z Identify procedural consideration pertaining to the etiol-
ogy of bladder outlet obstruction (BOO) in a female.

 z Application of clinical concepts of female BOO in surgi-
cal practice.

 z Techniques and outcomes of minimally invasive 
techniques in female BOO.

Introduction

Conventional teaching often overlooks urethral pathology as 
a frequent etiology of lower urinary tract symptoms (LUTS) 
in women. Anatomical obstruction of the bladder outlet is 
estimated to affect 2.7–8% of women presenting with voiding 
LUTS [1]; however, this may be significantly underdiag-
nosed or underreported. There is a lack of understanding of 
the pathophysiology of bladder outlet obstruction (BOO) 
in females with no clear consensus on the diagnostic crite-
ria perhaps due to substantial variation in normal female 
voiding function. Obstruction can be broadly classified 
into anatomical and functional, despite the list of etiologies 
being diverse. Symptoms are myriad and have a low predic-
tive value  with 13–57% sensitivity and 18–38% specificity 
for elevated postvoid residue (PVR) [2, 3]. Accurate clinical 
evaluation comprising of a detailed history, physical examina-
tion adequately supported by ancillary studies such as ultra-
sound, voiding cysto-urethrogram, and urodynamic studies 
aids in appropriate diagnosis.

Treating a female BOO appears to be as complex, with 
a multitude of options being available at present. The choice, 
however, should be based primarily according to the under-
lying pathophysiology with due consideration to disease 
characteristics and the needs of an individual. In contrast to 
men, in whom pharmacotherapy has been used extensively 
to treat outlet obstruction, its use in women is still limited. 

Urethral Dilatation and Minimally Invasive Surgical 
Options for Female Bladder Outlet Obstruction
T. Manasa

Alpha-adrenoreceptor blockers, including tamsulosin, 
alfuzosin and terazosin [4–6], have demonstrated their useful-
ness in women with voiding dysfunction(VD). Reduction 
in urethral resistance seems to be an efficacious treatment 
in women with functional bladder outlet obstruction as 
supported by evidence. Costantini et al. [7] reported a 71.4% 
improvement in voiding symptoms, 66.7% improvement in 
both voiding and storage symptoms, with a 62.5% decrease in 
PVR in women on tamsulosin for functional BOO. However, 
there is lack of clarity as to why alpha-blockers are beneficial in 
one woman but not in the other and as to why the symptom-
atic improvement seem to be better as compared to uroflow-
metry results. Associated presence or absence of pelvic floor 
dysfunction, or a missed underlying clinical pathology either 
mechanical or neurological, could be the reason.

Minimally Invasive Surgical Options in BOO

Urethral Dilatation (UD)

Urethral dilatation for female LUTS continues to be used 
despite lack of adequate evidence backing its use. It has been 
noted that 50% of the clinicians used UD overall 6 or fewer 
times per year, with the number of dilatations reaching as high 
as 30 times/year in 23.7% as revealed by a questionnaire-based 
survey carried out among 194 urologists of Texas in 1999 [8]. 
UD for BOO was first described by Lyon and associates in 
1923, who, having postulated the presence of a distal urethral 
ring, recommended dilatation and rupture of this ring for 
relieving obstruction [9, 10]. Dilatation has since then found 
widespread use for the treatment of female LUTS, although 
lacking evidence from long-term, well-controlled outcome 
studies.

To this day, UD forms the cornerstone of treatment in 
female urethral stricture (FUS).In a large series on urethral 
dilation for FUS in 91 patients, Romman et  al. have shown 
only a 51% success rate for initial dilation to 41 Fr. Prior 
UD was a statistically significant predictor of failure in this 
cohort [11]. A 57% success rate was reported by Smith et al. in 
seven women after dilatation to 30 Fr at a mean follow-up of 

T. Manasa () 
Ramaiah Medical College, Bengaluru, India



UReThRAL dILATATIOn And mInImALLY InvASIve SURGICAL OPTIOnS fOR femALe bLAddeR OUTLeT ObSTRUC TIOn • 31 

EN
D

O
U

R
O

LO
G

Y

21 months [12]. Although most urologists dilate the urethra to 
32 Fr [10, 13], there is no clear consensus about the exact size 
to which urethral dilatation needs to be performed. This lack 
of uniformity could be attributed to a surprisingly wide range 
of urethral caliber seen in normal women. As a result of 
absence of a set criteria and a definite urethral caliber cutoff 
to diagnose urethral stricture in women, the caliber at which 
a female urethra may require dilatation remains unanswered. 
However, the procedure itself can be carried out either as 
an office procedure with serial urethral dilators under local 
anesthesia or in the operation theatre under spinal anesthesia 
aided by cystoscopy. No difference in the outcomes have been 
noted. But post-dilatation, there is a higher rate of recurrence 
noted due to fibrosis and scarring [14, 15]. Extreme stretching 
of urethra may actually be counter-productive, especially the 
stretching that causes trauma where healing occurs by fibro-
sis. This can undo the benefits of stretching the stricture scar 
leading to recurrence. Hence more and more urologists are 
opting for reconstructive procedures such as urethroplasty 
using vaginal or buccal graft owing to higher mean success 
rate (80–100%) when compared to UD (<50%) at any given 
time of follow-up [16, 17].

In the algorithm for management of FUS, UD should 
therefore be reserved as an initial treatment or preferred 
method of treatment in patients unwilling or unsuitable for 
complex urethral procedures. It is prudent to avoid a repeat 
dilatation if prior dilatation has failed as increased scarring 
and peri-urethral fibrosis due to bleeding and extravasation 
are higher with repeat procedures leading to lower success 
rates [18]. Nevertheless,  periodic dilatation is advised if 
patients are unfit for or un-interested in surgery. It may also 
be an appropriate option for previous failed reconstruc-
tions.  On-demand UD seems to be as effective as periodic/
intermittent dilatations with similar improvements in flow 
measurement while avoiding overtreatment [19].

SELF-CALIBRATION:  Urethral dilatation followed by 
chronic intermittent self-calibration is considered safe and 
effective for managing FUS  [12]. Though the ideal catheter 
size and the appropriate regimen of self-calibration are yet to 
be determined, calibration once daily to once or twice weekly 
is a common practice in patients requiring repeated urethral 
dilatations to prevent recurrence [12]. Though a routine 
practice among most urologists, literature is scarce in provid-
ing the statistical benefit of this procedure and no study to 
this date has evaluated the risk/cost benefit ratio. Conversely, 
Santucci et al. [13] are opposed to self-dilatation as they find 
the procedure uncomfortable, inconvenient, and disliked by 
most of their patients. The belief that long-term self-dilation 
regimens lead to urethral false passages and the unavailabil-
ity of data proving its role in delaying the onset of urinary 

retention have also been enumerated [13]. However, in a 
prospective, randomized trial of 49 patients, those on self-cal-
ibration had higher urinary flow rates and better subjective 
quality-of-life scores when compared to patients on urethral 
dilatation with sounds for recurrent urethral strictures [20]. 
The rates of urinary tract infections were also lesser among the 
ones performing self-calibration.

UD still remains an accepted method of treatment among 
most urologists in conditions other than FUS [18]. However 
there is a paucity of literature suggesting the empirical use of 
UD in women who have significant LUTS without clear etiol-
ogy will improve outcomes. UD is routinely practiced as it 
seems to be an easier option due to inadequate understand-
ing of the disease processes causing voiding dysfunction along 
with no accepted cut off on urethral caliber. The rationale for 
the use of UD despite inadequate evidence is based on the 
transient symptomatic relief experienced by women following 
UD [21]. This could be due to the mechanical stretching of 
the urethral sphincter complex coupled with an increase in 
the urethral caliber [21]. It has been suggested that mechan-
ical stretching causes local tissue proliferation, remodeling, 
and reorganization of neural reflexes. This may help promote 
a more sustained guarding reflex. As proposed by Shafik 
et al. [22], mild urethral distention occurring during voiding 
stimulates urethral stretch receptors and helps reflex bladder 
contraction.

Furthermore, such women request repeated dilatations 
despite its questionable efficacy in female LUTS. In a retrospec-
tive review by Yee et al. [23], 20 patients with LUTS diagnosed 
as primary (functional) BOO showed no significant change 
in Qmax (9.6 ± 2.8 vs. 9.7 ± 4.0 mL/s, p = 0.869) and postvoid 
residual urine (246 ± 196 vs. 263 ± 198 mL, p = 0.753) after 
urethral calibration.  On the contrary, on urodynamics, 
PdetQmax  showed significant improvement (72.2  ±  39 vs. 
50.2 ± 30.5 cmH2O, p = 0.013). Thirteen (65%) underwent a 
repeat calibration for persistent symptoms. However, further 
studies with patient reported outcomes and long follow-up are 
required to identify the exact role of UD in functional BOO. 
Until then, the presumed favorable efficacy of UD is simply 
anecdotal.

Clean Intermittent Catheterization (CIC)

Intermittent catheterization is recommended for patients with 
functional BOO. CIC should be considered only if the biofeed-
back or bladder retraining therapy fails in dyscoordinated 
functional voiding. The exception to the rule being severe 
cases defined by PVR of >50% of the functional bladder capac-
ity where CIC may be offered as an initial form of manage-
ment [24]. In a setting of primary bladder neck obstruction 
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(PBNO) a failed response to alpha-blocker therapy or patients 
unfit or unwilling for surgery should be offered CIC. For DSD, 
CIC still remains the standard therapy [25]. In the post-surgi-
cal setting, CIC is recommended in obstruction following 
anti-incontinence surgery, especially in patients with severe 
incontinence preoperatively, who do not want to risk recur-
rent incontinence [26].

Internal Urethrotomy

Internal urethrotomy involves incision of the stricture with an 
endoscopic knife, Otis urethrotome or laser. Urethrotomy in 
females owes its inception to Kerr and associates, who postu-
lated the use of Otis urethrotome for cutting the distal contrac-
tion ring rather than dilating it with sounds [10]. However 
the evidence supporting its use for anatomical obstruction in 
females is scarce. Most urologists propose urethrotomy as an 
empirical treatment in women with voiding LUTS of unclear 
etiology. The rationale behind its routine use is based on the 
assumption that it may cause temporary partial paralysis of 
the external sphincter in patients with detrusor–sphincter 
dyssynergia [27] akin to anal dilatation/sphincterotomy in 
patients with high anal tone due to anal fissure while opening 
the urethral channel in cases of bladder neck or urethral 
stricture [28] and perhaps also causing urethral denerva-
tion due to dilatation [29]. The classical technique involves 
incision at the 12 o’clock position through the fibrotic scar 
bundle to healthy tissue with the Otis urethrotome/cold 
knife urethrotome.  Nonetheless, the caliber to which Otis 
urethrotomy needs to be performed is yet to be defined. Laser 
urethrotomy requires a high-energy, high-frequency setting 
for making a deep sharp cut. Laser incisions are generally 
made at the 3 and 9 o’clock positions. An additional 12 o’clock 
incision is made if deemed necessary. Length of the incisions 
may differ based on the urethral site, however not more than 2 
cm. A 16 Fr or larger urethral catheter is left in place postop-
eratively for several days. Self-calibration has been recom-
mended by some after surgery to reduce the risk for recur-
rence; however, the ideal regimen and duration remain elusive 
[30, 31]. Serial dilatations until 40 Fr up to 6 times following 
urethrotomy has been shown to be more effective as compared 
to urethrotomy alone in women [32].

Endoscopic Core Through (Cut to the Light)

In traumatic obliterated strictures not amenable to urethrot-
omy, a “cut to the light” procedure can be performed. The 
procedure is preferred in more proximal or mid distal stric-
ture. Antegrade identification of the true bladder neck with 
a flexible/rigid cystoscope is important for such a procedure 

[33]. For a complete distal urethral stricture, Dogra and Nabi 
[34] described a special technique where a puncture needle 
was passed from the presumed urethral meatus to the bladder 
neck transgressing the obliterated urethral segment under 
antegrade endoscopic guidance. A 0.038 inch guidewire was 
then passed and serial dilatation done till 18 Fr. A 16 Fr cathe-
ter was kept in situ for 6 weeks. At 6 weeks, urethroscopy was 
performed which showed an epithelialized urethra. Patient 
was placed on self-calibration for 3  months and was found 
to be continent and voiding well at 18 months. A prolonged 
postoperative catheterization is recommended to ensure 
complete healing and re-epithelialization in such cases [31]. 
A ventral urethrotomy to create a hypospadiac urethra has 
also been described for posttraumatic complete distal urethral 
stricture [33]. Such reports, however, are isolated and the 
success rates of such procedures are generally considered as 
dismal, and, wherever possible, a formal reconstruction gives 
the best outcome, although a standard treatment algorithm 
has not been established.

Sphincterotomy

The role of endoscopic urethral sphincterotomy in detru-
sor sphincter dyssynergia (DSD) is to reduce the outflow 
resistance by impairing the external sphincter. The current 
indications are limited only to neurogenic DSD associated 
with hydronephrosis, vesicoureteric reflux (VUR), recurrent 
UTIs, or autonomic dysreflexia [35]. Though it has not been 
attempted in neurologically intact women for dysfunctional 
voiding (DV) but has been tried in males for such indications 
with promising outcomes [36], it can be attempted as a last 
resort for refractory non-neurogenic DV in women.

The procedure involves resection/incision of the external 
sphincter with electrocautery or a cold knife. It is done at the 
12 o’clock position to limit hemorrhage. It is, however, diffi-
cult to assess the depth of the incision. As recommended, the 
depth of incision should reach the plane of the periurethral 
venous sinuses [37]. Complications include bleeding, urinary 
extravasation, and prominence of bladder neck obstruction 
[38]. Failures can occur due to an inadequate sphincterot-
omy, underlying detrusor hypocontractility, or formation of 
urethral stricture [39].

Transurethral Incision/Resection of the Bladder Neck

Primary bladder neck obstruction (PBNO) accounts for 
9–16% of women with BOO. The characteristic features of 
BOO include low flow rates with high voiding pressures on 
urodynamic studies, non-funneling of the bladder neck on 
fluoroscopy, and absence of significant electromyographic 
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(EMG) activity [39,  40]. Alpha-blocker therapy should be 
initiated, failing which CIC or definitive treatment in the form 
of transurethral resection or incision of the bladder neck can 
be offered [41].

The concept of bladder neck incision was first described 
in 1973 by Turner-Warwick et  al. [42]. Current consen-
sus is that bladder neck incisions be placed at 5’o clock and 
7’o clock positions with a Collings knife electrode [43]. The 
incisions extend from just inside the vesical neck through the 
proximal third of the urethra. A single incision at 6’O clock 
would sometimes suffice [43]. However, the ideal incision site 
remains debatable. Earlier an anterior or 12-o’clock position 
was also preferred in order to prevent vaginal wall perforation. 
Delaere et al. [44] performed anterior incisions in 32 women 
who had either detrusor failure (20 patients) or mechanical 
iatrogenic bladder neck obstruction (12 patients). Overall 18 
(56%) women benefitted, 6 required a repeat incision, and 2 
developed severe stress incontinence [44]. With the standard 
procedure of 5- and 7-o’clock incisions overall reported 
satisfactory rate ranges from 76% to 100% [41, 43, 45].

Use of potassium-titanyl-phosphate (KTP, green) laser for 
bladder neck incision has been recently reported. KTP laser 
bladder neck incision was performed by Fu et  al. [46], who 
reported an improvement in IPSS (21.4 ± 4.7 vs. 11.7 ± 3.2, 
p < 0.01) and quality of life (4.5 ± 1.8 vs. 3.2 ± 0.9, p < 0.05) 
after surgery with 32/40 patients spontaneously voiding at 
a mean follow-up of 9.7  ±  2.7  months. Significant improve-
ment in the maximal flow rate (13.4 ± 4.6 mL/s, p < 0.01) and 
voiding pressure (58.8 ± 24.6 cmH2O, p < 0.05) was also noted.

Some authors have proposed more than two standard 
incisions. Jonas et al. [47] reported that 14% of women with 5-, 
7- and 12-o’clock incisions on the bladder neck were reoper-
ated [47]. Jin et al. have suggested bladder neck incision at 4 
different sites, i.e., 3-, 6-, 9- and 12-o’clock positions [48]. The 
reoperation rate reportedly ranges from 18% with a single 
incision to 0% with four incisions [45, 47, 48]. Though multiple 
incisions are known to confer better results than the standard 
5 and 7 o’clock incision with minimal complications, they are 
usually reserved for a second procedure when the standard 
technique fails. No study has directly compared the results of 
these incisions with respect to success rate or complications.

Though most urologists just incise the neck, some prefer 
to resect the intervening tissue in between using a resec-
toscope  [49].  Blaivas et  al. performed resection instead of 
incision in seven patients diagnosed with PBNO aged between 
39 and 81 years. At a median follow-up of 3 years, 6 showed 
complete relief and 1 showed improvement [49]. In 2016, Shen 
et al. [50] described a novel technique of controlled transure-
thral resection and incision of the bladder neck in women. 
They measured the actual urethral length by inserting a single 

lumen urethral catheter after instilling 300 mL of physiologi-
cal saline. The position of the resection was then marked, and a 
controlled resection of the bladder neck tissue was performed 
between 5 o’clock and 7 o’clock position from the bladder neck 
opening to the marked site. A catheter was placed for 4 days 
postoperatively. This technique is thought to shorten the 
urethra and release obstruction while maintaining continence. 
Fifty-nine patients reported significant improvement in flow 
rates from 7.2 ± 3.9 to 26.1 ± 5.2 mL/s [50].

Complications include urinary incontinence due to 
striated sphincter injury (6.2%) and vesicovaginal fistula 
due to perforation of the vaginal wall [44,  45,  49]. Limiting 
the incision to the proximal third of the urethra and use of a 
pediatric resectoscope could potentially avoid these compli-
cations [50].

Botulinum Toxin Injection

Botulinum neurotoxin (BoNT) is a neurotoxin secreted 
by  Clostridium botulinum  [51], which is a gram-positive, 
anaerobic, spore-forming, rod-shaped bacterium. BoNT 
causes paralysis of the affected neuromuscular junctions by 
disrupting neurotransmission of various neurotransmit-
ters and neuropeptides [52]. Seven immunologically distinct 
serotypes of BoNTs from type A to type G [53] have been 
identified. BoNT-A and Type B are the most commonly used 
subtypes for medical purposes. BoNT-B appears to cause 
an incomplete and short-lasting effect of muscle paralysis 
compared to BoNT-A [54]. The commercial forms contain-
ing BoNT-A used in clinical practice are onabotulinumtoxin 
A (Botox; Allergan, Dublin, Ireland), abobotulinumtoxin 
A (Dysport; Ipsen-Biotech, Paris, France), and incobotuli-
num toxin A (Xeomin; Merz Pharmaceuticals, Frankfurt, 
Germany). BoNT-A formulations also differ from each other 
due to underlying structural and formulation differences. One 
unit of Botox is reportedly equivalent to 2.5 or 3 U of Dysport 
[55].

After initial FDA approval of botulinum toxin for the 
treatment of blepharospasm and strabismus  in 1989, it has 
been used extensively for various indications. Botulinum has 
demonstrated considerable effectiveness in urology to treat 
refractory overactive bladder, detrusor sphincter dyssynergia, 
recurrent urethral strictures, and more recently in Fowlers 
syndrome [56]. Chancellor’s group [57] used botulinum 
toxin in 68 patients with BOO. Most had DSD and/or were 
physically unable to perform intermittent catheterization. 
A marked improvement in daytime and nocturnal voiding 
symptoms was noted. Dykstra et al. [58] explained that revers-
ible chemical sphincterotomy could be performed with BoNT 
injections to reduce DSD in spinal cord injury patients for 
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the first time. 8/11 showed improvement in urethral pressure 
profile and PVR. Urethral pressures decreased by an average 
of 27 cm H2O, and PVR decreased by an average of 146 mL. 
No immediate or delayed side effects were observed, while the 
effect lasted for about 50 days. Jiang et al. [59] have studied 
treatment outcomes of patients with non-neurogenic (n = 53) 
and neurogenic (n = 42) urethral sphincter hyperactivity after 
the injection of botulinum toxin A to the external sphincter. 
They found a significant improvement in PVR and Qmax with 
a satisfactory outcome in 58% of non-neurogenic and 64% 
of neurogenic patients. Therapeutic duration was signifi-
cantly longer in non-neurogenics vs. neurogenics (9.55 vs. 
7.44 months) and development of de novo incontinence was 
higher in neurogenics.

A dose of 100–200 U of BoNT-A in 4 mL saline is used. 
A rigid cystoscope and a standard cystoscopic collagen injec-
tion needle are used to inject BoNT-A deep into the external 
sphincter at 3-, 6-, 9-, and 12-o’clock positions in approximate 
equal proportion. A fine-gauge spinal needle can also be used 
to inject BoNT-A periurethrally. Either way a deeper injec-
tion (compared to a standard collagen injection) is important 
to target the nerve terminals innervating the skeletal muscle 
[57, 58]. The procedure is well tolerated under local anesthe-
sia and generally performed as an office-based procedure. A 
transperineal fine-gauge spinal needle can also be used instead 
of a trans-cystoscopic needle to inject BoNT-A periurethrally. 
The high cost of the toxin and its reversibility, requiring re-in-
jections every 4–6 months, coupled with complications of the 
procedure such as stress incontinence and retention of urine, 
demand its judicious use.

Sacral Neuromodulation

Tanagho and Schmidt, in 1982, performed the first sacral 
neuromodulation (SNM) at the University of California in 
San Francisco [60]. However the US FDA approval came only 
in 1997 for the InterStim device (Medtronic, Minneapolis, 
MN, USA) to treat urge urinary incontinence (UUI) and 
later extended to urinary urgency frequency syndrome 
and non-obstructive urinary retention. Over the years, the 
InterStim device has seen considerable improvements in its 
technical design, leading to better lead placement and patient 
comfort [61].

SNM acts by electrical stimulation of the S3 nerve root 
that may activate or inhibit the neural reflexes associated with 
lower urinary tract function. The more detailed and exact 
mechanism of action of SNM is still not well understood. 
Several theories for mechanisms of action have been postu-
lated. It may moderate both the overactivity and underactivity 
of reflex arc either by direct action on the disturbed reflex arc, 

or by stimulation of the afferent pathway to the brain area that 
controls bladder and sphincter function [62, 63].

SNM is still an emerging mode of therapy in functional 
female BOO. It may be an effective therapeutic alternative to 
CIC or indwelling catheterization. Currently its use in female 
BOO is limited only to intractable Fowler’s syndrome and 
pseudodyssynergia in women.  Following SNM, 72% of 
women are found to void spontaneously, with a mean PVR of 
<100 mL. Around half of them no longer require CIC [64]. In 
women with the Fowler’s syndrome, a form of DV, a higher 
success rate of 78% has been noted in women who continue 
to void spontaneously even at 10  years’ follow-up  [64]. 
Nevertheless, neuromodulation is not bereft of complications. 
Failure occurs in 25% of patients and 30–50% require revision 
[65].

Indwelling Catheterization

Some women with BOO presenting with retention, inconti-
nence, and recurrent UTI prefer an indwelling catheter instead 
of repeated dilatations. This is particularly true following failed 
definitive management. Although indwelling catheterization 
is often used as an immediate short-term measure, intermit-
tent catheterization is preferable for longer-term care. This is 
particularly true for those who are able to learn and physically 
perform catheterization themselves or at least have a caregiver 
to do so. Long-term indwelling catheter, be it intraurethral or 
suprapubic, has an increased risk of morbidity [66–68].

Conclusion

The long-term efficacy of UD for anatomical urethral narrow-
ing is poor, and it may not be justified as an effective treat-
ment. Urethroplasty can be offered early on as an option in this 
setting. For functional disorders intermittent self-catheteriza-
tion remains an option as the cause seems to be multifactorial. 
Most women would find long-term indwelling catheterization 
to be an unacceptable treatment method. Such patients can be 
evaluated and treatment tailored individually with minimally 
invasive options wherever feasible.

Case-Based Discussion

A 39-year-old female factory worker, with no associated 
co-morbidities, presented with voiding LUTS of 18  months 
duration. She voided four times by day with poor stream 
and ineffective emptying. Nocturia without urgency led to 
disturbed sleep. She had consulted a local urologist and was 
evaluated with ultrasonography which showed a post void 
residue of 166 cc with minimal bladder wall thickening. Her 
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peak flow on uroflowmetry was 11 mL/s. She underwent multi-
ple UDs with diagnosis of functional BOO and usually  had 
transient relief in symptoms for up to 6 weeks upon dilatation. 
Periodic UDs were suggested to her. However, she  demon-
strated an unwillingness to undergo frequent dilatations and 
desired a definitive treatment.

On examination, she had an abdominal infra-umbilical 
scar due to lower segment caesarean section 10 years back. Her 
local examination and per vaginal examination were normal. 
A voiding cystourethrogram gram demonstrated bladder 
diverticulae, increased residual, and non-funneling of bladder 
neck (Fig.  1). Both filling and storage phases were normal 
on multi-channel urodynamics with electromyography, with 

synchronized sphincter activity during voiding. A diagnos-
tic cystoscopy was done using a 17 Fr scope and revealed 
normal urethra, narrow bladder neck, and trabeculations in 
the urinary bladder (Fig. 2).

The diagnosis of PBNO was established based on corrob-
orating the symptoms, with the findings on uroflowmetry, 
VCUG, and multichannel urodynamics. Alpha-blocker thera-
py(tamsulosin 0.4 mg) for 4 weeks did not improve symptoms 
or peak flow rates. Transurethral incision of the bladder neck 
(TUIBN) using Colling’s knife with monopolar electrocautery 
in glycine was planned after thorough consideration. Incisions 
were made at 5 o’clock and 7 o’clock positions, and a cathe-
ter was left in situ postoperatively for 48 h. Follow-up, both 
immediate and long term, showed significant improvement 
in the flow rates, postvoid residue, and AUA scores. Patient 
complains of an occasional dribble on straining and coughing. 
At 3 years following TUIBN, patient remained symptom free 
with no nocturia and normal postvoid residual urine.

Key Learning Points

 z Urethral dilatation is likely best reserved as an initial 
treatment for female urethral stricture. It may be 
preferred in patients unwilling or unsuitable for more 
complex urethral reconstruction. Its utility as a manage-
ment option for functional BOO is unclear.

 z Internal urethrotomy or core through procedure, 
although reported in select cases, may not have sustain-
able long-term results.

 z Results with the use of botulinum toxin injection for 
functional BOO are poorer than neurogenic causes.

 z SNM offers an effective alternative for Fowler’s syndrome 
and pseudodyssynergia in women.
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stimulation of the afferent pathway to the brain 
area that controls bladder and sphincter function 
[62, 63].

SNM is still an emerging mode of therapy in 
functional female BOO.  It may be an effective 
therapeutic alternative to CIC or indwelling cath-
eterization. Currently its use in female BOO is 
limited only to intractable Fowler’s syndrome 
and pseudodyssynergia in women. Following 
SNM, 72% of women are found to void sponta-
neously, with a mean PVR of <100 mL. Around 
half of them no longer require CIC [64]. In 
women with the Fowler’s syndrome, a form of 
DV, a higher success rate of 78% has been 
noted in women who continue to void sponta-
neously even at 10  years’ follow-up [64]. 
Nevertheless, neuromodulation is not bereft of 
complications. Failure occurs in 25% of patients 
and 30–50% require revision [65].

12.2.9  Indwelling Catheterization

Some women with BOO presenting with reten-
tion, incontinence, and recurrent UTI prefer an 
indwelling catheter instead of repeated dilata-
tions. This is particularly true following failed 
definitive management. Although indwelling 
catheterization is often used as  an immediate 
short-term measure, intermittent catheterization 
is preferable for longer-term care. This is particu-
larly true for those who are able to learn and 
physically perform catheterization themselves or 
at least have a caregiver to do so. Long-term 
indwelling catheter, be it intraurethral or supra-
pubic, has an increased risk of morbidity 
[66–68].

12.3  Conclusion

The long-term efficacy of UD for anatomical ure-
thral narrowing is poor, and it may not be justi-
fied as an effective treatment. Urethroplasty can 
be offered early on as an option in this setting. 
For functional disorders intermittent self- 
catheterization remains an option as the cause 
seems to be multifactorial. Most women would 

find long-term indwelling catheterization to be an 
unacceptable treatment method. Such patients 
can be evaluated and treatment tailored individu-
ally with minimally invasive options wherever 
feasible.

12.4  Case-Based Discussion

A 39-year-old female factory worker, with no 
associated co-morbidities, presented with void-
ing LUTS of 18  months duration. She voided 
four times by day with poor stream and ineffec-
tive emptying. Nocturia without urgency led to 
disturbed sleep. She had consulted a local urolo-
gist and was evaluated with ultrasonography 
which showed a post void residue of 166 cc with 
minimal bladder wall thickening. Her peak 
flow on uroflowmetry was 11 mL/s. She under-
went multiple UDs with diagnosis of functional 
BOO and usually  had transient relief in symp-
toms for up to 6 weeks upon dilatation. Periodic 
UDs were suggested to her. However, she dem-
onstrated an unwillingness to undergo frequent 
dilatations and desired a definitive treatment.

On examination, she had an abdominal infra- 
umbilical scar due to  lower segment caesarean 
section 10 years back. Her local examination and 
per vaginal examination were normal. A voiding 
cystourethrogram gram demonstrated bladder 

Fig. 12.1 VCUG showing non-funneling of bladder 
neck, irregular bladder wall with bladder diverticulae
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diverticulae, increased residual, and non- 
funneling of bladder neck (Fig. 12.1). Both filling 
and storage phases were normal on multi-channel 
urodynamics with electromyography, with syn-
chronized sphincter activity during voiding. A 
diagnostic cystoscopy was done using a 17 Fr 
scope and revealed normal urethra, narrow 
 bladder neck, and trabeculations in the urinary 
bladder (Fig. 12.2).

The diagnosis of PBNO was established 
based on corroborating the symptoms, with 
the findings on uroflowmetry, VCUG, and mul-
tichannel urodynamics. Alpha-blocker 
therapy(tamsulosin 0.4 mg) for 4 weeks did not 
improve symptoms or peak flow rates. 
Transurethral incision of the bladder neck 
(TUIBN) using Colling’s knife with monopolar 
electrocautery in glycine was planned after thor-
ough consideration. Incisions were made at 5 
o’clock and 7 o’clock positions, and a catheter 
was left in situ postoperatively for 48  h. 
Follow-up, both immediate and long term, 
showed significant improvement in the flow 
rates, postvoid residue, and AUA scores. Patient 
complains of an occasional dribble on straining 
and coughing. At 3  years following TUIBN, 
patient remained symptom free with no nocturia 
and normal postvoid residual urine.

Key Learning Points
• Urethral dilatation is likely best reserved as an 

initial treatment for female urethral stricture. 
It may be preferred in patients unwilling or 

unsuitable for more complex urethral recon-
struction. Its utility as a management option 
for functional BOO is unclear.

• Internal urethrotomy or core through proce-
dure, although reported in select cases, may 
not have sustainable long-term results.

• Results with the use of botulinum toxin injec-
tion for functional BOO are poorer than neu-
rogenic causes.

• SNM offers an effective alternative for 
Fowler’s syndrome and pseudodyssynergia in 
women.
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Laparoscopic ureteral reimplantation is feasible and was first 
performed in 1993 by Ehrlich and colleagues in children 
with high-grade ureterovesical reflux [1]. Operative time was 
reasonable (170–195 min), and the advantages of short hospi-
tal stay, fast recovery, and minimal postoperative pain were 
confirmed. Follow-up at 2 months showed relief of the reflux. 
Unfortunately, even in the largest series presented, long-term 
results are lacking. The first case of ureteral reimplantation in 
adults was presented by Reddy and Evans [2].

As laparoscopic urologists gain experience and challeng-
ing approaches to reimplant the ureter are being reported 
[3]. Examples include the laparoscopic Boari flap procedure 
presented by Fugita and colleagues [4, 5].

Indications

 z Congenital vesicoureteric reflux (VUR) that requires 
intervention

 z Lower ureteric stricture
 z Ureterovaginal fistula
 z Obstructive megaureter

Preoperative Preparation

MR and CT scan can be used to assess the extend, location 
and severity of the structured segment. Retrograde imaging is 
effective to identify the ureteral stricture or fistulae. Antibiotic 
prophylaxis is administered. Bowel preparation. It is not 
necessary, however, a laxative is given the night before.

Laparoscopic Ureteral Reimplantation
Taoping Shi, Kan Liu, Tao Zheng, Fam Xeng Inn, Xin Ma, Xu Zhang

Procedure

The patient is placed in the trendelenburg position. An 
urethral Foley is placed preoperatively. The pneumoperito-
neum is obtained, and four ports are usually used. An umbili-
cal 10-mm port for the camera and the two working ports are 
used; one 12-mm port is placed lateral to the rectus on the 
right side and the other 5-mm port is placed in the other side. 
The 5-mm trocar for assistant is placed on the right side in 
anterior axillary line.

With the surgeon standing on the left side, the colon is 
reflected, and the ureter is identified around the bifurcation of 
the iliac vessels (Fig. 1) and mobilized (Fig. 2).

The ureter is dissected adequately above the affected 
area and transected as distal as possible (Fig. 3), retaining as 
much of the periureteric tissue as possible. The most common 
technique was the laparoscopic Lich-Gregoir reimplantation, 
if the ureter is going to be reimplanted in an antireflux way. 
When the mobilization has reached the bladder wall, the 
bladder mucosa can be seen bulging outward (Fig. 4). The tailor 
proceeds around the ureter resulted in an Y configuration.

The ureter could be fixed to the bladder by a tension-re-
duced suture (Fig. 5).

The ureter is anastomosed to the anterolateral or anterior 
wall of the bladder mucosa with Lich Gregoir’s antire-
flux reimplantation technique, starting at 6 o’clock of ureter 
(Fig. 6), and then open the bladder mucosa (Fig. 7), using 4-0 
interrupted sutures to finish the anastomosis (Fig.  8). A 6F 
double pigtail stent is inserted proximally into the ureter and 
distally into the bladder after suturing one side of the bladder 
way (Fig. 9). The detrusor is buttressed over the ureter to form 
a submucosal tunnel by 2-0 interrupted sutures (Fig. 10).

When primary anastomosis could not be finished in a 
tension free way, mobilization of the bladder may be needed. 
This includes ligation of the ipsilateral pedicle. Whenever 
there is still tension, it is advisable to adopt the Psoas Hitch, 
that is suturing the bladder wall to the psoas with two or 
three interrupted 2-0 Vicryl sutures. A Boari flap procedure 
can then be performed by an anterior bladder flap. This flap is 
anastomosed with the ureter.

The stent is usually removed 30 days, postoperatively. A 
drain is removed when output is minimal.
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Complications

In patients with ureteral strictures, a CT or MRI scan should 
be performed to exclude any reasons which can cause second-
ary strictures. We sometimes would recommend a renal scan 
to assess the individual renal functional.

General complications of laparoscopic surgery should 
always be kept in mind. Excess traction during dissection 
can cause ureteral avulsion and ureteral fistulas or urinoma 
postoperatively. Moreover, extra tension of ureter can lead 
to ischemic injury with necrosis, extravasation, and stric-
ture formation. At the end of procedure, the ureter should be 
carefully inspected to rule out ureteral extravasation.
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Fig. 1: The ureter is identified above the bifurcation of the iliac vessels.

Fig. 2: The ureter is adequately mobilized.

Fig. 3: The ureter is transected as distal as possible.

Fig. 4: Bladder mucosa can be seen bulging outward.

Fig. 5: Tension-reduced suture.

Fig. 6: Starting at 6 o’clock of ureter.
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A KUB radiograph should be kept after each operation 
to check stent position. Prolonged drainage can be kept, 
postoperatively, if leakage occurs. At follow-up, the IVP is 
recommended.
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Fig. 7: Open the bladder mucosa.

Fig. 8: 6F double pigtail stent is placed.

Fig. 9: Using 4-0 interrupted sutures to finish the anastomosis.

Fig. 10: Submucosal tunnel.
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that is suturing the bladder wall to the psoas with two or 
three interrupted 2-0 Vicryl sutures. A Boari flap procedure 
can then be performed by an anterior bladder flap. This flap 
is anastomosed with the ureter.

The stent is usually removed 30 days, postoperatively. A 
drain is removed when output is minimal.

4  Complications

In patients with ureteral strictures, a CT or MRI scan should 
be performed to exclude any reasons which can cause sec-
ondary strictures. We sometimes would recommend a renal 
scan to assess the individual renal functional.

General complications of laparoscopic surgery should 
always be kept in mind. Excess traction during dissection 
can cause ureteral avulsion and ureteral fistulas or urinoma 
postoperatively. Moreover, extra tension of ureter can lead 
to ischemic injury with necrosis, extravasation, and stricture 
formation. At the end of procedure, the ureter should be care-
fully inspected to rule out ureteral extravasation.

A KUB radiograph should be kept after each operation 
to check stent position. Prolonged drainage can be kept, 
postoperatively, if leakage occurs. At follow-up, the IVP is 
recommended.

References

 1. Ehrlich RM, Gershman A, Fuchs G. Laparoscopic vesicureteroplasy 
in children: initial case reports. Urology. 1994;43:255–61.

 2. Reddy PK, Evans RM. Laparoscopic ureteroneocystostomy. J Urol. 
1994;152:2057–9.

 3. Capozza N, Caione P.  Dextranomer/hyaluronic acid copolymer 
implantation for vesico-ureteral reflux: a randomized comparison 
with antibiotic prophylaxis. J Pediatr. 2002;140:230–4.

 4. Kirsch AJ, Perez-Brayfield MR, Scherz HC.  Minimally invasive 
treatment of vesicoureteral reflux with endoscopic injection of dex-
tranomer/hyaluronic acid copolymer: the children’s hospitals of 
Atlanta experience. J Urol. 2003;170:211–5.

 5. Puri P, Chertin B, Velayudham M, et  al. Treatment of vesicoure-
teral reflux by endoscopic injection of dextranomer/hyaluronic acid 
copolymer: preliminary results. J Urol. 2003;170:1541–4.

Fig. 24.7 Open the bladder mucosa

Fig. 24.8 6F double pigtail stent is placed

Fig. 24.9 Using 4-0 interrupted sutures to finish the anastomosis

Fig. 24.10 Submucosal tunnel

24 Laparoscopic Ureteral Reimplantation

227

that is suturing the bladder wall to the psoas with two or 
three interrupted 2-0 Vicryl sutures. A Boari flap procedure 
can then be performed by an anterior bladder flap. This flap 
is anastomosed with the ureter.

The stent is usually removed 30 days, postoperatively. A 
drain is removed when output is minimal.

4  Complications

In patients with ureteral strictures, a CT or MRI scan should 
be performed to exclude any reasons which can cause sec-
ondary strictures. We sometimes would recommend a renal 
scan to assess the individual renal functional.

General complications of laparoscopic surgery should 
always be kept in mind. Excess traction during dissection 
can cause ureteral avulsion and ureteral fistulas or urinoma 
postoperatively. Moreover, extra tension of ureter can lead 
to ischemic injury with necrosis, extravasation, and stricture 
formation. At the end of procedure, the ureter should be care-
fully inspected to rule out ureteral extravasation.

A KUB radiograph should be kept after each operation 
to check stent position. Prolonged drainage can be kept, 
postoperatively, if leakage occurs. At follow-up, the IVP is 
recommended.

References

 1. Ehrlich RM, Gershman A, Fuchs G. Laparoscopic vesicureteroplasy 
in children: initial case reports. Urology. 1994;43:255–61.

 2. Reddy PK, Evans RM. Laparoscopic ureteroneocystostomy. J Urol. 
1994;152:2057–9.

 3. Capozza N, Caione P.  Dextranomer/hyaluronic acid copolymer 
implantation for vesico-ureteral reflux: a randomized comparison 
with antibiotic prophylaxis. J Pediatr. 2002;140:230–4.

 4. Kirsch AJ, Perez-Brayfield MR, Scherz HC.  Minimally invasive 
treatment of vesicoureteral reflux with endoscopic injection of dex-
tranomer/hyaluronic acid copolymer: the children’s hospitals of 
Atlanta experience. J Urol. 2003;170:211–5.

 5. Puri P, Chertin B, Velayudham M, et  al. Treatment of vesicoure-
teral reflux by endoscopic injection of dextranomer/hyaluronic acid 
copolymer: preliminary results. J Urol. 2003;170:1541–4.

Fig. 24.7 Open the bladder mucosa

Fig. 24.8 6F double pigtail stent is placed

Fig. 24.9 Using 4-0 interrupted sutures to finish the anastomosis

Fig. 24.10 Submucosal tunnel

24 Laparoscopic Ureteral Reimplantation

227

that is suturing the bladder wall to the psoas with two or 
three interrupted 2-0 Vicryl sutures. A Boari flap procedure 
can then be performed by an anterior bladder flap. This flap 
is anastomosed with the ureter.

The stent is usually removed 30 days, postoperatively. A 
drain is removed when output is minimal.

4  Complications

In patients with ureteral strictures, a CT or MRI scan should 
be performed to exclude any reasons which can cause sec-
ondary strictures. We sometimes would recommend a renal 
scan to assess the individual renal functional.

General complications of laparoscopic surgery should 
always be kept in mind. Excess traction during dissection 
can cause ureteral avulsion and ureteral fistulas or urinoma 
postoperatively. Moreover, extra tension of ureter can lead 
to ischemic injury with necrosis, extravasation, and stricture 
formation. At the end of procedure, the ureter should be care-
fully inspected to rule out ureteral extravasation.

A KUB radiograph should be kept after each operation 
to check stent position. Prolonged drainage can be kept, 
postoperatively, if leakage occurs. At follow-up, the IVP is 
recommended.

References

 1. Ehrlich RM, Gershman A, Fuchs G. Laparoscopic vesicureteroplasy 
in children: initial case reports. Urology. 1994;43:255–61.

 2. Reddy PK, Evans RM. Laparoscopic ureteroneocystostomy. J Urol. 
1994;152:2057–9.

 3. Capozza N, Caione P.  Dextranomer/hyaluronic acid copolymer 
implantation for vesico-ureteral reflux: a randomized comparison 
with antibiotic prophylaxis. J Pediatr. 2002;140:230–4.

 4. Kirsch AJ, Perez-Brayfield MR, Scherz HC.  Minimally invasive 
treatment of vesicoureteral reflux with endoscopic injection of dex-
tranomer/hyaluronic acid copolymer: the children’s hospitals of 
Atlanta experience. J Urol. 2003;170:211–5.

 5. Puri P, Chertin B, Velayudham M, et  al. Treatment of vesicoure-
teral reflux by endoscopic injection of dextranomer/hyaluronic acid 
copolymer: preliminary results. J Urol. 2003;170:1541–4.

Fig. 24.7 Open the bladder mucosa

Fig. 24.8 6F double pigtail stent is placed

Fig. 24.9 Using 4-0 interrupted sutures to finish the anastomosis

Fig. 24.10 Submucosal tunnel

24 Laparoscopic Ureteral Reimplantation

227

that is suturing the bladder wall to the psoas with two or 
three interrupted 2-0 Vicryl sutures. A Boari flap procedure 
can then be performed by an anterior bladder flap. This flap 
is anastomosed with the ureter.

The stent is usually removed 30 days, postoperatively. A 
drain is removed when output is minimal.

4  Complications

In patients with ureteral strictures, a CT or MRI scan should 
be performed to exclude any reasons which can cause sec-
ondary strictures. We sometimes would recommend a renal 
scan to assess the individual renal functional.

General complications of laparoscopic surgery should 
always be kept in mind. Excess traction during dissection 
can cause ureteral avulsion and ureteral fistulas or urinoma 
postoperatively. Moreover, extra tension of ureter can lead 
to ischemic injury with necrosis, extravasation, and stricture 
formation. At the end of procedure, the ureter should be care-
fully inspected to rule out ureteral extravasation.

A KUB radiograph should be kept after each operation 
to check stent position. Prolonged drainage can be kept, 
postoperatively, if leakage occurs. At follow-up, the IVP is 
recommended.

References

 1. Ehrlich RM, Gershman A, Fuchs G. Laparoscopic vesicureteroplasy 
in children: initial case reports. Urology. 1994;43:255–61.

 2. Reddy PK, Evans RM. Laparoscopic ureteroneocystostomy. J Urol. 
1994;152:2057–9.

 3. Capozza N, Caione P.  Dextranomer/hyaluronic acid copolymer 
implantation for vesico-ureteral reflux: a randomized comparison 
with antibiotic prophylaxis. J Pediatr. 2002;140:230–4.

 4. Kirsch AJ, Perez-Brayfield MR, Scherz HC.  Minimally invasive 
treatment of vesicoureteral reflux with endoscopic injection of dex-
tranomer/hyaluronic acid copolymer: the children’s hospitals of 
Atlanta experience. J Urol. 2003;170:211–5.

 5. Puri P, Chertin B, Velayudham M, et  al. Treatment of vesicoure-
teral reflux by endoscopic injection of dextranomer/hyaluronic acid 
copolymer: preliminary results. J Urol. 2003;170:1541–4.

Fig. 24.7 Open the bladder mucosa

Fig. 24.8 6F double pigtail stent is placed

Fig. 24.9 Using 4-0 interrupted sutures to finish the anastomosis

Fig. 24.10 Submucosal tunnel

24 Laparoscopic Ureteral Reimplantation

Source: Shi T., Liu K., Zheng T., Xeng Inn F., Ma X., Zhang X. (2020) Laparoscopic Ureteral Reimplantation. In: Zhang X. (eds) Laparoscopic and Robotic Surgery in Urology. 
Springer, Singapore. https://doi.org/10.1007/978-981-13-3738-3_24. © Springer Nature Singapore Pte Ltd. and People›s Medical Publishing House 2020.





21
40
34
1 

 
Fo

r t
he

 us
e o

f a
 R

eg
ist

er
ed

 M
ed

ica
l P

ra
ct

iti
on

er,
 H

os
pi

ta
l o

r L
ab

or
at

or
y o

nl
y.



321

INTRODUCTION

An important aspect for the healthcare system is 
f inancial burden on it and unplanned readmissions 

Unplanned 30-day readmission rates in patients 
undergoing endo-urological surgeries for upper 
urinary tract calculi
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Purpose: To see the 30-day unplanned readmission rates in patients underdoing endo-urological surgeries for upper urinary tract 
calculi we conducted this retrospective study at King George’s Medical University, Lucknow, India. Unplanned readmissions not 
only add to healthcare costs but also are bothersome for the patients. There are many studies on 30-day unplanned readmissions 
in general surgical patients. Although similar studies have been done in certain urological procedures, no study has reported read-
mission rates or its risk factors in patients undergoing surgeries for upper urinary tract calculi.
Materials and Methods: We retrospectively reviewed our prospectively maintained database from 1st January 2009 to 31st 
December 2017, for the patients who underwent endo-urological procedures for upper urinary tract calculi and identified the pa-
tients who were re-admitted within 30 days of discharge.
Results: Out of the total 3,209 patients undergoing endo-urological procedures for upper urinary tract calculi 56 were re-admitted. 
The readmission rate was 1.74% over the study period. The most common etiology for readmission was sepsis followed by hematu-
ria. The significant risk factors for readmission in bivariate analysis included male gender, age >65 years, current smoking, chronic 
obstructive pulmonary disease, diabetes mellitus, bleeding disorder, prior cardiac disease, and American Society of Anesthesiolo-
gists (ASA) class ≥3. In multivariate risk adjusted logistic regression analysis ASA class ≥3 was the only independent risk factor for 
readmission.
Conclusions: The readmission rates in endo-urological procedures for urolithiasis are less compared to other procedures. ASA class 
≥3 is the most important independent predictor of unplanned 30-day readmissions.
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significantly add to this. The 30-day unplanned readmission 
rates have become an interesting area of study. Not only 
is this bothersome for the patients but adds to the cost 
of  healthcare as well. Due to these reasons the health 
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services in United States have increased the scrutiny into 
readmissions and in 2010 mandated to impose penalties 
for hospitals with higher readmission rates [1,2]. This is 
not limited to one country or region, the state run public 
healthcare facilities in India are already over burdened and 
unplanned readmissions add to that [3].

There have been various studies on unplanned 
readmissions in general surgical patients [4-6]. Recently 
studies have also been carried out to see readmission rates 
in patients undergoing urologic surgeries [7-9]. Among the 
various studies on 30-day unplanned readmissions across 
all fields, it has been observed that 9% to 59% of  these 
readmissions are preventable [10]. There is no study till date 
focusing on 30-day readmission rates in patients undergoing 
endo-urological surgeries for upper urinary tract calculi. We 
thus conducted this study to see the readmission rates and 
the risk factors for readmission in these patients at King 
George’s Medical University, Lucknow, India.

MATERIALS AND METHODS

We retrospectively reviewed the records of  our pro-
spectively maintained database for all patients who 
underwent endo-urologic surgeries for upper urinary tract 
calculi at our center from 1st January 2009 to 31st December 
2017. The institutional ethical committee exempted our 
study for requiring any formal ethical approval as it was 
retrospective and no procedures other than those regularly 
carried out were done. Informed consent was taken from 
the patient. The term ‘upper urinary tract calculi’ in our 
study was used for both ureteric and renal calculus. The 
procedures carried out were percutaneous nephrolithotomy 
(PCNL), semi-rigid ureterorenoscopy (URS) or retrograde 
intra-renal surgery (RIRS). The procedure done was based 
on the location of the stone and its size. Renal calculi at 
our institute are managed by PCNL and URS is done for 
ureteric calculi. RIRS was done either for proximal ureteric 
calculi or renal calculi (<1.5 cm). Because, ours is a state run 
institute there are issues with availability and cost of RIRS 
and hence the number of cases that underwent RIRS were 
less so for the purpose of analysis we combined URS and 
RIRS into one group.

We do all these procedures under spinal anesthesia at 
our institute. General anesthesia is only used if the patient 
prefers it, there is any contra-indication for spinal anesthesia 
or there is failure of spinal anesthesia. Urologists as well as 
urology residents in training perform the surgeries and we 
routinely place a ureteral stent after all the procedures. The 
ureteral stents are usually removed after 2 weeks. 

PCNL is done in prone position at our institute. The 
urologist with the Bull’s eye or the triangulation technique 
under fluoroscopic guidance does puncture. Tract dilation 
is done to a minimum of 24F and a pneumatic lithotripter 
is used as energy source for stone fragmentation. A 
nephrostomy tube is also routinely placed for minimum 
of 24 hours. URS is done in the lithotomy position with a 
8/7.5F semi-rigid ureteroscope. A safety guide-wire is placed 
in all cases. If the patient is not pre-stented then the ureteric 
orifice is dilated with a balloon dilator. Holmium laser or 
pneumatic lithotripter is used for stone fragmentation. RIRS 
is done for either upper ureteric or renal calculi. We use 
ureteral access sheaths in all patients. If there is difficulty 
in passing ureteral access sheath then a stent is placed and 
the procedure is again attempted one week later. Holmium 
laser is used for stone fragmentation in these cases. 

Out of  the total 3,209 patients who underwent these 
procedures during the study period, we identif ied 56 
patients who met our eligibility criteria that is unplanned 
readmission within 30 days of  the principal surgery. 
Readmission is defined as a state when the patient is 
admitted to the same or a different hospital after being 
discharged from the applicable hospital to a non-acute 
setting, such as his home within a specified time period [6]. 
Only those patients who were re-admitted to our department 
were included in the study. The patients who were electively 
re-admitted, such as for surgery on contralateral side were 
not included. We recorded the demographic details, the 
interval between discharge and readmission, length of 
hospital stay during readmission, the cause for readmission 
and the management done in these patients. Along with this 
we recorded the potential risk factors for readmission in all 
3,209 patients that included age, gender, diabetes mellitus 
(DM), hypertension, chronic kidney disease (CKD), cardiac 
illness, chronic liver disease, any bleeding disorders, chronic 
obstructive pulmonary disease (COPD), current smoking, and 
American Society of Anesthesiologist (ASA) class ≥3. We 
divided the patients into two groups, that is those with and 
without readmissions and then analyzed the risk factors 
statistically in a bivariate analysis model. In addition we did 
a sub group bivariate analysis for risk factors of readmission 
in patients undergoing PCNL and URS/RIRS separately. 
The categorical variables were analyzed using chi square 
test whereas the student t-test was used for continuous 
variables. A p-value of  <0.05 was considered significant. 
Those factors that had a p-value of <0.2 and had 5 or more 
occurrences were combined and analyzed in a multivariate 
logistic regression model to look for independent risk factors 
of readmission. All statistical analysis was done using IBM 
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SPSS Statistics ver. 21.0 software (IBM Co., Armonk, NY, 
USA). 

RESULTS

Of  the total 3,209 patients, 2,380 patients (74.2%) 
underwent PCNL and 829 patients (25.8%) underwent either 
URS or RIRS. The number of  patients who underwent 
RIRS was only 132. The 30-day unplanned readmission rate 
over the study period was 1.74%. The 30-day unplanned 
readmission rates during each year are given in Fig. 1. 
Among the surgical procedures the readmission rates for 
PCNL was 1.59% and that for URS/RIRS was 2.17%. The 
difference in readmission rates between these procedures 
was statistically insignificant (p=0.277). The characteristics 
of  readmitted patients are given in Table 1. The mean 
interval between the discharge f rom hospital and 
readmissions was 11.38±6.81 days and the mean hospital stay 
during readmission was 5.93±4.25 days. Sepsis was the most 
common etiology for readmission seen in 57.1% cases; the 
next most common etiology was hematuria (30.4%). Eight 
patients were admitted due to severe bladder spasm or other 
stent related symptoms. All 17 patients with hematuria had 
undergone PCNL. Of these 6 patients required evacuation 
of clots in the urinary bladder under anesthesia, 8 patients 
had a pseudo-aneurysm in the kidney following PCNL for 
which they underwent angio-embolization and rest of them 
were managed conservatively with bed rest and hydration. 
Out of  the 56 re-admitted patients 2 patients required 
haemo-dialysis; one of  these had aminoglycoside-induced 
nephrotoxicity. Table 2 depicts the characteristics of patients 
that underwent PCNL versus those who underwent URS/
RIRS, it also depicts the stone location in these patients. 

The mean age of  the patients who were re-admitted 

was significantly higher than the non readmission group. 
On bivariate analysis male gender, age >65 years, current 
smoking, COPD, DM, bleeding disorder, prior cardiac 
disease, and ASA class ≥3 were significant risk factors for 
readmission (Table 3). The sub group bivariate analysis 
of  patients undergoing PCNL and URS/RIRS separately 
for risk factors of readmission is depicted in Table 4. The 
significant factor common to both were DM and ASA class 
≥3. On risk adjusted multivariable regression analysis ASA 
class ≥3 (odds ratio, 0.188; 95% confidence interval, 0.064–0.553; 

Fig. 1. Readmission rates over the study 
period.
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Table 1. Characteristics of patients with 30 days unplanned readmis-
sions

Characteristic Value
Mean age (y) 40.59±18.5
Gender (male/female) 47/9
Primary surgery
   PCNL 38 (67.9)
   URS/RIRS 18 (32.1)
Interval in days for readmission 11.38±6.81 (2–28)
Hospital stay in days 5.93±4.25 (2–20)
Etiology for readmission (total=56)a

   Hematuria 17 (30.4)
   Fever/sepsis 32 (57.1)
   Severe stent related symptoms 8 (14.3)
   AKI 1 (1.8)
Management (total=56)a

   Conservative 46 (82.1)
   Clot evacuation 6 (10.7)
   Angio-embolization 8 (14.3)
   Dialysis 2 (3.6)

Values are presented as mean±standard deviation, number only, num-
ber (%), or mean±standard deviation (range).
PCNL, percutaneous nephrolithotomy; URS, semi-rigid ureterorenos-
copy; RIRS, retrograde intra-renal surgery; AKI, acute kidney injury.
aThe total isn’t 56 due to multiple responses.
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p=0.002), was the only significant independent risk factor for 
30 days unplanned readmissions (Table 5). 

DISCUSSION

Ours is a tertiary care referral center in Northern India 

and the bed occupancy rates are close to 100%. Unplanned 
readmissions are not only disturbing for the patients who 
are re-admitted but also for other patients who are awaiting 
elective surgical procedures. Readmission rates for major 
urological surgeries including radical cystectomy and 
prostatectomy were found to be 5.8% [8]. The patients who 

Table 2. Description of characteristics of patients who underwent PCNL versus URS/RIRS

Characteristic PCNL (n=38) URS/RIRS (n=18) p-value
Mean age (y) 40.65±20.37 40.44±14.26 0.964
Gender (male/female) 33/5 14/4 0.388
Interval in days for readmission 11.68±6.78 (2–28) 10.72±7.01 (4–27) 0.626
Hospital stay in days 6.52±4.24 (2–20) 4.66±4.10 (2–20) 0.128
Etiology for readmissiona

   Hematuria 17 (44.7) 0 (0.0) -
   Fever/sepsis 18 (47.4) 14 (77.8)
   Severe stent related symptoms 2 (5.3) 6 (33.3)
   AKI 1 (2.6) 0 (0.0)
Management (n=56)a

   Conservative 29 (76.3) 17 (94.4) -
   Clot evacuation 6 (15.8) 0 (0.0)
   Angio-embolization 8 (21.1) 0 (0.0)
   Dialysis 1 (2.6) 1 (5.6)
Stone location
   Renal 38 (100.0) 1 (5.6) -
   Upper ureter 0 (0.0) 7 (38.9)
   Mid ureter 0 (0.0) 6 (33.3)
   Distal ureter 0 (0.0) 4 (22.2)

Values are presented as mean±standard deviation, number only, mean±standard deviation (range), or number (%).
PCNL, percutaneous nephrolithotomy; URS, semi-rigid ureterorenoscopy; RIRS, retrograde intra-renal surgery; AKI, acute kidney injury.
aThe total isn’t 38 or 18 due to multiple responses.

Table 3. Analysis of risk factors in patients with and without 30 day unplanned readmissions

Factor Readmissions (n=56) No readmissions (n=3,153) p-value
Age (y) 40.59±18.5 36.46±15.2 0.045 
Gender 0.037
   Male 47 (83.9) 2,247 (71.3)
   Female 9 (16.1) 906 (28.7)
Age >65 years 5 (8.9) 87 (2.8) 0.006
Current smoking 10 (17.9) 213 (6.8) 0.001
COPD 8 (14.3) 67 (2.1) <0.0001
DM 15 (26.8) 337 (10.7) <0.0001
HTN 11 (19.6) 406 (12.9) 0.136
Prior cardiac illness 3 (5.4) 52 (1.6) 0.034
CLD 1 (1.8) 27 (0.9) 0.459
CKD 10 (17.9) 370 (11.7) 0.160
Bleeding disorders 1 (1.8) 5 (0.2) 0.005
ASA class ≥3 15 (26.8) 191 (6.1) <0.0001

Values are presented as mean±standard deviation or number (%).
COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HTN, hypertension; CLD, chronic liver disease; CKD, chronic kidney disease; 
ASA, American Society of Anesthesiologist.
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undergo surgeries for urological malignancies are usually 
older and have a lower performance status and probably it 
is expected that they will have a longer hospital stay with 
higher readmission rates. Endo-urological surgeries for upper 
urinary tract calculi, as shown in our study have a lower 
readmission rate (1.7%) that can be lowered even more by 
limiting the modifiable risk factors.

Advanced age has been associated with adverse out-
comes in urological procedures [11]. In 2 previous studies 
on readmission in urological procedures as well as in our 
study age was significantly higher in re-admitted patients. 
The other factors that were significant contributors to 
readmission in our study as well as the 2 previous studies 
on 30-day readmissions for urological procedures included 
male gender, current smoking, COPD, DM, previous cardiac 

illness, bleeding disorders, and ASA class >3 [7,8]. The 
first study included only the five most common urological 
procedures: trans-urethral resection of bladder tumor, laser 
prostatectomy, trans-urethral resection of prostate, hydrocele 
excision, and sling surgery for urinary incontinence. The 
overall readmission rate in this study was 3.7% [7]. The 
second study included open and laparoscopic or robotic 
procedures with a readmission rate of 5.8% [8]. Both of the 
studies mentioned vide supra did not include endo-urological 
procedures for upper urinary tract calculi. In another study 
of 30-day unplanned readmission rates in urology patients, 
there were 7 cases that were readmitted after ureteroscopy 
but the authors did not mention the indication for the 
procedure or the readmission rates specifically for it [9].

In our study the most common etiology for readmission 

Table 4. Bivariate analysis of risk-factors for readmission separately for PCNL and URS/RIRS

Factor
PCNL (n=2,380) URS/RIRS (n=829)

Readmissions 
(n=38)

No readmissions 
(n=2,342)

p-value
Readmissions 

(n=18)
No readmissions 

(n=811)
p-value

Age (y) 40.66±20.37 36.62±15.3 0.231 40.44±14.27 36.02±14.9 0.210
Gender 0.037 0.518
   Male 33 (86.8) 1,673 (71.4) 14 (77.8) 574 (70.8)
   Female 5 (13.2) 669 (28.6) 4 (22.2) 237 (29.2)
Age >65 years 5 (13.2) 87 (3.7) <0.0001 0 (0.0) 21 (2.6) 0.489
Current smoking 9 (23.7) 157 (6.7) <0.0001 1 (5.6) 56 (6.9) 0.823
COPD 8 (21.1) 49 (2.1) <0.0001 0 (0.0) 18 (2.2) 0.523
DM 10 (26.3) 252 (10.8) 0.002 5 (27.8) 85 (10.5) 0.020
HTN 7 (18.4) 298 (12.7) 0.297 2 (11.1) 108 (13.3) 0.270
Prior cardiac illness 3 (7.9) 36 (1.5) 0.002 0 (0.0) 16 (2.0) 0.547
CLD 1 (2.6) 21 (0.9) 0.268 0 (0.0) 6 (0.7) 0.714
CKD 8 (21.1) 285 (12.2) 0.098 2 (11.1) 85 (10.5) 0.931
Bleeding disorders 1 (2.6) 4 (0.2) 0.001 0 (0.0) 1 (0.1) 0.881
ASA class ≥3 11 (28.9) 145 (6.2) <0.0001 4 (22.2) 64 (7.9) 0.004

Values are presented as mean±standard deviation or number (%).
PCNL, percutaneous nephrolithotomy; URS, semi-rigid ureterorenoscopy; RIRS, retrograde intra-renal surgery; COPD, chronic obstructive pulmo-
nary disease; DM, diabetes mellitus; HTN, hypertension; CLD, chronic liver disease; CKD, chronic kidney disease; ASA, American Society of Anes-
thesiologist.

Table 5. Multivariate risk adjusted logistic regression analysis of risk factors for unplanned 30 days readmissions

Risk factor p-value OR (95% CI)
Male 0.054 0.491 (0.238–1.014)
Age >65 years 0.083 0.398 (0.140–1.128)
H/O smoking 0.852 1.103 (0.394–3.086)
COPD 0.305 0.533 (0.161–1.771)
DM 0.551 0.736 (0.283–1.914)
HTN 0.564 0.749 (0.290–1.934)
CKD 0.238 1.740 (0.693–4.363)
ASA class ≥3 0.002 0.188 (0.064–0.553)

OR, odds ratio; CI, confidence interval; H/O, past history of smoking; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HTN, 
hypertension; CKD, chronic kidney disease; ASA, American Society of Anesthesiologist.
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was sepsis. Sepsis post PCNL has been extensively studied. 
The risk factors for sepsis following PCNL include positive 
urine culture, stone size, infected stone, neurogenic bladder 
dysfunction, abnormal renal anatomy, long operative 
times, nephrostomy tube placement in females, and 
urethral catheter placement [12]. The American Urological 
Association and European Urological Association both 
recommend the use of prophylactic antibiotics in patients 
undergoing PCNL [12,13]. Sepsis may even occur with sterile 
urine cultures preoperatively, because the fragmentation of 
stone containing bacteria in a high-pressure system during 
PCNL leads to dissemination of bacterial endotoxins and 
bacteria into the blood stream. The renal pelvic urine or 
stone culture is a better indicator for post PCNL sepsis 
than preoperative urine culture of urine from the urinary 
bladder [14]. The data about risk factors for sepsis after URS 
is comparatively scarce. They include prior ureteral stenting, 
bilateral calculi, calculus >10 mm, positive preoperative urine 
culture, and female gender [15]. The risk of sepsis is also 
related to high intra-pelvic pressure during ureteroscopy 
that can be reduced by placing an access sheath in patients 
that undergo RIRS. We however could not analyze this fact 
as the patients that underwent RIRS were less and only 2 
among them were readmitted.

Hematuria is a known complication of  PCNL with 
incidence ranging from 3% to 28%. The risk factors 
for post PCNL hematuria include larger stone burden, 
multiple punctures, superior calyceal puncture, solitary 
kidney, and CKD [16,17]. Most of  the times it is venous 
bleed that can be managed conservatively with hydration 
and putting a nephrostomy tube. When there is a high-
pressure arterial bleed then there are chances of formation 
of pseudo-aneurysms or arterio-venous fistulas requiring 
angio-embolization [17]. When there is delayed post PCNL 
hematuria then most of the times conservative management 
is sufficient. If  the patient is stable and conservative 
management fails then only angiography and angio-
embolization are required [18]. In our study only 8 of the 
17 patients with readmission due to hematuria required 
angiography followed by angio-embolization.

It should be kept in mind that all of  the studies 
regarding sepsis and hematuria post endo-urological 
surgeries for upper urinary tract calculi have mentioned 
risk factors for postoperative complications and not 30-day 
unplanned readmissions. But, because sepsis and hematuria 
were major etiologies for readmissions probably the results 
of these studies can be extrapolated to readmissions as well.

Recent literature reports that URS is on the rise and 
is being performed more commonly than PCNL [19]. In our 

study PCNL was the most common procedure performed, 
this may be because of our institute being a tertiary care 
referral center for the region. URS being simpler than 
PCNL is also being performed in numbers in peripheral 
centers whereas most cases suitable for PCNL are referred 
to us thus probably we do more PCNLs. 

The only significant factor in multivariate logistic 
regression analysis was an ASA class ≥3. The ASA score 
provides a subjective assessment of overall health of the 
patient. It is divided into 6 classes ranging from ASA I for a 
healthy person and ASA VI for a brain dead person whose 
organs are being removed for donation [20]. An ASA class 
≥3 has been consistently associated with 30-day unplanned 
readmissions across surgical specialties [4,6-8,21]. Our study 
corroborated with these findings with ASA class ≥3 being 
the strongest independent predictor of 30-day unplanned 
readmissions.

There are certain limitations to our study. Firstly, it is 
retrospective in nature. Second, ours is a state-run hospital 
with no bed charges so patients usually stay longer as 
compared to institutes with bed-charges. Thirdly, we do not 
have data for those patients who were re-admitted in other 
hospitals after the index surgery. And finally, we could not 
analyze stone characteristics (size and location) in the risk 
factors for readmissions because we had combined renal 
and ureteric calculi into the readmission group, although 
we feel that those stone characteristics (such as stone size) 
that increase the likelihood of sepsis or hematuria should 
increase the likelihood of readmissions as well. 

The strength of our study lies in the fact that we have 
studied the readmission rates in patients with stone disease 
that form a substantial proportion of patients admitted in 
any urology department, and probably this is the first study 
doing so.

CONCLUSIONS

The overall 30-day unplanned readmission rate in our 
study was 1.74%. On multivariate logistic regression analysis 
ASA class ≥3 was the only significant independent risk 
factor for readmission. These findings may benefit the 
patients undergoing endo-urological surgeries for upper 
urinary tract calculi. We feel that this data needs to be 
substantiated by prospective multicenter studies that 
probably analyze only renal or only ureteric stones.
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DesCripTion 
A 45-year-old man presented with decreased 
urinary output (<150 mL per 24 hours), anorexia, 
nausea and bilateral flank pain for 1 week. His 
serum creatinine potassium were 12.9 mg/dL and 
6.0 mEq/L, respectively. He had no associated 
comorbidity. He had history of bilateral renal 
pelvic stones for which he underwent extracor-
poreal shock wave lithotripsy (ESWL) 2 months 
back, first for the right kidney (single session) then 
2 weeks later for the left kidney (single session). 
His renal function was normal before under-
going ESWL (serum creatinine 0.9 mg/dL). No 
check X-ray had been done after ESWL. A plain 
X-ray was done that showed bilateral steinstrasse 
(figure 1) and on ultrasonography he had hydro-
nephrosis in both kidneys. This caused acute renal 
failure due to obstructive uropathy. He was taken 
up for haemodialysis urgently. After two sessions 
of haemodialysis, he was taken up for stenting of 
bilateral ureters. After stenting, his renal function 
gradually improved and his serum creatinine level 
decreased to 1.1 mg/dL within 9 days. He was 
maintained on the stents for 1 month. Another 
check X-ray was done and the stone fragments in 
both the ureters had passed. His ureteral stents 
were subsequently removed and the patient is 
now doing fine. 

A well-known complication of ESWL is stein-
strasse (or stone street). Usually, steinstrasse is 
asymptomatic and spontaneously resolves as the 
broken fragments of the stone pass from the 
ureter into the urinary bladder. Ureteral stenting 
before ESWL may prevent steinstrasse but is not 
indicated routinely due to the morbidity of uret-
eral stent-related symptoms. Steinstrasse causes 
complications when the stone particles remain 
static in the ureter and cause obstruction leading 
to upstream urinary tract dilation and subse-
quent symptoms like loin pain. The urinary tract 
is obstructed and also this may be a cause of 
urosepsis. The bacteria liberated from the frag-
mented stones may enter the bloodstream leading 
to sepsis.1

Steinstrasse usually occurs when a large stone is 
subjected to ESWL. Other important factors are 
the energy of the lithotripter used (as higher initial 
energy causes more steinstrasse) and calibre of the 
ureter (steinstrasse is common in lower ureters 
due to narrowing at vesicoureteral junction).2 
The European Association of Urology has given 
certain recommendation for management of stein-
strasse. When stone size is larger than 1.5 cm, then 
insertion of ureteral stent before ESWL has been 
recommended to prevent steinstrasse. Conserva-
tive management with medical expulsion therapy 
increases the stone expulsion rates in steinstrasse. 
If there is no urinary tract infection (UTI), then 
ESWL of stone fragments may be done. If stein-
strasse is symptomatic and/or there is evidence 
of UTI, then ureteral stenting or percutaneous 
nephrostomy placement is advised. Ureteroscopy 

Figure 1 Plain X-ray showing steinstrasse in bilateral 
lower ureters (arrows).

Learning points

 ► Steinstrasse after extracorporeal shock 
wave lithotripsy is usually asymptomatic, but 
when the fragments become static in the ureter, 
they cause complications such as loin pain, 
obstruction and urosepsis, so these patients 
should be actively followed up until steinstrasse 
resolves.

 ► Risk factors for development of steinstrasse 
include larger stone size, higher initial energy of 
lithotripter and narrow ureteral calibre.

 ► Most of the times, steinstrasse resolves 
with conservative management, but if it 
persists, then intervention in the form of 
ureteral stenting, percutaneous nephrostomy, 
ureteroscopy and even open surgery may be 
required.
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is useful to remove the stone fragments in refractory cases and 
open surgery is rarely required.3 Routine imaging after ESWL 
is done at almost all centres, and if steinstrasse is seen in them, 
the patient should be carefully followed up so that any compli-
cation that may arise due to steinstrasse be prevented or dealt 
with at the earliest.
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Summary
patients with ectopic kidney require special 
considerations in their management due to the anatomic 
characteristics predisposing the kidney to obstruction 
and related complications. pelvic ectopic kidneys have 
the added disadvantage of being confined in the bony 
pelvis giving less manoeuvrability during surgery of 
that unit. Vesicovaginal fistulas are usually managed 
surgically and careful surgical dissection has to be carried 
out because the highest success rates are usually seen 
at the first operation. It is rare to find a combination of 
such challenging diseases in a single patient. We present 
the case of a young woman who developed iatrogenic 
vesicovaginal and vesicocutaneous fistulae during an 
attempt to surgically manage a pyonephrotic ectopic 
pelvic kidney.

BaCkground 
Ectopic kidney is a rare anomaly, but ectopic kidneys 
due to their anatomical characteristics are more 
prone to develop obstruction and related compli-
cations of urinary stasis. Their management is not 
challenging when the treating surgeon is versed 
with the anatomical characteristics. Vesicovaginal 
fistula (VVF) is the most common gynaecological 
genitourinary fistula. They usually require surgical 
repair transabdominally or transvaginally. We 
present a unique case where the patient presented 
with combination of pyonephrotic pelvic ectopic 
kidney, VVF and vesicocutaneous fistula. It was a 
challenging case, which was managed successfully 
with a meticulous approach.

CaSe preSenTaTion
A 28-year-old woman had history of fever with 
chills and lower abdominal pain for 5 days. An 
ultrasound examination was done which was 

suggestive of a hydronephrotic ectopic left kidney 
in the pelvis with internal echoes in it suggestive 
of pyonephrosis. She underwent non-contrast CT 
of the abdomen. Oral contrast was given to see 
the bowel. It was suggestive of a pelvic ectopic left 
kidney with multiple calculi in its lumen (figure 1). 
She was posted for open pyelolithotomy 2 weeks 
later. Intraoperatively, the tissues were densely 
adherent. Only pus could be drained and a drain 
was placed. In the postoperative period, she devel-
oped urine leak per-vaginally as well as from the 
incision site on the left iliac fossa. The drain that 
was placed initially drained urine but the output 
reduced over the next week and it was subsequently 
removed. Two weeks post surgery she was referred 
to our centre, which is a tertiary care referral centre 
for urological disease for further workup and 
management. She was afebrile and her vitals were 
stable. On examination, she had the scar mark of 
her previous surgery on the left iliac fossa, with a 
visible opening in the middle of the scar through 
which she was leaking urine.

inveSTigaTionS
The patient’s blood reports were unremarkable 
except for low haemoglobin of 9.5 g/dL. She 
already had an intravenous pyelography film with 
her that was done postoperatively at the centre she 
was operated at. It showed a normally excreting 
right kidney and a non-excreting left renal system 
along with visible calculi in the pelvic region. The 
drain that was placed at the time of surgery was also 
seen having contrast leak through it (figure 2). She 
was posted for cystoscopy under local anaesthesia. 
On cystoscopy, there was a visible fistulous commu-
nication about 1.5 cm wide between the urinary 
bladder and the vagina (figure 3). The right ureteric 
orifice had a normal appearance and efflux. On the 
left side, the urinary bladder was fibrosed and an 
opening was visible. We cannulated the opening 
with a 5F ureteric catheter over a 0.035-inch 
guide wire. The ureteric catheter along with guide 
wire came out through the opening at the incision 
site (figure 4). A diagnosis of VVF with vesicocuta-
neous fistula was made. We then had to confirm the 
function of the left renal unit and thus got a techne-
tium-99m-L,L-ethylenedicysteine (99mTc-L,L-EC) 
renal scan done. It confirmed that the left kidney 
was non-functioning (figure 5).

Figure 1 CT scan showing left pelvic ectopic kidney 
with multiple calculi in axial section (A) and coronal 
section (B).
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TreaTmenT
The patient was posted for definitive surgery 6 weeks after the 
previous surgery was done. Her abdomen was opened via an 
infraumbilical lower midline incision. With careful dissection, 
we resected the non-functioning left ectopic kidney first. We 
then proceeded to dissect the urinary bladder from the previous 
scar site. We removed the unhealthy scar and did primary repair 
of the bladder in two layers. For the VVF, we did a modi-
fied O’Connor’s repair with omentum interposed between 
the repaired vagina and urinary bladder. We placed a 16F per 
urethral catheter and an 18F suprapubic catheter in the urinary 
bladder along with an abdominal drain.

ouTCome and FoLLow-up
The patient faired well postoperatively. Her abdominal drain 
was removed on the fifth postoperative day. She was discharged 

with the suprapubic and per urethral catheter in situ, which were 
kept for 3 weeks post surgery. We did a cystogram subsequently 
which showed no leak and then the two catheters were removed 
as well. She was advised to void frequently and avoid sexual 
intercourse for 3 months. As she was young and desirous of 
pregnancy, she was advised to have regular antenatal monitoring 
and elective caesarean section for the subsequent pregnancies. 
Six months postoperatively, the patient is doing fine.

diSCuSSion
Cases like the one mentioned vide supra are seen far and few in 
day-to-day clinical practice. Ectopic kidney is a rare congenital 
anomaly with reported incidence of 1 in 900 in the literature. 
An ectopic pelvic kidney is even rare with an incidence of 1 
in 2000 to 1 in 3000.1 Ectopic kidneys are usually malrotated 

Figure 2 Intravenous pyelography done after the first surgery 
showing normally excreting right kidney. Left kidney is not visualised; 
instead, we can see the calculi in left kidney (arrows), also seen is the 
drain which was placed (arrow head) with leak of contrast in it.

Figure 3 Cystoscopic view of the vesicovaginal fistula.

Figure 4 Cystoscopic view of the vesicocutaneous fistula with a 
ureteric catheter passed through the internal opening (arrow, (A)). The 
same catheter was seen coming out of the external opening at the 
previous incision site (arrowhead, (B)).

Figure 5 Renal scan of the patient showing no uptake in the region of 
left ectopic kidney (red circle).
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with an anterior position of the renal pelvis. Thus, they are 
more prone to develop hydronephrosis and urinary stasis. This 
leads to complications such as renal calculi, pyelonephritis and 
pyonephrosis. Indeed the incidence of obstruction and calculi is 
higher in ectopic kidneys than in a normal kidney.2 The ectopic 
kidney located inside the bony pelvis has less potential place 
for manoeuvrability and is thus slightly difficult to approach 
surgically. This along with the surrounding inflammation due to 
pyonephrosis made the initial surgery difficult that subsequently 
had to be abandoned. The same probably led to the iatrogenic 
injury to the urinary bladder resulting in formation of VVF and 
vesicocutaneous fistula. The O’conor technique has been widely 
established as the gold standard for transabdominal repair of 
VVF.3 A paper was published from our institute in 2006 where 
we made a modification to his technique and now we routinely 

use this modified O’conor technique for transabdominal repair 
of VVF.4 An omental flap is usually interpositioned between 
the bladder and the vagina. If omentum is not available, then a 
peritoneal flap is used. With the advent of ultrasound and other 
radiological image-guided procedures, the initial management of 
a pyonephrotic kidney is percutaneous drainage. In this patient 
also radiological percutaneous drainage would have been a 
better procedure to do initially than surgery. We could success-
fully manage this case as we waited 6 weeks for the inflammatory 
fibrosis to subside and then did a meticulous surgical dissection. 
The cystoscopy done preoperatively guided us as well. Cases like 
these pose a challenge for the urologist that can be overcome 
with a methodical meticulous approach.
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Learning points

 ► Ectopic pelvic kidneys due to their anatomy are more 
prone to develop obstruction and renal calculi; also, their 
anatomical location makes them difficult to explore surgically.

 ► In cases with pyonephrosis in an ectopic kidney, it is better to 
do radiological percutaneous drainage first.

 ► Even complex procedures like vesicovaginal fistula repair 
can be done along with management of the pyonephrotic 
ectopic kidney provided the inflammation has subsided and a 
meticulous technique is used.

 ► When such complex reconstruction is carried out in 
women desirous of pregnancy, it is advisable to have regular 
antenatal monitoring and an elective caesarean section for 
the subsequent pregnancies.
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INTRODUCTION 

Global incidence of spinal cord injury (SCI) is 3.6 to 95.4 

patients per million and in India the average annual 

incidence of SCI is 15,000 with a prevalence of 0.15 

million.1,2 Spinal Cord Injury (SCI) is truly a devastating 

injury with profound consequences to the individual, his 

family and society. SCI is predominantly caused by 

automobile accidents, falls, practice of various sports, and 

acts of violence.3 Spinal trauma has been determined as an 

important factor to bone loss immediately after injury due 

to changes generated by immobility and reduced impact 

activity.4,5 These changes include increased bone 

resorption, hypercalciuria and suppression of parathyroid 

hormone (PTH).6 It is estimated that 21 to 81% of 

individuals with SCI will be diagnosed with osteoporosis 

ABSTRACT 

 

Background: According to the published literature, Vitamin D deficiency is prevalent in spinal cord injury (SCI). Many 

studies were done earlier to find out different factors which predispose the SCI population to the risk of vitamin 

deficiency, but correlation with any such factor is still uncertain. Studies from India are scarce. The present study was 

conducted in view of this lacuna in existing knowledge in India and in the developing countries, to observe the levels 

of Vitamin D in traumatic SCI patients admitted for rehabilitation. 

Methods: In this prospective, observational, multicentre study, all patients admitted consecutively in the three study 

centres, satisfying the selection criteria were included. The level of 25-OH Vitamin D was assessed by 

Chemiluminescence procedure. Vitamin D level <20 ng/ml was taken as deficient, 20-29ng/ml as insufficient, ≥30 

ng/ml was the optimum and ≥150 ng/ml was taken as toxic level.  

Results: Among 56 patients of traumatic spinal cord injury who were included in the study, having mean age of 

32.32±11.82 years, only 14 (25%) were having optimum Vitamin D level. 25 (45%) subjects were deficient in Vitamin 

D, whereas 16 (28%) were having insufficient levels. One subject was found to have toxic level of Vitamin D (156 

ng/ml). No differences of Vitamin D levels were observed between demographic and clinical groups.  

Conclusions: Although a high rate of Vitamin D deficiency was encountered in SCI individuals, the role of different 

factors causing Vitamin D deficiency remains unproven. Also the amount of Vitamin D required to forestall 

insufficiency is still unknown, indicating a necessity for more studies with well-defined outcome measures.   
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and have a 5 to 23% greater chance to present fractures 

when compared to individuals without physical 

limitations.4 Beside fractures post spinal trauma patients 

also present with additional complications, such as pain, 

pressure ulcers, and spasticity etc.7 Although in SCI, 

immobilization is the main triggering factor for bone loss, 

neural lesions, reduced sun exposure, obesity, circulatory 

problems and hormonal changes are also implicated in the 

pathogenesis of osteoporosis.8 Additionally individuals 

with SCI have higher prevalence of chronic urinary 

infections, neurogenic bladder dysfunction and 

nephrolithiasis and more likely to develop Chronic Kidney 

Disease (CKD), which has impact on a wide range of 

biological functions including the synthesis of the 

bioactive form of Vitamin D and the consequences of 

Vitamin D insufficiency. Vitamin D has an important role 

in calcium homeostasis and when in low concentration, 

results mainly in decreased bone mineral density, 

increased risk of fractures, and secondary 

hyperparathyroidism, which play an important role in the 

development of post SCI osteoporosis.9 

Longer time since the injury, complete lesions, low body 

mass index (BMI), age, history of previous fracture, 

alcohol use, and paraplegia are considered risk factors for 

developing osteoporosis in individuals with SCI.1 

Furthermore, individuals with spinal cord injury (SCI) 

experience neuro-inflammation, impaired lung function, 

muscle dysfunction and accelerated cardio-metabolic 

disease, all of which may benefit from the optimization of 

Vitamin D nutrition. The prevention and treatment of post 

injury bone loss also has a major impact on rehabilitation, 

prognosis and quality of life of these patients.  

A better knowledge of the importance of Vitamin D for 

SCI individuals may lead to improvements in nutritional 

management, emphasize the development of clinical 

practice guidelines and encourage more research in this 

area.  

The purpose of this study was to observe the serum levels 

of Vitamin D in individuals with SCI and their 

relationships with duration of the injury, level of injury, 

ambulation status and many other factors. To our 

knowledge, there are very few studies in India, which have 

evaluated the Vitamin D level of traumatic SCI patients. 

METHODS 

It was a prospective, observational study done in the 

Department of Physical Medicine and Rehabilitation/ 

Neurorehabilitation of three tertiary care hospitals. The 

study was approved by the Institutional Ethical 

Committee. The study has been carried out in accordance 

with The Code of Ethics of the World Medical Association 

(Declaration of Helsinki) for experimentation with human 

subjects. All patients of traumatic spinal cord injury, 

admitted in the Rehabilitation wards of the three study 

centres during the period January 2017 to June 2019 

satisfying the inclusion and exclusion criteria were 

included in the study after taking informed consent. Our 

inclusion criteria were, all adult (age >18 years) Indian 

patients of traumatic spinal cord injury, both genders, 

willing to participate in the study. Exclusion criteria were, 

non-traumatic spinal cord injury, spinal cord injury 

patients with polytrauma or traumatic brain injury, those 

who have taken Calcium and Vitamin D supplementations 

(other than fortified food items) in last 3 months, persons 

with any other skeletal injury or deformity, known cases 

of chronic liver or kidney disease or nephrolithiasis, 

previous diagnosis of any metabolic bone disorder. 

Neurological examination and American Spinal Injury 

Association Impairment Scoring (AIS) were done 

according to the International Standards for Neurological 

Classification of Spinal Cord Injury, on the day of 

admission. The skeletal level of injury of the subjects was 

determined by plain X-ray. Vitamin D3 levels were 

measured on the day of admission through the use of 

Chemiluminescence procedure in all the three centres. 

Although there is no consensus on serum 25(OH)D levels 

yet, values of Vitamin D3 level <20 ng/ml was taken as 

deficient, 20-29 ng/ml as insufficient, ≥30 ng/ml was the 

optimum and ≥150 ng/ml was taken as toxic level, as per 

the standard laboratory values of the three centres. All 

patients having deficient or insufficient Vitamin D3 level 

were given Tablet Calcium carbonate 500mg once daily 

and Capsule Cholecalciferol supplementation 60000 units 

per week for 8 weeks.  

Statistical analysis 

Data analyses were performed by the use of Statistical 

package for social sciences (SPSS) version 21. Descriptive 

statistics were reported as mean±SD. A p value of <0.05 

was considered statistically significant. The normality of 

the data was tested using the Shapiro-Wilk test; this 

indicated that non-parametric statistical tests should be 

used. The Kruskal-Wallis test was used to compare the 

variation in Vitamin D levels with the various ambulatory 

status parameters.  

The post hoc Dunn’s test was used for pair wise 

comparison. For comparison of categorical variables 

between groups having post injury duration <3 months and 

>3 months, we applied Fisher’s exact test. Fisher’s test was 

also applied for comparing the categorical variables 

between Vitamin D deficient and optimum Vitamin D 

groups. Spearman’s correlation coefficient was used to test 

the potential relationships between Vitamin D level and 

age and between Vitamin D level and duration since 

injury. 

RESULTS 

Total 56 patients from the three study centres, who 

satisfied the inclusion and exclusion criteria, were enrolled 

in the study. Their age (mean ± SD) was found to be 

32±11.8 years and mean duration of hospital stay for 

rehabilitation was 2±1.4 months. The most common cause 

of traumatic spinal cord injury as found in our study was 
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fall from height. Others had road traffic accidents, some 

sustained gunshot injury, and some of them experienced a 

railway accident. A few people gave history of fall of 

heavy objects on their back, which is a very common 

etiology of SCI in developing countries, as people carry 

weight on their back and head for various reasons in 

developing countries. 

Table 1: Demographic and clinical profiles of            

patients (n=56). 

 Number (%) 

Gender  

Male 43 (76.78) 

Female 13 (23.21) 

Residence  

Rural 32 (57.14) 

Urban 24 (42.86) 

Duration since injury  

<3 months 15 (26.79) 

>3 months 41 (73.21) 

Mode of injury  

Fall from height 47 (83.92) 

Road traffic accident 5 (8.92) 

Gunshot injury 2 (3.57) 

Misc.  2 (3.57) 

Surgery  

Yes 42 (75) 

No 14 (25) 

Pressure ulcer  

Yes 23 (41.8) 

No 33 (58.2) 

Skeletal level  

Cervical 7 (12.55) 

Dorsal 36 (64.29) 

Lumbar 13 (23.21) 

AIS  

A 36 (64.28) 

B 10 (17.86) 

C 8 (14.28) 

D 2 (3.57) 

Ambulation status  

Non-ambulatory 7 (12.50) 

Therapeutic standing 19 (33.93) 

Walking with aids 30 (56.57) 

AIS: American Spinal Injury Association (ASIA) 

Impairment Scale 

The entire study population was divided into 2 groups 

according to their Vitamin D levels. One group was having 

subjects with either deficient or insufficient level of 

Vitamin D, another group having optimal level. One 

patient with toxic level of Vitamin D (156 ng/ml) was 

excluded from this analysis. As a reason of having toxic 

level, over-the-counter use of Cholecalciferol granules 

with milk for prolonged time, was elicited from the history 

of the subject.  

Table 2: Vitamin D profile (n=55). 

Variables 

Vitamin D 

deficiency 

(Insufficient 

+ Deficient) 

Number (%) 

(n1=41) 

Optimum 

Vitamin D 

Number (%) 

(n2=14) 

P 

value 

Gender    

 Male 32 (74.4) 11 (25.6) 0.508 

Female 9 (75) 3 (25)  

Pressure ulcer   

Present 17 (73.9) 6 (26.1) 0.838 

Absent 24 (75) 8 (25)  

Duration since injury  

<3months 11 (78.6) 3 (21.42) 0.636 

>3 months 30 (73.2) 11 (26.8)  

Ambulation status  

Non 

ambulatory 
4 (57.1) 3 (42.9) 0.714 

Therapeutic 

standing 
16 (84.2) 3 (15.8)  

Walking 

with aids 
21 (72.4) 8 (27.6)  

ASIA impairment scale  

AIS A 29 (80.6) 7 (19.4) 0.300 

AIS B 6 (60) 4 (40)  

AIS C 5 (62.5) 3 (37.5)  

AIS D 1 (100) 0 (0)  

ASIA: American Spinal Injury Association, AIS: ASIA 

Impairment Scale 

 

Figure 1: Levels of Vitamin D in traumatic spinal 

cord injury patients (n=56). 

The Vitamin D profiles of 55 study subjects show 58.2% 

males and 16.4% females were suffering from 

hypovitaminosis D. Low levels of Vitamin D was 

observed in 73.9% patients with pressure ulcer, whereas 

only 26.1% had optimal levels of Vitamin D in spite of 

having a pressure ulcer. Among 41 subjects having post-

injury duration of more than 3months 73.2% had Vitamin 

D deficiency or insufficiency.  

Deficient
25(45%)

Insufficient
16(28%)

Optimum
14(25%)

Toxic 1 (2%)



Saha S et al. Int J Adv Med. 2021 Aug;8(8):1164-1170 

                                                                   International Journal of Advances in Medicine | August 2021 | Vol 8 | Issue 8    Page 1167 

 

Figure 2: Vitamin D level versus age (p= 0.832 and 

ρ=0.029). 

 

Figure 3: Vitamin D level versus duration in months 

(p=0.707 and ρ=0.051). 

 

Figure 4: Vitamin D level versus neurological levels 

(p<0.533). 

According to AIS classification, 80.6% subjects with AIS 

A, 60% subjects with AIS B, 62.5% subjects with AIS C 

and 100% with AIS D showed low levels of Vitamin D in 

their blood. 

We compared different factors between the two groups, 

like- gender, duration since injury, presence or absence of 

pressure ulcer, ambulatory status and ASIA Impairment 

Score (AIS), although, no significant difference was found 

between these two groups.  

There was no relationship between Vitamin D level and 

age (p=0.832 and ρ=0.029), also no correlation was 

observed between Vitamin D level and duration since 

injury (p=0.707 & ρ=0.051), as shown in Figure 2 and 3 

respectively. No difference in Vitamin D level was 

observed for different neurological levels of injury 

(p<0.533) as depicted in Figure 4. 

DISCUSSION 

Vitamin D deficiency has been extremely prevalent within 

the SCI population, as well as in those with other 

disabilities because of multiple etiologies.10-12 In current 

study 73% (45% deficient+28% insufficient) SCI patients 

have Vitamin D level below the optimum level. Similarly 

Gifre et al, also found 60% of in individuals with SCI 

having hypo-vitaminosis D.4 

Persons with SCI often have a lower calcium intake in 

comparison to the general population, including fortified 

milk (Vitamin D), which is the major dietary source of 

Vitamin D, other than the supplements.13 There are several 

biological plausible mechanisms by which Vitamin D may 

act upon cardio-metabolic and musculoskeletal health. 

Along with negative effect on bone tissue, Vitamin D 

deficiency may impair other aspects such as muscle 

strength, and cause complications related to different 

organs.14 The impact of insufficiency on such systems 

remains ill-defined in SCI. 

A large proportion of people suffering from SCI are young 

adults according to published literature, which was 

confirmed in this study sample, whose mean age was 

32±11.8 years. A study conducted by Nogueira et al.15 with 

59 subjects showed an average age of 37 years. Opperman 

et al also observed similar results in relation to the mean 

age of individuals with SCI.16 

In the current study, most of the SCI patients having 

duration since injury greater than 3 months had Vitamin D 

deficiency (73.2%). An important expected result was that 

the time elapsed since injury was inversely proportional to 

the Vitamin D levels, but we have found that 78.6% of 

patients with duration since injury <3 months also have 

Vitamin D deficiency. This finding is probably related to 

the shorter time of sun exposure due to limited mobility in 

both acute and chronic spinal cord injury.  

SCI is a complex condition that leads to lifestyle and bio-

psychosocial changes.15,17 Prolonged immobilization may 

leads to suppression of the PTH-Vitamin D axis, when an 

accelerated bone demineralization occurs, there is 

calcemia and consequently decrease secretion of PTH and 

conversion of the bioactive portion of Vitamin D.17 So it is 
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well recognized that significantly increased ionized 

calcium in the early stage of a SCI, whereas serum calcium 

concentration remains normal. In patients with a chronic 

SCI, concentration of serum calcium significantly 

decreases.18 

As highlighted by Karapolat et al, there is suppression of 

the PTH-Vitamin D axis in the acute period after the 

injury, while a reverse activity of PTH during the chronic 

phase can be observed. PTH values gradually increased 

from the first days until 36 months after the SCI.8,19 As 

showed in study by Oleson et al a higher amount of 

deficient or suboptimal Vitamin D status in individuals 

with a chronic SCI compared with an acute SCI.11 

Synthesis and metabolism of Vitamin D mainly depends 

on exposure to short wave ultraviolet B (UVB) rays, which 

will initiate the entire process of activation of 25-OH-

Vitamin D in 1,25(OH)2-Vitamin D, also known as 

calcitriol, via its substrate 7-dehydrocholesterol, into the 

epidermis.20 Low solar exposure in patients with SCI 

might be related with immobilization, longstanding 

hospitalization, as well as delayed patient’s ambulation 

due to poor financial conditions, for hiring a professional 

who could assist in that, in order to increase the time of sun 

exposure.21  

The study by Zhou et al showed a higher prevalence of low 

Vitamin D level in patients with pressure ulcer compared 

with patients without a pressure ulcer.22 However, 

presence of pressure ulcer and low Vitamin D may reflect 

a common cause, which is lack of mobility. In current 

study, 73.9% subjects with pressure ulcer were found to be 

having either deficient or insufficient serum Vitamin D 

levels, which denotes a quite high percentage. 

Significantly lower Vitamin D level in patients with an 

incomplete injury compared with that in patients with a 

complete injury (14.6 versus 18.2 ng/ ml) was found by 

Nemunaitis et al.12 In contrast to this, out of 36 complete 

SCI injury patients in our study, 29 have low Vitamin D 

levels, while 12 out of 19 subjects with incomplete injury 

have Vitamin D levels lower than normal.  

Twenty one out of 29 subjects who were ambulatory with 

aids, 4 out of 7 non ambulatory subjects and 16 out of 19 

subjects doing therapeutic standing only had 

hypovitaminosis D. Poorer physical activity as well as 

lower functional independence have been correlated to a 

poor Vitamin D status in individuals with a SCI.23 

Similarly Benlidayi et al found that in non-functionally 

ambulatory individuals with a SCI had higher amount of 

Vitamin D insufficiency compared with functionally 

ambulatory patients.24  

There was no significant difference in Vitamin D status 

between individuals with tetraplegia and paraplegia, in a 

study with no difference in Vitamin D status comparing 

individuals with able-bodied controls to paraplegia and 

tetraplegia.12 In contrast a significantly lower Vitamin D 

status in individuals with a tetraplegia compared with 

individuals with paraplegia as reported by another study.22 

These results clearly showed that having a SCI may 

produce a high variability in mobility, independence as 

well as functionality. Therefore, it is not obvious whether 

having tetraplegia or paraplegia might be a better predictor 

for lower Vitamin D level. The level of functionality seems 

to have a higher impact on Vitamin D deficiency in this 

population, as patients in constant need of assistance or 

restrained to bed, will not spend enough time under the 

sun. 

Because of the complications of their impairment per se, 

individuals with a SCI are already at a higher risk of 

cardiovascular disease or osteoporosis that are identified 

with a Vitamin D deficiency and might lead to serious 

health problems.25 The chance for osteoporosis, falls, and 

fractures already increases independent of the Vitamin D 

status in patients with SCI and may rise much more in case 

of Vitamin D deficiency, which might worsen osteoporotic 

conditions.26-29. However, implementation of an adequate 

supplementation strategy in clinics and hospitals prevents 

patients from such further health risks. Muscle weakness 

and pain, depression which are critical for rehabilitation 

are also related to Vitamin D deficiency, making diagnosis 

and treatment of Vitamin D deficiency more important in 

SCI patients.30 

Limitations  

The sample size was small. There was no control group. 

Influence of season, race, ethnicity (other than Indian) and 

BMI was not taken into consideration. Serum iPTH was 

not measured, as the facility was not available in the lead 

centre. Long term follow-up data is not available. Further 

studies are needed, to grant accurate recommendations or 

guidelines to stop deficiency in individuals with an acute 

and chronic SCI. 

CONCLUSION  

From the above study, it can be concluded that majority of 

the individual with SCI have Vitamin D deficiency and the 

deficiency is more common in chronic patients. This might 

ensue to prolonged limitation of mobility which ends up in 

insufficient sun exposure, and these factors may aggravate 

bone loss related to low impact activity and decreased 

mobility resulting from SCI. We recommend to test 

Vitamin D status regularly in SCI population and to 

supplement deficient individuals with a dose of 50000 IU 

/ weekly for eight week which is based on Endocrine 

Society recommendation and an active, healthy lifestyle 

with regular outdoor activities to forestall patients from a 

Vitamin D deficiency. Treatment of suboptimal status 

should be instituted in both acute and chronic stages of the 

SCI. When supplementing SCI individuals, close 

interactions between Vitamin D and related bone minerals 

should be kept in mind, and practices should be 

individualized with clinical conditions. Information, 

education and communication should be carried out about 

the advantages of sun exposure and the way sun exposure 
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should be practiced, as a preventive measure for Vitamin 

D deficiency with no cost involved, which is very 

important for developing countries. Normal levels of 

Vitamin D can prevent many musculo-skeletal 

complications and improve the quality of life. 
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A R T I C L E  I N F O A B S T R A C T

Context
Circulating microRNAs (miR) have revolutionized the 
field of molecular biology owing to their potential 
as a diagnostic as well as a prognostic biomarker of 
cardiovascular disease and dysfunctions. The present 
study aims to identify the circulating miR-126 and 
-122 as an independent risk predictors of coronary 
artery disease cases.

Methods and material
Blood samples were collected from coronary artery 
disease cases (n=100) and non-CAD cases (n=100). 
Serum RNA was isolated by Trizol method. MiR levels 
were measured by quantitative real-time polymerase 
chain reaction with the specific primer probe set.

Corresponding author:
Dr. Wahid Ali
Department of Pathology 
King George’s Medical University 
Lucknow, UP 226003
India
Phone: (O) 522-2257542, (R) 0522-2628899
Mobile: 9198852343
Fax: (91) 522-2257539
Email: aliwahid78@gmail.com

Key words:
circulating biomarker, coronary artery 
disease, chest pain, microRNA 

          

          

https://creativecommons.org/licenses/by-nc/4.0/
mailto:aliwahid78@gmail.com


eJIFCC2021Vol32No3pp347-362
Page 348

Wahid Ali, Sridhar Mishra, Aliya Rizvi, Akshaaya Pradhan, Marco A. Perrone
Circulating microRNA-126 as an independent risk predictor of coronary artery disease

Results
MiR-126 levels were significantly down-reg-
ulated in CAD cases compared to non-CAD 
cases (controls) (80.0% vs. 39.0%, χ2=14.95, 
p<0.001). The level of miR-122 was significantly 
up-regulated in CAD cases in comparison to its 
non-CAD variant (14.0% vs. 63.0%, χ2=21.23, 
p<0.001). Multivariate analysis found chest pain 
(OR=37.07, 95% CI=3.21-169.04, p=0.017) and 
miR-126 (OR=0.01, 95% CI=0.00-0.63, p=0.030) 
as independent risk predictors of CAD.

Conclusion
The results of our study show the potential of 
circulating miR-126 as a novel non-invasive bio-
marker in the risk prediction of CAD. Further 
unraveling of the role of miR-122 and miR-126 
in the pathogenesis and progression of CAD will 
add to our understanding of the disease process 
leading to a new diagnostic approach.

Highlights
• Mir-122 and -126 significantly differentiate 

non CAD cases from angiographically proven 
CAD cases

• Chest pain and miR-126 might work as an 
independent risk predictor of coronary 
artery disease 



INTRODUCTION

Globally, cardiac disease is the predomi-
nant cause of death in the past several years. 
Multitude factors are associated with the dis-
ease; the major risk factors are hypertension, 
high cholesterol levels, unhealthy diet, obesity, 
diabetes, and addiction in different forms like 
alcohol and tobacco chewing.[1] Atherosclerosis 
and thrombosis due to unhealthy diet, lack of 
physical exercise, and hypertension ultimately 
lead to the development of coronary artery 
disease (CAD).[2] Diagnosis of CAD is based on 

the invasive coronary angiogram (CAG) and ra-
diologic techniques such as an echocardiogram 
(Echo), computed tomography (CT), electrocar-
diogram (ECG), and exercise treadmill test (ETT). 
Several blood-based markers have been studied 
in the diagnosis of CAD but without any sig-
nificant clinical result.[3] Circulating microRNAs 
(miRNAs) have revolutionized the field of molec-
ular biology owing to their potential as diagnos-
tic as well as prognostic biomarkers of cardio-
vascular diseases and dysfunctions. MicroRNAs 
are short, single-stranded non-coding RNAs 
that regulate cellular functions by degradation 
and translational repression of mRNAs. They as-
sist in cell proliferation, differentiation, metabo-
lism, apoptosis, development, aging, and in the 
pathophysiology of many diseases namely, on-
cogenesis, cardiovascular, and neurological 
disorders. Several studies have reported dys-
regulation of miRNAs in heart diseases such as 
myocardial infarction (MI), cardiac hypertrophy, 
fibrosis, and developmental heart disease. [4-7] 

Studies reported the change in the number of 
miRNAs in such pathological processes and the 
abnormal expressions of miRNAs are associated 
with a different type of heart disease. [8-10]

In earlier studies reduced plasma concentration 
of miR-126 in patients with heart failure (HF) 
compared to healthy controls were found to 
have an inverse co-relationship with brain na-
triuretic peptide (BNP), thus proving as a clas-
sic marker of HF in past studies. Higher levels of 
miR-126 indicated the better clinical condition 
of patients. Xiao Sun et al in 2012 demonstrated 
the relationship between miR-126 and LDL cho-
lesterol in patients with or without CAD, which 
may have significant implications for identifying 
the potential role of miR-126 in cholesterol me-
tabolism. [11] Different miRNAs related to car-
diac origin have been studied to investigate 
the diagnostic potential. Reduced expression 
of miR-122 has been found in patients with MI. 
Thus, the current study was designed to assess 
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the levels of miR-126 and 122 in CAD cases for 
evaluating the risk predictors in coronary artery 
disease cases in India.

SUBJECTS AND METHODS

Study population

The study subjects were enrolled from January 
2019 to December 2019. Coronary angiograms 
were evaluated by a clinician, who made a vi-
sual estimation of luminal narrowing in multiple 
segments based on the AHA/ACC classification 
of the coronary tree.[12] All the subjects fulfill-
ing the inclusion criteria were enrolled for the 
study. All the cases were newly diagnosed. The 
blood sample was collected before the start of 
medication-related to the CAD and before the 
coronary stent implantation. Written informed 
consent was taken from the subjects. Approval 
to conduct the research was obtained from the 
Institutional Ethical Committee (approval num-
ber IEC95) before the start of the study and 
complies with the ethical principles for medi-
cal research involving human subjects, by the 
Declaration of Helsinki. Patients attending the 
OPD and who were not suffering from either 
detectable coronary stenosis or atherosclerotic 
vascular disease were considered as controls 
(CAD-ve). Patients were interviewed to collect 
information about their medical history and 
lifestyle habits. Risk factors were determined 
by a physician. Subjects were excluded from the 
study if they are affected by the hepatic failure, 
renal failure, abnormal liver function, hepati-
tis, cardiomyopathy, congenital heart disease, 
bleeding disorders, previous thoracic irradiation 
therapy, and malignant diseases. 

Samples collection and serum isolation

Peripheral blood (3.5 ml) was collected from 200 
cases in plain and EDTA vials (NOVAC, POLYMED, 
POLY MEDICURE LTD, India). Serum was sepa-
rated by centrifugation of peripheral blood in 

plain vial at 1900g for 10 min, followed by a 10 
min high-speed centrifugation at 16,000g and 
stored at -80°C until further processing. 

Biochemical examination

Biochemical parameters including HbA1c (%) 
(D-10 Bio-Rad, USA), total cholesterol (TC), 
(mg/dl), triglyceride (TG), (mg/dl), high den-
sity lipoproteins (HDL-C) (mg/dl), low density 
lipoproteins (LDL-C) (mg/dl), very low density 
lipoproteins (VLDL-C) (mg/dl), folate II (nmol/L), 
Vitamin B12 (pg/ml), small dense low density 
lipoproteins (sdLDL) (mmol/l), and total homo-
cysteine (HCY2) (umol/L) were recorded. All bio-
chemical parameters were measured with a ful-
ly automated biochemical analyzer (ARCHITECT 
i2000SR, Abbott Diagnostic & Selectra ProXL, 
ELITech Group).

RNA isolation and cDNA synthesis 

Total RNA was extracted using a Trizol-based 
miRNA isolation protocol (Invitrogen, Carlsbad, 
CA, USA) by the addition of 750µl of Trizol re-
agent to 250µl of plasma. The RNA concentra-
tions were measured with a Nanodrop and 
cDNA was prepared using a commercially avail-
able MuLV reverse transcriptase kit (Cat. no. 
K1622, Thermo Fisher Scientific, USA). [13] 

Quantitative real-time PCR 

cDNA was amplified with specific primer sets 
miR-122 (hsa-miR-122-5p, Cat. no. 4427975), 
miR126 (hsa-miR-126-5p, Cat no. 4427975), 
and RNU6 (Cat no. 4427975). Quantitative real-
time PCR (qRT PCR) was carried out using 7500 
real-time PCR system (Applied Biosystems, 
USA) using TaqMan® Universal Master Mix II No 
UNG (Applied Biosystem, USA) according to the 
manufacturers’ instructions. Data were normal-
ized for RNU6 (housekeeping gene) expression 
by the comparative threshold cycle method. 
Duplicate Ct values were averaged, the relative 
expression levels of miR were calculated using 
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formula ∆Ct = Ct[Target]-Ct[Housekeeping] and 
∆∆Ct = (∆Exp.)- (∆Control) and got the -∆∆Ct 
log-fold-change and fold-changes were calcu-
lated for each miRNA. [13] 

VEGF ELISA

Serum VEGF level (pg/ml) was determined by 
ELISA using RayBio Human VEGF ELISA kit and 
the reading were recorded by iMarkTM micro-
plate absorbance reader (BIOS) at 450 nm. The 
level of VEGF concentration (pg/ml) in cases 
was determined by comparing the OD of the 
samples with the standard curve. 

Statistical analysis

Discrete (categorical) data are presented in 
number (n) and percentage (%). Categorical 
groups were compared by the chi-square (χ2) 
test. Independent predictor(s) of CAD were as-
sessed using univariate (crude or unadjusted 
odds ratio) and multivariate (adjusted odds 
ratio) binary logistic regression (BLR) analysis. 
Receiver operating characteristics (ROC) curve 
analysis was done to assess diagnostic accura-
cy (sensitivity and specificity) of markers (miR-
122 and miR-126) for CAD assessment. Based 
on the data, a cut-off point was chosen, where 
the higher sensitivity and specificity were ob-
tained (Data not shown). All continuous data 
were categorized into two groups (non-CAD 
and CAD cases). A two-tailed (α=2) p<0.05 was 
considered statistically significant. Analyses 
were performed on SPSS software (windows 
version 17.0). 

RESULTS

A total of 200 cases 100 CAD and 100 non-
CAD patients of age between 20-80 yrs were 
enrolled. The outcome measures of the study 
were demographic and clinical characteristics 
(age, sex, height, weight, BMI, educational sta-
tus, nature of work, diet, smoking, alcohol, exer-
cise, hypertension, and chest pain), biochemical 

parameters (HbA1c, HDL, LDL, VLDL, TG, TC, 
sdLDL, folate II, Vitamin B12, Vitamin D, TSH, 
total HCY2), markers (miR-122, miR-126 fold ex-
pression (∆∆Ct) and VEGF (pg/ml).

Demographic and clinical characteristics 
of CAD and non-CAD cases

The demographic and clinical characteristics of 
the two groups (non-CAD cases and CAD cases) 
are summarized in table 1. The age of non-CAD 
and CAD cases ranged from 25-79 yrs and 28-
76 yrs with a mean (± SE) of 50.90 ± 2.08 yrs 
and 52.15 ± 1.13 yrs, respectively, and a median 
age of 52 yrs. Further, in non-CAD cases, there 
were 26 (26.0%) females and 74 (74.0%) males 
whereas in CAD cases, this was 25 (25.0%) and 
75 (75.0%), respectively. Comparing the demo-
graphic and clinical characteristics of the two 
groups, χ2 test showed significantly different 
and higher frequency (%) of illiterate (14.0% 
vs. 61.0%, χ2=19.14, p<0.001), smokers (16.0% 
vs. 37.0%, χ2=4.39, p=0.03), those suffering 
from hypertension (24.0% vs. 62.0%, χ2=10.55, 
p=0.001) and those from chest pain (17.0% vs. 
71.0%, χ2=44.42, p<0.001) whereas, less fre-
quency of exercise (53.0% vs. 30.0%, χ2=4.73, 
p=0.03) in CAD cases as compared to non-CAD 
suggests that these parameters may be associat-
ed with CAD. However, other demographic and 
clinical characteristics (age, sex, height, weight, 
BMI, occupation, nature of work, diet, and alco-
hol) were found to be similar (p>0.05) between 
the two groups indicating these parameters 
may not be associated with CAD development.

Values of biochemical parameters 
values in CAD and non-CAD cases

The level of biochemical parameters in the level 
of the two groups is summarized in table 2. 
Comparing the biochemical parameter levels 
of two groups, χ2 test showed significantly dif-
ferent and higher level of (%) of HbA1c (10.0% 
vs. 41.0%, χ2=9.52, p=0.002), sdLDL (17.0% vs. 
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Table 1 Demographic and clinical characteristics of  two groups

Variable
Controls 

(n=100) (%)
Cases 

(n=100) (%)
χ2  

value
p  

value

Age (yrs.): 
 ≤52  
 >52

 
56 (56.0) 
44 (44.0)

 
52 (52.0) 
48 (48.0)

0.15 0.702

Sex: 
 Female 
 Male

 
26 (26.0) 
74 (74.0)

 
25 (25.0) 
75 (75.0)

0.01 0.913

Height (cm): 
 ≤165  
 >165 

 
53 (53.0) 
47 (47.0)

 
69 (69.0) 
31 (31.0)

2.40 0.121

62.0%, χ2=17.46, p<0.001), folate II (20.0% vs. 
60.0%, χ2=14.05, p<0.001), Vitamin B12 (27.0% 
vs. 59.0%, χ2=9.05, p=0.003) and VEGF (pg/ml) 
(20.0% vs. 62.0%, χ2=14.95, p<0.001) whereas, 
less frequency of HDL (63.0% vs. 43.0%, 
χ2=3.84, p=0.05) and LDL (70.0% vs. 40.0%, 
χ2=7.95, p=0.005) in CAD cases as compared 
to non CAD cases suggesting that these may 
be associated with CAD. However, biochemical 
parameters namely VLDL, TG, TC, and Vitamin 
D, TSH, and total HCY2 did not differ (p>0.05) 
between the two groups indicating that these 
may not be associated with CAD. We have also 
observed the correlation of miR-122 and -126 
with demographic and clinical characteristics of 
the cases, however, the difference was not sig-
nificant (data not shown). 

Circulating miR-122 and miR -126 expression

The marker expression levels in the two groups 
are summarized in Table 3. Comparing the 
marker expression levels of the two groups, χ2 
test showed significantly different and higher 
frequency (%) of miR-122 (14.0% vs. 63.0%, 
χ2=21.23, p<0.0001) whereas the significant-
ly different and lower frequency of miR-126 

(80.0% vs. 39.0%, χ2=14.95, p<0.0001) in CAD 
cases as compared to non-CAD suggests that 
both markers may be associated with CAD as 
depicted in figure 1a and 1b.

Independent predictors of CAD

Unadjusted odds ratio

To evaluate the risk predictors of CAD, all vari-
ables (demographic and clinical, biochemical 
and marker expression) were first subjected to 
univariate (crude or unadjusted) binary logistic 
regression analysis (controls=0 and cases=1). 
These are summarized in Table 4. The univariate 
analysis found educational status (OR=9.86, 95% 
CI=3.13-31.01, p<0.001), smoking (OR=3.02, 
95% CI=1.04-8.76, p=0.04), exercise (OR=0.39, 
95% CI=0.16-0.92, p=0.03), hypertension 
(OR=4.40, 95% CI=1.74-11.14, p=0.002), chest 
pain (OR=27.50, 95% CI=8.79-86.01, p<0.001), 
HbA1c (OR=6.26, 95% CI=1.75-22.41, p=0.005), 
LDL (OR=0.28, 95% CI=0.12-0.70, p=0.006), 
sdLDL (OR=8.00, 95% CI=2.76-23.16, p<0.001), 
folate II (OR=6.07, 95% CI=2.22-16.53, p<0.001), 
Vitamin B12 (OR=3.95, 95% CI=1.57-9.98, 
p=0.004), VEGF (OR=6.40, 95% CI=2.35-17.47, 
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Demographic and clinical characteristics of two groups were summarised in number (n) and percentage (%) 
and compared by χ2 test.

Weight (kg): 
 ≤65  
 >65 

 
60 (60.0) 
40 (40.0)

 
56 (56.0) 
44 (44.0)

0.11 0.735

BMI (kg/m2): 
 ≤26 
 >26

 
67 (67.0) 
33 (33.0)

 
56 (56.0) 
44 (44.0)

0.94 0.331

Educational status: 
 Literate 
 Illiterate

 
86 (86.0) 
14 (14.0)

 
39 (39.0) 
61 (61.0)

19.14 <0.001

Occupation: 
 No 
 Yes

 
53 (53.0) 
47 (47.0)

 
34 (34.0) 
66 (66.0)

3.17 0.075

Nature of work: 
 Sedentary 

 Hard

 
22 (22.0) 
78 (78.0)

 
27 (22.0) 
73 (73.0)

0.29 0.591

Diet: 
 Vegetarian 

 Non-vegetarian

 
43 (43.0) 
57 (57.0)

 
27 (27.0) 
73 (73.0)

0.43 0.513

Smoking: 
 No 
 Yes

 
84 (84.0) 
16 (16.0)

 
63 (63.0) 
37 (37.0)

4.39 0.036

Alcohol: 
 No 
 Yes

 
83 (83.0) 
17 (17.0)

 
90 (90) 

10 (10.0)
0.18 0.670

Exercise: 
 No 
 Yes

 
67 (67.0) 
53 (53.0)

 
70 (70.0) 
30 (30.0)

4.73 0.030

Hypertension: 
 No 
 Yes

 
76 (76.0) 
24 (24.0)

 
38 (38.0) 
62 (62.0)

10.55 0.001

Chest pain: 
 No 
 Yes

 
83 (83.0) 
17 (17.0)

 
29 (29.0) 
71 (71.0)

44.42 <0.001
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Table 2 Biochemical parameter levels of  two groups

Variable
Controls 

(n=100) (%)
Cases 

(n=100) (%)
χ2  

value
p  

value

HbA1c (%): 
 ≤6  
 >6

 
90 (90.0) 
10 (10.0)

 
59 (59.0) 
41 (41.0)

9.52 0.002

HDL (mg/dl): 
 ≤43 
 >43

 
37 (37.0) 
63 (63.0)

 
57 (57.0) 
43 (43.0)

3.84 0.05

LDL (mg/dl): 
 ≤56 
 >56

 
30 (30.0) 
70 (70.0)

 
60 (60.0) 
40 (40.0)

7.95 0.005

VLDL (mg/dl): 
 ≤29 
 >29

 
50 (50.0) 
50 (50.0)

 
53 (53.0) 
47 (47.0)

0.06 0.81

TG (mg/dl): 
 ≤133 
 >133

 
57 (57.0) 
43 (43.0)

 
47 (47.0) 
53 (53.0)

0.74 0.39

TC (mg/dl): 
 ≤135 
 >135

 
37 (37.0) 
63 (63.0)

 
56 (56.0) 
44 (44.0)

3.38 0.06

sdLDL (mmol/l): 
 ≤15 
 >15

 
83 (83.0) 
17 (17.0)

 
38 (38.0) 
62 (62.0)

17.46 <0.001

Folate II (mmol/l): 
 ≤9 
 >9

 
80 (80.0) 
20 (20.0)

 
40 (40.0) 
60 (60.0)

14.05 <0.001

Vitamin B12 (pg/ml): 
 ≤238 
 >238

 
73 (73.0) 
27 (27.0)

 
41 (41.0) 
59 (59.0)

9.05 0.003

Vitamin D (ng/ml): 
 ≤21 
 >21

 
40 (40.0) 
60 (60.0)

 
60 (60.0) 
40 (40.0)

3.59 0.05
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TSH (µmol/l): 
 ≤2 
 >2

 
63 (63.0) 
37 (37.0)

 
64 (64.0) 
36 (36.0)

0.01 0.94

Total HCY2 (µmol/l): 
 ≤19 
 >19

 
47 (47.0) 
53 (53.0)

 
52 (52.0) 
48 (48.0)

0.30 0.58

VEGF (pg/ml): 
 ≤120 
 >120

 
80 (80.0) 
20 (20.0)

 
38 (38.0) 
62 (62.0)

14.95 <0.001

Biochemical parameter levels of two groups were summarised in number (n) and percentage (%) 
and compared by χ2 test.

Table 3 Circulating miRNA 122 &126 expression levels of  two groups

Variable Cut off 
Controls 

(n=100) (%)
Cases 

(n=100) (%)
χ2  

value
p  

value

miR-122:   
 ≤1.24  
 >1.24

 
86 (86.0) 
14 (14.0)

 
37 (37.0) 
63 (63.0)

21.23 <0.0001

miR-126:   
 ≤0.90 
 >0.90

 
20 (20.0) 
80 (80.0)

 
61 (61.0) 
39 (39.0)

14.95 <0.0001

Expression levels of two groups were summarised in number (n) and percentage (%) and compared by χ2 test.

Table 4 Predictors of  CAD using univariate binary logistic regression analysis

Predictor OR (95% CI) p value

Educational status: 
Literate 
Illiterate

 
Ref. 

9.86 (3.13-31.01)

 
 

<0.001

Smoking: 
No 
Yes

 
Ref. 

3.02 (1.04-8.76)

 
 

0.04
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Exercise: 
No 
Yes

 
Ref. 

0.39 (0.16-0.92)

 
 

0.03

Hypertension: 
No 
Yes

 
Ref. 

4.40 (1.74-11.14)

 
 

0.002

Chest pain: 
No 
Yes

 
Ref. 

27.50 (8.79-86.01)

 
 

<0.001

HbA1c (%): 
≤6 
>6

 
Ref. 

6.26 (1.75-22.41)

 
 

0.005

LDL (mg/dl): 
≤56 
>56

 
Ref. 

0.28 (0.12-0.70)

 
 

0.006

sdLDL (mmol/l): 
≤15 
>15

 
Ref. 

8.00 (2.76-23.16)

 
 

<0.001

Folate II (mmol/l): 
≤9 
>9

 
Ref. 

6.07 (2.22-16.53)

 
 

<0.001

Vit. B12 (pg/ml): 
≤238 
>238

 
Ref. 

3.95 (1.57-9.98)

 
 

0.004

VEGF (pg/ml): 
≤120 
>120

 
Ref. 

6.40 (2.35-17.47)

 
 

<0.001

miR-122: 
≤1.24 
>1.24

 
Ref. 

10.98 (3.48-34.63)

 
 

<0.001

miR-126: 
≤0.90 
>0.90

 
Ref. 

0.16 (0.06-0.43)

 
 

<0.001

OR: odds ratio, CI: confidence interval, Ref: reference category. All odds ratio were evaluated against reference category.
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p<0.001), miR-122 (OR=10.98, 95% CI=3.48-
34.63, p<0.001) and miR-126 (OR=0.16, 95% 
CI=0.06-0.43, p<0.001) as the significant pre-
dictors of CAD. Predictors that have shown sig-
nificant p values in univariate (crude or unad-
justed) binary logistic regression analysis were 
subjected to multivariable repression model to 
find the independent risk predictors of CAD.

Adjusted odds ratio

To find out the independent risk predictors of 
CAD, the significant variables (found in Table 4) 
were further subjected to multivariate (adjust-
ed) binary logistic regression analysis and are 
summarized in Table 5. The multivariate analy-
sis further found chest pain (OR=37.07, 95% 
CI=3.21-169.04, p=0.01) and miR-126 (OR=0.01, 

95% CI=0.00-0.63, p=0.03) as significant. Thus, 
chest pain and miR-126 may serve as significant 
and independent predictors of CAD. 

Diagnostic accuracy of circulatory 
miR-122 and miR-126

To see the diagnostic accuracy (sensitivity and 
specificity) of markers (miR-122 and miR-126) 
in predicting CAD, both the markers were 
subjected to ROC curve analysis. The ROC 
curve analysis showed a significant diagnos-
tic accuracy of miR-122 area under the curve 
(AUC= 0.8057, Z=6.66, p<0.001) and a cut-off 
value of >1.24, it discriminated the subjects 
of the two groups (controls and cases) with 
64.00% sensitivity (95% CI=53.79-73.36) and 
84.00% specificity (95% CI=75.32-90.57), and  

Figure 1 Scatter plot showing values of  the a) miR-122 and b) miR-126 in CAD 
cases and non-CAD cases

Groups were compared by Man Whitney U test. (Nsp>0.05 or***p< 0.001- as compared to Control group.)
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79.75% positive predictive value and 69.42% 
negative predictive value. Similarly, miR-126 
also showed significant diagnostic accuracy 
(AUC=0.806, Z=3.52, p<0.001), and at a cut-
off value of ≤0.90, it discriminated the sub-
jects of the two groups with 61.54% sensitivity 
(95% CI=49.8-72.3) and 80.00% specificity (95% 
CI=61.4-92.2), and 88.9% positive predictive val-
ue and 44.4% negative predictive value and also 
depicted in figure 2. 

DISCUSSION

The role of circulating miRNAs as a new bio-
marker in diagnosing cardiovascular diseases 
has kindled a brighter outlook worldwide. 
Despite recent advances and a stupendous 
rise in interest in miRNA for CAD diagnosis and 
prognosis, we are still unraveling the complex-
ity superficially. Circulating miRNAs are a sen-
sitive, diagnostic, and prognostic biomarker 
for therapeutic interventions. MiRNAs show 

Table 5 Independent predictors of  CAD using multivariate binary logistic 
regression analysis

Predictor OR (95% CI) p value

Educational status: 
Literate 
Illiterate

 
Ref. 

4.94 (0.32-76.49)

 
 

0.25

Smoking: 
No 
Yes

 
Ref. 

13.76 (0.54-353.17)

 
 

0.11

Exercise: 
No 
Yes

 
Ref. 

0.12 (0.00-5.31)

 
 

0.27

Hypertension: 
No 
Yes

 
Ref. 

1.15 (0.08-16.36)

 
 

0.91

Chest pain: 
No 
Yes

 
Ref. 

6.60 (3.21-169.04)

 
 

0.01

HbA1c (%): 
≤6 
>6

 
Ref. 

3.32 (0.16-68.21)

 
 

0.43

LDL (mg/dl): 
≤56 
>56

 
Ref. 

0.15 (0.01-2.23)

 
 

0.16
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sdLDL (mmol/l): 
≤15 
>15

 
Ref. 

18.20 (0.62-534.65)

 
 

0.09

Folate II (mmol/l): 
≤9 
>9

 
Ref. 

6.34 (0.44-90.60)

 
 

0.17

Vitamin B12 (pg/ml): 
≤238 
>238

 
Ref. 

26.62 (0.49-1454.89)

 
 

0.10

VEGF: (pg/ml) 
≤120 
>120

 
Ref. 

1.31 (0.11-15.18)

 
 

0.82

miR-122: 
≤1.24 
>1.24

 
Ref. 

13.25 (0.68-259.03)

 
 

0.08

miR-126: 
≤0.90 
>0.90

 
Ref. 

0.01 (0.00-0.63)

 
 

0.03

OR: odds ratio, CI: confidence interval, Ref: reference category. All odds ratio were evaluated against reference category

Figure 2 ROC curve values for miR-126 and miR-122 
to differentiate between CAD cases and non-CAD cases
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tissue-specific expression, are rapidly released 
into circulation, and are remarkably stable in 
serum/plasma. The emerging role of miRNA in 
CAD and cardiac arrhythmia has been demon-
strated.[14] Analysis of circulating plasma/serum 
miRNA may be of importance in disease predic-
tion and improvement of the diagnostic accu-
racy of cardiovascular diseases.[15, 16] Circulating 
levels of miR-1, miR-126, miR-133, miR-1291, 
miR-663b, and miR423-5p have been reported 
to be promising biomarkers in acute myocardial 
infarction (AMI) cases.[17, 18] Studies reported the 
up-regulation of miR-208a, miR-133a, miR-1, 
miR-133b, miR-337-5p, miR-122, and miR-433 
in CAD cases, however, the circulating levels of 
miR-126, miR-17, miR-145, miR-155, miR-92a, 
and miR-199a were significantly down regulat-
ed in CAD cases, as compared to non-CAD cases 
(controls).[19] Hoeckstra et al. in 2010, for the 
first time, analyzed human circulating miR in 
CAD, and miR-135a and -147 were found to be 
significantly elevated in CAD cases compared to 
non-CAD healthy controls.[20] The findings high-
light the role of circulating miRNAs as biomark-
ers in the detection of CAD. Different miRNAs 
related to cardiac origin have been studied to 
investigate the diagnostic potential. Reduced 
expression of miR-122 has been found in pa-
tients with MI. [21, 22] Our study evaluated the po-
tential signature of circulating miRNAs 122 and 
126 in differentiating CAD from non-CAD cases. 
We have found significant downregulation of 
miR-126 (p=<0.001) in CAD cases as compared 
to non-CAD cases. The level of circulating miR-
122 was significantly upregulated in CAD cases 
compared to non-CAD cases (p=0.001). A study 
by Wang X et al. 2017, reported a significant 
down regulation of miR-126 in CAD cases, and 
it was also associated with increased placen-
tal growth factor (PGF) levels in CAD and AMI 
cases.[23] Our findings of miR-126 are consistent 
with those of Li HY et al. 2016, where plasma 
miR-126-5p was significantly downregulated in 

patients with severe CAD.[24] The levels of miR-
126 were also lower in CAD patients with either 
intermediate or high SYNTAX scores, instead 
of low SYNTAX scores. In contrast to our find-
ing, the study by Sridhar M et al. 2021 reported 
that miR-122 was significantly downregulated 
in CAD patients, however, the level of miR-126 
did not show any change. This may be due to 
the frequent use of aspirin and β blockers medi-
cation of the study participants that may affect 
the miR-126 level.[13] These findings collectively 
indicate that anti-platelet therapies did not af-
fect the miRNA levels. [25-28]

In our study, a univariate analysis of demo-
graphic, clinical characteristics and miR-126 
& 122 has been carried out to find the risk 
predictor of CAD. We have found educational 
status (p<0.001), smoking (p=0.042), exercise 
(p=0.032), hypertension (p=0.002), chest pain 
(p<0.001), HbA1c (p=0.005), LDL (p=0.006), 
sdLDL (p<0.001), Folate II (p<0.001), Vitamin 
B12 (p=0.004), VEGF (p<0.001), miR-122 
(p<0.001) and miR-126 (p<0.001) as a signifi-
cant predictors of CAD. However, on multivari-
ate analysis chest pain (p=0.017) and miR-126 
(p=0.030) were found as a significant indepen-
dent risk predictor of CAD. A study by Su T et 
al. 2019; reported that circulating miR-1 might 
be an important biomarker for early AMI diag-
nosis and may predict the prognosis of patients 
with chest pain.[29] Similarly, Fichtlscherer et al. 
in their study reported significantly reduced lev-
els of endothelial expressed miR-126, -92a, and 
-17 in CAD cases compared to non-CAD cases.[30] 
A prospective population-based cohort study by 
Zampetaki et al. 2012 evaluated the predictive 
value of miRNA concerning myocardial infarc-
tion (MI). Multivariate cox regression analysis of 
miR-126, -197, and -223 showed predictive val-
ue for MI. The expression level of miR-126 was 
found to be positively associated with MI predic-
tion while those of miR-197 and -223 were in-
versely associated with MI prediction.[31] A study 
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by Zhu L 2017; reported that the presence of 
circulating miRNA-133a level in blood was a risk 
factor of CHD (OR: 2.565, 95% CI: 1.105-5.954, 
P = 0.028) and showed a positive correlation 
with miR-133a expression and Gensini score in 
patients with CHD (r = 0.303, P = 0.007).[32] In 
a recent study, Gao W et al. 2012 showed that 
plasma levels of miR-122 significantly increased 
in hyperlipidemic patients as compared to con-
trols and were positively correlated with TC, TG, 
and LDL-C levels in both hyperlipidemic patients 
and controls. Multiple logistic regression analy-
ses revealed the presence of CAD in patients 
with increased levels of miR-122.[33] A study by 
Wang YL et al. 2018 showed the significantly up-
regulated level of miR-122 in patients with ath-
erosclerotic lesions and these were positively 
correlated with cholesterol, triglycerides, and 
atherosclerotic severity.[34] A study by Pilbrow et 
al. 2014 reported that miR-652 was an indepen-
dent predictor of heart failure after acute myo-
cardial infarction (AMI).[35] However, the use of a 
combination of miRNAs or a combination of miR-
NAs with established prognostic markers such as 
BNP or cardiac troponin seems to improve the 
risk management in cardiovascular diseases.[35. 

36] In our study, the HbA1c level was significantly 
different between the CAD cases and non CAD 
cases indicating that patients with diabetes mel-
litus may affect the extracellular miRNA expres-
sions. [37, 27, 28]

Several studies have evaluated the diagnostic 
values of circulating miRNAs and reported that 
miRNA values may have diagnostic potential in 
the identification and differentiation of coro-
nary artery disease.[34, 35, 36] In a study by Zhong Z 
et al. 2018, analyzed miRNA-126-5p in unstable 
angina (UA) patients and ROC analysis revealed 
an AUC of 0.714 (95% CI: 0.555–0.873), how-
ever for ST-segment elevation myocardial in-
farction (STEMI) patients AUC was 0.703 (95% 
CI: 0.541–0.864).[38] In our study, ROC analysis 
of miR-122 and miR-126 showed significant 

diagnostic accuracy with an AUC of 0.805 and 
0.806 respectively.. 

These results strongly indicate that serum miR-
126 and miR-122 might be used as a novel, non-
invasive, and risk predictive biomarkers for CAD 
patients. Likewise, many studies have found the 
association of miRNAs with restenosis-related 
processes, such as VSMC proliferation, migra-
tion, and neointima formation highlighting the 
great use for diagnosis, prognosis, therapeu-
tic, or in additional clinical management. [39-41] 
Present study advocates the use of circulating 
miRNAs in the field of population-based risk as-
sessment of CAD. However, to fully exploit the 
potential of miRNAs, there is a need to stan-
dardized, sample processing as well as to use 
advanced techniques for analysis. Our study 
is limited by a smaller sample size. Therefore, 
future studies on larger cohorts without CAD 
(CAD-ve) and patients with CAD (CAD +ve) are 
needed to broadly evaluate the miRNAs for 
risk prediction in comparison with other estab-
lished cardiac markers. Our findings suggest 
that blood-based miRNAs may be sensitive and 
specific biomarkers for monitoring cardiovascu-
lar diseases, and for the evaluation of myocardi-
al protection during cardiac surgery. Further, an 
in-depth evaluation of the role of these miRNAs 
in the pathogenesis and progression of CAD will 
contribute to our understanding of the disease 
process and lead to new therapeutic and pre-
ventive strategies. 



Abbreviations used: 

BNP - Brain Natriuretic Peptide
CAD - Coronary Artery disease
Echo - Echocardiogram 
CT - Computed Tomography 
ECG - Electrocardiogram 
HDL - High density lipoproteins 
HF - Heart failure
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LDL - Low density lipoproteins 
miRNA - MicroRNA
MI - myocardial infarction
TG - Triglyceride 
VLDL -Very low-density lipoproteins
sdLDL - Small dense low-density lipoproteins
VEGF - Vascular Endothelial Growth Factor
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Introduction: Pericardial effusion (PE) is a life-threatening condition. However, there are very

few Indian studies which determined etiological distribution. The current retrospective

observational study was carried out to assess etiological factors responsible for PE in a

tertiary care centre in India.

Methods: The study enrolled consecutive 55 patients with the diagnosis of moderate to large

PE as established by echocardiography between January 2018 and December 2018. The

echocardiography guided percutaneous pericardiocentesis was performed by the standard

procedure.

Results: Amongst the enrolled PE patients in the study, 30 (54.55%) were males and 25

(45.45%) were females, with the average age of 43.00 ± 15.54 years. In clinical assessment,

tamponade was found in 52 (94.54%) patients. Tuberculosis was the most common etiology

for PE (n¼35, 63.64%) followed by hypothyroidism (n ¼ 6, 10.9%), and malignancies (n ¼ 4,

7.27%). Among 12.72% patients, the PE was of recurrent type. Additionally, no death or any

complication was encountered during pericardiocentesis.

Conclusion: Pericardial disease and effusion is a major cause of morbidity in India. Despite

developments in the healthcare facilities, tuberculosis was the most common etiology for

PE. Additionally, the raised number of hypothyroid and malignant PE cases demonstrates

the changing etiological trends, similar to western countries.

© 2021 Published by Elsevier B.V. on behalf of Tuberculosis Association of India.
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1. Introduction

Pericardial effusion (PE) manifested as asymptomatic effu-

sions to cardiac tamponade, is mostly detected trivially.

Despite being a common finding in a variety of disease pre-

sentation, the data on prevalence and incidence of PE and

also on its formation and removal is scarce.1 The common

etiology of PE may be a systemic or a cardiac disease, which,

may produce effusions at varying rates in the pericardial

space. The most common causes of PE include infections

(viral, bacterial especially tuberculosis), malignancies, con-

nective tissue disorders, pericardial injury syndromes like

post myocardial infarction, post pericardiotomy or post

etraumatic. The other common causes include metabolic

(renal failure, hypoparathyroidism, myopericarditis, aortic

dissection, drugs example minoxidil. The relative frequency

of particular etiology varies according to the local epidemi-

ology, like tuberculosis (>60%) is more common in devel-

oping nations and in areas where HIV is more prevalent.

Whereas, malignancies (10e25%) and idiopatic (up to 50%)

etiologies are more common in developed nations.1,2 More-

over, the disease etiology also depends on the demographic

characteristics of patients such as age, geography, and

comorbidities.2

The clinical presentation of pericardial effusion varies ac-

cording to the speed of pericardial fluid accumulation which

itself depends upon the etiology. Even a small amount of rapid

fluid collection can cause tamponade as in post myocardial

infarction and traumatic cases. On the other hand, a slowly

accumulating fluid causes symptom in days and weeks when

a significant amount of fluid is accumulated.1 As PE is life-

threatening, it must be diagnosed as soon as possible for

expedited treatment and management. However, the estab-

lishment of diagnosis using only the physical and clinical

examinations is difficult and requires imaging diagnostic

techniques such as ultrasound, cardiovascular magnetic

resonance (CMR), computed tomography (CT) and echocardi-

ography. Additionally, virology is not useful as because of the

high cost involved, and negligible impact on the disease

management.3 Earlier, ultrasound was the gold standard,

however, echocardiography is also feasible due to its ease of

use, and availability, cost-effectiveness and comprehensive

appraisal of the heart and its hemodynamics.3 However, these

days use of integrated multimodality imaging using various

techniques is a fundamental of modern management of such

conditions.4

There are very few studies carried out in India determining

the prevalence and etiologies of PE. The current prospective

observational study was conducted to assess the etiological

factors responsible for PE in a tertiary care centre in India.
2. Materials and methods

2.1. Study design

This prospective, observational study was conducted in a

tertiary care center, in India. The study enrolled consecutive

55 patients with the diagnosis of moderate to large PE with or
Please cite this article as: Pradhan A et al., Demographic, clinical and
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without tamponade as established by echocardiography be-

tween January 2018 and December 2018. The diagnosis of PE

and tamponade was made according to the standard criteria.

In this study, PE considered as moderate when echo-free

space in diastole was between 10 and 20 mm and large

when echo-free space in diastole was �20 mm.5 The written

informed consent was obtained from all the enrolled patients.

2.1.1. Inclusion criteria
Any patient with moderate to large pericardial effusion who

was able to give consent was included in study.

2.1.2. Exclusion criteria
Patients with life expectancy less than 1 year, or patients who

failed to give written informed consent were excluded from

the study.

2.2. Data collection

Patients’ demographics and past medical history was recor-

ded. Evaluation tests done find out the etiologies associated

with the PE are enlisted below: Clinical Examinations, echo-

cardiography, computed tomography (CT), chest X-ray

examinations, pericardial fluid characteristics, complete

blood profile, tuberculosis PCR/CB NAAT (Cartridge based

nucleic acid amplification test), adenosine deaminase (ADA),

ultrasound of abdomen, thyroid profile, viral markers, and

anti-nuclear antibody (ANA). The echocardiography guided

pericardiocentesis pericardiocentesis was performed by the

standard procedure.6 Data was collected at the baseline only

and no follow-up was planned in the study. Patients received

the treatment according to the etiology of pericardial effusion.

The study protocol was approved by the Institutional ethics

committee and conducted in accordance with the Declaration

of Helsinki. The diagnosis of tubercular pericardial effusion

was based on presence of lymphocytic predominant pericar-

dial fluid along with positive ADA(cut off value > 30UL with

94% sensitivity and 68% specificity), or by TB PCR/CB NAAT,

presence of active tuberculosis elsewhere in the body.7

2.3. Statistical analysis

The statistical package for social sciences (SPSS Statistics;

Chicago, IL, USA) program, version 15 was used for statistical

analysis. Continuous variables are presented as mean and

standard deviation. Total numbers and proportions are used

for categorical outcomes.
3. Results

3.1. Baseline and demographic profile

Baseline and demographic profile of the enrolled patients is

shown in Table 1. Out of 6140 patients admitted to the emer-

gency department, fifty five cases of large PE with or without

tamponadewere detected giving a annual prevalence of 0.92%

(Fig. 1). Among 55 patients included in the study, 30 (54.55%)

weremale and 25 (45.45%) were female, with an average age of

43.00 ± 15.54 years. In the past history, dyspnea on exertion
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Table 2 e Clinical and radiological profile of the study
population.

Clinical profile, n (%) n ¼ 55

Hypotension 29 (52.73%)

Tachycardia 28 (50.91%)

Muffled Heart Sounds 34 (61.82%)

Raised Jugular venous pressure 52 (94.55%)

Tamponade 52 (94.54%)

Total Lung capacity, Mean ± SD 2628 ± 5150.60 ml

Pericardial fluid volume, Mean ± SD 1130.36 ± 1529.80 ml

Pericardial fluid analysis, n (%)

Hemorrhagic 22 (40.00%)

Purulent 02 (3.64%)

Straw 31 (56.36%)

Malignant Cells 1 (1.82%)

Gram Stain 0

Acid fast bacilli Stain 0

TB PCR/CB NAAT (Cartridge based

nucleic acid amplification test)

positive, n (%)

14 (25.45%)

Thyroid

T3, Mean ± SD (n ¼ 15) 22.80 ± 37.18 ng/dL

T4, Mean ± SD (n ¼ 15) 5.30 ± 4.53 ng/dL

TSH, Mean ± SD (n ¼ 47) 9.86 ± 36.72 mU/mL

Viral Markers, n (%)

Hepatitis B virus surface antigen positive 1 (1.82%)

Human immunodeficiency virus positive 1 (1.82%)

Anti-nuclear antibody positive 6 (10.92%)

Blood Tests

Hemoglobin 11.18 ± 1.78g/dL

Serum Creatinine 1.37 ± 2.40mg/dL

Blood urea 37.96 ± 38.76mg/dL

Random blood sugar 117.44 ± 25.98 mg/dL

Serum sodium 136.11 ± 4.41 mmol/L

Serum potassium 4.30 ± 0.65 mmol/L

Mean cell volume 83.91 ± 8.76

Mean cell hemoglobin concentration 33.11 ± 3.19 g/dL

i n d i a n j o u r n a l o f t u b e r c u l o s i s x x x ( x x x x ) x x x 3
was present in 51 (92.73%) patients followed by fever in 39

(70.91%) patients, cough in 32 (58.18%), and 16 (29.09%) pa-

tients with pedal edema.

3.2. Clinical and radiological profile

Among the enrolled patients, 52 (94.55%), had raised jugular

venous pressure. Muffled heart sound was witnessed in 34

(61.82%) patients, tachycardia in 28 (50.91%) patients, and 29

(52.73%) patients had hypotension. Among the 55 PE patients

included in the study, 52 (94.54%) patients had tamponade.

The presenting symptoms of the enrolled patients are shown

in Fig. 2. The average amount of pericardial fluid was

1130.36 ± 1529.80 ml. Straw colored pericardial fluid was

found in 31 (56.36%) patients, and hemorrhagic in 22 (40.00%)

patients. Only 1 (1.82%) patient had malignant cells present.

Approximately¼th (14 (25.45%) patients) of the populationwas

tuberculosis positive. The majority of the patients showed

normal ultrasound investigations. Among 55 patients, 53

(96.36%) patients showed no viral markers. Among the

remaining 2 patients, 1 was hepatitis B virus surface antigen

(HBSAg) positive and other was human immunodeficiency

virus (HIV) positive. Majority of the patients, 49 (89.09%), were

ANA negative (Table 2).

3.3. Etiological profile

The etiological profile of PE is shown in Fig. 3. Among 55 pa-

tients included in the study, in 35 (63.64%) patients the etiol-

ogy for PE was tuberculosis and was the most common

etiology. It was followed by hypothyroidism (10.9%), and ma-

lignancy (7.27%). Among 12.72% of patients, the PE was

recurrent type. Additionally, 3 (5.45%) patients having tuber-

culous etiology showed constrictive pericarditis.
Table 1 e Baseline demographic characteristics of the
study population.

Variable, n (%) n ¼ 55

Age, Mean ± SD 43.00 ± 15.54 years

Gender, n (%)

Male 30 (54.55%)

Female 25 (45.45%)

Past History, n(%)

Dyspnea on exertion 51 (92.73%)

Fever 39 (70.91%)

Cough 32 (58.18%)

Pedal Edema 16 (29.09%)

Systemic illness

1. anemia, bleeding per vagina 1 (1.82%)

2. Ascites 1 (1.82%)

3. Carcinoma Lung 1 (1.82%)

4. Chronic kidney disease 1 (1.82%)

5. Dengue 3 (5.45%)

6. Hypothyroid 3 (5.45%)

7. Intracranial hemorrhage,

Chronic kidney disease

1 (1.82%)

8. Non-Hodgkin's Lymphoma

with pleural effusion

1 (1.82%)

9. Pulmonary Tuberculosis 1 (1.82%)

10. Tuberculosis 6 (10.91%)

11. Tuberculus Pleural effusion 2 (3.64%)
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The etiological comparison between de novo and recurrent

PE showed that tuberculosis is the key etiological factor. It is

followed by hypothyroidism and malignancy for de novo and

dengue and bacterial infection as the major etiologies for

recurrent PE (Table 3 & 4). The presenting symptoms like

raised jugular venous pressure, dyspnea on exertion, pedal

edema, andmuffled heart sounds are strongly associatedwith

PE. However, none of the PE patient with pedal edema had

hypothyroidism. However, 94.54% of PE patients were diag-

nosed with tamponade. Additionally, muffled heart sounds

are associated mostly with tuberculosis, and malignant PE. In

the current study, among patients aged �65 years, the inci-

dence of infective etiology is large. While, no gender influence

on the incidence of PE was observed (Table 5).
4. Discussion

The present study demonstrated tuberculosis as the most

common etiology of PE in about 61.81% of patients, followed

by hypothyroidism and malignancy. The cardiac tamponade

was present in almost all patients except 3 cases. Additionally,

no death or any complication was encountered during
etiological profile of pericardial effusion in India: A single centre
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Fig. 1 e Number of participants in the study.
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pericardiocentesis. Overall, the outcomes encountered in PE

patients were favorable. The classical symptoms of PE are

dyspnea on exertion progressing to orthopnea, chest pain and

or fullness.1 In our study dyspnea on exertion was found in

92.73% of patients.

The hemodynamic significance of PEmainly depends upon

the speed of pericardial fluid accumulation. The rapid accu-

mulation of pericardial fluidmeasuring only 200mlmay cause

tamponade, on the contrary, the large amount accumulated

slowly may not have haemodynamic effect.5,8 The cardiac

tamponade is clinically featured by hypotension, pulsus par-

adoxux, jugular venous distension, and muffled or absent

heart sounds.9 In the current study majority of the patients

presented with hypotension (52.73%), muffled heart sound

(61.82%) and raised jugular pressure (94.55%) while pedal

edema was found in 29.09% of the patients. In the current

study 94.54% of patients had cardiac tamponade. Thus,
Fig. 2 e Presenting symptoms
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compared to the previous studies the rate of cardiac tampo-

nade was relatively high.10,11 It is largely attributable to the

inclusion criteria of our study, which have specifically

enrolled only moderate to large PE patients requiring hospi-

talization. Various studies have also shown that the devel-

opment of cardiac tamponade is more commonwith bacterial

(eg, tuberculosis), post radiation pericardial diseases and

pericardial injury syndromes. Also the size is also correlated

to prognosis as the moderate to large effusion are more prone

to progress into tamponade.1

The presenting symptoms in the current study were dys-

pnea, fever and cough. The proportion of presenting symp-

toms in our study was similar with the study conducted by

Himalayan Institute of Medical Sciences in Uttarkhand. They

found dyspnea in 75%; cough in 30%; and fever in 30% pa-

tients.12 In the study conducted by Jain et al tuberculosis is the

most common cause of tamponade followed bymalignancy.13

The finding is in line with the finding of our study. We

observed that muffled heart sound, hence, tamponade is

strongly associated with both tuberculosis and malignancy in

PE patients. Manjusha et al observed that, adult male (40e59

years) patients are more associated with PE.10 In the current

study, we also noted that the higher incidence of PE in adults

aged less than 65.

In the diagnosis of PE, echocardiography is the major

diagnostic tool, and is also useful in the pericardiocentesis.3 In

the current study we used echocardiography, chest X-ray, and

CT scan to confirm the diagnosis along with clinical and

pathological tests. In the current study all patients showed

cardiomegaly on chest X-ray. The CT scan which is highly

sensitive in the detection of tuberculous PE,14 study it has

helped in identifying PE and malignancy. All patients in the

current study underwent echocardiography guided peri-

cardiocentesis, and no in-hospital death was recorded. The

pericardiectomy is preferred in conditions like recurrent

pericarditis, effusive constrictive or constrictive disease.8 In

our study study, 7 (12.72%) patients had recurrent pericarditis,
in the study population.

etiological profile of pericardial effusion in India: A single centre
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Fig. 3 e Etiological distribution of pericardial effusion in the study population.
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and 3 (5.45%) patients had constrictive pericarditis. However,

we haven't discussed further treatments of the patients in this

study except pericardiocentesis, as it is out of the scope of this

article.

Tuberculosis is a leading cause of pericarditis in developing

Asian-Africa countries, as opposed to developed countries

where tuberculous pericarditis accounts rarely up to 4%.15,16

In tuberculosis the fluid in pericardium is accumulates

slowly and it can only be incidentally and is asymptomatic. So

the early detection of effusions is difficult and this can cause

tamponade at a late stage.17 In spite of advancing medical

treatment in the developing countries, the tuberculosis is still

endemic. Additionally, the high prevalence of TB has also

been attributed to the increasing number of HIV positive cases

in such countries.18 The estimated burden of TB in India was

approximately 2.790 million, among them 87,000 were HIV

positive in 2016.19 In the current study, 61.81% patients had

tuberculosis and is a number one etiology for PE. Although, in

the current study there was only one (1.81%) HIV positive

patient.

Hypothyroidism, a disease with a multi systemic char-

acter that may present clinically in various forms, one being
Table 3 e Etiological distribution of De novo pericardial
effusion patients.

Etiological factor N, %

Tuberculosis 35 (63.64%)

Hypothyroidism 6 (10.9%)

Dengue 2 (3.64%)

Malignancy 4 (7.27%)

Pyogenic 1 (1.81%)

Viral 1 (1.81%)

Uremic 2 (3.63%)

Systemic lupus erythematous 1 (1.81%)

Human immunodeficiency virus 1 (1.81%)

Idiopathic 1 (1.81%)
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unusual pericardial effusion, is a cardiovascular complica-

tion that, according to the literature, is associated with hy-

pothyroidism in 30%e80% of cases.20,21 However, the

occurrence of hypothyroidism and pericardial tamponade is

a rare event. Pericardial effusion has a high concentration of

protein and, like other serous effusions of hypothyroidism,

its pathogenesis is not fully understood.22 The slow accu-

mulation of liquid observed in the pericardial space causes

frequent rarity of hemodynamic premonitory signs, even in

the presence of large effusions. Hypothyroidism is closely

associated with PE, also, in our study hypothyroidism is the

second commonest cause of PE. With increase in the severity

of hypothyroidism, severity of PE increases and it is

frequently associated with the myxedema.23 In the study by

Gunasekaran et al the rate of PE in hypothyroid patients was

17%.24 Another study conducted by Rachid, et al demon-

strated 15 patients with PE among 20 patients with hypo-

thyroid cardiomyopathy.25

In the first world countries malignant pericarditis is

comparatively more common. The study conducted in Mayo

clinic, in 2003, on 1127 patients showed that themajor etiology

of pericardial effusion was malignancy, whereas tuberculosis

etiology was rare.8 Some other studies from developed coun-

tries also demonstrated malignancy as the prime cause of

PE.13,26,27 Additionally, in the current study it is the third most

common cause of pericarditis and PE. The findings in our

study are in linewith an Indian studywhere one third patients
Table 4 e Etiological distribution of recurrent pericardial
effusion patients.

Etiological factor N, %

Tuberculosis 5 (71.42%)

Dengue 1 (14.28%)

Bacterial 1 (14.28%)
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Table 5 e Correlation between the demographic and etiological profile of patients.

Etiological Factors Tuberculosis Hypothyroidism Dengue Malignancy

Age (<65 years) 33 (94.28%) 6 (100%) 2 (100%) 3(75%)

Gender:

Male 14 (40%) 4 (66.66%) 0 (0%) 2 (50%)

Female 21 (60%) 2 (33.33%) 2 (100%) 2 (50%)

Muffled Heart Sounds 25 (71.42%) 1 (16.66%) 3 (75%)

Raised JVP 32 (91.42%) 6 (100%) 2 (100%) 4 (100%)

Dyspnea on exertion 33 (94.28%) 5 (83.33%) 1 (50%) 4 (100%)

Tamponade 33 (94.28%) 6 (100%) 1 (50%) 4 (100%)

Pedal Edema 9 (25.71%) 3 (75%)

i n d i a n j o u r n a l o f t u b e r c u l o s i s x x x ( x x x x ) x x x6
had malignant pericarditis.28 The changing trend in the eti-

ology of PE and pericarditis is mainly attributed either to the

increased incidence and diagnosis of malignancies, or better

control measures and management of tuberculosis with a

comparatively low incidence of HIV in this region.

Overall, the etiological distribution found in our study is

quite similar with previous other studies conducted in India.

In the study conducted by Manjusha et al, the etiological

profile of PE patients showed following distribution: tubercu-

losis (33.33%), uremia (20%), viral/idiopathic (16.67%), bacterial

(10%), malignancy (10%), hypothyroidism (3.33%), and post MI

with ischemic cardiomyopathy (3.33%), systemic lupus

erythematous (SLE) (3.33%) and HIV (10%).10 Another pro-

spective study conducted by Agarwal et al, in Rohilkhand, in

322 consecutive PE patients. They showed 80%were TBþ/HIV-;

10% TBþ/HIVþ, 4% septic pericarditis and 1% uraemic peri-

carditis, 4% Neoplastic, 1% miscellaneous etiologies for PE.29

These studies highlight the fact that the etiological distribu-

tion in various regions is different with the difference in the

demographic and clinical profile of the patients.

4.1. Study limitations

The study is limited by its small sample size. The current

study only included the patients with moderate to severe

effusion requiring hospitalization, hence, the patients with

clinically insignificant or mild effusion treated on ambulatory

basis were excluded. Additionally, the study is limited by

lacking the data related to treatment and, follow-up, and the

observational study design.
5. Conclusion

Despite of developments in the healthcare facilities, PE is a

major cause of morbidity in India. Tuberculosis is the most

common etiology of PE which is followed by hypothyroid and

malignant etiologies. Additionally, increased cases of hypo-

thyroid and malignant etiologies demonstrate the changing

etiological trends of PE.
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Screening for Prevalence of Abdominal Aortic Aneurysm 
During Transthoracic Echocardiography in Patient With 

Significant Coronary Artery Disease
Pravesh Vishwakarmaa, Panduranga Patwarib, Akshyaya Pradhana, Monika Bhandaria, c, 

 Rishi Sethia, Sharad Chandraa, Gaurav Chaudharya, Akhil Sharmaa,  
Sudhanshu Kumar Dwivedia, Varun Shankar Naraina

Abstract

Background: Prevalence of abdominal aortic aneurysm (AAA) has 
ethnic differences, and coronary artery disease (CAD) shares several 
risk factors with AAA. Sparse Indian data are available on this. We 
evaluated the prevalence of AAA during transthoracic echocardiogra-
phy (TTE) and risk factors of AAA in patients with CAD. 

Methods: This was a prospective observational study carried out in 
the cardiology department at a tertiary care center from January 1, 
2017 to November 30, 2017. All patients with CAD/acute coronary 
syndrome (ACS) were included in the study, and patients with AAA 
due to other etiology were excluded. Screening for an AAA was per-
formed directly using an echocardiographic 3.5-MHz cardiac probe.

Results: A total of 526 patients were screened; and AAA was present 
in 25 (4.8%) of CAD patients. Smoking, hypertension and hyperlipi-
demia were predominant risk factors for AAA in our study, but were 
not statistically significant because same risk factors were also preva-
lent in the comparison group. Diabetes, peripheral vascular disease 
and family history were statistically significant risk factors for AAA 
in our study. The mean size of AAA was 34 mm.

Conclusions: Presence of AAA is significantly higher among CAD pa-
tients. CAD shares several risk factors with AAA. Therefore, opportun-
istic examination of the abdominal aorta during routine TTE could be an 
effective way of screening. Diabetes mellitus, peripheral artery disease 
and family history were the significant associated risk factors of AAA 
in CAD patients.

Keywords: Coronary artery disease; Abdominal aortic aneurysm; 
Echocardiography; Screening

Introduction

Abdominal aortic aneurysm (AAA) remains an important public 
health issue being the 14th leading cause of death. The overall 
mortality of ruptured AAA is 80-90% compared with a 30-day 
postoperative mortality of 3% after elective surgery. Consider-
ing the huge impact of timely diagnosis and management, health 
organizations recommend at least one-time screening for AAA 
by ultrasonography for individuals aged between 65 and 75 
years with history of smoking, thereby reducing AAA-related 
mortality rates by 50% [1-5].

The relatively low prevalence of AAA in the general 
population (5.5% of men over 65 years old) implies target-
specific high-risk population to have greater cost-effective 
benefit ratio.

AAA and coronary heart disease share common risks fac-
tors, thus patients with coronary artery disease (CAD) rep-
resent a high-risk population in which screening for another 
vascular bed for atherosclerosis is recommended but is often 
neglected.

The high prevalence of CAD among patients with AAA is 
well known fact, with great impact on short-term survival after 
AAA repair [6]. Indeed, coronary angiography is often required 
prior to aortic surgery, leading to a concomitant CAD preva-
lence of 31-90% [7-9]. In contrast, the converse relationship, 
which is the prevalence of AAA among patients with CAD, 
has been explored only in few recent cohorts or in subgroups 
of patients. The possibility that AAA might be more prevalent 
in CAD patients, as compared with the general population, has 
been suggested by these studies. However, data are limited, in-
complete and often with conflicting results.

Ultrasound scanning using a 3.5-MHz probe is a valid first-
line method of screening. It is fast and safe with a sensitivity 
and specificity close to 100% with a low intra- and inter-ob-
server variability. Previous studies have suggested that the 2.5-
MHz probe used during routine transthoracic echocardiography 
(TTE) may be adequate for the detection of AAA with a sensi-
tivity ranging from 91% to 94% using quick-screen programs 
and the subcostal view [10, 11]. It requires an additional time 
of only 4 ± 1 min in addition to the standard TTE duration [12]. 
As most patients with significant CAD undergo a TTE when 
hospitalized in the cardiology department, we aimed to evaluate 
the feasibility of AAA screening by the cardiologist at bedside 
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during TTE via echocardiography machine and to evaluate the 
prevalence of AAA in this population.

Materials and Methods

This was a cross-sectional observational study, conducted in 
the Cardiology Department of a tertiary care teaching institute 
where patients were enrolled prospectively over a period of 1 
year. All patients with significant CAD/myocardial infarction 
(MI) were included in study, while patients with AAA due to 
other etiologies (inherited, connective tissue disorders) were 
excluded from the study. Informed written consent was ob-
tained from all participants. The study protocol was approved 
by the Institutional Ethics Committee (ECM II-Thesis/P22); 
and the study was conducted in compliance with the ethical 
standards of the responsible institution on human subjects 
as well as with the Helsinki Declaration. Patients with CAD 
were divided into two groups: group A consisted of patients 
without AAA and group B comprised of those with AAA. 
Baseline characteristics were collected including age, gender, 
body mass index, history of atherothrombotic risk factors, 
e.g., smoking, diabetes mellitus (DM), hypertension, dys-
lipidemia and history of chronic kidney disease. Details of 
presentation of CAD (stable angina, unstable angina, non-ST 
elevation myocardial infarction (NSTEMI), or ST elevation 
myocardial infarction (STEMI)) were also noted. Patients un-
derwent detailed cardiovascular examination, documentation 
of peripheral pulses, recording of blood pressure in all four 
limbs, measurement of ankle brachial index (ABI) and ab-
dominal examination.

CAD was defined as presence of ≥ 50% diameter steno-
sis in at least one of major epicardial arteries in invasive or 
computed tomography (CT) coronary angiography. Periph-
eral arterial disease (PAD) was defined as presence of symp-
toms of intermittent claudication, reduced ABI or significant 
peripheral arterial stenosis documented by ultrasound, CT or 
invasive angiogram. All patients underwent echocardiogra-
phy, using GE Vivid 7 Pro System. The abdominal aorta was 
viewed by same echo machine using 3S transducer probe (1.5 
- 3.6 MHz) in longitudinal view for any segmental dilatation. 
The diameter of aorta at suprarenal and infrarenal segments 
was taken and largest diameter in any segment was noted. 
AAA was defined as abdominal aorta diameter greater than 
30 mm.

Statistical tools

Categorical variables were presented in number and percent-
age (%), and continuous variables were presented as mean ± 
standard deviation (SD). Quantitative variables were com-
pared using unpaired t-test between two groups and analysis 
of variance (ANOVA) between three groups. Qualitative vari-
ables were compared using Chi-square test/Fisher’s exact test 
as appropriate. A P value of < 0.05 was taken to be statistically 
significant. The data analysis was done using Statistical Pack-
age for Social Sciences (SPSS) version 21.0.

Results

A total of 526 patients with CAD were included in our study. 
Out of these, 25 patients were found to have significant AAA 
(> 3 cm). The study population was divided into two groups 
as follows, group A without (AAA) and group B with AAA. 
The AAA prevalence in our study was 4.8% (Table 1). Mean 
abdominal aortic diameter in aneurysm group was 34.4 ± 2.4 
mm. Mean age of study population was 63 years. Study popu-
lation was distributed predominantly between 61 and 75 years 
of age (45.1%), elderly defined as age (> 75 years) being 15%. 
The distribution of AAA among age group was as follows: 30 
- 45 years: 2 (8%), 45 - 60 years: 5 (20%), 61 - 75 years: 13 
(52%) and > 75 years: 5 (20%). Maximum prevalence of AAA 
was noted in those above 60 years of age (72%). There was 
no statistically significant association of different age groups 
with aortic root and abdominal aortic size. As far as gender 
difference is concerned in our study, a total of 348 (66.2%) 
male patients and 178 (33%) female patients were studied. The 
prevalence of AAA was found to be numerically higher in the 
male patients (n = 15, 60%) when compared to the female pa-
tients (n=10, 40%); but there was no statistically significant 
difference between the two groups (P value = 0.505). Also, 
there was no statistically significant association of gender with 
AAA size. Regarding analysis of associated factors with AAA 
in our study, we found that in the patients with AAA, 22 (88%) 
were hypertensive, though there was no statistically signifi-
cant association of hypertension with AAA (P value = 0.505). 
There was no statistically significant association of hyperten-
sion with aortic root and abdominal aortic size (Table 2). Out 
of the 25 patients with AAA, 20 (80%) of them were smok-
ers and only five (20%) were non-smokers; but there was no 
statistically significant association of smoking with AAA (P 
value = 0.216) in our study. We also found that there was no 
statistically significant association of smoking with aortic root 
and abdominal aortic size. Among the patients with AAA, five 
patients (20%) had a positive family history of AAA whereas 
20 of them (80%) did not have any such history. There was a 
statistically significant association of family history with AAA 
(P value = 0.001). Hyperlipidemia was found in 10 patients 
(40%) with AAA when compared to 15 patients (60%) who 
did not have hyperlipidemia. There was no statistically sig-
nificant association of hyperlipidemia with AAA (P value = 
0.865). Out of the 25 patients with AAA, PAD was noted in 14 
patients (56%), while it was absent in 11 patients (44%). There 
was a statistically significant association of PAD with AAA (P 
value = 0.001). DM was noted in 21 patients (84%) with AAA 
when compared to four patients (16%) who did not have diabe-
tes. There was a statistically significant association of diabetes 
with AAA (P value = 0.019), but there was no statistically sig-
nificant association of diabetes with aortic root and abdominal 
aortic size. The significant association of AAA with family 
history, PAD and diabetes was also evident on doing logistic 
regression analysis (Table 2). We also studied the prevalence 
of AAA in different presentations of CAD. We found stable 
angina in one patient (4%, P value = 0.865); unstable angina 
in six patients (24%, P value = 0.697); NSTEMI in 11 patients 
(44%, P value = 0.552); and STEMI in 12 patients (48%, P 
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value = 0.659). A statistical significant association between 
type of presentation of CAD and AAA was not evident.

Discussion

Traditionally AAA and CAD have been considered as same 
disease involving two different vascular beds with atheroscle-

rosis being a common etiopathogenetic factor [13]. However, 
not all patients with CAD have aortic disease and AAA may 
have etiologies other than atherosclerosis. This study is a novel 
attempt to analyze risk factors profile of AAA as compared to 
that in CAD patients from India.

Among several studies published in the western popula-
tion, the incidence/prevalence of AAA among CAD patients 
ranged between 0.48% and 18.2%, and eight studies reported 

Table 1.  Clinical Characteristics and Abdominal Aorta (AA) Size of the Study Population

Total, n Without AAA, n (%) With AAA, n (%) P value
Patients 526 501 (95.2) 25 (4.8)
Male 348 (66.2) 333 (66.5) 15 (60) 0.505
Female 178 (33.8) 168 (33.5) 10 (40)
Age 62.83 ± 12.41 (31 - 92) 62.69 ± 12.4 (31 - 92) 65.72 ± 11.10 (43 - 90) 0.232
Hypertension 453 (86.1) 431 (86) 22 (88.0) 0.781
Hyperlipidemia 219 (41.6) 209 (41.7) 10 (40.0) 0.865
Diabetes mellitus 325 (61.8) 304 (60.7) 21 (84.0) 0.019
Chronic kidney disease 139 (26.4) 133 (26.5) 6 (24.0) 0.778
Tobacco chewer 384 (73.0) 365 (72.9) 19 (76.0) 0.730
Smoker 362 (68.8) 342 (68.3) 20 (80.0) 0.216
Peripheral arterial disease 146 (27.8) 132 (26.3) 14 (56.0) 0.001
Cerebrovascular accident 62 (11.8) 59 (11.8) 3 (12.0) 0.973
Family history 29 (5.5) 24 (4.8) 5 (20) 0.001
Stable angina 197 (37.5) 196 (39.1) 1 (4.0) 0.865
Unstable angina 110 (20.9) 104 (20.8) 6 (24.0) 0.697
NSTEMI 262 (49.8) 251 (50.1) 11 (44.0) 0.552
STEMI 230 (43.7) 218 (43.5) 12 (48.0) 0.659
Echo aortic root 28.20 ± 1.78 28.28 ± 1.69 26.64 ± 2.51 < 0.001
AA size (suprarenal) 26.36 ± 2.34 26.05 ± 1.83 32.96 ± 1.65 < 0.001
AA size (infrarenal) 26.52 ± 2.66 26.13 ± 1.98 34.40 ± 2.38 < 0.001
LVID 46.13 ± 17.08 46.16 ± 17.50 45.44 ± 2.00 0.837
LVEF 52.34 ± 8.31 52.44 ± 8.37 50.24 ± 7.01 0.197

AAA: abdominal aortic aneurysm; NSTEMI: non-ST elevation myocardial infarction; STEMI: ST elevation myocardial infarction; LVID: left ventricular 
internal diameter; LVEF: left ventricular ejection fraction.

Table 2.  Univariate and Multivariate Analysis of Risk Factors of AAA Using Logistic Regression Analysis

Parameters
Univariate (unadjusted OR) Multivariate (adjusted OR)

OR 95% CI P value OR 95% CI P value
Hypertension 0.840 0.245 - 2.879 0.781 - - -
Smokers 0.538 0.198 - 1.459 0.223 - - -
Tobacco 0.848 0.331 - 2.167 0.730 - - -
Family history 0.201 0.070 - 0.582 0.003* 0.160 0.051 - 0.501 0.002*
Hyperlipidemia 1.074 0.473 - 2.437 0.865 - - -
Peripheral artery disease 0.281 0.124 - 0.635 0.002* 0.264 0.113 - 0.617 0.002*
Diabetics 0.294 0.099 - 0.864 0.027* 0.326 0.109 - 0.976 0.045*

*P < 0.05. OR: odds ratio; CI: confidence interval.
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prevalence above 9% [14-25]. On the contrary, the prevalence 
in general population was 3.8% (1990s), 3.3% (2000s) and 
4.2% (2010), respectively over three decades [26]. In the Ital-
ian (RoCAV) study, the prevalence in general population was 
1.9% while in targeted high-risk groups it increased to 4% 
[27]. Thus it is evident that AAA prevalence is usually higher 
in CAD and other high-risk patients. Our study supports these 
finding with the prevalence of AAA at 4.8% despite a small 
sample size.

The mean age in our study was 63 years. Maximum 
prevalence of AAA was noted in the 61 - 75 years age group 
(52%), and AAA involved 72% of patients above 60 years of 
age. Other studies have also revealed increased prevalence (al-
most twice) of AAA in individuals > 65 years as compared 
to general population [18]. There was no statistically signifi-
cant association of different age groups with aortic root and 
abdominal aortic size. The overall study population was pre-
dominantly male (66.2%). The prevalence of AAA was found 
to be higher in the males like other studies but the gender dif-
ference was not found to be significant. Most studies including 
both male and female patients showed a trend towards a higher 
male prevalence among AAA cases or detected AAA in male 
patients exclusively, in accordance with results of population-
based studies. Only one study by Shirani et al showed a sta-
tistically significant association between male sex and AAA 
prevalence [22]. Analysis of associated risk factors revealed 
that most of the patients with AAA (88%) were hypertensive, 
though there was no statistically significant association of hy-
pertension with AAA. Also aortic root and abdominal aortic 
size did not show any significant association with hyperten-
sion. Although hypertension has been considered a potential 
risk factor for AAA, findings from prospective cohort studies 
are not entirely consistent [28]. Several other studies in CAD 
patients also failed to show any significant association of hy-
pertension with AAA [15, 16, 18, 23-25]. However, a meta-
analysis of 21cohort studies showed a 66% increased risk of 
developing AAA in hypertensive patients [28]. Thus hyperten-
sion, being a common contributor to CAD as well as AAA, 
failed as significant risk factor for AAA in select population 
of CAD patients.

Cigarette smoking has been strongly linked with AAA and 
the association has been shown to be stronger than CAD in 
some studies [28]. Not only smoking is linked to the occur-
rence of AAA but also it correlates with progression and rup-
ture [29]. Though, out of the 25 patients with AAA in present 
study 20 were smokers, there was no statistically significant 
association of smoking with AAA in our study. This could 
be explained by the fact that population selected in our study 
without AAA also had high prevalence (68.3%) of smokers.

Family history was positive in 20% of patients with AAA 
and this association was statistically significant. This was 
higher than previous studies like the Leige AAA family study, 
where it was seen in 10% [30, 31]. But additional ultrasono-
graphic screening of relatives led to a hitherto diagnosed AAA 
in 13% cases and the prevalence was more in brothers (25%). 
Similarly, in the DANISH VIVA study, positive family history 
was seen in 7% of cases with AAA. Racial and methodological 
differences could have accounted for these variegated results. 
The importance of family history demonstrated in the Leige 

study, where the likelihood of AAA rupture was higher in fa-
milial cases vis-a-vis sporadic cases (three-fold higher). How-
ever, unlike the Leige study, we did not have follow-up data.

Dyslipidemia is a known risk factor for CAD, however 
its association with AAA was not significantly associated (P 
= 0.865). Most CAD patients are on lipid modifying therapy 
which includes statins, fibrates and cholestyramine. In such 
populations, some studies have evaluated the association be-
tween serum lipoproteins levels or history of dyslipidemia 
with prevalence of AAA [16, 22, 23, 32]. None were able to 
find a statistically significant association. Moreover, in view 
of the current guidelines on atherosclerosis treatment, a study 
on association between basal lipid profile and AAA prevalence 
in CAD patients not taking lipid modifying therapy is not pos-
sible. Therefore, we cannot draw any conclusions in such a 
selective population.

Out of the 25 patients with AAA, peripheral vascular dis-
ease was noted in 14 patients (56%) and there was a statis-
tically significant association of peripheral vascular disease 
with AAA (P value = 0.001). Atherosclerosis is a systemic in-
flammatory vascular disorder which involves multiple arterial 
beds, so evaluation of AAA prevalence among patients with 
concomitant PAD and CAD is of great value. Patients with 
PAD have been found to be at high risk for AAA development 
with an overall prevalence more than 10%, which is twice that 
of the general population [33, 34]. A positive correlation of 
PAD with AAA (odds ratio (OR): 2.5) has been shown in a 
systematic review of population-based screening studies [34].

DM was noted in 21 patients (84%) with AAA. There was 
a statistically significant association of diabetes with AAA (P 
value = 0.019), but there was no statistically significant asso-
ciation of diabetes with aortic root and abdominal aortic size. 
Only a handfull of studies till date have focused on the as-
sociation between DM and AAA prevalence. No association 
was noted in five studies, while in one study a significant as-
sociation was seen by univariate analysis which was no longer 
significant by multivariate analysis [14, 15, 20-24]. Shirani et 
al [22] also reported that frequency of AAA is significantly 
higher in diabetic patients compared with non-diabetics (3.2% 
versus 1.4%, P = 0.033).

We also studied AAA in different presentations of CAD 
(viz. stable angina, unstable angina, STEMI and NSTEMI). 
There was no significant association among various presenta-
tions of CAD and AAA. While a study of Long et al [24] found 
that AAA was more prevalent in patients with history of acute 
coronary events and obstructive CAD. Severity of CAD has 
been differently categorized in the studies mentioned above. 
In a study done by Durieux et al, there was a strong associa-
tion between severity of CAD and prevalence of AAA. Here 
the association between AAA and triple vessel disease was in-
dependent of other traditional risk factors including age [35].

The role of other novel markers like serum uric acid and li-
poprotein (a) (Lp (a)) has been evaluated by other researchers. 
Uric acid is a marker of oxidative stress, and a study done by 
Ali et al [36] has shown a direct relationship between uric acid 
levels and aortic diameter. Lp (a) is also currently considered a 
circulating marker of AAA. A meta-analysis done by Kotani et 
al [37] confirmed that circulating levels of Lp (a) were higher 
in patients with AAA compared to controls.
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We also found that TTE is as good as abdominal ultra-
sound for screening of AAA. The use of TTE for patients with 
CAD to assess the abdominal aorta in the subcostal view was 
convenient and easy to perform.

Study limitations

Our study has few limitations, one being a single-center study 
with small sample size. This might have limited the power of 
the study to analyze seven different variables. Also, we did not 
study the correlation of prevalence of AAA with severity of 
CAD on angiography. We did not evaluate correlation of other 
emerging markers like serum uric acid and Lp (a) with AAA.

Conclusions

Presence of AAA is significantly higher among CAD pa-
tients. Diabetes, PAD and family history were statistically 
significant risk factors for AAA in our study. Smoking and 
hypertension though prevalent in AAA patients were not sta-
tistically significant predictors. The sizes of AAA were small 
(mean 34 mm), which could not meet the criteria for referral 
to surgery. Since our study was conducted in a select popula-
tion of CAD patients, results cannot be extrapolated to gen-
eral population.
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ABSTRACT
Objective: The concept of managing patients on the basis of culprit lesion characteristics is emerging. Atherosclerotic plaques are reported to 
be rare in young patients presenting with acute coronary syndrome (ACS). We aimed to assess culprit lesion characteristics in very young 
patients presenting with ACS by optical coherence tomography (OCT). 
Methods: This was a prospective, single-center, open-label, observational study. Patients aged 35 years or less with ACS who underwent inva-
sive coronary angiography and OCT were studied.
Results: Of the 43 patients, 22 (51.2%) had plaque rupture, 16 (37.2%) had plaque erosion, and five (11.6%) had no specific lesion character. Plaque 
was fibroatheromatous in 34 (79.1%) patients and fibrous in seven (16.3%). Plaque was not found in two (4.7%) patients; of these, one (2.3%) had 
left anterior descending coronary artery bridging, and one (2.3%) had intimal dissection without any plaque. Plaque rupture was more commonly 
associated with fibroatheromatous plaques, whereas plaque erosion was more commonly associated with fibrous plaque (p=0.010). 
Conclusion: Although plaque rupture and plaque erosion occurred at the same rate as seen in patients of all ages, calcified nodule as a culprit 
lesion was not found in young patients. Majority of the patients had plaque rupture and plaque erosion with fibroatheromatous plaque, signify-
ing the occurrence of established coronary artery disease in very young patients of Southeast Asia.  
Keywords: acute coronary syndrome, atherosclerotic plaque, myocardial infarction, optical coherence tomography, ST elevation myocardial 
infarction
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Culprit lesion characteristics in very young patients 
with acute coronary syndrome: An optical coherence 

tomography study

Introduction

Atherosclerosis is the most common underlying pathology in 
acute coronary syndrome (ACS) (1). Plaque rupture, the major 
mechanism for ACS, activates platelets and triggers the coagu-
lation cascade leading to thrombosis which can potentially lead 
to ACS (2). Autopsy examinations have revealed the absence of 
plaque disruptions in 25% patients with ACS (3-6). This is sug-
gestive of additional mechanisms leading to ACS, which include 
plaque erosions and calcified nodules (7). Differentiation of 
underlying mechanisms in ACS, namely plaque rupture, plaque 
erosion, and calcified nodule is not possible with coronary angi-

ography owing to its inability to assess vessel wall pathology; 
and therefore, many patients undergo stent implantation irre-
spective of the underlying mechanism (8). This “one size fits all” 
strategy prevents exploration of the natural history of patients 
with different culprit lesions (4). Optical coherence tomography 
(OCT) overcomes this shortcoming (8-10).

OCT imaging of culprit coronary arteries in patients with ACS 
has been performed in a number of studies, and the results of 
plaque erosion and plaque rupture correlate with autopsy series 
(10, 11). Plaque rupture is associated with larger infarcts with 
large plaque burden, occluded culprit arteries, larger lipid bur-
den, and larger thrombus burden with predominant red throm-
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bus. However, plaque erosion is associated with patent culprit 
arteries, lower lipid burden, and lower thrombus burden with 
predominantly white thrombus. Plaque erosion is more common 
in women and young patients (5). Furthermore, plaque erosion 
may be managed conservatively, whereas plaque rupture neces-
sitates stent implantation (12, 13). Plaque erosion managed with 
thrombosuction and antiplatelet therapy alone demonstrated no 
clinical recurrences in 12 (39%) lesions at a median follow-up of 
two years (10). There is evidence for a similar response to inter-
vention in both plaque rupture and erosion (13). Because of 
discrepancies in the aforementioned studies, large trials to 
address this issue are warranted. It remains unestablished if 
ACS with plaque erosion can be managed by alternate means 
and stenting can be deferred to reduce complications that are 
secondary to high thrombus burden (14). In this study, we have 
described culprit lesion characteristics in very young patients 
(15, 16) presenting with ACS by OCT.

Methods

Study design and patient population
This was a prospective, single-center, open-label, and obser-

vational study conducted at a tertiary-care center in India. 
Patients aged 35 years or less in whom ACS was a triggered 
event were studied. All the patients underwent invasive coro-
nary angiography, followed by OCT. The identification of the cul-
prit lesion was made on the basis of coronary angiography, 
electrocardiography, or echocardiography. Tight lesions that 
prevented blood clearance by contrast were pre-dilated for 
good OCT image quality. Patients with heart failure (left ventricu-
lar ejection fraction ≤30%), cardiogenic shock, refractory ven-
tricular arrhythmia requiring pharmacologic or defibrillator 
therapy, renal failure (serum creatinine ≥1.5 mg/dL), or ACS with 
culprit lesion in a bypass graft were excluded from the study. 
The study inclusion and exclusion criteria are illustrated in 
Figure 1. The study was performed in accordance with the 
Declaration of Helsinki, and the study protocol was approved by 
the Institutional Ethics Committee. Written informed consent 
was provided by all the enrolled patients after the procedure 
was explained.

Procedure
Most of the patients with ST-segment elevation myocardial 

infarction (STEMI) were taken at an average of six hours after 
thrombolysis and were stable. Patients with non-STEMI 
(NSTEMI) were also relatively stable as they did not experience 
ongoing angina. OCT imaging took approximately 10–15 minutes 
and in most patients, procedure time was around 40 minutes, 
including OCT imaging. 

Atherosclerotic lesion morphology
Lesion and reference segments were defined according to 

the International Working Group for Intravascular OCT 
Standardization and Validation (IWG-IVOCT) (17).

OCT image acquisition
The OCT images were acquired with a frequency-domain 

OCT system and the DragonFly catheter (Ilumien Optis, St. Jude 
Medical, St. Paul, Minnesota, USA). The automated pullback 
was performed at a speed of 20 mm/s to clear blood from the 
culprit artery by contrast injection.

Plaque rupture was defined as the presence of rupture or 
discontinuity in the fibrous cap. Plaque erosion was defined as 
the presence of an intact fibrous cap with attached thrombus, 
irregularity of the lumen of the culprit lesion in the absence of 
thrombus, or lesions with underlying plaque attenuated by 
thrombus. Lesions such as bridging in the left anterior descend-
ing coronary artery or intimal dissection, which did not meet any 
of the above criteria were categorized as others. Tissue charac-
teristics of underlying plaque were also studied. Fibrous plaque 
was identified as a homogeneous plaque with high backscatter. 
Fibroatheromatous plaque was identified as low backscatter 
plaque with diffuse border and attenuation. Thin-cap fibroath-
eroma (TCFA) was defined as plaque with lipid content with the 
thinnest part of the fibrous cap measuring <65 µm. Red thrombus 
was identified by high backscatter and high attenuation. White 
thrombus was identified by high backscatter with low attenua-
tion. Micro channels were defined as poor signal regions that 
were sharply delineated in multiple contiguous frames. 

Statistical analysis
The Statistical Package for Social Sciences (SPSS; Chicago, 

IL, USA) program, version 26 was used for data analysis. 
Continuous variables were expressed as mean ± standard devi-
ation and categorical variables as percentages. Categorical 
variables were compared with the chi-squared test or Fisher’s 
exact test. A p value <0.05 was considered statistically signifi-
cant. 

Results

Baseline characteristics
A total of 43 patients were included in this study. Of them, 

18 (41.9%) were aged between 24 and 30 years, and 25 (58.1%) 
patients were aged between 31 and 36 years. More men (n=42; 
97.7%) than women participated in the study. The most com-

• In the very young South Asian population, the mecha-
nism of acute coronary syndrome (ACS) is not yet com-
pletely understood.

• In our study, culprit lesion characteristics in patients 
with ACS below 35 years of age showed that fibroath-
eromatous plaque was found in most of our patients 
(79.1%), and plaque erosion occurred in more than one-
third (37.2%) of the study population, signifying the 
occurrence of established coronary artery disease in 
very young patients of the South Asia region.

HIGHLIGHTS
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mon risk factors were smoking (n=23; 53.5% patients), followed 
by tobacco chewing (n=17; 39.5% patients). Most common 
clinical presentation was STEMI in 31 (72.1%) patients and 
NSTEMI ACS in 12 (27.9%) patients. The baseline characteris-
tics of the study population are demonstrated in Table 1.

Lesion characteristics
On coronary angiography, 36 (83.7%) patients displayed 

single-vessel disease. The culprit artery was left anterior 
descending coronary artery in 35 (81.4%) patients, right coro-
nary artery in six (14.0%), and the left circumflex artery in two 
(4.7%) patients. The coronary culprit lesion was plaque rupture 
in 22 (51.2%) patients, plaque erosion in 16 (37.2%), and five 
(11.6%) had no specific lesion character. Plaque was not found 
in two (4.7%) patients; of these, one (2.3%) had left anterior 
descending coronary artery bridging, and the other (2.3%) had 
intimal dissection without any plaque. Plaque was fibroathero-
matous in 34 (79.1%) patients and fibrous in seven (16.3%). 
Thirty-four (79.1%) patients underwent percutaneous coronary 
intervention, eight (18.6%) were medically managed, and one 
(2.3%) underwent thrombosuction alone. Red, red and white, 
and white thrombi were observed in 12 (27.9%), 11 (25.6%), and 
nine (20.9%) patients, respectively. The lesion characteristics 
are elaborated in Table 2. Figures 2 and 3 show OCT images for 

Figure 1. Study inclusion and exclusion criteria

Study Enrolment Criteria

Inclusion Criteria

1. Patients aged <35 and >35 years
2.  ACS as trigger event:
 • Acute cardiac chest pain or angina equivalent 

consistent with moderate to high-risk unstable angina or 
myocardial infarction, lasting more than 10 mins duration 
during 72 h before invasive examination and/or,

 • Evidence for ACS requining catheterization 
documented by a) elevated enzymes (CK-MB or hs-Troponin 
I/T >99th percentile or in-/decrease) and/or,

 • ECG with ST-depression >1 mm in ≥2 contiguous leads 
after the J-point and/or,

 • Transient ST-elevation >1 mm in ≥2 contiguous leads 
lasting <30 min or,

 • STE-ACS with onset <24 h previously and chest pain 
>30 min ST-elevation >1 mm in ≥2 contiguous leads or new 
left bundle block

3. Written informed consent

1. Known systolic heart failure with left-ventricular ejection 
fraction ≤30%

2. Cardiogenic shock or heart failure requiring intubation, 
inotropes; diuretics or mechanical circulation support

3. Refractory ventricular arrhythmia requiring pharmacologic 
or defibrillator therapy

4.  Renal insufficiency with serum-creatinine ≥1.5 mg/dl
5. ACS with culprit lesion in a bypass graft

Exclusion Criteria

Table 1. Baseline characteristics of study population

Characteristics Patients (n=43) 

Age 

24–30 years, n (%) 18 (41.9)

31–36 years, n (%) 25 (58.1)

Male, n (%) 42 (97.7)

Risk factors

Smoker, n (%) 23 (53.5)

Tobacco chewing, n (%) 17 (39.5)

Diabetes, n (%) 2 (4.7)

Hypertension, n (%) 2 (4.7)

Family history of coronary artery disease, n (%) 2 (4.7)

Diagnosis

ST-segment elevation myocardial infarction, n (%) 31 (72.1)

Non-ST-elevation acute coronary syndrome, n (%) 12 (27.9)

Thrombolysis, n (%) 21 (48.8)

Ejection fraction

<50, n (%) 20 (46.5)

≥50, n (%) 23 (53.5)
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fibroatheromatous plaque and red thrombus, respectively, in 
individual patients. 

Plaque and thrombus characteristics comparison 
Plaque rupture was more commonly associated with fibro-

atheromatous plaques, whereas plaque erosion was more com-
monly associated with fibrous plaque (p=0.010). Plaque rupture 
and erosion were both more commonly seen in patients with 
STEMI, although not statistically significant. Plaque rupture was 
also more commonly associated with thin-cap fibroatheroma, 
although not statistically significant. The plaque and thrombus 
character comparison is shown in Table 3. 

Lesion characteristics comparison 
The mean minimal lumen area (MLA) was higher in patients 

with plaque erosion than in those with plaque rupture (2.64±1.78 
vs. 2.96±1.43 mm2), and the mean fibrous cap thickness was 
higher in patients with plaque erosion than in those with plaque 
rupture (126.67±48.22 vs. 105.71±48.02 µm). Lesion length was 
higher in patients with plaque rupture compared with those with 
plaque erosion (20.86±7.91 vs. 18.56±7.59 mm). However, none of 
these differences were found to be statistically significant. The 
comparison of lesion characteristics is shown in Table 4. 

Lipid profile
Mean cholesterol was 172.84±49.66 mg/dL. Mean low-densi-

ty lipoprotein cholesterol (LDL-C) was 83.21±40.85 mg/dL, and 
high-density lipoprotein was 41.65±9.86 mg/dL. The lipid param-
eters are detailed in Table 5.

Discussion

In this study, we aimed to shed light on culprit lesion charac-
teristics in very young patients presenting with ACS by OCT. Of 

Table 2. Lesion characteristics of study population

Characteristics Patients (n=43)

Number of diseased vessels 

Single-vessel disease, n (%) 36 (83.7)

Double-vessel disease, n (%) 6 (14.0)

Triple-vessel disease, n (%) 1 (2.3)

Culprit artery on coronary angiography

Left anterior descending artery, n (%) 35 (81.4)

Right coronary artery, n (%) 6 (14.0)

Left circumflex artery, n (%) 2 (4.7)

Plaque character

Plaque rupture, n (%) 22 (51.2)

Plaque erosion, n (%) 16 (37.2)

Others, n (%) 5 (11.6)

Plaque character

Nil, n (%) 2 (4.7)

Fibroatheroma, n (%) 34 (79.1)

Fibrous, n (%) 7 (16.3)

Management

Medical, n (%) 8 (18.6)

Percutaneous coronary intervention, n (%) 34 (79.1)

Thrombosuction, n (%) 1 (2.3)

Thrombus

Nil, n (%) 11 (25.6)

Red, n (%) 12 (27.9)

Red and white, n (%) 11 (25.6)

White, n (%) 9 (20.9)

Table 3. Plaque and thrombus characteristics comparison

Characteristics 

OCT findings

P-valuePlaque rupture (n=22) Plaque erosion (n=16) Total (n=38)

Plaque character

Fibroatheroma, n (%) 21 (95.5) 10 (62.5) 31 (81.8) 0.010

Fibrous, n (%) 1 (4.5) 6 (37.5) 7 (18.4)

Thin-cap fibroatheroma, n (%) 7 (31.8) 1 (6.2) 8 (21.1) 0.056

Thrombus

Nil, n (%) 1 (4.5) 5 (31.2) 6 (15.8) 0.050

Red, n (%) 8 (36.4) 4 (25.0) 12 (31.6)

Red and white, n (%) 9 (40.9) 2 (12.5) 11 (28.9)

White, n (%) 4 (18.2) 5 (31.2) 9 (23.7)

Clinical presentation

ST-segment elevation myocardial infarction, n (%) 17 (77.3) 12 (75.0) 29 (76.3) 0.871

Non ST-segment elevation myocardial infarction, n (%) 5 (22.7) 4 (25.0) 9 (23.7)
OCT - optical coherence tomography
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the 43 patients who underwent OCT imaging, 22 (51.2%) had 
plaque rupture, 16 (37.2%) had plaque erosion, and five (11.6%) 
had no specific lesion character.

Numerous autopsy series and imaging studies have been 
performed to identify the culprit lesion characteristics. 
Identification of plaque with intact caps (plaque erosion) as 
culprit lesions has garnered much interest. Many of these stud-
ies relied on OCT imaging owing to its superior spatial resolution 
(15 µm) compared with that of IVUS (100–200 µm) (13).

Evidence in literature suggests an uncommon occurrence of 
atherosclerotic plaque or high plaque burden in young patients 
with ACS. In this study, patients with ACS aged 35 years or less 
were included, and 41 (95.4%) have shown plaques as a cause 
for ACS. Earlier, Russo et al. (18) studied underlying mechanisms 
of ACS in Caucasian and Asian populations. The study conclud-
ed that Asian and Caucasian patients with ACS showed similar 
underlying mechanisms, except for a higher risk of calcified 
plaque in the Caucasian population with NSTEMI-ACS.

Table 6 represents plaque characteristics such as plaque 
rupture, plaque erosion, and calcified nodule observed in this 
study with that of other studies assessing culprit lesion mor-
phologies causing STEMI using OCT.

Our study included predominantly men (97.7%) and did not 
provide ample samples for women for sex stratification of 
patients with ACS. Although earlier studies had witnessed sig-
nificantly higher prevalence of plaque erosion in women of 
younger age, this finding was not confirmed in the OCTAVIA 
study (19), which was designed to assess sex differences in the 
pathophysiology of STEMI. Similarly, Fang et al. (20) have studied 
culprit lesion morphology in young patients with STEMI and 
older patients. Culprit lesions in younger patients with STEMI 
had more plaque erosion (32.0% vs. 21.1%, p<0.001) and larger 
minimal lumen area (2.3±1.7 mm2 vs. 1.9±1.1 mm2, p<0.001) than 
in those in older patients. Similar to these findings, the study by 
Jia et al. (7) has observed more plaque erosion in younger 
patients. However, prevalence of these lesions was not greater 
in women than men. The justification provided for this discrep-
ancy was selection bias as patients of varying clinical presenta-

Table 4. Comparison of lesion characteristics

Lesion characteristics OCT findings n Mean ± SD P-value

MLA, mm2 (mean ± SD) Plaque rupture 22 1.96±1.43 0.201

Plaque erosion 16 2.64±1.78

MSA, mm2 (mean ± SD) Plaque rupture 16 7.47±1.79 0.711

Plaque erosion 9 7.22±1.06

Fibrous cap thickness, µm (mean ± SD) Plaque rupture 21 105.71±48.02 0.283

Plaque erosion 9 126.67±48.22

Length of the lesion, mm (mean ± SD) Plaque rupture 22 20.86±7.91 0.374

Plaque erosion 16 18.56±7.59
MLA - minimal lumen area, MSA - minimum stent area, OCT - optical coherence tomography, SD - standard deviation

Table 5. Lipid parameters

Lipids Mean ± SD

Cholesterol, mg/dL 172.84±49.66

LDL-C, mg/dL 83.21±40.85

HDL, mg/dL 41.65±9.86

Triglycerides, mg/dL 158.02±67.36

Lipoprotein a, nmol/L 57.70±54.49

Ejection fraction, % 49.12±7.59

Fibrous cap thickness, µm 114.06±48.72

Intimal thickness, µm 315.81±128.16

MLA, mm2 2.36±1.92

MSA, mm2 7.42±1.50
LDL-C – low-density lipoprotein cholesterol, HDL – high-density lipoprotein, MLA - 
minimal lumen area, MSA – minimum stent area, SD - standard deviation

Figure 2. Optical coherence tomography showing fibroatheromatous 
plaque (star) with plaque rupture (arrow) in a 32-year male who presented 
with anterior wall myocardial infarction. Angiography showed a 50% 
lesion in the proximal left anterior descending coronary artery
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tion, age, history, and thrombotic state were included in the 
various studies.

Other plaque characteristics observed in our study correlate 
with the previous studies. Plaque erosion had more fibrous 
plaque and less thin-cap fibroatheroma (21-23). Plaque erosion 
had a thicker fibrous cap (7, 21, 23). However, plaque rupture had 
greater lesion length (7, 23). 

The assessment of culprit lesion morphology in young 
patients might throw a light on the etiopathogenesis of ACS in 
this age group compared with that in older patients. Knowledge 
of the etiopathogenesis of ACS may help in its prevention. 
Further studies are required to see if treatment strategies differ 
based on culprit lesion characteristics.

Study limitations 
There were a few limitations to this study. The sample size 

was small as due to the single center design and only young 
patients were eligible for enrollment. However, this is the first 
study to classify the underlying plaque characteristics of very 

young patients with ACS exclusively. Second, the presence of 
red thrombus in the culprit lesion showed significant attenua-
tion, which might have reduced the ability to study the charac-
teristics of the plaque underneath it. Another limitation was that 
a few tight lesions were pre-dilated to allow sufficient blood 
clearance to ensure good quality images. This pre-dilation 
caused plaque rupture in a few patients and might have falsely 
increased the number of plaque rupture lesions.

Conclusion

This study exclusively included patients with ACS below 35 
years of age, whose culprit lesion characters were studied. 
Although plaque rupture and plaque erosion occurred at the 
same rate as seen in patients of all age groups, calcified nodule 
as a culprit lesion was not found in very young patients. This 
study proves that plaque erosion occurs in a significant number 
of very young patients presenting with ACS. Further studies are 
required to identify if this subset benefits from conservative 
management rather than stent implantation.
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Small Dense Low-Density Lipoprotein for Risk Prediction of 
Acute Coronary Syndrome

Abhishek Singha, Rajendra Puhana, Akshyaya Pradhanb, d, Wahid Alic, Rishi Sethib

Abstract

Background: Elevated Low density Lipoprotein (LDL) levels have 
been traditionally associated with development of atherosclerotic 
coronary artery disease (CAD). As LDL-cholesterol levels are not al-
ways raised in acute coronary syndrome (ACS) patients, sd-LDL is 
an emerging risk factor. The purpose of the present study was tri-fold. 
Firstly, it aimed to investigate the association of sd-LDL as a risk fac-
tor in ACS patients. Secondly, it aimed to correlate the presence of sd-
LDL with severity of coronary artery disease as determined by coro-
nary angiography. Lastly, it aimed to correlate the presence of sd-LDL 
with short-term outcomes.

Methods: This was a prospective, hospital-based, cross-sectional, 
case-control study conducted over a 1-year study duration. Patients 
above the age of 18 years diagnosed with ACS within 24 h of admis-
sion were studied. Blood samples were collected after all patients had 
undergone coronary angiography and sd-LDL levels were measured.

Results: ACS patients had significantly higher sd-LDL levels than 
non-ACS patients (16.10 ± 1.42 mg/dL vs. 12.67 ± 0.71 mg/dL, P = 
0.036). Males had significantly higher sd-LDL levels than females 
(16.79 ± 1.55 mg/dl  vs. 10.77 ± 2.62 mg/dl, P=0.047). Patients with   
non-left anterior descending coronary artery (LAD) involvement had 
significantly higher sd-LDL levels compared to patients with LAD in-
volvement (21.92 ± 3.55 mg/dL vs. 14.03 ± 1.35 mg/dL, P = 0.007).

Conclusion: These results suggest that sd-LDL is a risk factor for the 
development of ACS in an Indian population.

Keywords: Acute coronary syndrome; Coronary artery disease; Left 
anterior descending coronary artery; Major adverse cardiac events; 

Small density low-density lipoprotein

Introduction

Low-density lipoprotein (LDL) is the key driver of athero-
genesis [1]. It is the predominant cholesterol-carrier in the 
bloodstream and is therefore the principal target for preven-
tion of coronary artery disease (CAD). This lipoprotein is a 
composite of heterogeneous particles that differ in size, den-
sity, and chemical composition. It has two phenotypes: pattern 
A consists primarily of large buoyant LDL (lb-LDL) particles 
and pattern B consists primarily of small dense LDL (sd-LDL) 
particles. Sd-LDL particles are more atherogenic due to in-
creased arterial wall penetration, less binding affinity for the 
LDL receptor, prolonged plasma half-life, and less oxidative 
stress resistance compared to lb-LDL [2]. However, LDL con-
centration is not always raised in patients with acute coronary 
syndrome (ACS); thus, sd-LDL may be an emerging risk fac-
tor in ACS patients [3].

Data exploring the relationship of sd-LDL particles with 
ACS in an Indian population are scarce. Hence, this study was 
conducted to: 1) investigate the association of sd-LDL as a risk 
factor in ACS patients; 2) correlate the presence of sd-LDL with 
severity of CAD as determined by coronary angiography; and 3) 
to correlate the presence of sd-LDL with short-term outcomes.

Materials and Methods

Study design

This was a prospective, hospital-based, cross-sectional, case-
control study conducted between August 2015 and August 
2016. Consecutive patients who were admitted to either the 
Emergency Department of Medicine or Cardiology Depart-
ment above the age of 18 years with a diagnosis of ACS within 
24 h of admission (prior to taking first dose of statins) were en-
rolled in this study. Patients with chronic renal failure, liver cir-
rhosis, pregnancy, malignancy, prior statin therapy, or ≤ 1-year 
prior ACS were excluded from the study. Cases were defined 
as patients admitted with a diagnosis of ACS that had fulfilled 
the inclusion criteria. Controls were defined as age- and sex-
matched healthy individuals. The study enrolled 70 healthy 
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controls and 75 cases. The study protocol was approved by 
and conducted in compliance with the ethical standards of the 
Institutional Ethics committee as with the Helsinki Declara-
tion. All patients provided written informed consent for study 
participation prior to the commencement of the study.

Study definitions

ACS was defined as any group of clinical symptoms compat-
ible with acute myocardial ischemia covering the spectrum of 
clinical conditions ranging from unstable angina (UA) to non-
ST-segment elevation myocardial infarction (NSTEMI) to ST-
segment elevation myocardial infarction (STEMI). Acute myo-
cardial infarction was diagnosed by detection of rise and/or fall 
of cardiac biomarker values with at least one value above the 
99th percentile above upper reference limit with at least one of 
the following: 1) symptoms of ischemia; 2) new or presumed 
new significant ST segment, T wave changes or new left bundle 
branch block (LBBB); 3) development of pathological Q waves 
on electrocardiography; 4) imaging evidence of new loss of vi-
able myocardium or new regional wall motion abnormality; or 
5) identification of an intracoronary thrombus by angiography. 
CAD was defined as stenosis of one or more coronary artery 
branch with ≥ 50% diameter luminal narrowing as observed on 
coronary angiography. Patients were categorized according to 
involvement or non-involvement of the left anterior descend-
ing coronary artery (LAD). UA was usually considered when 
cardiac biomarkers were undetectable in the bloodstream hours 
after initial onset of ischemic pain. It presents with one or more 
of the following characteristics: 1) rest angina (usually lasting > 
20 min); 2) new-onset (less than 2 months prior) severe angina; 
and 3) a crescendo pattern of occurrence (increasing in intensity, 
duration, frequency, or any combination of these factors.

Study procedure

Blood samples were obtained by venipuncture after the patient 
had undergone coronary angiography. The serum samples were 
separated and stored at -20 °C within 1 h of taking the sam-
ple. The method of sd-LDL and lb-LDL isolation from serum 
was based on a two-step procedure reported by Hirano et al in 
2004 [4]. Precipitation reagent (0.1 mL) containing 150 U/mL 
heparin sodium salt and 90 mM/L MgCl2 was added to 0.1 mL 
serum sample. After mixing, the sample was incubated at 37 
°C for 10 min. Next, each sample was incubated in an ice bath 
for 15 min and centrifuged at 15,000 rpm for 15 min at 4 °C. 
The supernatant containing sd-LDL was carefully removed and 
saved. The pellet containing lb-LDL was dissolved in 0.1 M 
sodium phosphate buffer containing 0.9% NaCl at pH 7.4. Ap-
propriate aliquots of LDL, sd-LDL, and lb-LDL fraction were 
used for analysis of their cholesterol and apoprotein B content.

Validation of sd-LDL assay

Sd-LDL assay in serum sample was performed with a com-

mercially available kit (Randox Laboratories, Crumlin, UK) as 
per kit insert. Validation of sd-LDL test procedure was carried 
out by testing quality control materials of known concentra-
tion. The quality control data obtained were reproducible as 
per reported value of sd-LDL concentration. Three levels of 
control were used to observe precision and accuracy of the test 
procedure as well as verification of the test procedure. Further, 
Randox Laboratories has validated the test procedure by ultra-
centrifugation and clearance method of sd-LDL-C kit avail-
able in the market and observed good correlation.

Study outcomes

Study outcomes were major adverse cardiovascular events 
(MACE), in-hospital, and 30-day mortality. MACE was de-
fined as a composite of cardiac death, cardiogenic shock, acute 
left ventricular failure, recurrent myocardial infarction, hemo-
dynamically unstable arrhythmia, prolonged anginal pain, and 
conditions necessitating immediate coronary intervention.

Data collection

Data such as age, gender, cardiovascular risk factors, cardiovas-
cular history, clinical presentation, affected lesions, and ongoing 
medications were collected from patients at initial evaluation.

Statistical analysis

Continuous data are expressed as mean ± standard error. Cate-
gorical data are expressed as numbers and percentages. Groups 
were compared by Student’s t-test. Groups were also com-
pared by one-way analysis of variance and the significance 
of mean difference between the groups was done by Tukey’s 
honestly significant difference post-hoc test after ascertaining 
normality by Shapiro-Wilk’s test and homogeneity of variance 
by Levene’s test. A two-tailed P value < 0.05 was considered 
statistically significant. All statistical analysis was done using 
Statistical Package for Social Sciences (SPSS, Chicago, IL, 
USA) program, version 17.

Results

Demographic characteristics of cases

The study comprised 75 cases and 70 age- and sex-matched 
controls. The mean age of the cases was 52.02 ± 1.16 years. 
Almost half of the cases, i.e., 37 (49.3%), were below the age of 
50 years. Males comprised 54 (72.0%) of the cases. Forty-five 
(60.0%) cases had body mass index (BMI) > 24 kg/m2. Conven-
tional risk factors were present only in 48 (64.0%) cases. Of the 
75 cases, 42 (56.0%) were smokers, 25 (33.3%) were hyperten-
sives, and 27 (36.0%) were diabetics. More than three-quarters 
cases, i.e. 58 (77.3%), presented with STEMI. The angiographic 
outcome was single-vessel disease in 41 (54.7%) patients, dou-



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org 253

Singh et al Cardiol Res. 2021;12(4):251-257

ble-vessel disease in 13 (17.3%) patients, and triple-vessel dis-
ease in 21 (28.0%) patients. The involved artery was LAD in 59 
(78.7%) cases and non-LAD in 16 (21.3%) cases. Demographic 
characteristics of the cases are detailed in Table 1.

Sd-LDL levels of controls and cases

Sd-LDL levels were significantly higher in cases compared 
to controls (16.10 ± 1.42 mg/dL vs. 12.67 ± 0.71 mg/dL, P = 
0.036) as displayed in Figure 1.

Sd-LDL levels of cases

Sd-LDL levels decreased as age increased (< 50 years: 17.04 
± 2.47 mg/dL, 50 - 60 years: 16.84 ± 2.67 mg/dL, > 60 years: 
13.53 ± 1.62 mg/dL). However this inverse relation was not 
statistically significant. Males had significantly higher sd-LDL 
levels than females (16.79 ± 1.55 mg/dL vs. 10.77± 2.62 mg/
dL, P = 0.047). Smokers, hypertensives, and diabetics had 
higher sd-LDL levels compared to non-smokers, normoten-

sives, and non-diabetics although not statistically significant. 
STEMI patients had higher sd-LDL levels than NSTEMI pa-
tients. Angiographic outcome did not indicate any association 
or display any trend with sd-LDL. Patients with involvement 
of non-LAD had significantly higher sd-LDL levels compared 
to patients with LAD involvement (21.92 ± 3.55 mg/dL vs. 
14.03 ± 1.35 mg/dL, P = 0.007). Sd-LDL levels of the cases are 
elaborated in Table 2 and involvement of LAD and non-LAD 
is illustrated in Figure 2.

Short-term outcomes of cases

MACE occurred in two (2.67%) patients. These patients suf-
fered from left ventricular failure and ventricular arrhythmia, 
respectively. In-hospital mortality occurred in two (2.67%) 
patients, whilst 30-day mortality was observed in none of the 
patients. Short-term outcomes are summarized in Table 3.

Discussion

Several earlier studies have shed light on the association be-
tween sd-LDL particles and ACS. The present study conduct-
ed on an Indian population confirmed higher sd-LDL levels 
in ACS patients (16.10 ± 1.42 mg/dL) compared to healthy 
controls (12.67 ± 0.71 mg/dL). In line with these findings, 
Emadzadeh et al [1] revealed higher sd-LDL levels for myo-
cardial infarction patients (51 mg/dL) and UA patients (46 mg/

Table 1.  Demographic Characteristics of Cases

Characteristic Patients 
(n = 75)

Age, years 52.02 ± 1.16
  < 50 37 (49.3%)
  50 - 60 23 (30.7%)
  > 60 15 (20.0%)
Male 54 (72.0%)
Body mass index
  ≤ 24 kg/m2 30 (40.0%)
  > 24 kg/m2 45 (60.0%)
Conventional risk factors 48 (64.0%)
  Smoker 42 (56.0%)
  Hypertension 25 (33.3%)
  Diabetes mellitus 27 (36.0%)
  Family history of coronary artery disease 8 (10.7%)
Diagnosis
  Non-ST-segment elevation myocardial infarction 17 (22.7%)
  ST-segment elevation myocardial infarction 58 (77.3%)
Angiographic outcome
  Single-vessel disease 41 (54.7%)
  Double-vessel disease 13 (17.3%)
  Triple-vessel disease 21 (28.0%)
Involvement of coronary artery
  Left anterior descending coronary artery 59 (78.7%)
  Non-left anterior descending coronary artery 16 (21.3%)

Values are expressed as mean ± standard deviation or number (per-
cent).

Figure 1. Sd-LDL levels of controls and cases. sd-LDL: small density 
low-density lipoprotein.
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dL) compared to healthy controls (13 mg/dL). Fukushima et 
al [5] showed higher sd-LDL levels for ACS patients (30 ± 14 
mg/dL) compared to healthy controls (22 ± 8 mg/dL). Wu et 
al [6] observed higher sd-LDL levels for UA patients (male: 
1.09 mmol/L and female: 1.03 mmol/L), STEMI patients 
(male: 1.30 mmol/L and female: 1.17 mmol/L), and NSTEMI 
patients (male: 1.44 mmol/L and female: 1.14 mmol/L) com-
pared to healthy controls (male: 0.72 mmol/L and female: 0.62 
mmol/L). These findings are suggestive of sd-LDL as a risk 
factor for ACS. However, ethnical variation, differing meth-
odology, and varying cut-off points should be taken into con-
sideration when attempting to compare precise sd-LDL levels 
[7-9]. Additionally, Wu et al [6] also exposed a gender effect. 
Sd-LDL levels were higher in males (0.71 ± 0.24 mmol/L) 
compared to females (0.63 ± 0.22 mmol/L). This observation 
is in agreement with our study which reported increased sd-
LDL levels in males (16.79 ± 1.55 mg/dL) compared to fe-
males (10.77 ± 2.62 mg/dL) indicative of greater male sus-
ceptibility to develop ACS. These values are all increasingly 
high compared to sd-LDL levels of 8.5 ± 3.9 mg/dL reported in 
healthy controls belonging to an Indian population [10].

Few studies have proven the clinical significance of sd-

LDL in the assessment of CAD risk by employing various 
methods. Moon et al [11] reported higher fraction of sd-LDL 
particles in CAD patients. Kwon et al [12] fortified this find-
ing and confirmed sd-LDL fraction to be an independent risk 
factor for CAD. Koba et al [13] demonstrated the association 
between high sd-LDL levels and CAD severity using Gensi-
ni scores. Goel et al [10] correlated sd-LDL levels and CAD 
severity using the SYNTAX score. The unique contribution 
observation of the present study is higher sd-LDL levels in 
CAD patients with non-LAD involvement compared to LAD 
involvement. This hints towards influence of sd-LDL levels on 
vessel involvement.

Several earlier studies have demonstrated the relationship 
between sd-LDL and CAD [14-18]. However, few others have 
failed to do so. The disparity in study findings is attributable to 
a few aspects. Small sample sizes with short follow-ups prove 
insufficient to determine correlation [2]. Racial and ethnical 
disparities influence clinical outcomes [13]. Different laborato-
ry procedures have been employed to separate LDL subclasses. 
However, none of these have been established as a gold stand-
ard [19]. Furthermore, heparin may be administered to ACS pa-
tients. Heparin may disrupt the lipoprotein profiles of samples 

Table 2.  Mean sd-LDL Levels (mg/dL) of Cases

Characteristic Patients (n = 75) P value
Age
  < 50 17.04 ± 2.47 (n = 37) 0.416
  50 - 60 16.84 ± 2.67 (n = 23)
  > 60 13.53 ± 1.62 (n = 15)
Gender
  Male 16.79 ± 1.55 (n = 54) 0.047
  Female 10.77 ± 2.62 (n = 21)
Body mass index
  ≤ 24 kg/m2 15.34 ± 1.66 (n = 30) 0.634
  > 24 kg/m2 16.84 ± 2.31 (n = 45)
Conventional risk factors
  Smokers 16.56 ± 2.14 (n = 42) 0.770
  Non-smokers 15.72 ± 1.92 (n = 33)
  Hypertensives 17.05 ± 8.97 (n = 25) 0.863
  Normotensives 15.89 ± 1.64 (n = 50)
  Diabetics 13.82 ± 2.31 (n = 27) 0.311
  Non-diabetics 16.72 ± 1.69 (n = 48)
Diagnosis
  Non-ST-segment elevation myocardial infarction 15.03 ± 2.05 (n = 17) 0.674
  ST-segment elevation myocardial infarction 16.52 ± 1.81 (n = 58)
Angiographic outcome
  Single-vessel disease 16.08 ± 1.88 (n = 41) 0.087
  Double-vessel disease 12.83 ± 1.94 (n = 13)
  Triple-vessel disease 22.33 ± 3.71 (n = 21)

Values are expressed as mean ± standard deviation. sd-LDL: small density low-density lipoprotein.
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obtained 24 h following ACS [3]. Sd-LDL levels exhibit circa-
dian changes in both diabetic patients and controls. This find-
ing significantly impacts study findings as diabetics constitute 
a considerable proportion of study populations. Lastly, possible 
confounding factors may skew results [20].

Study limitations

The present study has a few limitations. Firstly, the sample 
size was small. Secondly, confounding factors were not taken 
into account. Thirdly, among earlier Indian studies [21-23], the 
Indian Council of Medical Research-India Diabetes (ICMR-
INDIAB) Study [24] also reported low levels of high-density 
lipoprotein (HDL). Hence, we did not aim to study this lipo-
protein parameter.

Conclusion

Higher sd-LDL levels in cases compared to controls suggest 
that sd-LDL levels may serve as a potential risk factor for ACS. 
Higher levels of sd-LDL levels observed in males compared to 
females suggest that males may be more prone to develop ACS 
than females. Higher levels of this lipoprotein subclass were 
observed in patients with non-LAD involvement than patients 
with LAD involvement. This shows that sd-LDL levels have 
an effect on angiographic outcome (type of vessel involved), 

although its effect on other angiographic outcomes (number of 
involved coronary vessels) is yet to be determined. Although 
sd-LDL levels display a positive correlation with demographic 
characteristics (age and BMI), diagnosis, and risk factors, fur-
ther studies are warranted to establish the significant correla-
tion between sd-LDL and these outcomes.
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Table 3.  Short-Term Outcomes of Cases

Characteristic Patients (n = 75)
Major adverse cardiovascular events
  Cardiac death 2 (2.67%)
  Cardiogenic shock 0 (0%)
  Left ventricular failure 1 (1.33%)
  Recurrent myocardial infraction 0 (0%)
  Hemodynamically unstable arrhythmia 1 (1.33%)
  Prolonged angina pain 0 (0%)
End outcomes
   In-hospital mortality 2 (2.67%)
  30-day mortality 0 (0%)

Values are expressed as number (percent).

Figure 2. Comparison of sd-LDL levels according to involvement of 
LAD and non-LAD coronary arteries. LAD: left anterior descending 
coronary artery.
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A B S T R A C T   

Background: Coronary artery disease (CAD) and stroke are major causes of cardiovascular diseases related deaths. 
Conventional risk factors cannot explain the changes in atherosclerosis. New and useful diagnostic markers are 
required. MicroRNAs are small, noncoding RNA that regulate the gene expression implicated in the pathogenesis 
of various cardiovascular diseases. Endothelial dysfunction is involved in the early event of the atherosclerosis 
process. 
Aims: The current study was designed to evaluate the vascular endothelium-enriched miRNAs would be altered in 
CAD patients. 
Methods: Circulating miR-126 & 122 levels were measured in serum from 78 CAD patients and 60 non CDA 
patients by qRT-PCR analysis. 
Results: MiR-122 was significantly down regulated in CAD patients (p = 0.001), however the level of miR-126 did 
not show any change (p = 0.507). Remarkably, the level of miR-126 was significantly decreased in patients with 
CAD and high small dense low density lipoprotein (sdLDL) level. The level of miR-126 was significantly increased 
when sdLDL was higher in patients with risk factors for CAD but did not have angiographically significant CAD. 
Conclusion: . In CAD patient’s, miR-126 level was lowered compared to non CAD patients, however the difference 
was not significant (0.507). However we found a direct relationship between endothelium-enriched miR-126 and 
sdLDL in patients with or without CAD. Our finding suggests that miR-126 may have a potential role in sdLDL 
cholesterol metabolism. Mir-122 plays a role in cholesterol biosynthesis and deteriorates the cardiovascular 
system through the process of inflammation, apoptosis, oxidative stress and ECM deposition in a number of 
cardiovascular diseases.   

1. Introduction 

Coronary artery disease (CAD) is a major health problem worldwide 
and also in Asian countries [1]. Mostly CAD diagnosed with an invasive 
coronary angiogram (CAG) and radiologic techniques. There is a num-
ber of blood-based biomarkers that have been studied in the diagnosis of 
CAD and have been shown to have limited clinical correlation [2,3]. A 
high level of low-density lipoprotein cholesterol (LDL-C) is a major risk 
factor for the development of CAD [4–6]. However, the composition of 
the LDL particles is heterogeneous in nature with the constant athero-
genic potential [7]. Small dense LDL particles (sdLDL) are highly sus-
ceptible to oxidation and have shown high endothelial permeability 
with decreased LDL receptor affinity. These properties of sdLDL make it 

atherogenic [8–10]. 
Therefore, biomarkers that can measure the initial atherosclerotic 

process and risk for CAD development is much needed. MiRNAs are 
short, single-stranded non-coding RNAs that regulate cellular functions 
through degradation and translational repression of mRNAs. Circulating 
microRNAs (miRNAs) posttranscriptional regulate gene expression that 
play an important role in cell proliferation, differentiation, and meta-
bolism and in the pathophysiology of many diseases. In vitro as well as 
in vivo modulation of miRNA expression has revealed its important role 
in the regulation of heart function, particularly cardiac growth, hyper-
trophy, and failure [11]. Previous studies revealed that reduced plasma 
concentration of miR-126 in patients with heart failure (HF) compared 
to healthy controls and found inverse co-relation with brain natriuretic 
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peptide (BNP) proving itself as a classic marker of Heart failure. Higher 
levels of miR-126 were found to be associated with the better clinical 
conditions [12]. Xiao Sun et al. 2012 analyzed the link between miR-126 
and LDL cholesterol in patients with or without CAD and found a po-
tential role of miR-126 in cholesterol metabolism [13]. Thus, the sig-
natures of miRNA analysis in circulation may have a potential role in 
diagnosis, prognosis, and in determining the therapeutic efficacy. In the 
current study circulating level of miR-126 and 122 along with small 
dense LDL was quantified in patients with significant CAD and compared 
to that of patients without angiographically significant CAD. 

2. Material and method 

2.1. Study population 

Study subjects were recruited between December 2018 to June 2020 
from Lari Cardiology Centre, Department of Cardiology, King George 
Medical University, Lucknow, UP, India. Coronary angiograms were 
evaluated by a group of treating physicians (they are well qualified with 
MD, DM degree in cardiology), who made a visual estimation of luminal 
narrowing in multiple segments based on the AHA/ACC classification of 
the coronary tree [14]. All the patients who fulfilled the inclusion 
criteria were recruited for the study. Written informed consent was 
taken from the patients. The research related to human use has been 
complied with all the relevant national regulations, institutional policies 
and in accordance with the tenets of the Helsinki Declaration, and has 
been approved by the authors’ Institutional Ethical Committee of King 
George Medical University, Lucknow before the start of the study 
(Ethical clearance number: 81th ECM II-A/P2). Patients with neither 
detectable coronary stenosis nor atherosclerotic vascular disease were 
considered as non CAD. Patients were interviewed by the treating 
physician to collect medical history and lifestyle habits. 

2.2. Samples collection and serum isolation 

3.5 ml of peripheral blood was collected from 138 cases in plain & 
EDTA vials (NOVAC, POLYMED, POLY MEDICURE LTD, India). Serum 
was separated by centrifugation at 1900 g for 10 min, followed by a 10 
min high-speed centrifugation at 16,000 g and stored at − 80 ◦C until 
further processing. 

2.3. Biochemical examination 

Biochemical parameters including Plasma Glucose (mg/dl), HbA1c 
(%) (D-10 Bio-Rad, USA), Total Cholesterol (TC), (mg/dl), Triglyceride 
(TG), (mg/dl), High density lipoproteins (HDL-C) (mg/dl), Low density 
lipoproteins (LDL-C) (mg/dl), Very low density lipoproteins (VLDL-C) 
(mg/dl), Folate II (nmol/L), Vit.B12 (pg/mL), Small dense low density 
lipoproteins (sdLDL) (mmol/l), and Total Homocysteine (HCY2) (umol/ 
L) were recorded. All biochemical parameters were measured by fully 
automated biochemical analyzer (ARCHITECT i2000SR, Abbott Diag-
nostic & Selectra ProXL, ELITech Group). 

2.4. RNA isolation from serum 

Total RNA was extracted using a Trizol-based miRNA isolation pro-
tocol (Invitrogen, Carlsbad, CA, USA) by addition of 750 μl of Trizol 
reagent to 250 μl of plasma. The RNA concentrations were measured 
with a Nanodrop ND-1000 spectrophotometer (Nanodrop Technologies, 
Inc. Wilmington, USA), and the RNA samples were stored at − 80 ◦C for 
future use. 

2.5. cDNA synthesis and quantitative real-time PCR 

Total RNA extracted from serum were initially reverse transcribed 
using (Multiscribe) MuLV reverse transcriptase kit (Cat. no. K1622, 

Thermo Fisher Scientific, USA). cDNA was amplified with specific 
primer sets: miR-122 (hsa-miR-122-5p, Cat. no. 4427975), miR126 (hsa- 
miR-126-5p, Cat no. 4427975), and RNU6 (Cat no. 4427975). Quanti-
tative real-time PCR (qRT PCR) was carried out on the 7500 real-time 
PCR system (Applied Biosystems, USA) using TaqMan® Universal 
Master Mix II No UNG (Applied Biosystem, USA) according to the 
manufacturer’s instructions. Data were normalized for RNU6 (house-
keeping gene) expression by the comparative threshold cycle method. 
Duplicate Ct values were averaged, the relative expression levels of 
miRNAs were calculated using the 2ΔΔCt method and fold-changes 
were calculated for each miRNA. 

2.6. Statistical analysis 

Statistical analysis was performed using SPSS V.20.0 (SPSS, Chicago, 
Illinois, USA). Data for age, gender, HbA1c, TC, TG, HDL-C, LDL-C, 
VLDL-C, Folate II, Vit.B12, sdLDL, Vit.D 25-OH, TSH, and total HCY2 
were presented as Mean ± SD. The significance of the comparison is 
determined by the Student t-test and Mann-Whitney U test Data for 
circulating miRNA levels were presented as Mean ± SD and significance 
of the comparison is determined by Mann-Whitney U test Linear 
regression analysis was used to compare plasma miR-126&122 and LDL 
cholesterol, and correlation was calculated to evaluate the correlation 
between the data. A p- value <0.05 (two-tailed) was considered 
significant. 

3. Result 

The clinical characteristics of the patients included in the study are 
depicted in Table 1. Among 138 cases that had a risk factor for CAD, 78 
patients were found to have angiographically proven significant CAD, 
and 60 were found not to have angiographically proven significant CAD. 
In patients, at least one major epicardial vessel with >50 % stenosis was 
defined as significant CAD. Spastic angina patients were excluded from 
the study. The cases that have angiographically significant CAD showed 
higher and significantly different total cholesterol, sdLDL, Folate II, Vit. 
B12 as compared to cases that do not have angiographically significant 
CAD. The frequency of hypertension was higher in CAD (+) cases as 
compared to non CAD (-) cases (55 % vs. 45 %) and diabetes (35 % vs. 20 
%) were not different between the two groups. The cases were on 
medication, so there was no difference in LDL, HDL, VLDL, and TC levels 
between the two groups. In cases that do not have angiographically 
significant CAD, use of medication such as Aspirin, beta-blocker, statin, 
and insulin were lower as compared to angiographically proven signif-
icant CAD (data not shown). We analyzed the serum miR-122 & miR- 
126 expression level in angiographically significant CAD cases and in 
that do not have angiographically significant CAD. 

Table 1 
Characteristics of the patients subjected to coronary angiography.  

Variable CAD(+) 
(Mean ± SD) 

CAD(-) 
(Mean ± SD) 

p value* 

Age 52.07 ± 9.94 50.13 ± 8.12 0.326 
BMI 25.9 ± 4.8 25.2 ± 4.7 0.496 
HbA1c 6.8 ± 2.0 5.9 ± 1.0 0.124 
HDL 55.9 ± 15.9 44.4 ± 12.3 0.432 
LDL 56.3 ± 37.4 51.6 ± 44.4 0.126 
VLDL 39.5 ± 31.4 38.3 ± 33.9 0.862 
TG 145.7 ± 72.6 157.2 ± 91.4 0.243 
TC 172.2 ± 48.8 152.7 ± 46.2 0.134 
sdLDL 23.6 ± 14.0 19.4 ± 6.2 0.154 
Folate II 14.6 ± 10.6 7.8 ± 5.0 0.001 
Vit. B12 472.2 ± 417.0 215.6 ± 189.6 0.0016 
Total HCY2 21.1 ± 10.6 25.0 ± 22.2 0.163 

Data are expressed as Mean ± SD. A p value <0.05 was considered as significant. 
BMI: Body mass index, HDL: High density lipoprotein, LDL: Low density lipo-
protein, TSH: Thyroid stimulating Hormone. 
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The fold change in miRNA expression level is summarized in Table 2. 
The level of serum miR-122 differ significantly between the two groups 
(1.47 ± 0.61 vs. 0.84 ± 0.43, p = 0.0001), however; the level of miR-126 
was lowered in angiographically significant CAD compared to no sig-
nificant CAD (0.85 ± 0.55 vs. 1.10 ± 0.41, p = 0.507) as depicted in 
Fig. 1. 

Interestingly, the level of miR-126 was significantly decreased in 
patients with angiographically significant CAD and high sdLDL levels 
(Fig. 2a). On the other hand, the level of miR-126 was significantly 
increased when sdLDL was high in patients who had risk factors for CAD 
but did not have angiographically significant CAD (Fig. 2b). The miR- 
122 level was also significantly increased in patients with angiograph-
ically significant CAD and high sdLDL levels (Fig. 3). Collectively these 
results entail a link between dysregulated miRNA-126 in CAD cases and 
a higher level of sdLDL. 

4. Discussion 

In search of minimally invasive biomarkers for early disease diag-
nosis, monitoring of disease progression and monitoring therapy 
response circulating miRNAs has been extensively studied. It is assumed 
that serum/plasma miRNA level could predict the presence of cardio-
vascular disease. Studies have reported the down regulation of miR-126 
in CAD cases compared to non CAD cases. In a study of Wang X et al. 

2017, reported the significant down -regulation of miR-126 in CAD cases 
and was found to be associated with placental growth factor (PLFG) in 
CAD cases and acute myocardial infraction AMI [15]. In a study by 
Fukushima Y et al. 2011, miR-126 was negatively correlated with age 
and NYHA class, and could be a useful biomarker for heart failure and 
miR-126 level could not be affected by the frequent use of medication 
[16]. 

Li HY et al. 2016 reported the plasma miR-126-5p was significantly 
down-regulated in patients with severe CAD and was also lowered in 
CAD patients with either intermediate or high SYNTAX score; instead of 
low SYNTAX scores [17]. Wingrove JA et al., 2008 applied the mRNA 

Table 2 
Fold change in Circulating MicroRNA levels with angiographically significant 
CAD and patients without CAD.  

MicroRNAs Angiographically significant CAD 
(n = 78) (Mean ± SD) 

Patients without 
CAD (n = 60) 
(Mean ± SD) 

p 
value* 

MiR-122 1.47 ± 0.61 0.84 ± 0.43 0.0001 
MiR-126 0.85 ± 0.55 1.10 ± 0.41 0.507  

Fig. 1. Box plot showing the fold change in circulating miR-126 and miR-122 in patients with CAD and without CAD.  

Fig. 2. a: The correlation between sdLDL 
cholesterol and the circulating levels of miR-126 
in patients with angiographically significant 
CAD were analyzed. Circulating levels of miR- 
126 were decreased in CAD patients who were 
showing higher levels of LDL cholesterol (n =
78). Significant negative relationship was 
observed (Pearson r=− 0.7899, p= <0.001). b: 
The correlation between LDL cholesterol and the 
circulating levels of miR-126 in patients with 
CAD risk factors but no significant CAD lesions 
was analyzed. Circulating levels of miR-126 
were increased in patients without CAD who 
were showing higher levels of LDL cholesterol (n 
= 60). Significant positive relationship was 
observed (Pearson r = 0.6837, p = 0.0001).   

Fig. 3. The correlation between sdLDL cholesterol and the circulating levels of 
miR-122 in patients with angiographically significant CAD was analyzed. 
Circulating levels of miR-1262were increased in CAD patients who were 
showing higher levels of LDL cholesterol (n = 78). Significant negative rela-
tionship was observed (Pearson r=− 0.2323, p= <0.001). 
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profiling of blood or peripheral mononuclear cell in cardiovascular 
disease [18]. Our study provides the insight into the serum level of 
miR-126&122, which is potentially involved in the pathogenesis of CAD. 
In our study, the level of 122 differ significantly between CAD and non 
CAD cases. 

However, the mechanism behind the decreased level of circulating 
miR-126 in cases with CAD in proportion to increased sdLDL is not very 
clear. A study of Creemers EE et al. 2012 reported that the miRNA is 
known to be associated with high-density lipoprotein (HDL) [19]. It is 
also postulated that the levels of circulating miRNAs are decreased in 
vascular diseases because they have been taken up into atherosclerotic 
lesions [20]. It is found that the plasma level of miR-122 was signifi-
cantly associated with hyperlipidemia, and was positively correlated 
with total cholesterol, triglyceride, and low-density lipoprotein choles-
terol in hyperlipidemic patients and controls [21]. Wang et al. 2018 
reported the positive correlation of miR-122 with cholesterol, triglyc-
eride, and atherosclerotic severity [22]. Although multiple factors can 
affect the miRNA level in circulation including processing and stability 
of the miRNAs within circulating cells, transcription, and the ability of 
these cells to release miRNAs into the circulation. Circulating miRNAs 
may be delivered to cells in the heart or blood vessels through exosomes 
or apoptotic bodies, microvesicles [23]. 

However, it is still debatable whether down-regulation of miR-126 in 
CAD cases is directly involved in the inflammation or a compensatory 
response. Based on our finding change in the miR-126& 122 levels in 
association with sdLDL, the circulating miRNA may imitate a compen-
satory response to an inflammation under hyperlipidemic conditions. It 
is hypothesized that in the vascular disease process endothelial miR-126 
may be depleted and vascular miR-126 is disbursed during trans- 
coronary passage [24,25]. A study by Zhang Q et al. 2011, found that 
the use of medication such as statin does not influence miR-126 in 
endothelial progenitor cells [26]. Further studies with a larger sample 
size are needed to understand the underlying mechanism to link sdLDL 
and miR-126 in CAD cases. 

5. Conclusion 

The present study provides insight into the circulating level of miR- 
126 and − 122 as a marker of CAD and the potential role of miR-126 in 
cholesterol metabolism by delineating the sdLDL metabolic pathway. 
Further explication with larger sample cohort is required to understand 
the role of miR-126 in sdLDL cholesterol metabolism in CAD and to 
understand the disease development process. 
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Abstract
Objective:  To describe our technique of retrograde pericatheter urethrography (RPU) and its clinical use
after urethroplasty.
Subjects  and  methods: Between January 2008 and December 2013, 387 patients with urethral stricture
underwent urethroplasty at our center. A total of 343 of these patients underwent RPU 3 weeks post-
operatively. For this retrospective study their files were evaluated with regard to: demographics, duration
of symptoms, site, mean length of stricture, type of surgery, RPU findings, contrast-medium related com-
plications and need of re-intervention. The eventual surgical success was defined as asymptomatic voiding
with no clinical evidence of residual stricture (good flow rate and no residual urine) until the last follow up.
Results: Follow up ranged from 8 to 41 (mean 28) months. The mean duration of symptoms was 4.8 months.
The mean stricture length, as seen on radiography, was 2.1 cm. 183 patients (53.3%) underwent anastomotic
urethroplasty, while 160 (46.6%) underwent substitution urethroplasty. RPU showed urethral healing in 292
(85.2%) and contrast extravasation in 51 (14.8%) patients. No contrast-medium related complications were
reported. Re-intervention was needed in 7.2% (21/292) of the patients who showed normal urethral healing
and in 74.5% (38/51) of the patients who showed contrast extravasation on RPU. By the time of the last
follow up the overall success rate was 82.7% (284/343 patients).
Conclusion:  RPU is the most useful radiological diagnostic method for evaluating the appropriate time
for catheter removal after urethroplasty. It helps to assess urethral healing and patency after urethroplasty.
atients showing contrast extravasation may be helpful.
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Table  1  Grades of extravasation on RPU.

Grade Degree of
extravasation on
RPU

Timing for removal of
the urethral catheter
after RPU

Grade 1 Mild degree 1 week

s
t
s
i
u
c
s
fi

R

R
o
a
g
d
i
p
a
w

R

D
f
w
p
s
t
p
a

RPU and its clinical use 

Introduction

Urethral stricture mostly results from pelvic fracture, straddle
injuries or urethral manipulation. It can be seen in patients of all
ages with a marked increase in those older than 55 years [1,2].
Urethroplasty is the gold standard treatment for urethral stricture
disease. The presence of a urethral catheter with or without supra-
pubic catheter (SPC) may play a role in postoperative morbidity.
The usual time of catheter removal after urethroplasty varies from
7 to 21 days, depending on urethral healing [3–5]. However, there
is a paucity of literature on how to assess urethral healing after ure-
throplasty and when to remove the urethral catheter [6]. Retrograde
pericatheter urethrography (RPU) has been reported to be useful in
assessing urethral healing at the anastomotic site [7]. Therefore, this
study was carried out in order to verify whether this technique can
be used routinely as a diagnostic tool for the evaluation of the appro-
priate time for catheter removal after urethroplasty and whether it
can predict the success of urethroplasty.

Subjects  and  methods

We performed a retrospective review of prospectively collected
medical records of patients who underwent urethroplasty for ure-
thral stricture at our institution between January 2008 and December
2013. All patients underwent routine investigations including
complete hemogram and urine culture. Preoperative assessment
of the stricture was done subjectively using uroflowmetry, and
radiologically by retrograde urethrography and micturating cys-
tourethrography (RGU/MCU). The patients underwent end-to-end
urethroplasty or substitution/buccal graft urethroplasty, depending
upon the stricture length.

RPU was performed 3 weeks postoperatively before removal of
the urethral catheter. In cases showing a normal urethral outline
(Fig. 1), the urethral catheter was removed. The suprapubic catheter,
if present, was clamped and removed after 1–3 days. In cases show-
ing contrast extravasation (Fig. 2), the urethral catheter was kept for
another one to three weeks, depending on the degree of extravasa-
tion which was subclassified into 3 grades (mild, moderate, severe)
(Table 1). The patients were assessed for any pain, fever and infec-
tion during or after RPU.
The patients were followed up regularly at 3-month intervals
and evaluated subjectively for the presence of obstructive symp-
toms, recurrent urinary tract infection (UTI) and the presence of

Fig.  1  RPU showing nor

7
v
a
t

Grade 2 Moderate degree 2 weeks
Grade 3 Severe degree 3 weeks

uprapubic fistula. Objective assessment consisted of dynamic ure-
hrography and VCUG with endoscopy, if needed. The eventual
urgical success was defined as asymptomatic voiding with no clin-
cal evidence of residual stricture (good flow rate and no residual
rine) at the time of the last follow up. The following data were
ollected: demographics, duration of lower urinary tract symptoms,
ite of stricture, mean length of stricture, type of urethroplasty, RPU
nding, contrast-medium related complications and re-intervention.

PU  procedure

PU was performed under antibiotic coverage on the 21st post-
perative day. With the patient in the lateral steep position, equal
mounts of saline and contrast material (76% urograffin; 1 mL uro-
raffin 76% contains 0.1 g sodium diatrizoate and 0.66 g meglumine
iatrizoate) were injected through a small feeding tube into the per-
catheter space (between the urethral lumen and the catheter). The
atient was then asked to flex his right leg at the knee joint and to
bduct it at the hip joint, and an anteroposterior pelvic radiograph
as taken (Fig. 3).

esults

uring the 5-year period, 387 male patients underwent urethroplasty
or urethral stricture disease. RPU was performed in 343 patients
ith a mean age of 30.8 years. The duration of the symptoms at
resentation was 3–7 (mean 4.8) months. The stricture length, as
een on radiography, varied from 1 to 5 (mean 2.1) cm. The loca-
ion of the urethral stricture was bulbar in 142 (41.3%), bulbar and
endular in 75 (21.8%) and pendular in 56 (16.3%) patients, while

 pelvic fracture urethral distraction defect (PFUDD) was seen in
mal urethral healing.

0 (20.4%) patients. Forty-three patients reported a history of pre-
ious urethral surgery. 183 (53.3%) patients underwent end-to-end
nastomotic urethroplasty, while 160 (46.6%) underwent substitu-
ion urethroplasty. The follow-up period ranged from 8 to 41 (mean
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Fig.  2  RPU showing 3 grades of extravasation.

Fig.  3  Contrast medium used and positioning of the patient during RPU.

28) months. The demographic and operative data of the patients are
summarized in Table 2. Pericatheter RGU was done three weeks fol-
lowing urethroplasty (Table 3). 292 patients (85.2%) showed normal
urethral healing, while contrast extravasation was seen in 51 patients

Table  2  Demographics and operative data of the patients.

Total no. of patients 343
Mean age (years) 30.8 (7–58)
Mean duration of symptoms

(months)
3–7 months (4.8)

Mean stricture length on radiography
(cm)

1–5 cm (2.1 cm)

H/O previous surgery 43
Qmax mean ± SD (who are able to

void)
5.4 ± 3.7 mL/s

Bulbar urethral stricture 142 (41.3%)
Pendular urethral stricture 75 (21.8%)
Bulbar + pendular stricture 56 (16.3%)
PFUDDa 70 (20.4%)

EEAb urethroplasty 183 (53.3%)
Substitution urethroplasty 160 (46.6%)

Mean follow up (months) 8–41 months (mean –
28 months)

a PFUDD = pelvic fracture urethral distraction defect.
b EEA = end-to-end anastomotic urethroplasty.

Table  3  Findings on RPU (at 3 weeks).

No. of patients (n) 343

Urethral healing (n, %) 292 (85.2%)

Contrast extravasation (n, %)
Grade 1 25 (7.28%)
Grade 2 17 (4.95%)
Grade 3 09 (2.62%)

Total 51 (14.8%)
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Contrast-related complications None

14.8%). None of the patients developed contrast-medium related
omplications.

e-intervention (optical internal urethrotomy, redo-urethroplasty)
as needed in 7.2% (21/292) of the patients with normal urethral
ealing and in 74.5% (38/51) of the patients with contrast extravasa-
ion on RPU (Table 4). At the time of the last follow up, the overall
uccess rate was 82.7% (284/343).
iscussion

here is some controversy about the best time for removal of the ure-
hral catheter after urethral stricture repair. Many authors remove the
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Table  4  Number of patients requiring re-intervention.

RPU finding No. of patients (n) % of patients

Normal urethral lining n = 21/292 7.2%

Contrast extravasation
Grade 1 n  = 15/25 60%
Grade 2 n = 14/17 82.3%
Grade 3 n = 09/09 100%

r
w

C

R
t
t
c
h

I

W

C

N

S

T
p

A

W
m
a
m
d

R

[

[

[

[

[

[

Total n = 38 (38/51) 74.5%

catheter between the 7th and the 21st postoperative day, depending
on the type of intervention [3–5]. However, the usual postoperative
scenario provides for removal of the urethral catheter three weeks
after surgery, followed by a VCUG through the suprapubic catheter
tube in order to confirm the integrity of the repair. When the results
are satisfactory, the SPC is removed 1–3 days later.

In our study, we performed an RPU before the removal of the
urethral catheter. In cases showing a normal urethral outline, the
urethral catheter was removed. The suprapubic catheter, if present,
was clamped and removed after 1–3 days. In cases showing contrast
extravasation, the urethral catheter was kept for another one to three
weeks, depending on the degree of extravasation (Table 1).

This technique has the following advantages: it helps to delineate
the integrity of the urethral mucosa at the anastomotic site and to
confirm urethral patency after urethroplasty. It also helps to identify
patients who may benefit from retaining the catheter for a longer time
(cases showing dye extravasation). It avoids unnecessary urethral
manipulations such as removing and then re-inserting a catheter,
which may cause an injury to the anastomosis or the patched area
and should be avoided. This problem often occurs when VCUG is
done to verify the integrity of urethral healing.

RPU was successful in all our patients and no complications arising
from the procedure were recorded. According to Santucci et al. who
performed anastomotic urethroplasty for bulbar urethral stricture
in 168 patients, extravasation occurred in 1% of the patients after
catheter removal on the 14th postoperative day [5]. In our study, RPU
showed contrast extravasation in 14.8% (51/343) of the patients, and
almost half of them had grade-1 extravasation (n  = 25/51). 25.5% of
these patients (13/51) benefitted from prolonged catheterization and
reported satisfactory voiding by the end of the follow-up period.
We also found that RPU may predict the outcome of urethroplasty:
74.5% (38/51) of our patients with contrast extravasation required
re-intervention as compared to 7.2% (21/292) of the patients with
normal results on RPU. All patients with grade-3 extravasation

[
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equired re-intervention as compared to only 60% of the patients
ith grade-1 extravasation.

onclusion

PU is the most useful radiological diagnostic method for evaluating
he appropriate time of catheter removal after urethroplasty. It helps
o assess urethral healing and patency after urethroplasty. Prolonged
atheterization in patients showing contrast extravasation may be
elpful.
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INTRODUCTION 

India is the diabetic capital of the world, the diabetic 

population in the country is close to hitting the alarming 

mark of 69.9 million by 2025 and 80 million by 2030.1 In 

diabetic population, the lifetime risk of a diabetic foot 

ulcer (DFU) is 15% and around 28% of them may require 

some form of amputation.2 Chronic diabetes causes macro 

and microangiopathy and peripheral sensory and motor 

neuropathy. These neuropathies lead to foot deformities, 

in turn escalates to ischemia, and foot infection.3 DFUs are 

responsible for considerable morbidity and a significant 

cost of health‐care worldwide.4   

Foot infections account for 20% of hospitalization of 

diabetic patients yearly.5 Presence of superimposed 

infection in an already existing DFU, not only delays 

healing but also poses risk of systemic infection, 
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septicaemia and amputation. Management principles for 

DFUs are strict glycaemic control, wound care and 

debridement, pressure off-loading, revascularization 

procedures and limited amputation. In addition, an 

important component of management is infection control 

by identifying the causative microorganism and starting 

appropriate antibiotics. The magnitude of the problem 

becomes worse in regions where foot care is inadequate 

like in our country.6  

The aim of the study was to determine the microbiological 

profile and antimicrobial susceptibility pattern of 

organisms isolated from patients with diabetic foot ulcers.  

METHODS 

Study design  

The study was a cross sectional observational study done 

at a tertiary level hospital, King George’s Medical College, 

Lucknow from 2012-2014 in Lucknow, Uttar Pradesh. 

Aim 

This study was designed to understand the demographic 

and microbiological profile of diabetic foot ulcers. The 

aim of the study was to identify the most common 

organisms and to identify their antibiotic susceptibility 

patters.  

Inclusion criteria  

All patients with confirmed chronic Diabetic foot ulcers 

(DFU), of duration more than 4 weeks, attending the OPD 

of the Department of Physical Medicine and 

Rehabilitation, and willing to participate in the study were 

included. Age group selected was 18-65 years of age.  

Exclusion criteria 

Those with critical illness and having sepsis or gangrene 

of feet were excluded. 

A total of 112 patients with DFUs, were included in the 

study after taking proper informed consent from them and 

clearance from the institution ethics committee. A detailed 

clinical history including personal history, family history 

was taken from each patient. Details like age, duration of 

ulcer, type and duration of diabetes and presence of any 

other comorbidities were noted.  Detailed examination of 

involved foot was done to determine the ulcer location, 

size, shape, any discharge, floor and base of ulcer. Ulcers 

were graded according to Wagner’s Ulcer Classification 

System.7 Neuropathic involvement of the feet was 

determined by the absence of perception of Semmes 

Weinstein monofilament at least 2 of the 10 standard 

plantar sites on either foot.8 Clinical signs of infection like 

swelling, exudates, cellulitis, odour, tissue necrosis and 

pyrexia was also noted. Blood samples were taken to get 

the haemoglobin, total leucocyte count, random blood 

sugars and HbA1c. Then ulcers were rinsed with normal 

saline and swabs were collected from the ulcer base or a 

deep edge after scrapping with a sterile curette. The swab 

was sent to microbiology laboratory in a Robertson’s 

cooked meat broth as a transport media for isolation of 

infesting bacteria and fungi.  

Antimicrobial susceptibility testing of isolate was done by 

the standard disc diffusion method as recommended by the 

national committee for clinical laboratory standards.  

Statistics 

Quantitative data was expressed as mean±SD. Qualitative 

variables were expressed as percentage. A descriptive 

analysis of the data was done.  

RESULTS 

Duration of our study was 2 years from 2012-2014. There 

were total 112 patients with chronic non-healing ulcers. 

Out of these, 63 were males and 49 females (Table 1). 

Sixty-six patients belonged to the lower socio-economic 

status. Majority of 39 patients were educated up to primary 

class. The mean age of the patients was 36.60±18.80 years. 

Mean duration of ulcer was 8.2±2.6 months. Mean 

duration of the disease was 9.8±4.5 years. Out of the 112 

diabetic patients, 45 had nephropathy, 25 had retinopathy 

and 92 were hypertensive.  Thirty-six patients had 

associated foot deformities like equino-varus, flat foot and 

hallux valgus.  

Ulcers were graded according to the Wagner’s Ulcer 

Classification System and they ranged from grade 1-4. No 

cases of grade 5 were present, majority of 45% (50) of 

ulcers belonged to grade 3, followed by 25% of grade 2 

ulcers (28), 20% of grade 4 (22) and 10% of grade 1 (12) 

ulcers (Table 2). Average haemoglobin of the patients was 

10.54±0.85 gm%. Mean blood sugar was 221±5.64 gm/dl. 

 Out of the 112 ulcers total 180 isolates were found. Of the 

112 cases, 78 (69.6%) were monomicrobial, 32 (28.6%) 

were polymicrobial, and 2 cases were sterile on culture. 

There were 8 cases which showed fungal growth. Of the 

bacterial cases of 102, 84 were due to aerobes (82%), 12 

cases were having anaerobes (11.7%) and 6 cases had both 

aerobes as well as anaerobes (6.3%). The most common 

bacteria found was Staphylococcus aureus in 24 samples 

(23.5 %), followed by Pseudomonas aeruginosa in 16 

samples (15.6%) and Enterococcus coli in 12 cases 

(11.7%), Enterococcus faecalis in 7 cases (6.8%), 

Klebsiella pneumoniae in 9 cases  (8.8%), Proteus spp in 6 

cases (5.8%), and Citrobacter freundii in 4 cases (3.9%),  

Acinetobacter baumannii in 4 cases (3.9%), and β 

haemolytic streptococci in 2 cases (1.96%).  Amongst the 

anaerobes Peptostreptococcus spp was seen in 5 cases 

(4.9%) and was commonest, followed by Bacteroides spp 

4 cases (3.9%), Clostridium sporogenes in 2 cases (1.96%) 

and Clostridium perfringens in 1 case (0.98%). Eight cases 

were found to be infected with fungal pathogen.  
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Four samples had Candida albicans and two samples were 

found to have Aspergillus fumigatus.  

Most of the staphylococcus isolated were sensitive to 

vancomycin (94%), teicoplanin (90%), cephalosporins 

(93%), linezolid (93%) levofloxacin (89%) and 

pipercillin-tazobactum (88%). Nearly 65% of S. aureus 

were methicillin‐resistant S. aureus (MRSA).  

All the Enterococcus spp were sensitive to cefuroxime, 

amikacin, vancomycin, netilimycin and levofloxacin. 

Table 1: Socio demographic profile of the 

participants. 

Socio-demographic 

profile 

No. 

(N=112) 

Percentage 

(%) 

Age in years   

Mean±SD 36.60±18.80  

Sex   

Male 63 56.7 

Female 49 43.3 

Religion   

Hindu 89 83.3 

Muslim 23 16.7 

Marital status   

Married 65 63.3 

Unmarried 47 36.7 

Occupation   

Student 02 1.78 

Housewife 47 41.9 

Unskilled worker 48 42.8 

Skilled worker 15 13.39 

Economic status 

Upto 5000 66 50.0 

5000-10000 40 30.0 

>10000 6 20.0 

Education   

Illiterate 22 19.64 

Primary 39 34.82 

Highschool 28 25 

Inter 22 19.64 

Graduate 01 0.89 

Table 2: Wagner’s Ulcer Classification System 

grading of the ulcers. 

Wagner ulcer 

classification system 

Number of 

ulcers 

Percentage 

of total (%) 

Grade 1 12 10 

Grade 2 28 25 

Grade 3 50 45 

Grade 4 22 20 

Grade 5 0 0 

 

DISCUSSION 

Diabetic foot ulcers are non-healing ulcers which show no 

tendency towards healing. Diabetic neuropathy leads to 

sensory loss hence acute or chronic skin trauma may go 

unrecognised for hours or days. Autonomic nerve loss 

contributes to skin breakdown by producing dry, inelastic 

skin due to loss of oil and sweat from glands.9 Also 

ulceration can develop as a result of weakness of the small 

muscles of the foot and modification of gait. There may be 

a sharp increase of pressure under the forefoot with very 

high pressures localized to under the metatarsal heads and 

the heel.10 Suppressed immunity, late diagnosis, lack of 

proper treatment for infection or suboptimal antimicrobial 

treatment are the factors which ultimately lead to flaring of 

infection.11  

We studied total 112 patients who were diabetics and 

having DFUs. Several international studies found such 

ulcers to be more common in the elderly population.12-15 

However in our study majority of the patients were young 

and belonged to the age group bracket of 30-40 years.  This 

is similar to other Indian studies on diabetic foot ulcers.16,17 

Majority of our patients developed ulcers after 8-10 years 

of diabetes. Long standing diabetes leads to development 

of peripheral neuropathy and vasculopathy. Males 

outnumbered females, which was similar to various other 

Indian studies.14-20 The reason probably could be due to 

long standing and outdoor working conditions for males. 

Majority of the ulcers belonged to Wagner Ulcer 

Classification grade 2 (28%) and 3 (50%), similar to the 

study by Anjana et al.15  

We found 98% of the ulcers in study were infected which 

was more than in a study done by Pritilata et al (45.8%).16 

This could be attributed to the lack of proper hygiene and 

open wounds by the majority of the study population which 

came from the lower socioeconomic and rural background. 

Our study is similar to studies done by Zubair M et al and 

Raja NS at al and Anjana et al with respect to wound culture 

isolates being more monomicrobial (69%) than 

polymicrobial.15,21,22 This could be because of more ulcers 

being superficial and not very deep. Out of the 112 cases, 

2 cases were sterile. It was probably due to prior treatment 

with broad spectrum antibiotics elsewhere. 

We found 1.6 organisms isolated per ulcer, similar to work 

by Sarita et al and Anjana et al.15,23 This number was lower 

than many other studies.14,24 Ulcers which are deeper and 

presented late are more often colonised by multiple 

organisms.23 Often there is a symbiotic relationship 

between multiple organisms in the wound leading to 

complex infections. Aerobic pathogens consume oxygen 

and create a favourable environment for anaerobic 

pathogens.25 We found 11.7% of the cases were infected 

with anaerobic organisms and 6% of cases were infected 

with both aerobes as well as anaerobes. However, some 

studies have said they have more anaerobe isolates than 

aerobes.24,26,27  
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We found among the aerobes the commonest infecting 

bacteria was Staphylococcus aureus (28%), followed by 

Pseudomonas aeruginosa (20%), E. coli (12%), Klebsiella 

(9%), E. faecalis (7%), Proteus (6%) and Citrobacter (4%). 

Peptostreptococcus spp (5%), Bacteroides (4%) and 

Clostridium (3%) were common anaerobe pathogens in our 

study which is similar to some of the other studies.16,18 

Ravishekhar et al in their study found S. aureus was the 

most frequent pathogen, found in nearly 14% of 

infections.14  Rahim et al found the common bacteria 

associated with DFU as Staphylococcus, Pseudomonas, 

Peptoniphilus, Enterobacter, Stenotrophomonas, 

Finegoldia, and Serratia.28 Bessa et al. in their study, noted 

common presence of bacterial species such as S. aureus, P. 

aeruginosa, Proteus mirabilis, E. coli, and 

Corynebacterium spp. in chronic wounds.25 Bowler and 

Davies, found Peptostreptococccus spp, Clostridium spp, 

pigmented Prevotella and Porphyromonas to be more 

prevalent in chronic DFUs.29 In a study conducted by 

Johnson et al Peptostreptococci were the most frequently 

isolated anaerobic bacteria.30 Sapico et al found 

Bacteroides and anaerobic streptococci as the most 

common bacterial pathogens in their study.31 Anandi et al 

found the most common anaerobic isolates in their study to 

be C. perfringens.24  Pritilata et al found anaerobes in 

10.7% of their cases and Peptostreptococcus and 

Bacteroides as most common anaerobes in their study.16 

Most studies have found yeast as the most common fungal 

pathogen associated with DFUs than filamentous fungi.32,33 

We found 7% of total cases infested with Candida spp and 

Aspergillus spp. Pritilata et al found 5% of fungal 

infestation with Candida as the most common fungal 

isolate.16 Chellan et al found 27.2% fungi in their study 

with C. parapsilosis as the most common isolate.34 Veraldi 

et al found Candida albicans as the commonest fungal 

pathogen in their study.33  

Antibiotic resistance is the most rampant and worrisome 

issue which has plagued the entire world, more so after the 

COVID-19 pandemic. So, the most relevant question is, 

‘When should antibiotics be used?’ Lema et al have tried 

to answer this, quoting two general rules. The first one 

states to not use antibiotics as a routine. The second rule 

states to use the appropriate ones, when needed.35 Ulcers 

with osteomyelitis however do need treatment with 

antibiotics.36 Most of the Staphylococcus was mostly 

sensitive to vancomycin (94%), teicoplanin (90%), 

cephalosporins (93%), linezolid (93%) levofloxacin (89%) 

and pipercillin-tazobactum (88%). Nearly 65% of 

Staphylococcus isolated was found to be MRSA.  In other 

studies, it usually ranges from 10-75%.16,22,24,27,33  

Many of the patients in previous studies, discovered that 

they suffer from diabetes after developing the foot ulcers. 

This fact emphasises the fact that many of the people might 

not be aware of the signs and symptoms of diabetes and 

reiterates the need to raise general awareness about the 

highly prevalent disease.18 This study can also be used to 

come to an empirical treatment for most of the non-healing 

ulcers, if culture is not possible especially in rural settings.  

In such cases antibiotic options like vancomycin, 

teicoplanin, cephalosporins, linezolid, levofloxacin and 

pipercillin-tazobactum can be used. Another most 

important component, apart from antibiotic treatment is 

daily ulcer care and footwear modifications.36  

Limitations 

The findings of this study cannot be generalised to the 

general population due to relatively small sample. The 

diagnosis was based on standard laboratory methods and 

no genetic analysis like polymerase chain reaction was 

used, so the time required for diagnosis was longer.  

CONCLUSION 

This study compiles clinical and microbiological profile of 

diabetic foot ulcers in OPD patients. Our study throws 

light on a high figure of neglected and poorly treated 

NHUs which could have been managed well and are 

avoidable. The prevalence of high rate of MRSA is also 

disturbing and needs more prospective multicentre trials to 

assess the appropriate and empirical antibiotic planning for 

diabetic foot ulcers. More studies are required to 

understand the role of antifungals in diabetic wound 

healing. Besides we strongly recommend teaching patients 

with chronic diabetes to identify signs of neuropathy early 

and techniques of foot care in prevention of ulcers.  
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INTRODUCTION 

Truncus arteriosus is a rare congenital cardiac defect, 

categorized under conotruncal anomalies, affecting the 

ventricular outflow tract and great vessels.1 It has an 

overall incidence of 95 per million live births.2 The 

anomaly occurs due to the failure of conotruncal 

septation during intrauterine fetal development. This 

causes incomplete separation of aorta and pulmonary 

arteries with developmental aberration, leading to a large 

common ventricular outflow artery over the malaligned 

ventricular septal defect (VSD). Such anomaly leads to 

mixing of arterio-venous blood with a common arterial 

trunk supplying systemic, coronary and pulmonary 

circulation. These patients may present variably from 

early pediatric age to adult life depending on the severity 

of defects and associated other cardiac anomalies. 

Common pediatric symptoms include poor feeding, 

failure to thrive, cyanosis, recurrent lung infections and 

diaphoresis. In adulthood these symptoms may vary with 

palpitation and breathlessness. Proper knowledge and 

early detection with timely surgical correction are crucial 

to save the life of the patient. In this article, we will 

present three cases of truncus arteriosus with interrupted 

aortic arch (IAA) or aortic hypoplasia-coarctation (type 

A4 truncus arteriosus). The article discusses relevant 

anatomical aberrations in truncus arteriosus, its types 

with focus on dual source MDCT angiogram findings.  

Case 1 

A 13 years old female child presented to pediatric 

outdoor with progressive shortness of breath for one year. 

She was third child of parents born when age of mother 

and father were 35 years and 38 years respectively. First 

two children were normal with uncomplicated perinatal 

events. She has history of recurrent respiratory tract 

infection since early childhood. She also complained of 

palpitation and frequent sweating which have increased 

over past 4-5 months. The girl was otherwise alert and 

her developmental growth was normal for the age. On 

examination, she has pallor with grade-2 clubbing. A 

continuous murmur can be auscultated over her left upper 

parasternal area. Her lungs were clear with oxygen 

saturation (SpO2) of 96%. The 2-D echocardiogram 

showed a common ventricular outflow with single large 

artery. A large ventricular septal defect was present in 
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ABSTRACT 

 

Truncus arteriosus (TA) is a rare congenital cardiac anomaly caused by failure of normal conotruncal septation during 

the fetal development. This aberration leads to a common ventricular outflow artery over the malaligned large 

ventricular septal defect (VSD), supplying systemic, coronary and pulmonary circulation. People with such 

anomalous anatomy show variable presentation from early childhood to adult life depending on the severity of 

defects. We here present three cases of truncus arteriosus with aortic interruption / hypoplasia-coarctation (type A4 

truncus arteriosus) with focus on relevant dual source MDCTA findings. 
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sub-arterial location. Left ventricle was mildly enlarged 

and ejection fraction was 46%. Considering the 

congenital heart anomaly, a cardiac angiogram was 

performed on dual source 256 slice CT scanner 

(Siemen’s, Germany) with retrospective cardiac gating. 

 

Figure 1: VR images in variable orientation and a 

Thin MIP axial oblique image. The images show a 

common ventricular outlet with single large artery (*). 

There is confluent origin of the right and left 

pulmonary arteries (P) from the main artery through 

a pulmonary trunk (PT). The ascending aorta (AA) is 

arising from the same arterial trunk, the interrupted 

(curved dotted line) between left common carotid 

(arrow) and left subclavian (arrow head) arteries 

(Type B interruption). This anatomy represents Type-

A4 Truncus arteriosus. 

Reconstructed CTA images (Figure 1A, B, C) show left 

ventricular enlargement with membranous ventricular 

septal defect. A common ventricular outflow tract was 

seen with single large artery. There was confluent origin 

of the right and left pulmonary arteries from posterior 

part of the main arterial trunk. The ascending aorta was 

small, originated from the proximal trunk. There was 

interruption of the aortic arch segment between the left 

common carotid and subclavian artery (Type B 

interruption). The descending thoracic aorta (DTA) 

distally was supplied by patent ductus arteriosus (PDA). 

This conotruncal anomaly with truncus arteriosus and 

interrupted aortic arch represents Type-A4 Truncus 

arteriosus. 

Case 2 

An 8 year old male child presented with history of 

recurrent respiratory tract infection. He was treated 

repeatedly in a peripheral private facility with clinical 

improvement on antibiotics without need of 

hospitalization. However, the issue of recurrence 

remained unresolved. The patient also complained of 

breathless during playing which hindered his activity. He 

had occasional palpitation and grade II clubbing. 

His physical growth corresponded to 6years, though 

reflexes and mentation were normal. The patient had a 

left parasternal diastolic murmur and his SpO2 was 98%. 

Single ventricular outflow artery was seen on 2-D 

echocardiogram with ventricular septal defect and dilated 

left ventricle. Ejection fraction was normal.  

 

Figure 2: VR images in anterior and posterior 

orientation and a sagittal oblique thin MIP image: 

show a single outlet arterial trunk (*). Both the 

pulmonary arteries (P) arising from arising from this 

main trunk very close to each other. The ascending 

aorta (AA), arising from the arterial trunk is 

interrupted (curved dotted line) distal to left common 

carotid (white arrow) artery (Type B interruption). A 

short PDA (#) with stenosis at confluence is supplying 

the descending thoracic aorta (DTA). There is also a 

good size VSD (V). Type-A4 Truncus arteriosus. 

 

Figure 3: Thick MIP image oblique and VR images in 

view: show a single large arterial trunk (*) arising 

from ventricular outlet. Both the pulmonary arteries 

(P) arising from this main trunk with origin far from 

each other. The ascending aorta (AA) is also arising 

from the same arterial trunk with segmental 

hypoplasia of isthmus (arrow) with focal coarctation 

distally (arrowhead). A short PDA (#) is present with 

mild dilatation of the proximal descending thoracic 

aorta. This is Type A4 Truncus arteriosus. 

MDCTA done on the same scanner showed a single 

outflow arterial trunk, positioned over the ventricular 

septum (overriding) (Figure 2A, B, C). Right and left 
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pulmonary arteries were seen arising from this common 

artery on posterior aspect close to each other. The 

ascending aorta was also arising from the same arterial 

trunk with Type B aortic interruption. A short PDA was 

supplying the descending thoracic aorta with stenosis at 

its aortic confluence. 

Table 1: Classification systems for truncus arteriosus. 

Collett and Edward Van Praagh system 

Type-

I 

Both PA arising 

from a short 

pulmonary trunk 

Type 

A1 

Same as type I of 

Collet and 

Edward system 

Type-

II 

separate origin 

of the PA from 

the posterior 

aspect of the 

truncus 

Type 

A2 

Same as type II 

of Collet and 

Edward system 

Type-

III 

separate origin 

of the PA from 

the lateral aspect 

of the truncus 

Type 

A3 

Left or right PA 

atresia, with 

collateral flow to 

the ipsilateral 

lung 

Type-

IV 

a pseudo truncus 

(now considered 

a form of PA 

atresia with 

VSD) 

Type 

A4 

Truncus with 

associated aortic 

arch interruption, 

hypoplasia or 

coarctation 

 Case 3 

A 30 years old female was referred by an obstetrician to 

cardiology for consultation regarding her second 

pregnancy. She was diagnosed to have congenital cardiac 

anomaly after her first child birth, though her first 

pregnancy was uneventful. Her first child was also 

normal clinically with unremarkable echocardiography. 

She has history of mild dyspnea on climbing stairs. Her 

palpitation has become more frequent since her last 

pregnancy. She also had history of recurrent respiratory 

tract infection in childhood. Her examination revealed 

grade III clubbing and a continuous murmur in 

parasternal and diastolic murmur in mitral region. 2-D 

echocardiogram showed, enlarged left ventricle with 

mitral regurgitation. Single large ventricular outflow 

artery was seen with membranous ventricular septal 

defect. Ejection fraction was normal.  

Reconstructed MDCTA images (Figure 3A, B) showed a 

single ventricular outflow tract with a common large 

arterial trunk. Both the pulmonary arteries arising from 

the posterior part of the main outflow trunk with origin 

far from each other. The ascending aorta is also arising 

from the proximal part of same arterial trunk. The aortic 

arch has segmental hypoplasia of isthmus. Arch also had 

a focal coarctation distal to the left subclavian artery. A 

short patent ductus arteriosus (PDA) was present between 

common trunk and aorta distally.  

DISCUSSION 

Truncus arteriosus is characterized by single arterial 

outlet from the heart overriding the ventricular septum 

and supplying coronary, pulmonary and systemic 

circulations from the ascending aorta’s proximal part.3 

The exiting arterial trunk is usually larger compared to 

normal aorta and positioned above the ventricular 

septum. Most of the time, it is associated with valvular 

abnormalities. A tricuspid valve is most common 

followed by quadricuspid or bicommissural valves, 

leading to stenosis or incompetence. The outflow may 

dominate over either of the ventricle or shared both 

ventricles equally. A subarterial non-restrictive 

ventricular septal defect (VSD) is present in nearly all 

patients with absent conal septum.  

It is a rare anomaly with overall incidence of 95 per 

million live birth.2 DiGeorge syndrome and chromosome 

22q11 deletion have a well-established relation with the 

anomaly.4 Amongst other associated anomalies, an 

interrupted aortic arch is commonest (11%–14% of 

cases), however; mitral valve, coronary arteries, and 

pulmonary venous connections abnormalities are also not 

uncommon.5 Two of our cases have type-B aortic arch 

interruption while third case has a hypoplastic aortic 

isthmus with focal post ductal coarctation. All three cases 

have subarterial VSD and a patent ductus arteriosus. 

On the basis of pulmonary artery origin, truncus 

arteriosus is divided into different types. The original 

classification system by Collett and Edward, divided 

truncus arteriosus into 4 types from Type I to IV.6 This 

classification was further modified by Van Praagh.7 Both 

the classification systems are briefed in Table 1.  

As the presentation is variable at different ages from 

childhood to adult, early diagnosis and surgical repair is 

crucially important for survival. In this series two of our 

cases were diagnosised in early adolescent age, while 

third lady referred for planning of pregnancy was adult. 

Sundararajan et al in 1972 reported a case of TA with IIA 

in a three-year-old child.8 Similar to our third case, 

Verhaert et al, reported an adult case of truncus with 

interrupted aortic arch who presented for counselling 

regarding her pregnancy.9 In 2002, Lim et al reported a 

case of type B interruption with type II truncus arteriosus 

and coarctation of persistent 5th aortic arch.10  

The correction involves patch repair of the VSD with 

alignment of the truncal valve which forms a neoaortic 

valve from left ventricle. After detachment of the 

pulmonary arteries from the parent arterial trunk, these 

are connected to the right ventricle using a valved 

homograft. Associated critical anomalies like interrupted 

aortic arch or obstructive lesions are repaired in same 

setting. Conduit stenosis or regurgitation, branch 

pulmonary artery stenosis, neoaortic truncal valve 

insufficiency or stenosis, VSD patch leak, and aortic arch 

obstruction are amongst repair related complications. Due 
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to increasing obstruction, most of these patients require 

homograft replacement over time. 

CONCLUSION 

Truncus arteriosus (TA) is a rare congenital cardiac 

anomaly affecting ventricular outflow and septum with 

single artery supplying systemic, coronary and 

pulmonary circulation. Proper knowledge of key 

diagnostic features on MDCTA and structure reporting 

can help in early diagnosis and planning of definitive 

management. 
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Summary
Ureterocele in an elderly is a rare entity. The presence 
of stone within ureterocele along with a large 
bladder calculus is an even rarer presentation. This 
phenomenon has not been reported so far to the best 
of our knowledge. We present an unusual case of a 
large bladder calculus with a concomitant stone in the 
associated ureterocele. The diagnosis was missed in the 
first instance due to the masking effect by the larger 
bladder calculus. Herein, we discuss this case and its 
management.

Background
The majority of ureteroceles or ectopic ureters are 
detected prenatally on ultrasound imaging. Single-
system (orthotopic) ureteroceles are usually found 
in adults and are almost always intravesical. Stasis 
of urine in the dilated distal segment often leads to 
urinary tract infection and stone formation.

There have been several case reports that 
mention the presence of stone within a uretero-
cele,1–5 but a large bladder calculus masking the 
presence of a concomitant stone within uretero-
cele has not been reported in the literature to the 
best of our knowledge. Herein, we present an 
unusual case where a large bladder calculus was 
masking the presence of stone within a concom-
itant ureterocele, so much so that the diagnosis 
was completely missed in the preoperative and 
intraoperative phase.

caSe preSentation
A 68-year-old patient presented to us with complaints 
of lower urinary tract symptoms and suprapubic pain 
since 1 year. Physical examination did not reveal any 
significant abnormality. On evaluation with X-ray 
kidney, ureter, bladder (KUB), he was found to have 
a large bladder calculus (figure 1). Ultrasonography 
confirmed 35 mm bladder calculus. The patient was 
advised open suprapubic cystolithotomy/percuta-
neous cystolithotomy, but opted for endoscopic 
procedure. Cystolitholapaxy under regional anaes-
thesia was performed. Due to the large volume and 
high density of the calculus, complete clearance 
could not be achieved (figure 2). The patient was 
taken up for second sitting on the next operating 
day and the remaining fragments were cleared with 
holmium laser. Check X-ray was requested prior to 
discharge, and to everyone’s surprise it showed pres-
ence of a radiopaque shadow in the bladder region 
(figure 3). The first differential diagnosis that came 

to our mind was incomplete clearance. Hence, the 
patient was taken up for diagnostic cystoscopy but 
that did not reveal any stone. Finally, contrast-en-
hanced CT KUB (CECT) was requested, which 
showed a characteristic ‘cobra-head’ sign of uret-
erocele on the left side with the presence of a large 
calculus within it (figures 4 and 5). We feel that 
CECT KUB may be good alternative to vesicocys-
tourethrogram (VCUG) as it is less labour-intensive, 
less invasive and can detect other anomalies as was 
the situation in our patient.

treatment
This is the first case of its kind where a large 
bladder calculus occurs concomitantly with a 
stone in ureterocele and masks it completely so 
much so that it is missed during the preoper-
ative work-up. This is probably the reason why 
we failed to diagnose it in the preoperative phase 
and proceeded with surgery for bladder calculus 
without any contrast study in the initial setting. A 
small incision was given over it with Collin’s knife 
and the stone was extracted followed by place-
ment of a double J stent.

outcome and follow-up
The patient recovered well and was discharged 
2 days later. Double J stent was removed after 2 
weeks.
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figure 1 X- ray KUB (Kidney, Ureter, Bladder)showing 
large bladder calculus.
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diScuSSion
Bladder stone is seen more commonly in men. Spontaneous 
formation of calculus in the bladder in an adult is rare; the 
formation of bladder stones is usually associated with predis-
posing factors such as bladder outlet obstruction or infection. 
Various treatment modalities available for such stones include 
non-invasive management in the form of extracorporeal shock 
wave lithotripsy. Invasive modalities include endoscopic, 

percutaneous technique or open surgery in the form of supra-
pubic cystolithotomy.6

Ureterocele in the true sense represents a type of ectopic 
ureter with cystic dilation of the distal aspect of the ureter. It 
may be located within the bladder or at the bladder neck and 
urethra.7 Chwalle postulated that dilatation in the distal part of 

figure 2 X-ray KUB(Kidney, Ureter, Bladder) after first session of 
cystolitholapaxy.

figure 3 X-ray KUB (Kidney, Ureter, Bladder)after second session of 
cystolitholapaxy (showing presence of residual calculus).

figure 4 Contrast-enhanced CT KUB (Kidney, Ureter, Bladder)showing 
classical ‘cobra-head’ appearance of ureterocele, longitudinal section, 
supine position.

figure 5 Contrast-enhanced CT KUB(Kidney, Ureter, Bladder)showing 
classical ‘cobra-head’ appearance of ureterocele, longitudinal section, 
prone position.
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the ureter is due to failure of rupture of the distal membrane at 
the ureteral orifice (Chwalle membrane).8 The stone formation 
may be aggravated by atony of ureters and stagnation of urine 
in ureterocele.9

As per current literature, the most definitive evaluation of the 
bladder, distal ureters and urethra in ureterocele is done using 
VCUG. Diagnosis may be reached by the characteristic ‘cobra-
head’ sign, which is typically seen in an ureterocele. On cystos-
copy, the appearance of the ureterocele changes with the change 
in bladder filling, and it is advisable to start with slow filling and 
increase the bladder volume gradually. It is best appreciated with 
limited bladder filling. As filling continues, the ureterocele tends 
to flatten out.7

The treatment of ureterocele is directed towards the preser-
vation of renal function, elimination of obstruction, infection 
or reflux, and maintenance of urinary continence in women if 
the ectopic opening is beyond the external urinary sphincter. 
Various procedures for the same include transurethral incision 
(TUI), ureterocele excision and common sheath reimplantation 
or ureteroureterostomy.7

TUI of ureterocele is the treatment of choice in adults and 
can be done using endoscopic shears or holmium laser.10 Success 
rates are reported in the range of 78%–97%. Using cutting 

current, a transverse incision is made through the full thickness 
of ureterocele wall. To decrease the chance of postoperative 
reflux, one should take care to incise distally on the uretero-
cele and as close to the bladder floor as possible. To confirm 
the adequacy of ureterocele incision, escape of jet of urine from 
the ureterocele may be seen or the urothelium on the inside of 
the ureterocele may become visible. Vesicoureteral reflux is not 
commonly seen following the incision.11 Laser and cold knife 
incision have also been used with good results.12
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learning points

 ► Check X-ray in postoperative period before discharge 
in patients with calculus disease may alert us regarding 
the presence of any residual fragments.

 ► Suprapubic cystolithotomy (SPCL) should be the preferred 
modality of treatment for larger or multiple stones over 
endoscopic means.

 ► SPCL has an advantage of achieving complete clearance in a 
single sitting with minimal morbidity and obviates the need 
for urethral manipulation.

 ► Contrast-enhanced CT KUB may be a good alternative to 
vesicocystourethrogram as it is less labour-intensive, less 
invasive and can detect other anomalies as well.
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INTRODUCTION
The Coronary Artery Disease (CAD) remains a major public health 
problem, with a leading cause of death more than any other disease. 
In 2015, 17.7 million people died from Cardiovascular Disease 
(CVD) worldwide that represent the 31% of all global deaths out 
of which 7.4 million people died due to CAD [1,2]. In India, CAD 
is responsible for 25% of all death. The burden of CAD in the rural 
population is 3-5% compared to 7-10% in urban population [3]. 
The major established risk factors such as hypertension, smoking, 
dyslipidemia, obesity, and diabetes varies widely between different 
countries. In a comparative study, Indians have higher C-reactive 
protein, Plasminogen Activator Inhibitor (PAI-1) and homocysteine 
level which cannot be explained by conventional risk factor [3]. 
Diagnosis of CAD is made by invasive Coronary Angiogram 
(CAG) technique as well as Electrocardiogram (ECG) and Exercise 
Tolerance Testing (ETT) have also been widely used. Diagnosis 
of CAD requires careful examination and medical history. The 
current mainstay of the diagnosis of coronary heart disease is the 
echocardiogram, Computerised Tomography (CT), angiography 
and cardiac catheterisation. Many individuals continue to succumb 
to CAD, despite advances in risk factor management at an 
epidemiological level [4]. Recently, it has been identified that changes 
in circulating microRNAs (miRNA) have a potential in identifying 
cardiac dysfunctions and shown a major interest as a biomarker 
for CAD diagnosis [5]. MicroRNAs are small (19-25nt), highly 
specific, endogenous, single-stranded, non-coding Ribonucleic 
acid (RNA). It regulates the wide variety of biological processes such 
as endothelial dysfunction, inflammation, apoptosis, angiogenesis, 
atherosclerosis, and neointimal hyperplasia or restenosis [6-11]. 
Significantly, dysregulated miRNAs have been reported in patients 

with acute coronary syndrome, unstable angina, Acute Myocardial 
Infarction (AMI), heart failure and stroke [12-17]. In stable CAD, 
expression of miR-135a and miR-31 was found to be up-regulated 
as compared to healthy subjects [15,16]. Both microRNA-126 and 
-122 have already been incriminated in the field of coronary vascular 
disease. However; still there is a lack of use of circulating miRNAs 
as a biomarker for the diagnosis of CAD. Vascular Endothelial 
Growth Factor (VEGF) is another angiogenic factor related with 
endothelial function. Studies demonstrated distinct expression 
of VEGF and its receptors in atherosclerotic lesions in coronary 
arteries and VEGF may have some role in progression of coronary 
atherosclerosis [18]. Endothelial enriched miRNA, miR126 has been 
reported to play important role in modulating vascular development 
and angiogenesis [19,20]. The study have hypothesised that the 
serum miRNA levels and angiogenic markers such as VEGF could 
predict the presence of CAD in middle aged (46-58 years) Indian 
population. Hence, the current study was designed to assess the 
level of circulating miR-126, 122 and VEGF in serum of middle aged 
angiographically proven CAD cases and healthy controls.

MATERIALS AND METHODS
Study Population
Study subjects were recruited between December 2018 to 
December 2019 from Lari Cardiology Centre, Department of 
Cardiology, King George Medical University, Lucknow, UP, India. 
CAGs were evaluated by a consultant through visual estimation of 
luminal narrowing in multiple segments based on the American Heart 
Association/American College of Cardiology (AHA/ACC) classification 
[21]. On the basis of this data, significant CAD was defined as atleast 
one major epicardial vessel with >50% stenosis. Patients with neither 
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ABSTRACT
Introduction: Coronary Artery Disease (CAD) remains a major 
problem worldwide. New and useful biomarkers for early 
diagnosis are necessary. MicroRNAs (miR) are short, non-coding 
RNAs that post transcriptionally regulate gene expression 
through degradation and translational repression of mRNAs.

Aim: The current case-control study was designed to assess 
strength and relevance of diagnostic miR-126, 122 and Vascular 
Endothelial Growth Factor (VEGF) level in the diagnoses of 
angiographically proven CAD cases.

Materials and Methods: Circulating levels of miR-126 and miR-
122 and VEGF levels were measured in serum from 100 middle 
aged 46-58 years patients with CAD and 100 patients without 
CAD through quantitative real-time polymerase chain reaction 
(qRT-PCR) analysis.

Results: Circulating miR-122 level was significantly higher in 
CAD cases compared to control (1.60±1.06 and 0.93±0.43, 

p=0.001), however miR-126 was significantly lowered in CAD 
cases compared to control (0.82±0.51 and 1.01±0.47, p=0.02). 
Circulating VEGF level was significantly higher in CAD cases 
compared to control (182.97±156.49 and 105.49±103.88, 
p=0.02). Circulating miR-122, 126 and VEGF level did not show 
any association with demographic and clinical parameters. Area 
Under the Curve (AUC) for circulating miR-122, 126 and VEGF 
were 0.700, 0.644 and 0.649 with sensitivity and specificity of 
66.67%, 56.41%, 61.18% and 70%, 60% and 64%, respectively. 
The combined diagnostic efficacy of miR-122 and 126 showed 
higher sensitivity and specificity.

Conclusion: Circulating miR-122 and 126 might be novel, non-
invasive biomarkers for early diagnosis of CAD. Further exposition 
of the role of miR-122, 126 and VEGF in the progression of CAD 
will add to the understanding of the disease process leading to 
a new diagnostic approach. However, further studies on larger 
patient cohorts are required to validate the findings.
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detectable coronary stenosis nor atherosclerotic vascular disease were 
considered as healthy controls. Patients were interviewed to collect 
medical history and lifestyle habits. Patients aged 40-60 years were 
interviewed to collect medical history and lifestyle habits. Risk factors 
were determined by physician. Hyperlipidemia was defined as Total 
Cholesterol (TC) level of ≥5.72 mmol/L and/or Triglyceride (TG) level of 
≥1.70 mmol/L, or if the patient was being treated with lipid-lowering 
medication. Hypertension was defined as resting systolic blood 
pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg 
or in the presence of active antihypertensive treatment. Diabetes 
was defined as fasting blood glucose ≥7.0 mmol/L or a diagnosis 
of diabetes needing diet or anti-diabetic therapy. Individuals who 
formerly or currently smoked ≥10 cigarettes per day for at least two 
years were defined as smokers [20]. A written informed consent was 
taken from the patients. The research related to human use has been 
complied in accordance the tenets of the Helsinki Declaration, and 
has been approved by the Institutional Ethical Committee (Number: 
81th ECM II-A/P2) of King George Medical University, Lucknow.

inclusion criteria: All the patients who fulfilled the inclusion criteria 
were recruited for the study.

exclusion criteria: Subjects were excluded from the study if they 
were affected by a hepatic failure, renal failure, abnormal liver 
function, hepatitis, cardiomyopathy, congenital heart disease, 
bleeding disorders, previous thoracic irradiation therapy, and 
malignant diseases in view of principal investigator. 

Sample Collection and Serum Isolation
A 3 mL of peripheral blood was collected from cases and controls 
in plain, Ethylenediamine Tetraacetic Acid (EDTA) and Fluoride vials 
(NOVAC, Polymed, Poly Medicure LTD., India). Serum was separated 
by centrifugation at 1900 g for 10 minutes, followed by a 10 minutes 
high-speed centrifugation at 16,000 g and stored at -80°C until 
further processing. All samples were processed within one hour of 
the collection to avoid potential contamination of leukocytes.

Biochemical Examination
All biochemical parameters were measured by fully automated 
biochemical analyser (ARCHITECT i2000SR, Abbott Diagnostic & 
Selectra ProXL, ELITech Group).

RNA Isolation from Serum
Total RNA was extracted using a Trizol-based miRNA isolation 
protocol (Invitrogen, Carlsbad, CA, USA) (1). RNA concentrations 
were measured with a Nanodrop ND-1000 spectrophotometer 
(Nanodrop Technologies, Inc. Wilmington, USA), and the RNA 
samples were stored at -80°C for future use.

cdna Synthesis and quantitative real-Time Pcr: Total RNA 
extracted from serum were initially reverse transcribed using 
(Multiscribe) MuLV reverse transcriptase kit (Cat. no. K1622, 
Thermo Fisher Scientific, USA). Complementary DNA (cDNA) was 
amplified with specific primer sets: miR-122 (hsa-miR-122-5p, 
Cat. no. 4427975), miR126 (hsa-miR-126-5p, Cat no. 4427975) 
and RNU6 (Cat no. 4427975). Data were normalised for RNU6 
(housekeeping gene), the relative expression levels of miRNAs 
were calculated using the 2∆∆Ct method and fold-changes were 
calculated for each miRNA [22,23].

eliSa for veGF: Serum VEGF level was determined by Enzyme-
linked Immunosorbent Assay (ELISA) using RayBio Human VEGF 
ELISA kit and the reading were recorded by iMarkTM microplate 
absorbance reader (BIOS) at 450 nm. The level of VEGF concentration 
in cases was determined by comparing the Optical Density (OD) of 
the samples with the standard curve.

STATISTICAL ANALYSIS
Statistical analysis was performed using Statistical Package for the 
Social Sciences (SPSS) V.20.0 (SPSS, Chicago, Illinois, USA). Data 
for age, gender, HbA1c, TC, TG, High-density lipoprotein cholesterol 

(HDL-C), Low-density lipoprotein cholesterol (LDL-C), Very Low-
density lipoprotein cholesterol (VLDL-C), Folate II, Vitamin B12, Small 
dense LDL (sdLDL), Vit.D 25-OH, Thyroid-stimulating Hormone (TSH) 
and total Homocysteine (HCY) were presented as Mean±Standard 
Deviation (SD), median and 25th-75th quartile. The significance of the 
comparison was determined by the student t-test and Mann-Whitney 
U test. The association of levels of miR-122 and 126 in more than two 
groups was compared by non-parametric Kruskal-Wallis one-way 
ANOVA. Data for circulating miRNA levels were presented as Mean±SD 
and significance of the comparison was determined by Mann-Whitney 
test. The diagnostic value of miRNA expression was determined using 
the area under the Receiver Operating Characteristic (ROC) curve. A 
p-value of <0.05 was considered to be statistically significant.

RESULTS
Basic characteristics of the Study Population

In the present study, 100 CAD patients and 100 healthy controls 
between December 2018 to December 2019 were included. The 
baseline characteristics of all the subjects enrolled in this study 
are listed in [Table/Fig-1]. Laboratory data including biochemical 

characteristics
no. of patients 

cases (%)
no. of patients 

control (%)

Age (Years)
≤45 26 (26.0) 87 (87.0)

>45 74 (74.0) 13 (13.0)

Sex
Male 73 (73.0) 66 (66.0)

Female 27 (27.0) 34 (34.0)

Occupation

Business 15 (15.0) 23 (23.0)

Farmer 21 (21.0) 03 (3.00)

Government employee 16 (16.0) 06 (6.00)

House wife 19 (19.0) 13 (13.0)

Labour 12 (12.0) 00 (00.0)

Other 17 (17.0) 55 (55.0)

Educational 
Status

Basic 42 (42.0) 40 (40.0)

High school 20 (20.0) 10 (10.0)

Graduate 19 (19.0) 36 (36.0)

Illiterate 19 (19.0) 14 (14.0)

Nature of Work

Hard 27 (27.0) 03 (3.33)

Moderate 51 (51.0)  70 (70.0)

Sedentary 22 (22.0) 27 (27.0)

Exercise

Regular 11 (11.0) 37 (37.0)

Occasionally 08 (8.00) 17 (17.0)

Sedentary 12 (12.0) 03 (3.00)

None 69 (69.0) 43 (43.0)

Smoking

Current 16 (16.0) 10 (10.0)

Ex-smoker 24 (24.0) 07 (7.0)

Never 60 (60.0) 83 (83.0)

Alcohol

Current drinker 09 (9.00) 00 (0.0)

Occasionally 08 (8.00) 90 (90.0)

Never 83 (83.0) 10 (10.0)

Hypertension
Yes 62 (62.0) 24 (24.0)

No 38 (38.0) 76 (76.0)

Diet

Vegetarian 43 (43.0) 27 (27.0)

Non-vegetarian 50 (50.0) 40 (40.0)

Veg+Non-vegetarian 07 (7.00) 33 (33.0)

Chest Pain

High 09 (9.0) 00 (0.0)

Intermediate 20 (20.0) 00 (0.0)

Low 56 (56.0) 06 (6.00)

No pain 15 (15.0) 94 (94.0)

[Table/Fig-1]: Basic characteristic of cases and controls.
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association of circulating mir-122, mir-126 and veGF with 
demographic and biochemical parameters

The association of circulating miR-122, 126 and VEGF levels with 
demographic and clinicopathological characteristic of CAD patients is 
summarised in [Table/Fig-4]. The study did not found any association 
of miR-122 and miR-126 with demographic and clinicopathological 
characteristics. The miR-122 and 126 levels were higher in cases 
that were presented with high and intermediate chest pain as 
compared to low and no chest pain (p=0.433, 0.343), current and 
ex-smoker as compared to non-smoker (p=0.082, 0.983). The level 
of miR-122 was higher in cases with the total triglyceride level of 
<30, HDL with range of 40-60 and LDL with ≤130, however the 
difference was not statistically significant (p=0.255, 0.679 and 0.07, 
respectively). The study did not found any association of VEGF level 
with demographic and clinical characteristics of the cases. 

diagnostic role of Serum mir-122 and mir-126 and veGF in 
cad cases

ROC curves were drawn for distinguishing CAD patients from 
controls. AUC for miR-122 was 0.700. At a cut-off point of ≥1.17, 
miR-122 discriminated CAD cases from controls with sensitivity, 
specificity and diagnostic accuracy of 66.67%, 70% and 67.59%, 
respectively. The AUC for miR-126 was 0.644. At a cut-off point 
of ≤0.894, miR-126 discriminated CAD cases from controls with 
sensitivity, specificity and diagnostic accuracy of 56.41%, 60.00% 
and 57.41% each respectively. The AUC for VEGF was 0.649. At 
a cut-off point of >106.1, VEGF discriminated CAD cases from 
controls with sensitivity, specificity and diagnostic accuracy of 
61.18%, 64.00% and 61.82%, respectively [Table/Fig-5].

combined diagnostics of mir-122 and mir-126 and veGF in 
cad cases

Compared with individual diagnostics of miR-122 and miR-126, 
combined diagnostics using one or more test positivity as a 
positive test, and all two tests negative as negative interpretation, 
the combination of miR-122 and miR-126 shall provide efficacy in 
distinguishing CAD cases from controls. Combination of miR-122 
and miR-126 with VEGF provides higher sensitivity and specificity of 
98.72 and 96.00%, respectively with diagnostic accuracy of 98.06 
[Table/Fig-5].

DISCUSSION 
In developed and developing countries, CAD is a major cause of 
heart attack. It is estimated that an approx. of 7.8 billion deaths will 
result from a heart attack [24]. Circulating miRNA played a crucial 
role in various pathophysiological processes. As consequences 
of pathological changes in a different form of CVD, altered level of 
miRNA has been reported [25,26].

In different pathophysiological conditions, circulating miRNA has been 
identified as an important biomarker [27]. Compared to proteomic 
biomarker identification, circulating miRNA has been reported as 
a more efficient biomarker. It has been demonstrated that there is 
an emerging role of miRNA in cardiovascular disease and cardiac 
arrhythmia, however, most of these biomarkers showed reduced 
sensitivity, specificity, or unsuitability for early diagnosis [28-30].

Fichtlscherer S et al., 2010, reported that miR-133 and miR-
208a were up-regulated in CAD cases compared to controls [31]. 
Study of D’Alessandra Y et al., reported the positive correlation of 
miR-1, miR-122, miR-126, miR-133a, miR-133b, and miR-199a in 
patients with stable and unstable angina, whereas miR-337-5p and 
miR-145 found up-regulated in stable or unstable angina patients 
compared to controls [32]. In CAD patients; miR-133a, miR-208a, 
miR-1, miR-122, miR-133b, miR-337-5p, miR-433 and miR-485-
3p were found to be significantly up-regulated, whereas miR-126, 
miR-17, miR-92a, miR-145, miR-155, and miR-199a levels were 
markedly down-regulated in CAD [33].

variable

cad cases 
(Mean±Sd) 

 Median (q1-q3)

normal  controls 
(Mean±Sd) 

 Median (q1-q3) p-value*

Age (Years)
52.07±9.94, 52

(46-58.7)
36.13±8.12, 35

(32-40)
<0.0001

Height (Inch)
5.3±0.39, 5.4

(5.0-5.6)
5.4±0.46, 5.4

(5.2-5.7)
0.259

Weight (Kg)
67.2±13.4, 64.5

(55.2-77.2)
62.2±11.8, 60.5

(55-70)
0.06

BMI (kg/m2)
25.9±4.8, 25.8

(22.7-28.0)
25.2±4.7, 24.3

(21.4-29.1)
0.496

HbA1c (%)
6.8±2.0, 6.1

(5.6-6.9)
5.4±1.0, 5.3

(4.8-5.7)
0.0004

HDL (mg/dL)
44.9±15.9, 40.7

(34.3-50.9)
55.4±12.3, 49.3

(42.0-54.7)
0.0015

LDL (mg/dL)
56.3±37.4, 51

(30-74)
87.6±44.4, 76.5

(55.2-110.0)
0.0004

VLDL (mg/dL)
39.5±31.4, 28.5

(20.2-42.5)
38.3±33.9, 27.5

(19.2-38.7)
0.862

TG (mg/dL)
145.7±72.6, 137.4

(99.8-165.7)
157.2±91.4, 139.5

(94.7-172.2)
0.243

TC (mg/dL)
132.7±46.2, 95.3

(98.6-156.8)
172.2±48.8, 168

(130.5-207.4)
0.0002

sdLDL (mmol/l)
24.7±15.7, 22.1

(12.3-34.1)
7.2±4.2, 6.7

(5.3-9.0)
0.0001

Folate (nmol/L)
14.6±10.6, 10.2

(6.9-19.5)
7.8±5.0, 6.5

(4.4-8.5)
0.001

Vit.D (nmol/L)
19.2±9.8, 16.5

(10.3-28.8)
31.8±38.5, 17.8

(12.4-32.7)
0.0083

Vit. B12 (pg/mL)
472.2±417.0, 274.0

(146.9-759.5)
215.6±189.6, 145.0 

(99.1-265.0)
0.0016

TSH (uIU/mL)
3.2±2.5, 2.7

(1.3-4.0)
2.4±1.2, 2.1

(1.7-2.1)
0.096

Total HCY (umol/L)
21.1±10.6, 21.0

(12.8-28.5)
25.0±22.2, 17.7 

(13.1-30.1)
0.163

[Table/Fig-2]: Laboratory data from the study subjects
*p-value of <0.05 was considered as significant; BMI: Body mass index; HDL: High density 
 lipoproteins; LDL: Low density lipoproteins; VLDL: Vey low density lipoproteins; TG: Triglycerides; 
TC: Total cholesterol; sdLDL: Small dense low density lipoproteins; TSH: Thyroid stimulating 
hormone; HCY: Homocysteine; SD: Standard deviation

Micrornas cad patients (Mean±Sd) healthy controls (Mean±Sd) p-value*

miR-122 1.60±1.06 0.93±0.43 0.001

miR-126 0.82±0.51 1.01±0.47 0.02

VEGF 182.97±156.49 105.49±103.88 0.02

[Table/Fig-3]: Fold change in Circulating MicroRNA levels and VEGF in coronary 
Artery disease (CAD) cases and controls
*p-value of <0.05 was considered as significant; SD: Standard deviation; VEGF: Vascular endothelial 
growth factor: miR; MicroRNA

parameters are listed in [Table/Fig-2]. There was a significant difference 
in age, HbA1c, HDL, LDL and total cholesterol level between CAD 
cases and controls (p=0.001, 0.0004, 0.0015, 0.0004 and 0.0002, 
respectively). The sdLDL was significantly higher in CAD cases 
compared to controls (p=0.001). However, there was no significant 
difference in weight, BMI, VLDL and TG between CAD cases and 
controls. In CAD cases, the level of Folate II, Vit.D and Vit.B12 was 
significantly different as compared to normal controls (p=0.001, 
0.0083 and 0.0016, respectively) and described in [Table/Fig-2].

The expression levels of circulating mir-122 and mir-126 and 
veGF in cad and healthy controls

The fold change in miR expression level is summarised in [Table/
Fig-3]. The level of serum miR-122 in CAD cases was significantly 
higher as compared to controls (1.60±1.06 vs. 0.93±0.43, 
p=0.001). However, the circulating miR-126 was significantly higher 
in controls compared to CAD cases (1.01±0.47 vs. 0.82±0.51, 
p=0.02). The circulating serum VEGF level was significantly 
higher in CAD cases compared to control (182.97±156.49 vs. 
105.49±103.88, p=0.02). 
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characteristics
mir-122

Mean±Sd
mir-126

Mean±Sd
 veGF

Mean±Sd p-value* 122 p-value* 126
p-value* 

veGF

Age (Year)
≤45 1.73±1.14 0.75±0.31 178.57±146.95

0.360 0.879 0.740
>45 1.56±1.04 0.84±0.57 169.54±160.55

Sex
Male 1.50±1.07 0.80±0.47 183.34±156.97

0.097 0.990 0.05
Female 1.90±1.00 0.88±0.64 117.80±147.34

Occupation

Business 1.55±1.45 0.66±0.33 212.38±164.04

0.842 0.259 0.05

Farmer 1.44±0.98 1.07±0.68 202.23±141.43

Govt. Employee 1.99±1.02 0.72±0.30 174.40±206.49

House wife 1.68±0.98 0.76±0.31 123.89±147.82

Labour 1.58±1.02 0.65±0.25 202.23±140.01

Other 1.30±1.06 0.94±0.80 68.13±46.94

Educational status

Basic 1.58±0.87 0.83±0.32 156.92±150.53

0.612 0.380 0.254
High school 1.39±1.31 0.90±0.74 195.28±116.14

Graduate 1.71±1.09 0.71±0.28 163.38±205.16

Illiterate 1.79±1.19 0.83±0.77 175.13±153.81

Nature of work

Hard 1.64±1.27 0.77±0.35 182.40±115.32

0.958 0.636 0.426Moderate 1.60±1.11 0.84±0.49 182.10±176.50

Sedentary 1.56±0.98 0.83±0.72 155.30±163.91

Exercise

Regular 1.92±0.85 0.72±0.42 72.25±91.95

0.584 0.683 0.482
Occasionally 1.55±0.94 0.66±0.26 116.29±85.84

Sedentary 1.69±0.63 0.93±0.89 147.64±125.32

None 1.55±1.17 0.83±0.46 187.41±167.18

Smoking

Current 1.62±1.32 0.74±0.26 166.21±161.22

0.082 0.983 0.509Ex-smoker 1.98±0.90 0.90±0.70 184.25±131.97

Never 1.45±1.03 0.81±0.48 166.29±170.85

Alcohol

Current 1.43±0.80 0.83±0.38 126.34±120.26

0.898 0.702 0.325Ex-drinker 1.68±1.13 0.72±0.44 185.89±117.25

Never 1.61±1.09 0.83±0.54 173.12±171.22

Hypertension
Yes 1.59±1.02 0.77±0.48 187.28±145.90

0.193 0.991 0.347
No 1.63±1.44 0.89±0.56 165.31±161.44

Diet

Vegetarian 1.33±0.99 0.94±0.68 190.60±172.00

0.401 0.04 0.429Non-vegetarian 1.71±1.00 0.72±0.33 139.71±126.37

Veg.+Non-
vegetarian 

2.64±1.37 0.73±0.27 129.77±112.36

Chest pain

High 1.47±0.68 0.78±0.36 231.41±186.73

0.433 0.343 0.145
Intermediate 1.99±1.40 0.95±0.70 145.68±141.38

Low 1.39±1.34 0.74±0.28 177.05±147.47

No pain 1.19±0.63 0.61±0.29 146.49±164.57

BMI (kg/m2)
≤25 1.65±1.04 0.79±0.26 171.78±162.34

0.628 0.416 0.721
>25 1.58±1.08 0.83±0.61 171.77±146.19

HbA1c (%)

<8 1.62±1.03  0.57±0.23 127.51±115.11

0.937 0.051 0.2706-8 1.58±1.18 0.87±0.59 172.40±178.46

<6 1.61±1.00 0.87±0.51 185.21±141.78

Total cholesterol 
(mg/dL)

<130 1.61±1.17 0.73±0.31 167.21±141.70

0.446 0.462 0.413130-200 1.66±0.94 0.95±0.69 167.65±166.39

>200 1.06±0.93 0.66±0.26 242.49±156.33

Total triglyceride 
(mg/dL)

<30 2.60±0.59 0.61±0.32 164.43±123.57

0.255 0.516 0.64330-200 1.55±1.06 0.76±0.32 173.80±145.31

>200 1.72±1.09 1.17±1.04 187.01±93.13

HDL (mg/dL)

<40 1.62±1.20 0.74±0.31 167.35±134.54

0.697 0.179 0.22840-60 1.66±1.01 0.88±0.69 167.90±117.18

>60 1.37±0.75 0.97±0.34 226.78±116.60

LDL (mg/dL)
≤130 1.63±1.06 0.82±0.52 165.11±155.43

0.07 0.357 0.07
>130 0.54±0.68 0.69±0.43 278.42±148.32

sdLDL (mmol/l)
≤30 1.58±0.99 0.84±0.59 167.42±137.64

0.168 0.235 0.352
>30 1.84±1.16 0.75±0.32 191.96±124.87
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Folate II (nmol/l)
0-44 1.62±1.07 0.85±0.53 177.55±157.78

0.603 0.092 0.09
>44 1.43±1.01 0.57±0.28 54.85±51.60

Vit.D (nmol/l)
≤25 1.65±0.97 0.83±0.58 164.67±147.64

0.160 0.866 0.357
26-50 1.49±1.26 0.79±0.35 182.96±138.87

Vit. B12 (pg/mL)
0-300 1.61±1.11 0.83±0.48 177.00±165.17

0.685 0.522 0.733
>300 1.63±1.00 0.82±0.56 164.30±145.21

TSH (uIU/mL)
0-5 1.58±0.90 0.84±0.54 177.95±154.27

0.741 0.615 0.087
>5 1.77±1.82 0.69±0.26 119.63±90.43

Total HCY (umol/L)
0-20 1.64±1.06 0.80±0.50 187.93±157.38

0.670 0.602 0.348
>20 1.56±1.12 0.77±0.33 154.43±125.57

[Table/Fig-4]: Association of circulating miR-122, miR-126 and VEGF with demographic, clinical and laboratory parameters.
SD: Standard deviation; VEGF: Vascular endothelial growth factor: miR; MicroRNA; BMI: Body mass index; HDL: High density lipoproteins; LDL: Low density lipoproteins; sdLDL: Small dense low density 
lipoproteins; TSH: Thyroid stimulating hormone; HCY: Homocysteine

diagnostic feature cut-off value auc p-value*
Sensitivity 
(95% ci) Specificity (95% ci) PPv nPv

diagnostic 
 accuracy

miR-122 vs. Control ≥1.17 0.700 0.001
66.67

(50.08-76.94)
70.00

(50.60-85.27)
85.25

(76.59-91.07)
44.68

(35.32-54.44)
67.59

miR-126 vs. Control ≤0.894 0.644 0.02
56.41

(44.70-67.61)
60.00

(40.60-77.34)
78.57

(69.41-85.56)
43.48

(26.46-43.79)
57.41

VEGF >106.1 0.649 0.02
61.18

(49.99-71.56)
64.00

(42.52-82.03)
82.25

(76.93-90.92)
32.65

(24.58-41.90)
61.82

miR-122+ miR-126 vs. Controls
88.46

(79.22-94.59)
90.00

(73.47-97.89)
95.83

(88.69-98.54
75.00

(61.60-84.87)
88.89

miR-122+ miR-126+VEGF vs. Controls
98.72

(93.06-99.97)
96.00

(79.65-99.90)
98.72

(91.86-99.81)
96.00 

(77.36-99.41)
98.06

[Table/Fig-5]: Receiver operator characteristic curve (ROC) analysis of miR-122, miR-126 and VEGF for predicting coronary artery disease.
*p-value of <0.05 was considered as significant; AUC: Area under curve; PPV: Positive predictive value; NPV: Negative predictive value; VEGF: Vascular endothelial growth factor: miR; MicroRNA; CI; confidence interval

In this study group, the miR-122 and 126 levels were higher in 
cases with an LDL level of ≤130, however, the difference was not 
statistically different (p=0.07, 0.357). The level of miR-126 was also 
lowered in CAD cases with a total cholesterol level of >200 mg/dL. 
These findings entail a link between the deregulation of serum miR-
126 and elevated levels of LDL cholesterol in CAD patients. Sun X 
et al., found a significantly decreased level of miR-126 in patients 
with CAD and high Low-Density Lipoprotein (LDL) cholesterol. 
In contrast, the miR-126 level increased significantly when LDL 
cholesterol was high in patients who had risk factors for CAD but 
did not have angiographically significant CAD [34].

Subjects with similar clinical features were recorded to ensure that 
the study populations were comparable. Statistical analysis showed 
that these factors do not affect circulating miR-122 and miR-126 
levels in present study population. The present study findings 
suggest that serum circulating miRNAs might be feasible biomarkers 
for the diagnosis of CAD patients. The serum miR-122 level was 
significantly up-regulated in CAD cases compared to healthy 
controls (p=<0.0001) while the miR-126 level was significantly 
down-regulated in cases compared to controls (p=0.02). It is 
reported that low Vitamin D level negatively affects cardiac function. 
In present study samples, vitamin D levels were significantly lower 
in CAD cases compared to controls (p=0.0083), levels of miR-122 
and 126 were higher in cases with lower Vitamin D level (≤25 vs. 
26-50 ng/mL). Observational studies of dietary Vitamin D showed 
that both measured 25(OH)D and estimated 25(OH)D were inversely 
associated with risk of incident hypertension in both men and 
women [15]. Interestingly; the miR-122 and 126 levels were higher 
in cases with a lower level of folate. Vitamin B12 was significantly 
higher in CAD cases compared to controls (p=0.0016). The miR-122 
and 126 levels were higher in cases with >300 pg/mL. The present 
study finding of Vitamin B12 is consistent with a finding of Hung J et 
al., reporting that the lower Vit.B12 concentration does not increase 
the risk of fatal cardiovascular disease in a general population [35]. 
However, in present study group, the total homocysteine level was 
lowered in CAD cases compared to controls (p=0.163) and miR-
122 and 126 levels were higher in cases with homocysteine level 

with 0-20 umol/L. However; the effect of folate and vitamin B12 on 
homocysteine concentrations and risk of cardiovascular disease in 
the general population is still not clear so far [36].

The AUC values for miR-122 and 126 were 0.700, 0.644, respectively 
when compared to non-CAD patients. The combined sensitivity and 
specificity of miR-122 with miR-126 when either test positive was 
taken as positive for CAD cases showed a maximum sensitivity 
and specificity of 88.46% and 90.00 with a diagnostic accuracy of 
88.89 to discriminate CAD cases from controls. The combination 
of miR-126 and miR122 with VEGF gives much higher sensitivity 
and specificity with a diagnostic accuracy of 98.06 compared to the 
combination of miR-122 and 126.

In present study, the VEGF level in CAD cases was significantly 
higher (182.97±156.49) compared to normal control (105.49 
±103.88) (p=0.02). The finding of present study is supported by 
the study of Blann AD et al., [37]. Lin TH et al., reported higher 
VEGF level in CAD cases compared to control [18]. However, 
any association of VEGF level with demographic and clinical 
characteristics of cases was not found [Table/Fig-4]. In a study of 
Amr KS et al., and Sasahira T et al., reported the down-regulation 
of miR-126 with increased activity of VEGF [38,39].

Limitation(s)
The major limitation of the present study was the small sample size.

CONCLUSION(S)
To conclude, serum miR-122 and 126 and level of circulating VEGF 
might be a valuable novel non-invasive biomarker for early diagnosis 
of CAD patients, further leading to therapeutic attenuation of CAD 
patients by targeting these miRNAs i.e., 122 and 126 in addition 
to the anti-VEGF therapy may be a promising candidate for the 
treatment of CAD subjects.
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Management of renal caliceal diverticular stones: A decade 
of experience
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Original Article

INTRODUCTION

Rayer described caliceal diverticulum (CD) in 1841 as a 
congenital cavity in kidney parenchyma lined by nonsecretary 
urothelium communicating with calyx.[1] CD is found 
more commonly in females (male:female = 37:63) and 
present in both sides equally.[2] CD results from failed 

degeneration of  the third or fourth division of  ureteral 
buds of  Wolffian duct.[3,4] 0.21%–0.45% of  all excretory 
urogram (intravenous pyelogram [IVP]) demonstrates CD and 
9.5%–50% of  them contain calculi.[2] Urine is accumulated in 
CD by passive retrograde filling from communicating calyx. CD 
is asymptomatic most of  the times but may cause flank pain, 

Objective: The objective of this study is to evaluate our methods for management of renal caliceal diverticular 
stones (CDS).
Materials and Methods: We conducted a retrospective study from January 2005 to July 2015 and included 
patients who were treated for renal CDS. Patients were evaluated for treatment modality, puncture site (in case 
percutaneous nephrolithotomy [PCNL] attempted), operative time, stone clearance rate, and complications. 
During PCNL, if the infundibulum was found to connect the diverticulum to the calyx, then a double J stent 
was placed. No attempt was made to dilate the diverticular neck or to create a neoinfundibulum.
Results: Twenty-four patients were treated for CDS during the study period. Two patients underwent shockwave 
lithotripsy, and 22 were managed by PCNL. Mean stone size was 16.37 mm (range: 6–35 mm) and mean diverticulum 
size was 20.62 mm (range: 12–37 mm). No fulguration was done in initial 17 patients, while fulguration by 
Holmium Laser was performed in the last five cases treated with PCNL. Mean operative time was 70.31 min (range: 
47–90 min). Mean follow-up was 34 months, diverticulum resolved in 14 patients and reduced in size in 7 patients.
Conclusion: Caliceal diverticular calculi can be treated most efficiently by PCNL. Stone-guided puncture 
and no attempt to dilate or create neoinfundibulum reduces operative time and morbidity while yielding 
high stone-free rate.
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hematuria, or urinary tract infections.[2] Management options 
for caliceal diverticular calculus include extracorporeal shock 
wave lithotripsy (ESWL), flexible ureteroscopy, laparoscopy, 
or percutaneous nephrolithotomy (PCNL).[5‑9] PCNL achieves 
high stone‑free rates and in many cases causes resolution of  
CD.[5,10] In the past, staged PCNL (access by interventional 
radiologist followed by stone removal in the operating room) 
along with dilation of  infundibular neck or creation of  a 
neoinfundibulum was performed.[6,10,11] Now, fulguration of  
the CD lining after removal of  stone is considered adequate 
management without attempting to establish communication 
with the collecting system.[12] In the literature, there are different 
techniques described for PCNL, but there seems to be no 
consensus regarding the best method for caliceal diverticular 
stone (CDS) removal. Herein, we discuss our experience in 
managing CDS over a period of  approximately 11 years.

MATERIALS AND METHODS

We conducted a retrospective study from January 2005 to 
July 2015 and included patients of  renal CDS treated at our 
center. Patients were evaluated for the size of  CD, location of  
CD, stone size, treatment modality, puncture site (in cases of  
PCNL), operative time, stone clearance rate, and complications. 
Informed consent was obtained from all the patients before 
treatment.

Preoperative IVP was performed in all cases to evaluate 
the diverticulum and stone. Contrast‑enhanced computed 
tomography of  kidney ureter and bladder (CECT KUB) was 
performed if  diverticulum anatomy could not be assessed on 
IVP. Patients were counseled regarding merits and demerits 
of  different treatment modalities either surgery or ESWL was 
opted for with their consent.

ESWL was performed using the Dornier compact 
alpha‑K1025163 (Dornier MedTech) under fluoroscopy 
guidance. Maximum 4000 shocks were applied in a single 
session (rate – 60 shocks/min). The ESWL setting was 
stopped when the calculus broke, or 4000 shocks were given. 
If  the fragmentation was inadequate, repeat setting was done 
after 7–10 days. Patients were assessed after 1 month and 
3 months by IVP/CT scan for success of  ESWL. If  stone 
was unbroken after two sessions, ESWL was regarded as 
unsuccessful.

During PCNL, cystoscopy was performed, and ipsilateral 
5 French (Fr) open‑ended ureteric catheter was placed till 
the renal pelvis. PCNL was performed in the prone position 
under general anesthesia. The direct stone‑guided puncture 
was performed under fluoroscopic guidance using bull’s 
eye technique. After percutaneous access, a 0.035‑inch 

guidewire (Terumo, straight tip) was coiled in CD. Sequential 
metallic dilators (Alken) were used for tract dilation (up to 
26 Fr), and rigid nephroscope (24 Fr, Richard Wolf, Germany) 
was used. Pneumatic lithotripter (Swiss LithoClast® 
2 ‑ Richard Wolf) was used to fragment the stone. CD was 
inspected to identify a connection with the calyx after stone 
removal. If  communication could not be identified, methylene 
blue dye was instilled through the ureteric catheter. The 
guidewire was negotiated through the communication, and 
5 Fr double J stent (DJS) was placed over it. Diverticular neck 
was not dilated. If  the neck could not be identified, no attempt 
was made to create neoinfundibulum. CD fulguration was 
performed since 2012 in every case after we procured Holmium 
Laser (Auriga® StarMedTec GmbH 30 W , end firing fiber). 
A nephrostomy tube (18 Fr) was placed after the procedure. 
Postoperative X‑ray and ultrasound of  KUB (USG KUB)  were 
performed on postoperative day (POD) 1. Nephrostomy tube 
was removed when drainage was minimal, and the patient was 
stone‑free. IVP/CT scan was performed for follow‑up imaging 
after 3 months to evaluate CD resolution. Annual X‑ray and 
ultrasound (KUB region) were performed to look for stone 
recurrence.

RESULTS

A total of  24 patients (11 males and 13 females with a mean age 
of  35.37 years), (13 right kidney, 11 left kidney) were admitted 
and treated for CDS during the study period [Table 1]. One 
patient had CDS in the left solitary kidney.

Presenting symptom was flank pain in 19 (79.16%) patients, 
six patients had recurrent urinary infection, and one patient was 
diagnosed incidentally. IVP was performed in all 24 cases, while 
CECT KUB was performed in 8 cases. The CD was situated 
in the upper pole in 12 (50%), mid pole in 7 (29.16%), 
and lower pole in 5 (20.83%) patients. Mean stone size 
was 16.37 mm (range: 6–35 mm), and mean CD size was 
20.62 mm (range: 12–37 mm).

Three patients underwent ESWL as per their personal 
preference. Two patients had complete clearance of  stone in 
ESWL group after one setting. In one patient, stone was not 
fragmented even after three settings of  ESWL. This patient was 
subjected to PCNL later on. During follow‑up, the two patients 
who had received ESWL had stone recurrence and were treated 
again by ESWL. Complete clearance was achieved after one 
setting of  ESWL. Retrograde ureteroscopy and laparoscopy 
were not done in any case.

PCNL was performed in 22 patients (including one failed 
ESWL case). In PCNL, the puncture was infracostal in 16 and 
supracostal (between 11th and 12th rib) in 6 patients.



Patodia, et al.: Management of renal caliceal diverticular stones

Urology Annals | Volume 9 | Issue 2 | April-June 2017  147

No fulguration was performed in initial 17 patients while 
fulguration by Holmium Laser was performed in the last 5 cases. 
Out of  17 cases without fulguration, we were able to identify 
caliceal opening in 9 cases, through which we placed DJS without 
dilating the connection and kept it for 4 weeks. In eight patients, 
we were not able to identify caliceal opening despite instilling 
methylene blue dye. We did neither fulgurate the caliceal lining 
nor create neoinfundibulum, and DJS was not placed. Of the five 
cases, in which Holmium Laser fulguration was performed, we 
identified caliceal opening in four patients and DJS was placed.

Of  the 22 patients, who underwent PCNL, 21 patients 
achieved complete clearance (including failed ESWL case). 
Mean operative time was 70.31 min (range: 47–90 min). All 
nephrostomy tubes were removed on POD 2 except for three 
patients who had minor complications.

One patient had bleeding during PCNL; partial clearance could 
be achieved due to loss of  vision. In this patient, the size of  
residual stone was 8 mm. This patient with partial clearance 
was subjected to ESWL (after 2 weeks), and complete clearance 
was achieved after one setting.

Complications occurred in three patients [Table 1]. One 
patient had fever (Clavien–Dindo Grade I) due to urinary tract 

infection, was treated by intravenous antibiotics. The second 
patient had significant bleeding (Clavien–Dindo Grade II), 
responded to nephrostomy clamping, and blood transfusion. 
Pneumothorax (Clavien–Dindo Grade IIIa) occurred in third 
patient who underwent supracostal puncture, intercostal 
drain (ICD) was placed. ICD was removed on 3rd day, and 
nephrostomy tube was removed on 4th day.

The average follow‑up was 34 months (6–48 months) [Table 2]. 
Patients who were subjected to PCNL were followed up by IVP 
in 14 cases and by CECT scan in 8 cases at 3 months. CD 
resolved in 14 patients. CD size was reduced in 7 patients. 
One patient developed recurrence of  stone (8 mm). He was 
subjected to ESWL with complete clearance after two sittings. 
Rests of  the patients were symptom‑free.

DISCUSSION

The etiopathogenesis of  stone within CD is multifactorial. 
Urinary stasis and metabolic abnormalities (hypercalciuria and 
supersaturation with calcium oxalate) are described as etiologic 
factors for caliceal diverticular calculi.[13,14] Stone containing 
CD often become symptomatic; hence, active management 
is necessary. Management options include ESWL, flexible 
ureteroscopy, laparoscopy, and PCNL. ESWL is noninvasive 
outpatient treatment and provides pain relief  in 36%–70% of  
patients.[5] The major drawback of  ESWL is that stone‑free 
rates are low (ranging from 4% to 20%) despite stone 
fragmentation (narrow infundibulum prevents clearance).[5] 
Second, concurrent treatment of  CD is not possible. The 
patient number was low in ESWL group because most of  our 
patients come from long distance; they preferred single‑stage 
procedure like PCNL.

Flexible ureteroscopy had stone‑free rate ranging from 19% 
to 58%, but CD obliteration rate is only 18%.[6,7] There are 
numerous disadvantages with ureteroscopic treatment including 
longer operative time compared to percutaneous technique and 
difficulty in managing lower pole CD.[6,7]

Another minimally invasive option is laparoscopy, but 
indications are limited to anterior diverticula with a thin layer 
of  parenchyma.[8,9] The disadvantage of  laparoscopy is longer 
operative time.[9]

Percutaneous management of  CDS had stone‑free rates 
of  87.5%–100% with diverticula obliteration rate of  
76%–100%.[5,10,15] In our series, stone‑free rate was 95.45%, 
and complete diverticular resolution was achieved in 95.45% 
of  patients. We use stone‑guided puncture technique to access 
the diverticula. Direct access to the diverticula provides the best 
opportunity for stone removal and simultaneous diverticula 

Table 1: Data of all patients of caliceal diverticular stone
Parameters Outcome

Total number of patients 24
Male: female ratio 11:13
Mean age (range), years 35.37 (18‑52)
Mean stone size (range), mm 16.37 (6‑35)
Mean CD size (range), mm 20.62 (12‑37)
Location of CD (%)

Upper calyx 12 (50)
Middle calyx 7 (29.16)
Lower calyx 5 (20.83)

Procedure
ESWL 2
ESWL F/B PCNL 1
PCNL 21

Access in PCNL (%)
Supracaliceal 6 (27.27)
Infracaliceal 16 (72.72)

Connection to calyx (%)
Present 13 (59.09)
Absent 9 (40.90)

Fulguration of diverticular mucosal lining (%)
Performed 5 (22.72)
Not performed 17 (77.27)

Mean operative time (range), min 70.31 (47–90)
Stone clearance after PCNL (%) 21 (95.45)
Mean PCNL removal time (range), days 2.27 (2‑4)
Complications

Fever (Clavien‑Dindo Grade I) 1
Hemorrhage (Clavien‑Dindo Grade II) 1
Pneumothorax (Clavien‑Dindo Grade IIIa) 1

Mean follow‑up duration (range), months 34 (6‑48)

PCNL: Percutaneous nephrolithotomy, ESWL: Extracorporeal shock 
wave lithotripsy, CD: Caliceal diverticulum
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treatment. This technique requires high degree of  expertise 
because of  small size of  CD and high incidence of  the upper 
pole diverticulum. Supracostal puncture (between 11th and 
12th rib) is performed in many cases but can be managed with 
reasonable morbidity. The guidewire is difficult to stabilize 
because of  limited space around the stone and narrow 
neck of  the diverticulum. We use Terumo wire (0.035 inch, 
straight tip) because of  its ability to coil in the limited space 
of  a diverticulum and resistance to kinking during dilation. 
We use sequential metallic dilators since we have experienced 
that controlled sequential dilatation with these dilators causes 
less bleeding along the tract. In our series, only one patient had 
bleeding complication. Utmost care should be taken to avoid 
perforation of  the back wall of  CD during dilation. Trauma 
to the back wall can cause bleeding and obscure vision. Small 
stone fragments can also lodge in traumatized parenchyma and 
may be difficult to remove.

Few methods described in literature to deal with CD after 
stone removal. One of  the methods is the creation of  a 
large communication with the collecting system to promote 
drainage.[16] Another method is fulguration of  the lining of  
diverticulum to obliterate it subsequently.[17] This is controversia 
because the CD is lined by nonsecretory endothelium. Hulbert 
et al. mentioned that trauma to the wall of  the diverticulum 
during percutaneous dilation is sufficient to ablate the 
diverticular lumen.[18]

Monga et al. performed direct puncture with fulguration of  
the diverticular lining without cannulating the infundibular 
communication. Complete diverticular ablation was achieved 
in 100%, and all patients were symptom‑free at 38 months 
of  follow‑up.[12]

Krambeck and Lingeman found higher stone‑free rates, 
shorter hospital stay, and fewer complications in patients 
undergoing fulguration compared to patients undergoing 
diverticular neck dilatation.[19] Landry performed combined 
diverticular fulguration and neck dilatation with good 
results.[20]

In cases where the communication between CD and calyx 
could not be found, transdiverticular approach with creation 
of  a neoinfundibulum is suggested.[21] After dilation of  the 
infundibular neck or neoinfundibulum creation, nephrostomy 
tube should be kept in situ for prolonged period for 
epithelization of the channel. We neither perform infundibulum 
dilation nor create neoinfundibulum. We believe that there is 
substantial risk of  bleeding which may obscure vision and 
jeopardize further surgery. Second, stenosis/obliteration 
of  neoinfundibulum may occur and finally, to increase the 
possibility of  diverticular obliteration, the infundibulum 
should not be dilated. We also believe in the fact that trauma 
to the wall of  CD during percutaneous dilation is sufficient 
to ablate the lumen.

Our operative time is comparable to other reported series 
in literature.[22,23] The operative time was decreased by direct 
stone‑guided puncture and omission of  the step where dilation 
of  the connection or creation of  neoinfundibulum takes place. 
We removed nephrostomy tube early because no dilation of  
caliceal neck was performed, and bleeding was minimal.

Stone‑free rate was 95.45%, and complete diverticular 
resolution was achieved in 95.45% of  patients. All patients, 
except three, were discharged following nephrostomy removal 
on POD 2. These three patients had complications mentioned 
earlier which were managed conservatively. All three patients 
were discharged following nephrostomy removal on POD 4.

One patient developed pneumothorax because most of  
diverticulum located in the upper pole necessitating 
supracostal puncture rather than a technical issue. One 
patient had residual stone/recurrence (8 mm) with persistent 
diverticula (25 mm cavity decrease to 18 mm) on follow‑up 
IVP. Diverticulum size ranging from 12 to 37 mm was 
successfully obliterated when complete stone was removed.

We suggest methods to deal with diverticulum after stone 
removal. If  the neck of  diverticulum is identified and 
cannulated, DJS should be placed to facilitate drainage. 
If  the diverticular neck is not identified, fulguration of  
diverticular lining may be performed with external drainage by 
a nephrostomy tube. No attempt should be made to dilate the 
diverticular neck or create neoinfundibulum. These maneuvers 
may cause trauma to renal parenchyma that leads to increase 
morbidity. The main drawback of  our technique is slippage of  
guidewire during dilation which may cause loss of  access. We 
feel that this drawback may overcome with surgeon’s experience 
and extreme care while establishing the tract.

The strength of  our manuscript is the duration of  our study. 
We have reviewed 11 years of  data and included all the patients 

Table 2: Follow up outcome
Parameters Technique used (n=24)

ESWL 
(n=2)

PCNL without CD 
fulguration (n=17)

PCNL with CD 
fulguration 

(n=5)DJS placed 
(n=9)

No DJS 
(n=8)

Diverticula resolution 0 4 5 5
Decrease in CD size 0 4 3 0
Symptom free 0 8 8 5
Stone recurrence 2 1 0 0

DJS: Double J stent, CD: Caliceal diverticulum, PCNL: Percutaneous 
nephrolithotomy, ESWL: Extracorporeal shock wave lithotripsy
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treated for caliceal diverticular calculus. One review article had 
reviewed 13 articles.[24] Our sample size and duration of  study 
is more than most of  the studies mentioned in this article.

The limitation of  our study is its retrospective nature. 
Prospective analysis and large sample size are difficult because 
CD is a rare disease.

CONCLUSION

Caliceal diverticular calculi can be treated in most effective 
manner by PCNL. Stone‑guided puncture without dilation or 
creation of  neoinfundibulum reduces operative time, reduces 
morbidity with higher stone‑free rate.
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Abstract: Background: Many patients with dilated cardiomyopathy (DCMP), presenting with only dyspnea, have hid-
den ischemic etiology. In low-income countries, logistic and financial restraints lead to reduced identification of this 
ischemic burden. We aimed to assess the role of coronary angiography in patients with cardiomyopathy presenting 
predominantly dyspnea. Methods: This was a single-center, prospective, observational study conducted at a tertiary-
care center in North India over the period of one year. The study population consisted of patients with dyspnea 
(NYHA II and III) and left ventricular dysfunction [i.e., left ventricular ejection fraction (< 40%)] without a prior docu-
mented coronary artery disease (CAD). All patients underwent invasive coronary angiography to detect underlying 
occult CAD. Results: A total of 209 patients with global left ventricular hypokinesia (LVEF) were enrolled. Almost half 
of the study population belonged to the 51-60-year-old group. Diabetes mellitus and smoking were most prevalent 
risk factors observed in 93 (44.5%) and 92 (44.1%) patients, respectively. Abnormal coronaries were detected in 75 
(35.9%) patients; 44 (58.7%) and 29 (38.7%) patients had significant and insignificant CAD, respectively. Single-, 
double-, and triple-vessel disease was observed in 18 (40.9%), 14 (31.8%), and 12 (27.3%) patients, respectively. 
The mean age (54.08 ± 6.02 years), LVEF (39.83 ± 3.27%), SYNTAX score (17.14 ± 2.21), and left ventricular in-
ternal dimensions (4.93 ± 0.44 cm) were all statistically insignificant. Conclusion: Patients with DCMP presenting 
predominantly with dyspnea and having silent underlying significant CAD may benefit from revascularization if CAD 
is detected by angiography on time.

Keywords: Coronary angiography, dilated cardiomyopathy, ischaemic cardiomyopathy

Introduction

Dilated cardiomyopathy (DCMP) is the most 
common cause of heart failure, and it may  
have fatal consequences only a few years after 
symptomatic onset. When diagnosing dilated 
cardiomyopathy, it is important to first rule out 
secondary causes of heart failure such as coro-
nary artery disease (CAD) and valvular heart 
disease [1]. Ischemic cardiomyopathy (ICMP)  
is usually defined as left ventricular dysfunc-
tion, i.e., left ventricular ejection fraction (LVEF) 
of less than 40% owing to CAD. This type of  
cardiomyopathy can be identified using readily 
available diagnostic modalities such as electro-
cardiography and coronary angiography. How- 
ever, the need for patients with dilated cardio-
myopathy to undergo coronary angiography 
considerably decreases the number of eligible 

patients owing to the disease risk factor bias 
[2]. Furthermore, ischemic cardiomyopathy pa- 
tients frequently do not complain of angina  
but display dyspnea as the only primary pre-
senting feature. Such patients are usually man-
aged without any revascularization procedures 
[3, 4]. It is highly likely that LVEF can improve if 
timely angiography followed by revasculariza-
tion is performed in such patients [5]. Surgical 
Treatment for Ischemic Heart Failure (STICH) 
trial evidenced improved cardiovascular out-
comes in patients under revascularization who 
had a viable myocardium and CAD [6]. 

Many studies have observed beneficial cardio-
vascular outcomes when hibernating myocardi-
um is partially responsible for a decrease in 
LVEF [4, 7, 8]. This is one of the largest studies 
conducted to evaluate the role of coronary angi-
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ography in such patients. In this study, we ai- 
med to perform coronary angiography to define 
coronary anatomy in patients presenting with 
dyspnea with left ventricular dysfunction. This 
study will help to identify patients with signifi-
cant CAD and DCMP despite an absent history 
of angina or chest pain.

Materials and methods

Study design and patient population

This was a prospective, observational study, 
which enrolled 209 consecutive patients dur-
ing a one-year study duration. The study group 
consisted of patients with left ventricular dys-
function without prior documented CAD. The 
inclusion criteria were patients with: (i) dyspnea 
functional New York Heart Association (NYHA) 
class II or III; (ii) left ventricular dysfunction wi- 
th global hypokinesia of left ventricle; or (iii) 
LVEF ≤ 40%, as assessed by Simpson’s meth-
od. The exclusion criteria were patients with: (i) 
history of angina; (ii) dyspnea at rest (NYHA 
class IV); (iii) history of CAD; (iv) electrocardio-
graphic (ECG) evidence of old myocardial infarc-
tion or ischemia; (v) regional wall motion abnor-
mality (RWMA) identified by 2D-echocardiogra- 
phy; (vi) glomerular filtration rate (GFR) (< 30 
ml/min); or (vii) refusal to provide consent to 
undergo study procedure. The study procedure 
was approved by the Institutional Ethics Com- 
mittee prior to study commencement. All en- 
rolled patients provided informed consent for 
the procedure and subsequent data collection 
and analysis for the research purposes.

Data collection and study procedure

All patients underwent routine laboratory inves-
tigations, which included a hemogram and 
blood sugar evaluation (fasting and post-pran-
dial). GFR was calculated before and after coro-
nary angiography. All patients underwent a 12- 
lead electrocardiogram (ECG) test. 2D echocar-
diography was performed using a GE (VIVID-7) 
machine. All measures to minimize contrast-
induced nephropathy (CIN) were taken. Tran- 
sradial access was preferred over femoral 
access. The femoral route was used as an 
alternative whenever radial access could not 
be taken owing to severe radial spasm, nega-
tive Allen’s test, or local loops of radial artery.  
A 5 Fr Tiger diagnostic catheter (Terumo Me- 
dical Corporation, Japan) was used for coro- 
nary angiography. The significance of stenosis 

was assessed by eye balling; the quantitative 
assessment of coronary angiogram was per-
formed along with SYNTAX score calculation. In 
5 patients, viability testing was performed by 
dobutamine stress echocardiography (DSE) 
before coronary artery revascularization. The 
patients underwent coronary artery bypass 
grafting (CABG) or PCI as per decision after via-
bility assessment. 

Statistical analysis

Statistical analysis was performed using the 
Statistical Package for Social Sciences (SPSS; 
Chicago, IL, USA) program, version 16. Catego- 
rical variables were expressed as percentages; 
continuous variables were expressed as the 
mean ± standard deviation, median, range, and 
ratio. Univariate analysis was performed. For 
univariate analysis, categorical variables (e.g., 
gender, hypertension, diabetes, smoking, alco-
hol, and hypothyroidism) were compared using 
the chi-square test or Fisher exact test, as 
applicable; continuous variables (e.g., age and 
LVEF) were compared using Student’s t-test. 
ANOVA was used to compare the mean of nor-
mal, single-, double-, and triple-vessel disease 
corresponding to age, LVEF, SYNTAX score, and 
left ventricular diameter. All p-values of < 0.05 
were considered to be statistically significant.

Results

Demographics of the overall study population

A total of 209 consecutive patients who fulfill- 
ed the inclusion and exclusion criteria were 
enrolled in this prospective study and under-
went coronary angiography during the study 
period. The overall mean age in this study was 
54.08 ± 6.02 years. Males constituted 175 
(83.73%) patients of the study population. 
Almost half of the study population belonged to 
the 51-60-year-old group. Risk factors such as 
diabetes mellitus, smoking, and obesity were 
prevalent in 93 (44.5%), 92 (44.0%), and 32 
(15.3%) patients, respectively. The demograph-
ic characteristics of the study population are 
shown in Table 1.

Prevalence and severity of coronary artery dis-
ease among the study population 

Lesion severity was estimated by eyeballing; 
quantitative coronary angiography (QCA) was 
performed when needed. On coronary angiog-
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raphy, normal coronaries were found in 134 
(64.1%) patients, while 75 (35.9%) of enrolled 
patients had abnormal coronaries. Out of these 
75 patients with abnormal coronaries, 44 
(58.7%) patients had significant CAD, and 29 
(38.7%) had insignificant CAD. Single-vessel 
disease (SVD) was the most commonly ob- 
served in 18 (40.9%) patients, followed by  
double-vessel disease (DVD) observed in 14 
(31.8%) patients and triple-vessel disease 
(TVD) observed in 12 (27.3%) patients. Disease 
severity among patients with CAD is illustrated 
shown in Figure 1.

Prevalence of CAD

DVD was present in 14 (6.7%) patients. LAD 
non-significant stenosis (50-70%) lesion was 
present in 1 (0.5%) patient. LAD, left circumflex 
artery (LCx) and right coronary artery (RCA) pla-
quing was observed in 21 (10.0%), 4 (1.9%), 
and 5 (2.4%) patients, respectively. SVD was 
present in 13 (6.2%) patients; TVD was present 
in 12 (5.7%) patients. A total of 10 (4.8%) 
patients had deferred revascularization, as 
determined by DSE. CABG was performed in 2 
(1.0%) patients. PCI was performed in both LAD 
and RCA (4 in LAD and 1 in RCA). The preva-
lence of CAD among the overall study popula-
tion and according to gender and age is out-
lined shown in Tables 2-4, respectively. 

Percutaneous coronary intervention based on 
viability testing

DSE was performed in 17 (8.13%) patients. 
Based on the stress test results of these 17 

patients, 7 (41.17%) patients showed a signifi-
cant viable myocardium and underwent PCI/
CABG, as per coronary anatomy and SYNTAX 
score. Of these 7 patients, 2 patients were sent 
for CABG and 5 patients for PCI. 

Association between gender and left ventricu-
lar variables

The mean LVEF, SYNTAX score, and left ventric-
ular internal dimension (LVID) were statistical- 
ly non-significant in males and females. The 
mean LVEF was 39.83 ± 3.27%; the mean SY- 
NTAX score was 17.14 ± 2.21; mean LVID was 
4.93 ± 0.44 cm. The association between gen-
der and left ventricular variables is detailed 
shown in Table 5.

Association between CAD and left ventricular 
variables

Mean LVEF was 39.80 ± 3.32%, 42.06 ± 
2.48%, 38.21 ± 3.26%, 38.50 ± 3.03%, and 
39.95 ± 2.96% (P = 0.007) for normal coronar-
ies, SVD, DVD, TVD, and other disease, respec-
tively. The SYNTAX score was 16.84 ± 1.96, 
17.06 ± 2.58, 18.85 ± 2.07, 18.50 ± 3.06, and 
17.12 ± 2.29 (P = 0.003) for normal coronaries, 
SVD, DVD, TVD, and other disease, respective-
ly. The association between CAD and left ven-
tricular variables is indicated shown in Table 6.

Discussion

The mean age of our study population was 
54.08 ± 6.02 years, which is similar to that of 
other Indian studies that revealed mean ages 
of 41.7 ± 16.5 years [9] and 54.4 ± 16.2 years 
[10]. This study assessed dilated cardiomyopa-
thy patients presenting predominantly with dys-
pnea, which frequently was the most common 
clinical presentation [10, 11]. In this study, the 
51-60-year-old group was the most common 
age group, which is comparable to another 
Indian study by Das et al. [9], which determined 
the 31-40-year-old group to be the most com-
mon age group. Cardiovascular risk factors 
were also assessed. Hypertension has been 
reported to be present in 32.4% of an American 
population [2] compared to 44.5% in this study. 
Diabetics, smokers, and obese patients com-
prised 11.1%, 7.4%, and 16.7% of Sub-Saharan 
population compared to 44.5%, 44.0%, and 
15.3%, respectively, in this study [12]. Low 
mean age, earlier onset of heart disease, and 

Table 1. Demographic characteristics of over-
all study population
Variables Total n = 209
Mean age, years (mean ± SD) 54.08 ± 6.02
< 40 years, n (%) 2 (1.0%)
41-50 years, n (%) 76 (36.4%)
51-60 years, n (%) 104 (49.8%)
> 60 years, n (%) 27 (12.9%)
Males, n (%) 175 (83.73%)
Diabetes mellitus, n (%) 93 (44.5%)
Smoker, n (%) 92 (44.0%)
Obesity, n (%) 32 (15.3%)
Hyperthyroidism, n (%) 6 (2.9%)
Radial, n (%) 179 (85.6%)
Femoral, n (%) 30 (14.4%)
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elevated rates of cardiovascular risk factors 
indicate the greater prevalence of premature 
CAD in an Indian population. Although the exact 
prevalence of DCM in the general population is 
unknown, it usually varies with age of an indi-
vidual and geographical location [13, 14]. 

Approximately 30-50% of cases have a familial 
component, and to date, numerous genes have 
been identified that can lead to DCMP [15]. 
DCMP may also have secondary to multiple eti-
ologies such as ischemic, valvular, and congen-

Limited activities in older population, owing to 
good family support, may be one of the reasons 
of not having angina. There are studies that 
assessed the burden of silent underlying sig-
nificant CAD, e.g., a study by Repetto et al. [23]. 
In this study, coronary anatomy was assessed 
in hearts excised during cardiac transplanta-
tion from 55 idiopathic dilated cardiomyopathy 
(IDCM) patients. It was determined that one-
quarter of the patients with end-stage IDCM 
excised hearts during cardiac transplantation 
(who had normal coronary arteries during initial 

Figure 1. Disease severity among patients with significant coronary artery 
disease.

Table 2. Prevalence of coronary artery disease among overall 
study population
Disease Patients n = 209
DVD, (n = 14) 14 (6.7%)
LAD (50-70% lesion) (n = 1) 1 (0.5%)
LAD plaquing, (n = 21) 21 (10.0%)
LCx plaquing, (n = 4) 4 (1.9%)
RCA plaquing, (n = 5) 5 (2.4%)
Significant SVD, (n = 13) 13 (6.2%)
SVD (PCI done), (n = 21) 5 (2.4%)
TVD (revascularization not possible) (n = 10) 10 (4.8%)
TVD (CABG done), (n = 2) 2 (1.0%)
Normal coronaries, (n = 134) 134 (64.1%)
All data are expressed as numbers (percentage). LAD, left anterior descending 
artery; LCx, left circumflex artery; RCA, right coronary artery; SVD, single-vessel 
disease; DVD, double-vessel disease; TVD, triple-vessel disease; PCI, percutaneous 
coronary intervention; CABG, coronary artery bypass grafting.

ital heart disease as well as 
hypertension. The 5 year sur-
vival after diagnosis of DCMP 
is low, i.e., approximately half 
of these patients develop pro-
gressive CHF and fatal com-
plications such as thrombo-
embolism and arrhythmias. 
Many patients with ICMP may 
have history of CAD along with 
supportive evidence in ECG, 
RWMA, and biomarker eleva-
tion [16]. Felker et al. [17, 18] 
have determined that the 
prevalence of ICMP in 1,230 
unexplained cases of global 
hypokinesia of left ventricle 
was approximately 7%. In this 
study, the prevalence was 
much higher (i.e., 35.89%) 
compared to the Western wo- 
rld. In low-income countries, 
owing to lack of medical insur-
ance support, most patients 
have to pay out of pocket  
for their medical expenditur- 
es [19]. Thus, the phenome-
non of underdiagnosis of the 
underlying ischemic heart dis-
ease is expected because 
coronary angiography may not 
be performed frequently ow- 
ing to logistics and financial 
reasons.

Many patients diagnosed wi- 
th diabetes mellitus or chron-
ic kidney disease or of elder- 
ly age may have a defective 
anginal warning system [20-
22]; thus, ICMP patients may 
present with only dyspnea. 
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diagnosis) had underlying significant CAD. Non-
invasive imaging to detect myocardial ischemia 
and viability is a reasonable option in patients 
with known CAD when angina is absent [24]. In 
this study, myocardial viability assessment was 
performed using DSE. In this study, in 17 cases 
with DCMP, we performed a viability study; a 
total of 10 patients underwent deferred revas-

cularization based on DSE, and 2 patients were 
advised grafts. 

Revascularization is beneficial for patients with 
positive viability testing. Many prior studies ha- 
ve observed improvement in surrogate param-
eters (e.g., exercise capacity or LVEF ejection); 
however, survival benefits have also been doc-

Table 3. Prevalence of coronary artery disease according to gender
Disease Males Females p value
DVD, (n = 14) 11 (78.6%) 3 (21.4%) 0.244
LAD (50-70% lesion) (n = 1) 1 (100.0%) - 0.178
LAD plaquing, (n = 21) 19 (90.5%) 2 (9.5%) 0.406
LCx plaquing, (n = 4) 2 (50.0%) 2 (50.0%) 0.353
RCA plaquing, (n = 5) 5 (100.0%) - 0.125
Significant SVD, (n = 13) 13 (100.0%) - 0.796
SVD (PCI done), (n = 21) 2 (1.1%) 3 (8.8%) 0.312
TVD (revascularization not possible) (n = 10) 6 (60.0%) 4 (40.0%) 0.847
TVD (CABG done), (n = 2) 2 (100.0%) - 0.455
Normal coronaries, (n = 134) 114 (85.1%) 20 (14.9%) 0.623
All data are expressed as numbers (percentage). p-value < 0.05 were considered statistically significant. LAD, left anterior de-
scending artery; LCx, left circumflex artery; RCA, right coronary artery; SVD, single-vessel disease; DVD, double-vessel disease; 
TVD, triple-vessel disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.

Table 4. Prevalence of coronary artery disease according to age
Disease < 40 41-50 51-60 > 60 p value
DVD, (n = 14) - 6 (42.9%) 6 (42.9%) 2 (14.3%) 0.263
LAD (70%-90% lesion), (n = 1) - - 1 (100.0%) - 0.677
LAD plaquing, (n = 21) - 5 (23.8%) 13 (61.9%) 3 (14.2%) 0.858
LCx plaquing, (n = 4) - 2 (50.0%) 0 (0.0%) 2 (50.0%) 0.342
RCA plaquing, (n = 5) - - 3 (60.0%) 2 (40.0%) 0.403
Significant SVD, (n = 13) - 6 (46.2%) 6 (46.2%) 1 (7.7%)
SVD (PCI done), (n = 5) - 4 (80.0%) 1 (20.0%) - 0.274
TVD (revascularization not possible), (n = 10) - 4 (40.0%) 4 (40.0%) 2 (20.0%) 0.574
TVD (CABG done), (n = 2) - - 2 (100.0%) - 0.632
Normal coronaries, (n = 134) 2 (1.5%) 49 (23.4%) 68 (32.5%) 15 (7.2%) 0.116
All data are expressed as numbers (percentage). p-value < 0.05 were considered statistically significant. LAD, left anterior de-
scending artery; LCx, left circumflex artery; RCA, right coronary artery; SVD, single-vessel disease; DVD, double-vessel disease; 
TVD, triple-vessel disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.

Table 5. Association between gender and left ventricular variables
Variables Males (n = 175) Females (n = 34) Patients (n = 209)
Age, years 54.65 ± 6.01 51.17 ± 3.26 54.08 ± 6.02
Left ventricular ejection fraction, % 39.72 ± 3.26 40.41 ± 3.54 39.83 ± 3.27
SYNTAX score 17.09 ± 2.22 17.35 ± 2.17 17.14 ± 2.21
Left ventricle internal diameter, cm 4.9 ± 0.43 4.91 ± 0.47 4.93 ± 0.44
p value 0.01 0.05 0.05
All data are expressed as the mean ± standard deviation.
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umented [13]. In this study, the majority of 
patients were male and belonged to the 51- 
60-year-old group. In most cases, radial route 
was chosen for coronary angiography because 
it was more comfortable for patients and 
allowed same day discharge. In this study, it 
was determined that patients with DCMP (LV 
global hypokinesia) had normal coronaries in 
64.1% of cases, and abnormal results were 
present in 35.9% of cases; these results were 
in line with those in other studies [25]. In our 
study, the mean EF was 39.83 ± 3.27%, SYNTAX 
score was 17.14 ± 2.21, LVID was 4.93 ± 0.44 
cm. Except for age, which was determined to be 
higher in males, no significant gender-related 
differences were observed between EF, SYNTAX 
score, and LVID. 

In this study, the coronary angiographic results 
revealed normal epicardial coronaries in 64.1%, 
LAD plaquing in 10.0%, DVD in 6.7%, and SVD 
in 6.2%. SVD, for which PCI was performed, 
accounted for 2.4%. CABG was performed in 2 
patients (1.0%) with TVD. Significant CAD was 
determined to present in 44 (58.7%) patients. 
SVD, DVD, and TVD were observed in 18 
(40.9%), 14 (31.8%), and 12 (27.3%) patients, 
respectively. There were no major complica-
tions or mortality during this study.

Study limitation

This study has some limitations because it is a 
single-center study. Although the number of 
DCMP subjects undergoing coronary angiogra-
phy in this study was sufficient (209), a much 
larger study may provide a more accurate prev-
alence of occult CAD. Thus, further large stud-
ies conducted at multiple centers may provide 
better distribution of occult CAD. Furthermore, 

long-term follow up results of study patients are 
not available.

Conclusion

This study is allowed to infer that all DCMP 
patients should undergo physiological stress 
testing or invasive coronary angiography to rule 
out ischemic etiology even when angina is 
absent. Dyspnea can be the sole presenting 
complaint even in ICMP patients. A large pro-
portion of DCMP patients (i.e., up to 20%) may 
have significant CAD; if timely intervened with 
revascularization based on coronary anatomi-
cal and physiological assessment, it can be 
considerably improved.
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Outcome of percutaneous nephrolithotomy in anomalous 
kidney: Is it different?
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Original Article

INTRODUCTION

Various types of  anomalous kidneys have been described 
with reported incidence of  3%–11%.[1] Horseshoe kidney, 
crossed ectopic kidney, simple ectopic kidney, pelvic ectopic 
kidney, kidney with duplex system, and malrotated kidney 
are associated with stone disease because of  impaired urinary 
drainage due to abnormal anatomy such as narrowing of  pelvic 
ureteric	 junction	or	high	 insertion	of 	ureter.[2,3]	Due	to	this	

abnormal anatomy, there is an ongoing debate regarding the 
best technique for stone removal in anomalous kidneys.

Extracorporeal	 shock	wave	 lithotripsy	 (ESWL)	 has	 been	
moderately successful and reported stone clearance in 
horseshoe kidney is 28%–78% while for ectopic kidney 
it is 66%–71%.[4] For larger stones and in cases with 

Introduction: Various anomalous kidneys such as horseshoe kidney, crossed ectopic kidney, simple ectopic 
kidney, pelvic ectopic kidney, kidney with duplex system, and malrotated kidney are frequently associated 
with stone disease. Percutaneous nephrolithotomy (PCNL) is a challenging procedure in these patients 
because of abnormal orientation of kidney.
Patients and Methods: Since 2005–2015, 86 patients underwent PCNL for stone removal in anomalous 
kidneys. Stone characteristics, type of calyceal puncture, number of punctures, need of relook procedures, 
mean hemoglobin drop, blood transfusion, mean operative time complications, mean hospital stay, stone 
free rate, and auxiliary procedure were analyzed.
Results: Totally 91 sessions of PCNL was done in 86 patients including five of horseshoe kidney who had 
bilateral stone disease. Mean age, duration of symptoms, stone size, and hospital stay was 29.6 ± 12.6 years, 
2.18 ± 1.41 years, 4.40 ± 1.16, and 4.17 ± 2.11 days, respectively. Sixteen patients underwent relook 
procedure, out of which only 6 could have complete stone clearance.
Conclusion: PCNL in anomalous kidney is a safe and feasible procedure similar to normally located kidney, 
but requires careful preoperative planning and intra- and post-operative vigilance.
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impaired	 urinary	 drainage,	 stone	 clearance	 by	 ESWL	 is	
unsatisfactory.[4] Various minimal invasive techniques have 
been used for stone removal including flexible ureteroscopy, 
percutaneous	nephrolithotomy	(PCNL),	laparoscopy‑assisted	
PCNL,	and	laparoscopic	pyelolithotomy.

PCNL	 is	 a	 challenging	 procedure	 because	 of 	 abnormal	
orientation of  kidney, abnormally placed calyces and high 
incidence	 of 	 abnormal	 renal	 vessels.	 During	 PCNL	 in	
normally located kidney, pelvis is found medially while 
calyces	 are	 found	 posteriorly.	 In	 horseshoe	 kidney	 and	
malrotated kidneys, pelvis rotates anteriorly, and calyces are 
found posterolateraly so puncture becomes difficult, while 
in ectopic pelvic kidney, as bowel is surrounding the kidney 
so laparoscopic assistance is required.[2]	Similarly,	in	duplex	
system stones of  superior calyx cannot be negotiated by 
inferior	calyx	and	vice	versa.	All	these	factors	make	PCNL	
quite difficult in such cases.

The	chance	of 	stone	clearance	by	PCNL	in	horseshoe	kidney	
varies due to technical difficulty ranging from 75% to 100% 
with an average stone‑free rate of  84%.[5]	 Similarly,	 stone	
clearance	of 	PCNL	in	ectopic	kidney	is	better	than	ESWL.	
Although	there	are	individual	studies	on	PCNL	in	horseshoe	
kidney and ectopic pelvic kidney but only few studies are 
available	 showing	 feasibility	 and	 success	of 	PCNL	 in	other	
malformed and malpositioned kidneys. We present our 
experience	of 	PCNL	in	various	types	of 	anomalous	kidneys	
over last one decade.

PATIENTS AND METHODS

Since	January	2005	to	December	2015,	a	total	of 	86	patients	
were	included	who	had	PCNL	for	stone	removal	in	anomalous	
kidneys. Among these patients, 40 patients had kidney with 
duplex system, 20 had horseshoe kidneys (15 were unilateral 
and 5 bilateral total 25 renal units), 10 patients had crossed 
ectopia, 8 patients had ectopic kidney, and rest 8 had malrotated 
system [Table 1].

All patients were evaluated preoperatively with clinical history, 
examination, hemogram, renal function test, liver function test, 
and	urine	analysis.	Imagings	were	done	by	ultrasound	and	X‑ray	
of 	kidney,	ureter,	 and	bladder	 (KUB).	 Intravenous	urogram	
was done in 30 patients and Computed tomography (CT) 
urogram	 in	 56	 patients.	Diethylenetriaminepentaacetic	 acid	
scan was done in 24 patients, who had thin renal parenchyma 
due to obstruction. Totally 1562 patients who had normal 
kidney	with	stones	and	underwent	PCNL	in	this	period	were	
excluded from the study. All data were collected in retrospective 
manner.	For	statistical	analysis,	SPSS	16.0	(IBM,	USA,	2009)	
software and unpaired t‑test were used.

Procedure
Contrast tomography (CT) urogram was discussed with 
radiologist preoperatively for the associated vascular anomalies 
with regard to pelvicalyceal system and a most suitable calyceal 
puncture was selected, but all punctures were done by urologists 
only. All procedures were done either in regional or general 
anesthesia.	 Initially,	 the	 patient	 placed	 in	 dorsal	 lithotomy	
position; ureteric catheter was placed on affected side, and 
retrograde pyelography was done. All patients of  horseshoe 
kidneys, malrotated kidneys, kidneys with duplex systems, 
and crossed renal ectopia were placed in prone position while 
patients with pelvic kidney were kept in supine position.

Horse shoe kidney
PCNL	were	 done	 in	 standard	 fashion	 under	 fluoroscopic	
guidance using bull’s eye technique with an end on view of  
posterior	calyx.	Site	and	number	of 	punctures	were	decided	
by	position	of 	stones	in	different	calyces	or	pelvis.	In	case	of 	
horseshoe kidney, infracostal calyceal puncture was performed 
in all cases due to downward displacement of  the kidney 
without danger of  pleural violation.

Pelvic kidney
In	 ectopic	 pelvic	 kidney,	 the	 patient	 remained	 in	 supine	
position, and laparoscopic assistance was taken for 
puncture.	 Port	 placements	were	 done	 following	 creation	 of 	
pneumoperitoneum, camera port (10 mm) were placed 10 mm 
distal to umbilicus and two 5 mm working port were placed in 
iliac	fossa.	Peritoneum	was	reflected,	and	bowel	retracted	away	
from the kidney. With the help of  C‑arm guidance, desired 
calyx is punctured and intra‑abdominal course was guided by 
laparoscopy. The tract dilatation was done under combined 
help of  laparoscopy and fluoroscopy.

In duplex system, malrotated kidney and crossed 
ectopia
Standard	principle	is	applied	and	using	C‑arm	and	radiocontrast	
agent calyceal puncture was done.

After confirming the correct puncture, guide wire inserted and 
tract was dilated up to 24–28 Fr and amplatz sheath placed. 
In	 all	 cases,	 22	 Fr	 (20°,	Richard	Wolf)	 nephroscope	was	
used.	With	the	help	of 	Swiss	pneumatic	 lithoclast	(Richard	
Wolf),	 stones	were	 fragmented	 and	 removed.	 Postoperative	

Table 1: Percutaneous nephrolithotomy in various anomalous 
kidneys with stone disease
Types Number of patients (n=86)

Kidney with bifid system 40
Horseshoe kidneys 20 (bilateral in 5)
Malrotated 8
Simple renal ectopia/pelvic ectopia 8 (4+4)
Crossed ectopia (separate) 6
Crossed ectopia (fused) 4
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stone	clearance	was	detected	by	X‑ray	and	renal	ultrasound.	
In	15	cases,	CT	scan	KUB	was	done.	Stones	<4	mm	were	
considered	 clinically	 insignificant.	 In	 all	 patients,	 stone	
characteristics, type of  calyceal puncture, number of  punctures, 
need of  relook procedures, mean hemoglobin drop, blood 
transfusion, mean operative time, mean hospital stay, stone 
free rate, auxiliary procedure, and complications were recorded.

RESULTS  [TABLES 1‑3]

Totally	91	sessions	of	PCNL	were	done	in	86	patients	including	
five of  horseshoe kidney who had bilateral stone disease. Mean 
age and mean duration of  symptoms were 29.6 ± 12.6 years 
and	 2.18	±	 1.41	 years.	 Presenting	 complaints	 were	 flank	
pain (36%), hematuria (18%), and nonspecific abdominal 
pain (22%). Totally 74 patients required only single session 
of 	 PCNL	 for	 complete	 stone	 clearance	while	 16	 patients	
underwent relook procedure. However, only six could achieve 
complete	stone	clearance,	while	rest	ten	patient	required	ESWL	

for complete stone clearance. Out of  91 sessions, 83 patients 
had single puncture while nine patients had multiple calyceal 
puncture	 for	 stone	 removal.	No	major	 complications	were	
found in intra‑ and post‑operative period. Three patients 
required one session of  hemodialysis in postoperative day 2, due 
to postprocedural raised serum creatinine. These three patients 
had	raised	serum	creatinine	preoperatively	(mean	2.3	mg/dl)	
and had bilateral renal stones. Totally 13 patients had minor 
complications and were managed conservatively.

DISCUSSION

The common congenital renal anomaly present with stone 
diseases is horseshoe kidney, ectopic pelvic kidney, crossed 
ectopic kidney (fused or separate), kidney with duplex system, 
and malrotated kidneys.[6]	Stone	removal	in	anomalous	kidney	
by	PCNL	is	difficult	due	to	altered	orientation	of 	pelvis	and	
calyces, altered renal vasculature as well as altered relations with 
intra‑abdominal organs and relative immobility.[7] Minimal 
invasive techniques are advantageous in stone removal due 
to satisfactory stone clearance, reduced hospital stay, early 
recovery, and reduced analgesia requirement.[8] Although there 
are individual case reports and case series of  minimal invasive 
techniques in horseshoe kidneys or pelvic ectopic kidney,[9] an 
overall	 data	 regarding	PCNL	 in	 various	 anomalous	 kidneys	
are less reported.

ESWL	 remains	 one	of 	 the	options	 for	 stone	 clearance,	 yet	
the anatomic abnormalities may prevent fragment passage in 
a	substantial	number	of 	patients.	The	limitation	of 	ESWL	is	
that success rate of  stone clearance decreases with increasing 
stone size.

Although literature suggested flexible ureteroscopy as a feasible 
option for stones in pelvic kidneys,[10] again it is indicated for 
small stones. The mean stone size in the present study was 
4.4	cm	for	which	PCNL	should	be	the	preferred	treatment.	
In	the	present	study,	rigid	nephroscope	for	PCNL	was	used	
in all cases.

Stone	configuration	has	an	impact	in	stone	clearance	rate.	In	our	
series, most of  the patients who had pelvic stone required one 
session	for	complete	clearance.	In	those	16	cases	that	underwent	
relook nephroscopy, stone were either larger in size or present 
in	multiple	calyces.	In	these	cases,	flexible	nephroscopy	could	
be one option.[11]

Patients	of 	complex	stones	should	be	counselled	preoperatively	
regarding the need for relook procedure as well as probability of  
residual	stones	and	auxiliary	procedures.	In	the	present	study,	
stone clearance rate was 82% in single session and 89% after 
relook and auxiliary procedure which are comparable to those 

Table 2: Demographic characteristics and stone configuration
Characteristics Mean±SD (n=86, units=91)

Age (years) 29.6±12.6
Duration of symptoms (years) 2.1±1.41
Right/left 56/35 (units=91)
Male/female 58/28
Site of stone (unilateral/bilateral) 86/5
Stone size (cm) 4.40±1.16
Number of stones (single/multiple) 71/20
Stone configuration

Pure pelvic 50
Calyceal 26
Complex (pelvis with multiple calyces) 15

SD: Standard deviation

Table 3: Perioperative results of percutaneous nephrolithotomy
Characteristics Mean±SD (n=86, units=91)

Mean operative time (min) 123.9±19.7
PCNL in one sitting/relook 75/16
Stone clearance with single 
session (%)

75/91 (82.4)

Stone clearance after the second 
session (%)

81/91 (89.01)

Mean hospital stay, days (%) 4.17±2.11
Calyceal puncture

Superior only 29
Mid posterior only 40
Inferior only 14
Multiple calyceal 8

Mean drop of Hb (g/dl) 0.8
Blood transfusion (%) 15/91 (16.4)
Complications (Clavien)

Grade 1 16
Grade 2 15
Grade 3 0
Grade 4 3

Minor complications
Fever 10
Hematuria 3

PCNL: Percutaneous nephrolithotomy, SD: Standard deviation
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reported literature.[11] 16 (17.5%) patients needed relook 
procedure which is similar to the reported incidence of  various 
literatures.

Although in our series mid posterior calyceal puncture was 
most commonly done, superior calyceal puncture can be done 
without	injury	of 	pleura	particularly	in	horseshoe	kidneys	with	
negligible or no chance of  pleural complications.[12]

In	 one	 series	 of 	 horseshoe	 kidney	 with	 stones,	 major	
complications	were	in	the	range	of 	6.6%.	In	the	present	series,	
no	major	complications	were	found,	although	a	large	number	
of 	patients	(20/86)	were	of 	horseshoe	kidney.[13] Three patient 
of  renal failure had to undergo dialysis in postoperative period 
due to an elevation of  serum creatinine. These three patients 
had raised serum creatinine due to bilateral renal calculus since 
preoperative period, and for which bilateral double‑J stenting 
was done. After stabilization of  serum creatinine (mean nadir 
2.3	mg/dl),	these	patients	underwent	surgery.

PCNL	has	its	own	complications	and	morbidities;	intraoperative	
bleeding is not very rare with reported incidence of  blood 
transfusion is 14%–24% in larger stones.[14]	 In	 the	 present	
case, total 15 (16.4%) patients underwent blood transfusion 
in	postoperative	period.	The	incidence	of 	bowel	injury	in	pelvic	
kidneys in various reported literature is 13%–27%,[8] four 
of  our patients had stones in pelvic kidney that underwent 
PCNL	with	complete	clearance.	Although	the	number	is	small	
but	no	incidence	of 	bowel	injury	was	found.	Similarly,	other	
perioperative results such as mean operative time, mean hospital 
stay, other minor complications, and need for auxiliary procedure 
were similar to those reported in literature.[3,6] Although there are 
no individual series for duplex system with stones to the best of  
our knowledge, in our case, 40 patients successfully underwent 
PCNL	procedure	which	was	done	as	per	standard	protocol.

CONCLUSION

PCNL	in	anomalous	kidney	is	a	safe	and	feasible	procedure	
similar to normally located kidney but requires careful 

preoperative planning and one has to be vigilant for all possible 
intra‑ and post‑operative complications.
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ABSTRACT
Objective: Vesicouterine fistula (VUF) is an uncommon cause of female genito-urinary fistula. Most 
of these fistulas are due to lower segment uterine cesarean section (LSCS). Traditionally, open surgical 
repair has been the traditional treatment. However, laparoscopic repair of VUF is a minimally invasive 
technique and few case reports have been published with short term follow up. In the present study, we 
are presenting our long- term outcome of laparoscopic repair of VUF. 

Material and methods: A retrospective analysis of 8 patients with VUF was performed from 2010 to 
2015. Approval of Institutional Review Committee was obtained. All had history of LSCS of whom 3 
had history of prolonged obstructed labor. Radiological imaging included ultrasound of kidney, ureter 
and bladder for all patients and hysterosalphingography in 4 patients and contrast enhanced computed 
tomography scan in 4 patients. 

Results: Median age of the patient was 25.5 years (range, 22-32), and median follow up was 2.3 years 
(range, 1 -4). The most common presentation was cyclical menstrual bleeding through urine (menouria) 
in all, associated amenorrhea in 6 and vaginal leakage of urine in 2 cases. All patients underwent lapa-
roscopic repair with successful outcomes. The mean operating time was 155±14.5 min (range, 135-186 
min) with a median blood loss of 100 mL (range, 50-210 mL). Successful pregnancy was completed in 2 
patients and other patients were taking contraceptives.

Conclusion: Laparoscopic repair of VUF is a safe and effective minimally invasive technique with suc-
cessful pregnancy in long- term follow up.

Keywords: Laparoscopic repair; menouria; pregnancy; vesicouterine fistula.
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Introduction

Vesicouterine fistula (VUF) is an uncommon 
cause of female genito-urinary fistula. It com-
prises 1-4% of all urogenital fistulas.[1] Most 
of these fistulas are due to complications of 
lower segment cesarean section (LSCS). The 
incidence of this fistula is increasing all over 
the world because of increasing prevalence of 
cesarean section.[2] The presentation of VUF 
may vary from cyclic hematuria, amenorrhea, 
and infertility with or without urinary incon-
tinence. The variant of VUF associated with 
urinary continence is called Youssef syndrome 

in which uterine cervix become competent 
and the opening of the fistulous tract is above 
the cervical os.[3] Open surgical repair is the 
traditional treatment of VUF, however mini-
mally invasive treatments have recently been 
feasible.[2] 

Laparoscopic repair of VUF is a minimally 
invasive technique and it has known advantag-
es over open repair. Only few case reports have 
been published on laparoscopic repair of VUF 
with limited follow up. In this case series, we 
are presenting our experience of laparoscopic 
repair of VUF and long- term follow up data. 



The aim of this study was to analyze the long- term outcome of 
laparoscopic VUF repair. To the best of our knowledge, this is 
the largest laparoscopic series of VUF with long- term follow 
up reported in English literature. 

Material and methods

A retrospective analysis of 8 patients with VUF was performed 
from 2010 to 2015. Institutional Review Committee approval 
was taken. Informed consent was obtained from all patients. All 
had history of lower segment cesarean section (LSCS), and 3 
patients had history of prolonged obstructed labor. Radiological 
imaging includes ultrasound of kidney, ureter and bladder for 
all patients and hysterosalphingography (HSG, Figure 1) in 
4 patients and contrast enhanced computed tomography (CT) 
scan in 4 patients. VUF developed due to emergency cesarean 
section in all patients except one who underwent elective cesar-
ean section because of placenta previa. All patients underwent 
laparoscopic repair by an experienced surgeon. Medical records 
regarding age, cause of fistula, clinical presentation, radiologi-
cal imaging, operative details and follow up data have been col-
lected and analyzed. 

Operative technique
Three ureteral catheters (6 Fr) were inserted initially with the 
patient in the lithotomy position into ureter orifices (n=2) and 
one into the fistula opening. A Foley catheter was inserted 
into the bladder. The patient was laid in supine position with 
head slightly tilted downward. A sponge stick was inserted 
through the vagina for manipulation of bladder/uterus during 
laparoscopic procedure if needed. Pneumoperitoneum was cre-
ated using open Hasson technique. Standard 3 ports were used 
including one 12 mm (supra umbilical camera port) and two 5 
mm ports on either side laterally (in pararectal area) in a triangu-
lar configuration. Goal of the dissection was to separate bladder 
from the uterus. Usually there will be dense adhesion between 
bladder and uterus due to previous operation. Sometimes bowel 
may adhere which needs careful dissection. Both sharp and 

blunt dissections (Figure 2a) started at the vesicouterine fold, 
and extended more posteriorly till fistulous communication was 
seen. Cystoscopically placed ureteral catheter helped to identify 
the level and location of the fistula (Figure 2c). Cystostomy 
was made in the posterior wall of bladder (Figure 2b) which 
was then extended to include fistula opening circumferentially. 
Uterine fistula was closed (Figure 2d) with interrupted 3-0 vic-
ryl sutures and ureteral catheter gradually was pulled out from 
uterine cavity before tying the final knot. Bladder opening was 
closed (Figure 2e) with continuous 3-0 vicryl sutures in two 
layers in a watertight fashion and the ureteral catheter was with-
drawn through urethra. Integrity of bladder repair was checked 
with filling of bladder with 200 mL of normal saline mixed with 
indigo carmine. The vesicouterine fold was then repositioned 
between bladder and uterus and suture- fixed over the anterior 
wall of uterus. Omental flap can also be mobilized and inter-
posed if vesicouterine fold seems to be inadequate (Figure 2f). 
A tube drain was placed in the vesicouterine fold. Patient was 
started on anti-cholinergic medication on daily basis as soon as 
oral intake started.

Results

Median age of the patients was 25.5 years (range, 22-32 years). 
The most common presentation was cyclical menstrual bleeding 
through urine (menouria) in all, associated amenorrhea in 6 and 
vaginal leakage of urine in 2 cases. All patients had successful 
outcomes (Table 1). The mean operating time was 155±14.5 
min (range, 135-186 min) with median blood loss of 100 mL 
(range, 50-210 mL). The procedure was uncomplicated in all 
cases. Pelvic drain was removed when the urine output became 
<20 mL, usually on postoperative day 2. Ureteral catheters (can-
nulated in orifices) were removed after 4-5 days. Cystograms 
were obtained after 2-3 weeks on outpatient basis and if there 
was no leak, we removed the Foley catheter. The mean hospital 
stay was 9.4±2.4 days (range, 7-12 days). Median follow- up 
was 2.3 years (range, 1-4 years). Successful pregnancy was 
completed in 2 patients and other patients were taking contra-
ceptive measures.

Discussion

Vesicouterine fistula is a rare iatrogenic urogenital fistula that 
communicates between urinary bladder and uterus or rarely 
cervix. Emergency lower segment cesarean section is the most 
common cause of VUF which accounts for 2/3rd of the cases.[4] 

All patients in the present study had history of lower segment 
cesarean section. Excessive intraoperative bleeding, abnormal 
position of placenta (placenta previa/percreta), incomplete 
reflection of bladder wall from uterus, uterine rupture, attempt-
ed forceps delivery and previous cesarean section are significant 
risk factors for VUF.[5,6] 

Figure 1. Hysterosalpingogram showing contrast agent lea-
king into urinary bladder 
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Clinical history, vaginal examination, cystography or hystero-
salphingography and cystoscopy will be required for the diag-
nosis of VUF. HSG and cystoscopy can confirm the fistula but 
small fistula may not be identifiable with these modalities. Four 
patients in the present cohort had HSG study that showed leak-
age of contrast agent from uterus to the urinary bladder (Figure 
1). Contrast- enhanced CT and MRI (magnetic resonance imag-
ing) scan can delineate the fistulous communication and their 
relation to surrounding structures but they are not routinely 
recommended.[6,7] 

Prevention of urogenital fistula has paramount importance. 
Not only it is associated with significant morbidity and social 
separation but also it has medicolegal consequences. Most of 
the patients are in the reproductive age group and face social 
challenge with great morbidity. Poor socioeconomic status and 
lack of proper medical facility often delay conservative or early 
definitive care. Careful separation of bladder from uterus, emp-
tying bladder with Foley catheter, good hemostasis, and antici-
pation of difficulty in preoperative imaging (ultrasonography-
placenta previa, percreata etc) and experience of surgeon have 

Figure 2. a-f. Techniques of laparoscopic repair: (a) Dissection between bladder and uterus, (b) vesicostomy made with scissor 
encircling fistula communication, (c) Fistulous communication and Foley catheter seen in the bladder, (d) closure of uterus, (e) 
closure of bladder and (f) omental flap transposition

a

d

b

e

c

f

Table 1. Presenting symptoms and outcomes

Patients Age (year) Presenting symptoms Median operating time (min) Result 

1 31 Menouria, amenorrhea 171 Cured

2 22 Menouria, amenorrhea 186 Cured

3 30 Menouria, vaginal leakage of urine  137 Cured

4 27 Menouria, amenorrhea 148 Cured

5 32 Menouria, amenorrhea 151 Cured

6 24 Menouria, amenorrhea 135 Cured

7 26 Menouria, vaginal leakage of urine 150 Cured

8 24 Menouria, amenorrhea 166 Cured
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pivotal roles in preventing the formation of VUF. Urological 
care during an anticipated difficult operation may decrease the 
occurrence of VUF by identifying proper plane of dissection 
between bladder and uterus and repair of inadvertent bladder 
injury.

The role of conservative management for post partum small fis-
tulas has been reported.[8,9] Conservative management includes 
continuous bladder drainage, antibiotics, judicious use of anti-
muscarinic agents and hormonal manipulation, but the success 
rate is quite low as described by Hadzi-Djokic et al.[8] We did 
not find any of our patients suitable or willing for conservative 
therapy. The definitive management of VUF includes surgical 
disconnection either via open or minimally invasive technique. 
Minimally invasive techniques have added advantages of lower 
pain, shorter convalescence period, lesser hospital stay and bet-
ter cosmetic results. 

Basic principle of surgical treatment of VUF is disconnection of 
the fistulous communication and repair of bladder and uterus. 
The principles used in open surgery are also valid for laparo-
scopic technique. However, the treatment may differ if patient 
does not need further pregnancy in which case hysterectomy 
and closure of bladder opening will be the best treatment option. 
The technique of laparoscopic repair was described in an ear-
lier study by Singh et al.[10] Most of the reported literature was 
either single case report or having fewer case series than the 
present study or mixed series including vesicovaginal fistula.
[11-13] Naouar et al.[12] described a case of 42- year- old female 
with transperitoneal laparoscopic VUF repair. The operative 
time was 165 min and blood loss was 50 mL. No complication 
was reported in that case. Chibber et al.[14] reported 2 cases of 
laparoscopic VUF repair in a series of 8 urogenital fistulas (the 
remaining 6 cases were vesicovaginal fistulas). Median operat-
ing time was 220 min (190-280) which was longer than our 
study (135-186 minutes) and any complication was not report-
ed.[14] Aminsharifi et al.[15] described transperitoneal laparo-
scopic repair of two VUF with average time of 170 min and less 
than 100 mL blood loss. They obtained cystograms at 4 weeks 
postoperatively and urethral catheter was removed when there 
was no leakage on cystogram. At 6 months follow- up there was 
no recurrence. They concluded that laparoscopic repair of VUF 
is feasible and effective but longer follow up data needed.[15] In 
the present study, cystograms were obtained for all patients at 
2-3 weeks postoperatively with no leakage of contrast. Because 
of very rare incidence of VUF, the individual experiences in 
the management of these challenging cases sare also limited 
in number. With expertise in managing vesicovaginal fistula 
(VVF, which is very common), we no longer performed rou-
tine postoperative cystographic examinations in all patients of 
VVF. However, we have performed postoperative cystographic 
examinations in all cases of VUF. 

The laparoscopic repair of VUF requires expertise specially for 
intracorporeal suturing. Interposition of omentum or peritoneal 
flap is important to prevent future recurrence. The plane of dis-
section can be better appreciated with a ureteral catheter placed 
cystoscopically and brought through cervix and vagina through 
and through as previously described by the author.[16] We have 
used interposition flaps in all cases (one vesicouterine fold, 3 
peritoneal fold and 4 omental interpositions). Previous surgery 
often leads to intraperitoneal nearby adhesion and one of the 
above-mentioned interposition flaps can be used according to 
availability and requirement. 

Our study population consisted of relatively younger age group 
(22-32 years), while none of the patients underwent hyster-
ectomy, and all were willing to preserve their uteruses. Over 
long-term follow up, successful pregnancy was achieved in 
two patients and rest of the patients was taking contraceptive 
measures. Cosmetic outcomes were excellent in all patients. In 
a retrospective analysis, Lotocki et al.[17] reported fertility rate 
following repair of vesicouterine fistula. Overall pregnancy rate 
was 31.25% with term delivery of 25%. Bonillo García et al.[18] 
reported 2 successful pregnancies out of 6 patients with mini-
mum 2 years of follow up. All procedures were uneventful. No 
significant postoperative complication occurred in any patients. 

Laparoscopic repair of VUF is rarely described in the literature. 
Our study is the largest series of laparoscopic repair of VUF 
with 100% success rate. However, our limitations include small 
number of patients and a single experienced urologist per-
formed all the procedures.

In conclusion, laparoscopic repair of vesicouterine fistula is a 
safe and effective minimally invasive technique with successful 
pregnancy in long-term follow up.
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ST-segment elevation myocardial infarction
Thrombolysis
segment elevation myocardial infarction (STEMI) with various modalities of treatment and to examine the fac-
tors associated with early reversal of CAVB.
Methods:Weprospectively assessed the STEMI patients complicated by CAVB. Themean time to reversal of CAVB
Objective: The purpose of this study was to determine the time to reversal of complete AV block (CAVB) in ST-

was analyzed and compared according to the treatment received. Multivariate logistic regression analysis was
performed to find the predictors of mortality.
Results:Of 3954 patients with STEMI, CAVB was present in 146(3.7%) patients. Inferior wall myocardial infarc-
tion (IWMI) was more commonly associated with CAVB than anterior wall myocardial infarction (AWMI)
(74.7% vs 25.3%). The mean time to reversal of CAVB was 25.4 ± 35.5 h. It was significantly lower with the
primary percutaneous coronary intervention (PCI) compared to thrombolysis (5.21 ± 10.54 vs 12.98 ±
17.14; p = 0.0001). Predictors of early reversal of CAVB were early presentation to hospital (<6 h) from
symptom onset, presence of IWMI, any revascularization done, primary PCI performed in comparison to
thrombolysis, and normal serum creatinine levels. The presence of older age, broader QRS complex, cardio-
genic shock/heart failure, and elevated creatinine were independent predictors of mortality. The CAVB
reverted in all the alive patients except one who required permanent pacemaker implantation.
Conclusion: CAVB is uncommon in STEMI and it recovers in a vast majority of surviving patients. The time to re-
versal of CAVB in STEMI is lower with primary PCI compared to thrombolysis. Outcomes are poor without revas-
cularization in such patients.

© 2020 Elsevier Inc. All rights reserved.
Introduction

Complete atrioventricular (CAVB) in the setting of an acute ST-
segment elevation myocardial infarction (STEMI) is associated with an
increased risk of mortality [1]. The incidence of CAVB in acute myocar-
dial infarction (MI) is reported to be between 3 and 8%; which depends
on the type and anatomical localization of MI [1–6]. The incidence of
CAVB is higher in patientswith inferiorwall ST-elevationmyocardial in-
farction (IWMI) compared to anterior wall ST-segment elevation myo-
cardial infarction (AWMI) [4–7]. There is a 2- to 5-fold increased risk
of short-term mortality, a higher incidence of cardiogenic shock, and
ventricular arrhythmias when STEMI is complicated by CAVB [1,5,8,9].
Although the incidence of CAVB among STEMI patients has declined
, All India Institute of Medical

av).
over the last few decades because of a timely introduction of improved
therapeutic therapies including thrombolysis and primary percutane-
ous coronary intervention (PCI), the associatedmorbidity andmortality
remain high despite early reperfusion therapy [3,10,11]. The literature
contains information on the incidence and in-hospital mortality rates
of CAVB among STEMI patients but the time to reversal of CAVB has
not been reported. The present study aimed to analyze the time to re-
versal of CAVB and its predictors in patients hospitalized with STEMI.

Methods

Study design and population

This was a single-center, prospective cohort study conducted at a
tertiary care centre in India. All patients admitted, between January
2015 to December 2016, with the diagnosis of STEMI were screened
and those having CAVBon the electrocardiogram at admission or any

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jelectrocard.2020.10.008&domain=pdf
https://doi.org/10.1016/j.jelectrocard.2020.10.008
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point of time during hospital stay were included for further analysis in
the study after informed consent. Patients with prior myocardial infarc-
tion (MI), percutaneous coronary intervention (PCI), coronary artery
by-pass grafting, electrolyte disturbances (serum potassium <3
or> 6mg/dl) at the time of heart block, pre-existent conduction system
disturbances and those not giving consent were excluded from the
study. The study was approved by the Institute's Ethics Committee.

Definitions and clinical characteristics

Acute STEMI was defined as the rise of cardiac biomarker levels (at
least one value above the 99th percentile of upper reference limit) in pa-
tients with symptoms of ischemia with at least one of the following:
1) New or presumed new ST elevation or left bundle branch block
(LBBB) on electrocardiogram (ECG), 2) Development of pathologic Q
waves on ECG, 3) Imaging evidence of new loss of viable myocardium
or new regional wall motion abnormality, or 4) Identification of an
intracoronary thrombus by angiography or on autopsy.

CAVB was identified on ECG with all the following criteria: 1) ven-
tricular rate less than 60 perminute, 2) atrial ratemore than ventricular
rate, and 3) complete atrioventricular (AV) dissociation. Only those pa-
tients in which CAVB lasted for more than 30min andwith no response
to atropinewere included in our study and a temporary pacemakerwas
inserted in all those patients in which CAVB did not revert.

Patients were divided into 5 groups depending upon the treatment
received: 1) Primary PCI group- Patients with STEMI who underwent
primary PCI after presentation within window period; 2) Thrombolysis
group- Those not willing for primary PCI due to various reasons were
thrombolyzed with streptokinase in the absence of contraindications.
Some of these patients after thrombolysis underwent PCI but had
achieved sinus rhythm before PCI, were also included in thrombolysis
group for rhythm analysis; 3) Thrombolysis + PCI group- The patients
who underwent routine early angiography with an intent to
revascularize as part of pharmacoinvasive therapy; 4) Delayed PCI
group- Those presenting outside window period (between 12 and
48 h) underwent PCI and were not given the option of thrombolysis;
and 5) Non-revascularization/ No intervention group- The patients
who could neither be thrombolyzed nor underwent angiography for
PCI because of delayed presentation (>48 h) after the onset of chest
pain or any other reasons were managed conservatively (Fig. 1).

At the presentation to the hospital, a 12‑lead electrocardiogram
(ECG) was performed in all the patients for documentation of the initial
Fig. 1. Distribution of patients. STEMI, ST-segment elevation myocardial infarction; CAVB, com
coronary intervention.
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rhythm and diagnosis of MI. Patients were then admitted to the coro-
nary care unit (CCU), where a continuous rhythm and vital monitoring
was done. Upon suspicion of heart block, ECGs were repeated for the
documentation of any new onset CAVB before inclusion in the study.
For hemodynamically stable patients, a duration of 30 min and a non-
response to atropine in IWMI were required for study inclusion. Atro-
pine was administered only in hemodynamically stable IWMI patients
having a narrow QRS escape. We carefully monitored the patients in
CCU anddid our best not tomiss any patientwith a CAVB. Asmentioned
before, reperfusion therapy was performed either with primary PCI or
thrombolysis in eligible patients. For the calculation of time to reversal
of CAVB, zero time was taken as the time of development of CAVB in
the hospital, and it was taken as the time of presentation in those who
had developed CAVB before hospital admission. The endpoint of the re-
versal of CAVB was taken as the timewhen ECG showed sustained nor-
mal sinus rhythm for at least 30 min. Continuous rhythm monitoring
was performed for recognition of the reversal of CAVB. If the rhythm
monitor showed resolution of CAVB, the 12‑lead ECGs were repeated
for documentation of resolution. ECGs were also performed at an inter-
val of 6 h until the reversal of CAVB for documentation of an abnormal
cardiac rhythm.

The primary endpoint of the studywas to assess the time duration of
reversal of CAVB in the different subgroups of patients. Secondary end-
points were: 1) To assess risk factors of mortality in patients of STEMI
with CAVB, and 2) To study factors affecting early or delayed reversal
of CAVB in these patients.

Statistical analysis

The discrete variables were described as numbers and percentages.
The continuous variables with normal distribution were described as
mean ± standard deviation (SD). Continuous variables were tested for
normality by using the Kolmogorov test. The unpaired t-test was used
to compare means of normally distributed discrete variables. The
Mann-Whitney U test was used to compare non-normal variables be-
tween two groups and the Kruskal-Wallis testwas used to compare dis-
crete variables among more than 2 groups. The multivariate binary
logistic regression was carried out to find the factors associated with
time to reversal of CAVB and mortality. The odds ratio (OR) with its
95% confidence interval (CI) was calculated. The p-value of less than
0.05 was considered statistically significant. All the analysis was carried
out on the SPSS 16.0 version (Chicago, Inc., USA).
plete atrioventricular block; PPI, permanent pacemaker implantation, PCI, percutaneous



Table 2
Comparison of the time to reversal of CAVB in alive patients (n = 108).

Modality of treatment The time to reversal of CAVB
(hours)

95% CI
(hours)

Mean ± SD

Primary PCI (n = 21) 5.21 ± 10.54 0.41–10.01
Thrombolysis (n = 44) 12.98 ± 17.14 7.77–18.20
Delayed PCI (n = 6) 8.83 ± 7.73 0.72–19.94
Thrombolysis+PCI (n = 5) 16.40 ± 17.79 5.7–38.50
Non-revascularized (n = 32) 68.21 ± 44.18 52.28–84.15

CAVB, complete atrioventricular block; PCI, percutaneous coronary intervention.
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Results

Baseline characteristics

A total of 3954 patients were screened for this study. CAVB was de-
tected in 146 (3.7%) of these patients. Themean age of the patients with
CAVB was 58.8 ± 11.1 years. The baseline characteristics are described
in Table 1. Of all thepatients havingCAVB (n=146), AWMIwaspresent
in 25.3% and IWMI was present in 74.7%.

The time to reversal of CAVB and predictors of early reversal

CAVB reverted to sinus rhythm in all alive patients except one who
required permanent pacemaker implantation. The mean time to rever-
sal of CAVB was 25.4 ± 35.5 h (range: 1–144 h). In the patients who
underwent primary PCI, the mean time to reversal of CAVB was 5.21 h
(95% CI, 0.41–10.01; SD, 10.54). It was significantly lower compared to
the patients who underwent thrombolysis (12.98 h; 95% CI,
7.77–18.20; SD, 17.14; p = 0.0001). The patients who did not undergo
any revascularization had the longest time to reversal of CAVB
(68.21 h; 95% CI, 52.28–84.15; SD, 44.18). Late presenters who
underwent PCI had an earlier reversal of CAVB compared to those with-
out revascularization (Table 2).

When patients presented to the hospital within 3 h of symptom
onset, the time to reversal of CAVB was similar between primary PCI
and thrombolysis groups (1.14 ± 0.36 vs 1.27 ± 0.46; p = 0.60).
When the time of presentation was more than 3 h, time to reversal of
CAVB was significantly lower with primary PCI compared to thrombol-
ysis (Table 3).

The time of presentation to the hospital from the onset of symptoms
had a statistically significant impact on the reversal of CAVB.When early
reversal (<6 h)was comparedwith delayed reversal (>12 h) of CAVB, it
was found that patients of early reversal group presented to the hospital
earlier after the onset of symptoms (mean 6.26 ± 6.66 h) compared to
the patients of delayed reversal group (mean 10.90 ± 7.22 h) (p =
0.01). The patients whowere treatedwith any form of revascularization
had a significantly earlier reversal of CAVB compared to patients who
were managed conservatively. QRS duration and age of patients were
not significantly different between early and late reversal groups
(Table 4).

In-hospital mortality and its predictors

The overall in-hospital mortality among patients with STEMI com-
plicated by CAVB was 25.3% (37/146). In the multivariate regression
analysis, the highest risk of mortality was seen when CAVB was associ-
ated with cardiogenic shock/ heart failure (Table 5). The older age was
associated with an increased risk of mortality. Although patients with
Table 1
Baseline characteristics of patients with CAVB in the setting of STEMI (n = 146).

Number of patients Percentage

Mean age, years (SD) 58.8 (±11.1)
Males 102 69.8%
Type of STEMI
AWMI 37 25.3%
IWMI 109 74.7%

In-hospital mortality 37 25.3%
QRS width
Narrow 105 71.9%
Widea 41 28.1%

Cardiogenic shock/Heart failure 35 24.0%
Revascularization 89 60.9%

CAVB, complete atrioventricular block; STEMI, ST-elevation myocardial infarction; AWMI,
anterior wall myocardial infarction; IWMI, inferior wall myocardial infarction.

a QRS wide if >120 ms.
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AWMI had higher mortality rates compared to IWMI (37.8% vs 21.1%,
p=0.04), AWMIwas not found to be an independent predictor inmul-
tivariate analysis. The patients who presented early to the hospital after
symptom-onset (within 12 h), with normal QRS duration (less than
120 ms) and who received any form of revascularization therapy had
a significantly lower risk of mortality inmultivariate regression analysis
(Table 5). Non-reversal of CAVB was associated with a significantly in-
creased risk of mortality. Of the 37 non-survivors, CAVB reverted to
sinus rhythm in only 8 patients (21.6%) before demise.
Discussion

In this prospective cohort study of 3954 patients hospitalized with
STEMI, CAVB was seen in 146 (3.7%) patients. Previous studies have re-
ported a comparable incidence of CAVB among STEMI patients. Analysis
of data from the TRACE (Trandolapril cardiac evaluation) study revealed
a 5% incidence of CAVB in 5575 acute myocardial infarction (AMI) pa-
tients [1]. The Worcester Heart attack study found a 4.1% incidence of
CAVB in AMI patients [10]. In another large retrospective study of pa-
tients with STEMI, the incidence of CAVB was found to be 2.2% [12]. In
accordance with previous studies, we found that the CAVB was more
common in IWMI compared to AWMI [1]. Although CAVB was more
commonly associated with IWMI, in-hospital mortality was signifi-
cantly higher with AWMI. This finding can be explained as CAVB in
AWMI usually suggests ischemia of a significant myocardial and con-
duction tissue;while, in IWMI, CAVBmay occur due to heightened para-
sympathetic activity.

This is the largest study reporting the time to reversal of CAVB in
STEMI patients to the best of our knowledge. In this study, the mean
time to reversal of CAVB was 25.4 h (range, 1–144 h) in the overall
study population. The time to reversal of CAVBwas significantly shorter
with primary PCI as compared to thrombolysis. PCI leads to complete re-
vascularization in most patients immediately whereas thrombolysis
leaves residual coronary obstruction in a significant number of patients,
whichmay explain the short time of reversal achievedwith primary PCI.
As expected, the time to reversal was longest in the non-revascularized
patients. Interestingly, when the time to hospital presentation from
symptomonsetwas less than 3 h, therewasno significant difference be-
tween primary PCI and thrombolysis with respect to time to reversal of
CAVB. But primary PCI was superior to thrombolysis when the time to
hospital presentation was more than 3 h. This suggests that if the pre-
sentation time is short after the onset of chest pain, thrombolysis may
be equally effective. However, we shall need larger studies to verify
this finding observed in our study. With thrombolysis, time to reversal
of CAVB was shorter in IWMI than AWMI; whereas, with primary PCI,
time to reversal was almost similar in AWMI and IWMI. CAVB in IWMI
may resolve spontaneously in some patients with time [13–15] which
could be a confounding factor and can explain the shorter time to rever-
sal seen in IWMI patients with thrombolysis. Previously, Fan et al. re-
ported outcomes of 52 patients with AV block in inferior STEMI who
had a delayed presentation to the hospital (>12 h after onset of chest
pain) [16]. They found a median time of AV block improvement from



Table 3
Comparison of the time to reversal of CAVB between thrombolysis and primary PCI with
respect to presentation time (n = 65).

Presentation time from the onset of
symptoms (hours)

The time to reversal of
CAVB (hours)

P-value

Primary
PCI

Thrombolysis

<3 1.14
± 0.36

1.27 ± 0.46 0.60

3–6 3.16
± 0.28

4.68 ± 1.05 0.02a

>6 21.00
± 18.07

23.00
± 19.70

0.04a

CAVB, complete atrioventricular block; PCI, percutaneous coronary intervention.
a Statistically significant.
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symptom onset of 5.0 days (range 1–15 days). The longer time to rever-
sal in their study could be explained by the fact that they included only
the patientswith a delayed presentation to the hospital (median time to
presentation, 36 h) in their study. Successful reperfusion of the infarct-
related artery was found to be useful in facilitating the recovery of AV
block [16]. Narin et al. studied 5 patients of CAVB associated with
acute coronary syndrome and found that coronary revascularization
Table 4
Comparison of early reversal (<6 h) and delayed reversal (>12 h) groups.

Features Early reversal Delayed
reversal

P-value

Mean age (years) 58.77
± 10.69

56.48
± 11.06

0.32

Presentation time from symptom onset 6.26 ± 6.66 10.9 ± 7.22 0.01a

Type of MI 0.01a

AWMI (n = 18) 16.7% 83.3%
IWMI (n = 73) 49.3% 50.7%

QRS width 0.23
Narrow QRS (n = 73) 45.2% 54.8%
Wide QRS (n = 17) 29.4% 70.6%

Revascularization 0.0001a

Revascularization done (n = 57) 63.2% 36.8%
No revascularization (n = 33) 6.1% 93.9%

Reperfusion therapy 0.03a

Thrombolysis (n = 33) 57.6% 42.4%
Primary PCI (n = 20) 85% 15%

Renal function 0.0001a

Deranged renal function (n = 30) 10% 90%
Normal renal function (n = 58) 58.6% 41.4%

AWMI, anterior wall myocardial infarction; CAVB, complete atrioventricular block; IWMI,
inferior wall myocardial infarction; PCI: percutaneous coronary intervention.

a Statistically significant.

Table 5
Multivariate analysis showing factors associated with mortality.

Factors Odds
ratio

95% Confidence
interval

P-value

Lower
bound

Upper
bound

Presence of cardiogenic shock/ Heart
failure

6.17 2.20 17.28 0.001b

Time of presentation (〈12h) 0.57 0.31 0.93 0.001b

Revascularization 0.46 0.34 0.89 0.001b

QRS duration <120 ms 0.17 0.05 0.61 0.006b

Age (more than 60 years) 1.05 1.00 1.101 0.02b

AWMIa 1.49 0.13 1.89 0.30

AWMI, Anterior wall ST-segment elevation myocardial infarction; IWMI, Inferior wall ST-
segment elevation myocardial infarction.

a In comparison to IWMI.
b Statistically significant.
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with coronary artery bypass grafting was able to ameliorate the need
for permanent pacemaker implantation in 4 of those patients [17].
CAVB reverted back to sinus rhythm after a mean interval of 30 +/−
13.6 h in those patients.

Predictors of early reversal in this study were early presentation to
the hospital (<6 h), any revascularization done, primary PCI performed,
presence of IWMI than AWMI, serum creatinine less than 1.5mg/dl. The
QRS duration (whether <120ms or > 120ms) did not affect time to re-
versal of CAVB (p=0.23). The mean age was not different between the
two groups of early and delayed reversal of CAVB. Late presenters in
whom PCI was performed had an early reversal of CAVB compared to
the patients in whom no intervention was done.

The presence of CAVB in STEMI patients is considered anunfavorable
prognostic marker. In-hospital mortality rates are significantly higher
compared to patients who don't have CAVB. Previous studies have re-
ported between 20 and 30% in-hospital mortality rates in STEMI with
CAVB patients [1,2,4,12]. CAVB was found to be a short-term as well as
a long-term predictor of mortality in these patients [1,18]. In our
study, the in-hospitalmortality amongpatientswith CAVB in the setting
of STEMI was 25.3%. The CAVB did not revert to sinus rhythm inmost of
the deceased patients. Mortality was considerably higher when CAVB
was associated with AWMI (37.8%) compared to IWMI (21.1%)
(p< 0.05), although AWMI was not an independent predictor in multi-
variate analysis. The higher mortality in patients with CAVB and AWMI
compared to IWMI has been demonstrated previously also [1]. In an-
other study, AWMI was associated with increased mortality while
IWMI was not an independent predictor of mortality among patients
with STEMI complicated by high-degree (second- and third-degree)
atrioventricular block. [19] The other predictors of mortality in our
study were older age, a presentation later than 12 h of symptom
onset, QRS duration more than 120 ms, elevated serum creatinine, car-
diogenic shock or heart failure at the time of presentation, and no revas-
cularization done.

The present study was limited by a number of factors. Firstly, no re-
vascularization was performed in around 30% of patients mostly be-
cause of delayed presentation (>48 h) to the hospital from the onset
of symptoms. Primary PCI was done only in around 20% of patients
and most patients were thrombolyzed with streptokinase. Patients
were not routinely taken for pharmaco-invasive therapy following
thrombolysis as per the latest guidelines. Hence, this data may not be
representative of the contemporary management of acute STEMI. Sec-
ondly, the study was limited by small sample size as this was a single
centre study. Thirdly, the outcomes of patients having CAVB were not
compared with patients not having CAVB in the setting of STEMI. De-
spite these limitations, this study throws light on some of the important
aspects of the progression of CAVB in STEMI patients and how it can be
improved with interventions. This study is interesting and helpful in
that although CAVB with myocardial infarction is commonly seen in
routine clinical practice, there is a paucity of data looking at the time
to resolution of CAVB. Further studies are required in patients with
STEMI and CAVB who have a delayed presentation (>48 h). This sub-
group was managed conservatively without revascularization and had
significantly higher mortality in our study. We propose that the out-
comes in this subgroup of patients should be explored with revascular-
ization in subsequent studies.

Conclusions

Out data shows that time to reversal of CAVB in STEMI patients is
lower in patients who undergo primary PCI compared to thrombolysis.
When patients present to the hospital within 3 h from symptom onset,
time to reversal of CAVB is comparable in both primary PCI and throm-
bolysis groups. In late presenters (between 12 and 48 h), PCI is better
than no intervention in the terms of the reversal of CAVB. The most im-
portant factors associated with increased mortality are the presence of
cardiogenic shock/heart failure and non-revascularization.
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ABSTRACT BACKGROUND: Current laboratory biomarkers for lupus nephritis like proteinuria, urine protein to
creatinine ratio, creatinine clearance, anti-ds DNA, and complement levels lack sensitivity and specificity for predicting
disease activity and damage. Free light chains (FLCs) released in circulation during antibodies production play a key role
in the pathogenesis of autoimmune diseases. Expression of serum and urinary FLCs in lupus nephritis can act as non-
invasive diagnostic and prognostic indicators and alleviate the dependency on the invasive procedure of biopsy to guide
management. AIMS AND OBJECTIVES: Present study intends to adjudge the implications of serum and urinary FLCs
as non- invasive biomarkers of disease activity in lupus nephritis. MATERIALS AND METHODS: Histomorphological
diagnosis of lupus nephritis was made as per ISN-RPS classification. Cases were divided into 2 subgroups, classes I/II
and III/IV in accordance with low to high histological grades and activity/chronicity scores. Concurrent serum and
urinary FLCs levels were estimated by immunonephelometry and correlated with clinical presentation and histological
grades of LN. Control cases were selected from a pool of other native renal diseases with non-immunological basis.
RESULTS: Urinary kappa and lambda FLCs were significantly elevated in lupus nephritis class III/IV as compared to
class I/II and controls. Serum kappa FLCs exhibited significant/near significant increments on comparison of classes
III/IV and I/II with controls, however intra-comparison of classes I/II and III/IV was insignificant. Serum lambda FLCs
showed significance only for the comparison of class III/IV with controls. CONCLUSION: Urine FLCs have definite
potential to be established as non-invasive biomarker of activity in lupus nephritis. Role of serum FLCs needs further
validation.
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Introduction

Lupus nephritis is a significant causative factor for mortality and
morbidity in the course of Systemic lupus erythematosus (SLE).
Previous studies have shown that 74% of SLE patients develop
clinically relevant nephritis during their illness [1]. Though man-
agement of lupus nephritis has been advanced, little progress
has been made for prevention of adverse outcomes of lupus
nephritis, including chronic kidney disease and end-stage renal
disease [2].

Current laboratory biomarkers for lupus nephritis such as
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proteinuria, urine protein to creatinine ratio, creatinine clearance,
and anti-ds DNA and complement levels are unsatisfactory as
they are neither sensitive nor specific for differentiating renal
activity and damage in lupus nephritis. At present, renal biopsy
is considered the best diagnostic tool for guiding clinical man-
agement [3]. As biopsy procedure is invasive and at times, serial
biopsies may be required to decide the course of management,
this modality is impractical in the monitoring of lupus nephri-
tis. Hence the search for useful biomarkers continues; the goal
being to find an ideal non-invasive biomarker that should warn
of impending disease, allow for more accurate prediction of
lupus-related renal histopathology, and allow for monitoring of
changes in disease activity [4].

The B cells play a crucial role in the pathogenesis of SLE,
which on activation produce autoantibodies against various con-
servative components including dsDNA, histones, Ro52, Ro60,
La and Sm [5-8]. Moreover, extensive hyperactivity of polyclonal
B cell has been observed, during active disease [9,10]. During the
production of antibodies, up to 40% excess immunoglobulin free
light chains are synthesized in proportion to immunoglobulin
heavy chains. These free light chains are released into circulation.
Kappa free light chains are released in monomeric as well as in
dimeric forms whereas lambda free light chains are released as
dimers only. These serum FLCs have a half-life in the blood cir-
culation of 2–4 hours for kappa FLCs and 3–6 hours for lambda
FLCs as these are rapidly catabolized by the kidneys which main-
tain normal concentration of free light chains in serum and urine
at low levels. However, inactive lupus nephritis, it is hypothe-
sized that due to both polyclonal B cell activation and impaired
renal clearance, there is a rise in concentrations of both serum
and urinary free light chains [11-13]. The present study is an
aim to adjudge utility of serum and urinary free light chains
as non-invasive biomarkers of disease activity by comparison
against histopathological parameters and hypothesize if former
can alleviate the dependency of later in deciding the course of
clinical management in lupus nephritis.

AIM OF THE STUDY:

The main aim of the study was to adjudge the utility of serum
and urinary free light chains as noninvasive biomarkers of activ-
ity in lupus nephritis by comparison against histological param-
eters.

METHODS AND MATERIALS:

Study design and patients

It was a tertiary care-based case-control study conducted over
one year. Screening of patients with various grades of lupus
nephritis was done at the Department of Rheumatology and
Department of Medicine, King George’s Medical University,
Lucknow. Complete blood count including peripheral blood
examination, urinalysis for urinary protein and microscopic sed-
iments, serum biochemistry (S. Creatinine, S. Urea), antibodies
(S. Antinuclear antibody, S. Anti-ds DNA) and complement lev-
els (C3, C4) were estimated in all patients for screening. Besides
serum samples were also subjected to indirect immunofluores-
cence test to estimate intensity expression of serum Antinuclear
antibody (ANA) and serum Anti-ds DNA following related
guidelines framed by the Centers for Disease Control (CDC),
Atlanta, Georgia. A score of expression 2+ and above was con-
sidered as a positive expression [14]. Patients fulfilling SLICC
(Systemic Lupus International Collaborating Clinics) criteria for

SLE (2012) and histologically diagnosed as lupus nephritis for
the first time were enrolled in the study [15].

As per classes and disease activity obtained by histological
assessment, lupus nephritis cases were divided into two groups
I and II. Group, I comprised of classes I and II with lower his-
tological grades as evidenced by inactive and non-proliferative
features. In contrast, group II included classes III and IV with
higher histological grades attributed by active and proliferative
features.

Already diagnosed cases of lupus nephritis and on treatment
were excluded from the study. Control cases were obtained from
a pool of other native renal diseases without any background of
immunological pathogenesis, such as adjacent renal parenchyma
in partial/complete nephrectomy specimens of renal cell carci-
noma, pelvi-ureteric junction obstruction etc. The sample size
was calculated using Epi Info 2002 software taking the alpha
(type I) error as 5%, confidence interval of 95% and power of
study as 80%.

King George’s Medical University approved this study, U.P.,
Institutional Ethics Committee, King George’s Medical Univer-
sity, U.P., Lucknow approved this study and informed consent
in local language was obtained from all enrolled patients.

Pathological evaluation

Renal biopsy interpretation for sub-grading of lupus nephritis
was made according to ISN/RPS 2003 classification with a con-
current estimation of levels of free light chains in serum and
urine at Department of Pathology, King George’s Medical Uni-
versity and Dr Ram Manohar Lohia Institute of Medical Sciences,
Lucknow, India respectively.

Renal biopsies of these cases were processed according to
standard protocols and examined after staining with hema-
toxylin and eosin stain along with special stains like periodic
acid- Schiff’s base (PAS), silver methenamine and trichrome
stains. Immunofluorescence expression for IgG, IgA, IgM, C3,
C1q and fibrinogen across glomerular mesangium/capillaries
was also noted. Full house expression of these immunoglobu-
lin/complement markers was considered consistent for lupus
nephritis (Figure 1).

The inflammatory activity of the kidney was mainly judged
by the urinary sediments and renal histology. Activity and
chronicity indices were estimated by criteria of the National
Institute of Health as modified by Austin et al. [16]. Activity
indices include six parameters as intracapillary hypercellularity,
leucocyte infiltration, hyaline/fibrin thrombi, wire loops, fibri-
noid necrosis and cellular crescents; all parameters are graded
on scale 0-3, with last two parameters additionally multipliable
by a factor of 2, thereby giving activity indices maximum score
of 24. Activity index >6 was considered as a signature of active
disease. Chronicity indices include four parameters as glomeru-
lar sclerosis, fibrous crescents, interstitial fibrosis and tubular
atrophy; all parameters are graded on scale 0-3, thereby giving
chronicity indices maximum score of 12 [3].

Serum and urinary free light chains were estimated by im-
munonephelometry performed on Siemen’s BN ProSpecneph-
elometer with Freelite Human Kappa free kit and Freelite Hu-
man Lambda free kit. For this purpose patients’ urine and serum
were retrieved at the time of diagnosis and stored at -80 C for
further workup. Cut off values of serum kappa, lambda, uri-
nary kappa, lambda was taken as 19.4, 26.3, 24.19, 6.6 mg/L,
respectively [17].
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Table 1 Comparison of S. ANA and Anti dsDNA antibody expression.

Group Expression level

Negative 1+ 2+ 3+ 4+
Md [IQR]

score

N % n % n % n % N %

S. Antinuclear antibody

1. Control (n=8) 6 75 2 25 0 0 0 0 0 0 0 [0-0.75]

2. Group I (n=9) 1 11.1 1 11.1 3 33.3 2 22.2 2 22.2 2 [1.5-3.5]

3.
Group II
(n=24) 1 4.2 0 0 2 8.3 8 33.3 13 54.2 4 [3.0-4.0]

H=20.495; p<0.001(Kruskal-Wallis test)

Control vs I@ Control vs II@ I vs II@

z=3.011; p=0.002 z=4.158;
p<0.001 z=2.225; p=0.036

Anti dsDNA antibody

1. Control (n=8) 8 0 0 0 0 0 0 0 - - 0 [0-0]

2. Group I (n=9) 3 33.3 2 22.2 3 33.3 1 11.1 - - 1 [0-2]

3.
Group II
(n=24) 5 20.8 0 0 9 37.5 10 41.7 - - 2 [2-3]

H=14.613; p<0.001 (Kruskal-Wallis test)

Control vs I@ Control vs II@ I vs II@

z=2.714; p=0.021 z=3.524;
p<0.001 z=1.831; p=0.086

Table 2 Comparison of Immunonephelometric profiles.

SN

Parameter

FLC unit:

mg/L

Controls

(n=8)

Group I

(n=9)

Group II

(n=24)
p-value

No. % No. % No. % Control
v/s I

Control
v/s II

I v/s
II

1. S. free light chain
κ>19.4

1≈
C,II 12.5 7≈ C 77.7 19C 79.2 0.007 0.001 0.931

2. S. free light chain
λ>26.3 1I I 12.5 4 44.4 13C 54.2 0.145 0.040 0.619

3. U. free light chain
κ>24.19 0I,I I 0 5C,I I 55.5 22C,I 91.7 0.012 <0.001 0.017

4. U. free light chain
λ>6.6 0I,I I 0 4C,I I 44.4 20C,I 83.3 0.031 <0.001 0.025
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Picture 1: Histomorphological features of Group I & Group
II cases along with depiction of full house expression on im-
munofluorescence.

Approval of validity of serum and urinary free light chains
as predictors of activity in lupus nephritis was based upon sta-
tistical correlation with “gold standard” light microscopy and
immunofluorescence findings of concurrently obtained renal
biopsy samples of cases.

Statistical analysis

All statistical analysis was done with GraphPad Prism software
version 5.03. For non- parametric data, Kruskal-Wallis non-
parametric test and for paired samples, Wilcoxon test were used.
In all cases, p-value <0.05 was considered as significant. Cases,
where p-value obtained, was close to cut off value of 0.05 (up to +
0.02), was labelled as near significant, that was not meant for any
statistical interpretation but to highlight the possibility of clinical
relevance that needed to be further analysed and confirmed.

RESULTS:

Distribution of demographic profile of cases and con-
trols:

A total of 41 subjects (33 cases of lupus nephritis and 8 con-
trols) were enrolled in the study. Of 33 cases, 9 (27.3%) which
were identified as class I/II lupus nephritis comprised Group
I whereas remaining 24 (72.7%) identified as class III/IV lupus
nephritis formed Group II of study. Mean age in controls, group I
and group II were 32.13, 27.33 and 33.6 years, respectively. Male
to female ratio among controls, group I, group II, combined
groups I and II was 1:3, 1:2, 1:5 and 1:3.7 respectively.

Comparison of SLE related clinical manifestations be-
tween 2 groups of cases:

Painful/swollen joints, oral/nasal ulcers, anaemia and active uri-
nary sediments were the most common clinical features present
in 75.8% to 87.9% of cases. Neurological involvement was the
least common clinical feature. Statistically, there was no signifi-
cant difference between the two groups concerning their clinical
profiles.

Comparison of biochemical parameters:

There was no statistically significant difference between controls,
groups I and II for biochemical parameters, including serum

urea and creatinine levels.

Comparison of S. ANA and Anti dsDNA antibody expres-
sion (Table 1):

S. ANA expression levels ranged from 0 to 1+ in controls and
from 0 to 4+ in cases. Between Groups I and II, Group II had a
higher proportion of subjects with score 2+ and above (87.5%)
as compared to Group I (44.4%). Statistically, this difference was
significant (p=0.036). Concerning anti-ds-DNA antibody expres-
sion, the proportion of cases with expression 2+ and above was
again higher in Group II (79.2%) as compared to that in Group
I (44.4%); however, this difference was only near significant
(p=0.086).

Comparison of activity and chronicity indices between
2 groups of cases:

Group II constituted a statistically significant proportion
(p<0.001) of cases (91.7%) with activity index >6 as compared to
group I (33.3%). However, for comparison of chronicity index,
there was no significance.

Comparison of immunonephelometric profiles (Table 2):

Expression levels of urinary kappa and lambda free light chains
above cut-off values bore statistically significant association on
all three combinations: control versus group I, control verses
group II, as well as group I verses group II. Serum kappa free
light chains expression levels were significant / near significant
on comparison of controls verses groups II and I respectively;
II verses I collation was insignificant. Serum lambda free light
chains expression levels showed significance only on controls
differentiated with group II. The kappa/lambda ratios were
within normal ranges in all the cases.

DISCUSSION

The present study was undertaken to adjudge utility of serum
and urinary free light chains as non-invasive biomarkers for pro-
liferative lupus nephritis with high activity indices. Our findings
depicted that urinary kappa and lambda free light chains levels
act as significant predictors of higher grades and activity in lu-
pus nephritis. They were significantly elevated in proliferative
lupus nephritis as compared to non-proliferative and control
subsets, both. Serum kappa free light chains were found to be
significantly elevated in both proliferative and non-proliferative
groups of lupus nephritis as compared to controls but not in
comparison with each other. Serum lambda free light chains
levels bore significance for the collation of proliferative lupus
nephritis cases verses controls only. The kappa: lambda ratios
were normal in both the subsets of lupus nephritis cases, indi-
cating a polyclonal rather than monoclonal elevation.

In response to objectives as mentioned in research highlights
of this work, the above-described results can be interpreted as
follows. Release of kappa and lambda free light chains in both
serum and urine play a significant role in the pathogenesis of lu-
pus nephritis, however in varying perspectives. Urinary kappa
and lambda as well as serum kappa free light chains levels sig-
nificantly differentiate between non-lupus and lupus nephritis
cases. Further, to screen out proliferative/active grades among
all lupus nephritis cases, urinary kappa and lambda along with
serum lambda free light chains levels prove to be efficient. Thus
on reconciliation of all results and observations, urinary kappa
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and lambda free light chain levels proved to be better potential
bearers as non-invasive biomarkers for lupus nephritis because
they significantly demarcated between cases and non-cases, as
well as between higher and lower grades/classes of cases, when
compared to their serum counterparts. Serum kappa free light
chain levels can only predict diagnosis as lupus nephritis sans
grade/class prediction. In contrast, serum lambda free light
levels are liable to miss non-proliferative / inactive cases.

These findings were in near concordance with study by
Hanaoka et al. who demonstrated significant elevations in levels
of serum kappa, urinary kappa and urinary lambda free light
chains in proliferative cases as compared to non-proliferative
cases of lupus nephritis [18]. Another study by Tsai et al. also
formulates that urinary free light chains are absent / mini-
mally seen in inactive / non-proliferative lupus nephritis [19].
Mastroianni-Kirsztajn G et al. also reported a similar trend of
statistically significant expression of urinary free light chains in
healthy volunteers/controls, inactive and active cases of lupus
nephritis as in present study [20]. A recent study by Jalalon-
muhali M et al. also was in sync with a present study which
illustrated that serum free light chains were numerically ele-
vated in active lupus nephritis as compared to remission group.
However, statistical significance was not achieved [21].

The reason for urinary free light chains to have better diag-
nostic and prognostic biomarker significance presumably relates
to the fact that they directly represent local pathogenesis in the
form of increased intensity of plasma cell infiltration in prolifer-
ative/active lupus nephritis [22]. Prediction of activity in lupus
nephritis based on an estimation of free light chains especially in
urine is a reliable non-invasive, a cheap and rapid modality that
alleviates the need of following invasive, painful biopsy proce-
dures for prognostic purpose as well as significantly matches
histological predictors based on total scores. However, detailed
information related to cellular crescents/wire loops formation,
leucocyte infiltration etc. can not be obtained. In cases with
chronic transformation as depicted by sclerosis and/or fibrous
crescents formation, the role of free light chains for prediction is
not established. Hence in cases with static or increasing urinary
free light chains levels, it is advisable to perform a biopsy so that
targeted management can be done at earliest concerning histo-
logical findings [11, 19]. Nevertheless, urinary free light chains
estimation does indicate improving or worsening prognosis.

There were certain limitations to our study, which include:

1. Due to the small sample size, only a few confounding fac-
tors could be controlled. A number of controls included
in the study needed to be more but could not achieve due
to paucity of un-diseased renal biopsy samples as well as
financial constraints. Hence maximum possible age and
sex matching of cases and controls were done to harm the
outcome of the study minimally.

2. The serum and urine samples were stored for the long term.
This might affect the results of the serum and urinary FLC
levels.

3. Due to limited duration of the study, longitudinal follow up
of patients was not possible, so neither effect of treatment
on free light chain levels could be observed nor could the
role of free light chains in the prediction of flare be defined.

4. Urinary FLCs were not compared with several other
promising novel biomarkers such as serum and uri-
nary cytokines, chemokines (especially MCP-1), adhesion

molecules, growth factors and autoantibodies (especially
anti-C1q) that have shown promising results in recent years,
due to financial constraints.

CONCLUSION

In conclusion, urinary free light chains have a good potential to
serve as a noninvasive biomarker for ISN/RPS class III /IV or
proliferative lupus nephritis. They have more promising value
than serum free light chains for the same.
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ABSTRACT 

 Many women experience menopausal symptoms during their post-reproductive years. This natural phenomenon 

often results in various psychological, somatic, vasomotor, and urinary symptoms, which impair the overall quality of life of 

women. This study aimed to access the quality of life of menopausal women. Though a majority of women suffer from severe 

menopausal symptoms, they have poor health related quality of life. Sensitization of both women and the health care system 

may serve to address this issue of menopause-related symptoms and the possibility of treatment for these. 

KEYWORDS: Quality of Life among Menopausal Women, Post-Menopause, Menopause Specific Quality of Life, 

Menopausal Symptoms, Menopausal Syndrome, Premenopause, Perimenopause 

 Women are among the most important part of 

any society and family, and community health provision 

is dependent on the fulfillment of their different health 

needs. On the other hand, menopause is one of the most 

critical stages of women's health. According to the World 

Health Organization classification- Menopausal women 

are those who have not experienced regular menstrual 

bleeding for 12 months or more. Menopause is 

considered to be a marker of biological aging in women 

(WHO technical Group, 1996). It is one of the most 

significant stages in the female reproductive life cycle 

where there is a transition from the reproductive to the 

non-reproductive stage. It is a physiological event, but its 

psychological, physical, and sexual consequences will 

prevail throughout post-reproductive odd years for the 

woman. 

 World Health Organization defines Quality of 

life as an individual's perception of his or her position in 

life in the context of the culture and value systems in 

which he or she lives and in the relation to his or her 

goals, expectations, standards, and concerns (WHO, 

1993). In menopausal women, quality of life usually 

refers to aspects pertaining to health based on a 

combination of various symptoms related to vasomotor, 

psychosocial, physical, and sexual domains. During this 

period, following the lowered activity of the ovaries and 

changes in hormone levels symptoms such as headache, 

sleep disorder, mood swings, vasomotor symptoms such 

as hot flushes and night sweats and anxiety might occur. 

Some of the important and common symptoms women 

can experience during and after menopause are changes 

in periods, hot flushes and night sweats, problems with 

vagina and bladder, changes in sexual desire, sleep 

problems, mood changes/swings, changes in the body, 

etc.  

 According to the Indian Menopausal Society, 

there are about 65 million Indian women over the age of 

45 years. The average age of menopause in Indian women 

is 46.2 years much less than their western counterparts 

(51 years) (Ahuja, 2016). Today, most women spend 

more than one-third of their life after menopause. It is 

predicted that the total number of postmenopausal women 

worldwide will increase from 476 million in the year 

1990 to 1200 million in 2030. Menopause does not cause 

any life-threatening conditions, but it affects the quality 

of life of women in the middle ages. 

 Sensitization of both women and the health care 

system may serve to address this issue of menopause-

related symptoms and the possibility of treatment for 

these. It is important to have a national policy with an 

individualized approach in addressing the menopause-

related symptoms which is sensitive to the clear event in 

the women's life cycle. 

METHODOLOGY 

 The literature search utilized Pub Med, Google 

Scholar, and Research Gate databases, with a period limit 

of January 2005 until August 2020. 
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RESULTS AND DISCUSSION 

 Menopausal symptoms can be categorized into 4 

domains i.e vasomotor, psychosocial, physical, and 

sexual symptoms. Quality of life in the selected studies 

was evaluated using questionnaires including the World 

Health Organization questionnaire (WHO Quality of 

Life-brief), Kupperman menopausal index (mKMI), 

Menopause rating scale (MRS), Goldberg Depression 

Scale and Goldberg Anxiety Scale, Greene Climacteric 

Scale, Short Form-Health Survey 36 (SF-36) and 

menopause-specific quality of life scale (MENQOL).  

 

Table 1: Health-related quality of life (HRQoL) – 

issues in menopause 

1 Vasomotor symptoms 

2 Cognitive functioning 

3 Vaginal dryness 

4 Mood symptoms 

5 Urinary complaints 

6 Sleep changes 

7 Skin aging 

8 Changes in Sexual activity 

9 Anxiety 

10 Depression 

11 HRQoL associated with chronic conditions 

Table 2: Studies based on Menopausal Symptoms and Quality of life among menopausal women 

S. 

no 
Author Place Sample Instrument Results 

World 

1. Du et al., 2020 
Shanghai, 

china 

3147 participants 

aged 40–60 

years. 

Kupperman 

Menopausal 

Index (mKMI). 

The total prevalence of menopausal 

symptoms was 73.8percent, while among 

the perimenopausal women, the 

symptoms were the most common 

(81.70%). The top three reported 

symptoms were fatigue (38.08%), hot 

flushes and sweating (33.65%), and joint 

ache (28.81%). 

2. 
Rathnayake et 

al., 2019 
Sri Lanka 

350 pre and post-

menopausal 

women 

Menopause 

Rating Scale 

(MRS) 

In postmenopausal women, physical and 

mental exhaustion (53%), irritability 

(48.2%), depressive mood (43.4%), and 

GUPTA AND KUMARI: QUALITY OF LIFE AMONG MENOPAUSAL WOMEN 

 

26                                                                                                                                                                                      Indian J.Sci.Res. 11 (2): 25-31, 2021 



 
 

hot flushes (42.2%) of mild to moderate 

severity were observed. Severe 

symptoms were more prevalent among 

postmenopausal women compared to 

premenopausal women. 

3. 
Mulhall et al., 

2018 
Australia 

Premenopausal 

(n=237), 

perimenopausal 

(n=249) or 

naturally 

postmenopausal 

(n=225) 

Goldberg 

depression 

scale and 

Goldberg 

anxiety scale 

Perimenopausal was associated with an 

increased risk of greater symptoms of 

depression while being postmenopausal 

was associated with an increased risk of 

greater symptoms of anxiety. 

4. 
Masjoudi et 

al., 2017 
Iran 

646 women aged 

45-60 years 

Menopause 

Rating Scale 

The score of the physical domain for 

menopause symptoms was higher in 

postmenopausal women. Joint and 

muscle problems were the most frequent 

symptoms in post and perimenopausal 

women. 

5. 

Sánchez-

Rodríguez et 

al., 2017 

Mexico 

city 

101 

premenopausal 

and 101 

postmenopausal 

women 

WHO Quality 

of Life-brief 

Oxidative stress is increased in 

postmenopausal women with 

psychological disturbances and low 

quality of life 

6. 
Wieder-Huszla 

et al., 2014 

Northern 

Poland 
630  women 

1.Short Form 

health survey 

(SF-36) 

2.Blatt-

Kupperman  

Menopausal  

Index 

57.9 percent did not have climacteric 

symptoms, only 8.7 percent had severe 

symptoms, 9.3 percent had moderate 

symptoms while 24.1 percent had mild 

symptoms. 

 

7. 
Dienye et al., 

2013 
Nigeria 

385 women were 

with ages  

ranging  from  35  

to  95  years, 

Modified 

Menopause  

Rating  Scale  

(MRS) 

The most prevalent menopausal 

symptoms were loss of libido (92.47%), 

muscle pain (87.53%), joint pain 

(85.45%), and tiredness (80.26%). 

Urinary symptoms had the least 

prevalence (7.79%) 

8. 
Grigoriou et 

al., 2013 
Greece 

1025 greek 

women 

perimenopausal 

or within their 

first 5 

postmenopausal 

years 

Greene 

Climacteric 

Scale 

29.8 percent of the women reported 

moderate to severe menopausal 

symptoms. More specifically, 39.2 

percent reported vasomotor, 21.3 percent 

psychological, 6.3 percent 

psychosomatic, and 34.5 percent sexual 

symptoms. 

9. 
Ayers and 

Hunter, 2013 

South 

London 

140 women 

Reporting at least 

ten hot 

flushes/night 

sweats a week 

Short Form- 

Health survey- 

36 (SF-36) 

Women with vasomotor symptoms 

reported somewhat reduced Hrqol 

compared to SF-36 us norms and a 

general sample of UK menopausal 

women. 53 percent reported comorbid 

physical illness and 66 percent had 

current psychosocial concerns.  

10. Rahman Malaysia 356 participants Modified 45 percent of postmenopausal women 
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SASA, & 

Zainudin SR,  

2010 

40-65 years Menopause 

Rating Scale 

(MRS) 

reported major symptoms like joint and 

muscular discomfort, physical and mental 

exhaustion, anxiety, depressive mood, 

and irritability.  

India 

11. 

Dilip Patil and 

Deshmukh, 

2019 

Pune 

288 women 

belonged to 40-65 

years 

Modified 

MRS(Menopa

usal Rating   

Scale) 

 

The most prevalent symptoms reported 

were joint and muscular discomfort 77.77 

percent, physical and mental exhaustion 

54.51 percent, heart discomfort 32.63 

percent, and sleep problems 32.29 

percent. 

12. 
Madan et al., 

2019 
Delhi 

105 women aged 

40 years and 

above 

Menqol 

85.7 percent of women reported a 

decrease in physical strength. The 

prevalence of symptoms for the physical 

domain was found 89 percent and the 

sexual domain of symptoms was least 

prevalent i.e. 11 percent 

13. 
Senthilvel et 

al., 2018 

Kerala, 

India 

150 

postmenopausal 

women 

Menqol 

The prevalence levels of the classical 

menopausal symptoms such as hot 

flushes, night sweats, and vaginal dryness 

in women aged 50–65 years were 75.3 

percent, 58 percent, and 30.7 percent, 

respectively. The majority of them 

experienced physical symptoms. 

14. 

Ganapathy and 

Al Furaikh, 

2018 

Bangalore, 

Karnataka 

140 participants of 

age 40 to 60 years 
Menqol 

The Prevalence of symptoms in physical, 

vasomotor, psychological, and sexual 

domains was 74.56 percent, 60.7 percent, 

44.68 percent, and 26.4 percent, 

respectively. 

 

15. 
Sreerenjini, 

2018 
Coimbatore 

250 menopausal 

women aged 

between 46 to 60 

years 

1.Menopausal   

Rating   Scale 

2.Menqol 

53.2 percent experiencing hot flushes 

weekly once, 53.6 percent had excessive 

sweating in the night on alternate days, 

54 percent experiencing palpitation 

weekly once and 50.8 percent 

experiencing chest tightness weekly once.  

16. Karma, 2018 Punjab 

100  

postmenopausal 

women. 

Menqol 

Menopausal women had worse Qol in the 

vasomotor domain and psychosocial 

domain. 

 

17. 

Somak and 

Aparajita, 

2016 

Kolkata 

100 

postmenopausal 

women of 

40-60 years 

Menqol 

Psychosocial symptoms were the most 

prevalent with anxiety, loss of memory, 

and nervousness to be 76 percent. The 

occurrence of vasomotor symptoms was 

average with 55 percent of them 

reporting hot flashes and 40 percent 

reported sweating. 

18 
Kumar et al., 

2016 
Karnataka 

214 menopausal 

women of 

40-60 years 

Menqol 

Physical symptoms (98.6%) like aching 

in muscles or joints, decrease in physical 

strength were the predominant symptoms 

experienced by peri-menopausal women 
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and concluded that the quality of life of 

postmenopausal women was poor when 

compared to pre-menopausal women. 

19. 

Ray and 

Dasgupta, 

2012 

West 

Bengal 

315 

postmenopausal 

women 

Menqol 

77 percent of postmenopausal women 

had poor quality of life. 

 

VASOMOTOR SYMPTOMS 

 The most prevalent vasomotor symptoms were 

hot flushes. Women with vasomotor symptoms reported 

somewhat reduced HrQoL compared to SF-36 US norms 

and a general sample of UK menopausal women; 53% 

reported comorbid physical illness and 66% had current 

psychosocial concerns Overall, poor HrQoL was 

associated with having problematic hot flushes, current 

psychosocial concerns, (younger) age, (higher) body mass 

index and poor general health. (Ayers and Hunter, 2013). 

 

Figure 2: Means for the SF-36 subscales (for menopausal women with hot flushes/night sweats (HF/NS), a general 

sample of menopausal women not selected for HF/NS, and women aged 45 – 54 years) adapted from reference (B. 

Ayers and M. S. Hunter) 

 A third of (33%) women experienced moderate 

to severe menopause-related symptoms in menopausal 

transition time or early postmenopausal phase in a study 

based in Greece. Four out of ten women in this group 

(40%) had moderate to severe vasomotor symptoms. 

(Grigoriou et al., 2013). Studies from India showed that 

the occurence of vasomotor symptoms was average, with 

a maximum prevalence of hot flushes followed by 

sweating among all the vasomotor symptoms. 

PSYCHOSOCIAL   SYMPTOMS 

 A study from Australia reported perimenopausal 

was associated with increased risk of greater symptoms of 

depression while being postmenopausal was associated 

with increased risk of greater symptoms of anxiety 

(Mulhall et al., 2018). A study conducted in Sri Lanka 

reported, irritability (48.2%), depressive mood (43.4%), 

were the prevalent symptoms. (Rathnayake et al., 2019) 

 According to the studies conducted in India 

Psychosocial symptoms were the most prevalent with 

anxiety, loss of memory, and nervousness. 

PHYSICAL SYMPTOMS 

 According to a study from China (Shanghai), the 

top three reported symptoms were fatigue (38.08%), hot 

flushes and sweating (33.65%), and joint ache (28.81%). 

(Du et al., 2020). According to a study conducted in Iran, 

the score of the physical domain for menopause 

symptoms was higher in postmenopausal women. Joint 

and muscle problems were the most frequent symptoms 

in the post and peri-menopausal women. (Masjoudi et al., 

2017) 
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 Studies conducted in India showed that physical 

symptoms like aching in muscles or joints, decrease in 

physical strength were the predominant symptoms 

experienced by peri-menopausal women (Kumar et al., 

2016) 

SEXUAL SYMPTOMS 

 According to a study from Nigeria the most 

prevalent menopausal symptoms were loss of libido  

(92.47%),  muscle pain (87.53%), joint pain (85.45%), 

and tiredness (80.26%). Urinary symptoms had the least 

prevalence (7.79%) (Dienye et al., 2013) Another study 

from Greece showed that Sexual symptoms (34.5%) were 

the most prevalent symptoms after vasomotor symptoms 

(39.2%)  (Grigoriou et al., 2013) 

 According to the studies conducted in India 

(Delhi), Sexual symptoms were the least prevalent 

(Madan et al., 2019). Among Sexual symptoms, vaginal 

dryness was the most prevalent one (Senthilvel et al., 

2018) 

 The world population is more conscious about 

the symptoms of menopause either vasomotor or sexual 

symptoms while the Indian population is less aware of 

menopausal symptoms. They generally do not disclose 

their sexual history easily, probably that is the reason why 

sexual symptoms are very less prevalent in India. 

CONCLUSION AND RECOMMENDATIONS 

 Though the majority of women did suffer severe 

menopausal symptoms, they have poor health-seeking 

behaviour, which leads to most of them having the poor 

health-related quality of life. Active intervention should 

be done in increasing their health-seeking behaviour to 

reduce the severity of their menopausal symptoms, as 

well as controlling their health risk to ensure a better 

quality of life. 

 Sensitization of both women and the health care 

system may serve to address this issue of menopause-

related symptoms and the possibility of treatment for 

these. It is important to have a national policy with an 

individualized approach in addressing the menopause-

related symptoms which is sensitive to the clear event in 

the women's life cycle 
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Long-term outcomes of sigmoid vaginoplasty in patients with 
disorder of sexual development – our experience

Ved Bhaskar, Rahul J. Sinha, Seema Mehrotra, C. N. Mehrotra, Vishwajeet Singh
Department of Urology, King George’s Medical University, Lucknow, Uttar Pradesh, India

Original Article

INTRODUCTION

Neovagina creation may be required for vaginal agenesis 
found	in	cases	of 	disorders	of 	sexual	development	(DSD).	
Mayer‑Rokitansky‑Kuster‑Hauser syndrome (MRKH) 
is the most common cause of  vaginal absence. It 
involves vaginal agenesis [Figure 1], uterine tissue remnants 
and normal ovaries. Complete and partial androgen 
insensitivity syndrome is the other common variant of  
DSD	which	result	in	short	vagina	in	the	presence	of 	male	
gonads [Figure 2].

The ideal method of  vaginal replacement should provide 
a	vaginal	substitute	with	a	vault	of 	sufficient	size,	adequate	

introital opening, and a cosmetically acceptable external 
appearance with minimal morbidity and excellent long‑term 
function. Proper counseling is of  utmost importance in 
these patients. These patients face huge psychological 
stress because they are unable to have successful sexual 
intercourse or bear children.

Successful sexual intercourse should be the primary end 
point when choosing the method for vaginal substitution. 
The use of  bowel segments for vaginoplasty has been 
shown to provide excellent results without the necessity of  
prolonged dilatation. Few studies have reported long‑term 
results. We present our experience of  12 years in 8 patients 

Introduction: To report our experience with sigmoid vaginoplasty in patients with different forms of disorder 
of sexual development and their long-term follow-up.
Materials and Methods: This is a retrospective study of patients who underwent sigmoid vaginoplasty 
between July 2004 and June 2015 at our center. Follow-up included a physical examination to assess vaginal 
length and width, cosmetic appearance of the neovagina, and occurrence of any complications.
Results: The current study included eight patients with mean age 19.5 years. The mean operative time 
was 164 min. No significant intraoperative or immediate postoperative complications occurred. Follow-up 
period ranges from 21 months to 12 years with mean of 7.5 years. In all patients, the neovagina was found 
to have a satisfactory cosmetic appearance. Seven patients are sexually active and satisfied.
Conclusion: Sigmoid vaginoplasty is safe and acceptable procedure in patients having vaginal agenesis. 
Sigmoid vaginoplasty has acceptable cosmetic results and complication rate.
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who underwent bowel vaginoplasty with emphasis on their 
sexual and social outcomes.

MATERIALS AND METHODS

This is a retrospective study of  patients who underwent 
sigmoid vaginoplasty between July 2004 and June 2015 at 
our center. It includes 8 patients of  which 5 had Mullerian 
aplasia, 2 had complete androgen insensitivity syndrome, 
and 1 patient was previous failed vaginoplasty done 
elsewhere for treatment of  vaginal aplasia.

All patients underwent careful history taking and 
physical examination. Approximate length of  the vagina 
was assessed by introducing an infant feeding tube. 
Preoperative work up included physical examination, 
abdominal and pelvic ultrasonography, endocrinological 
assessment and karyotyping. Magnetic resonance 
imaging was performed in cases in which the ultrasound 
description was inconclusive. Informed consent, after 
explaining	 the	 potential	 benefits	 and	 risks	 of 	 sigmoid	
vaginoplasty and the surgical or nonsurgical alternatives 
to create neovagina, was obtained from all the patients 
and/or their parents. All patients underwent sigmoid 
vaginoplasty under general anesthesia after antibiotic 
and mechanical bowel preparation. It was performed by 
a	single	surgeon	(VS)	who	has	assisted	and	independently	
performed several such surgeries.

Peritoneal cavity was entered through Pfannenstiel incision. 
Excision	 of 	 gonads	was	 done	 in	 patients	 of 	 testicular	
feminizing syndrome [Figure 3]. Approximately, 10–15 cm 
long segment of  sigmoid colon was mobilized on its 
vascular pedicle [Figure 4]. The continuity of  colon was 
restored by a single layer end–to‑end anastomosis using 
3‑0 absorbable sutures. The proximal end of  the isolated 
segment	of 	 sigmoid	was	closed	 in	2	 layers	and	fixed	 to	
sacral promontory. H‑shaped incision was given at the 
proposed	vaginal	 site	 for	 reconstruction.	Lower	 end	of 	
the sigmoid segment was brought down to the perineum 
by creating a tunnel between the bladder anteriorly and 
rectum posteriorly. The edges of  the neovaginal pit were 
sutured to the distal end of  the sigmoid segment [Figure 5]; 
a	Vaseline	 soaked	 vaginal	mold	was	 kept	 in	 the	 lumen	
for 48 h [Figure 6]. Foley catheter was inserted into the 
urinary bladder for 3–4 days. Postoperatively, the patients 
were explained self‑care of  neovagina by daily irrigation 
for cleaning of  mucus.

Follow‑up included a physical examination to assess the 
length and width of  neovagina, cosmetic appearance 
of  the neovagina and occurrence of  any complications. 

A nonstandardized questionnaire was used to assess 
the physical, functional, and sexual outcomes of  these 
patients [Table 1].

Figure 1: Stenotic vagina in patient with disorder of sexual development

Figure 2: Bilateral gonads in inguinal region in patient with testicular 
feminizing syndrome

Figure 3: Gonadectomy
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RESULTS

The results are summarized in Table 2. Five patients 
with	 mullerian	 aplasia	 had	 karyotype	 of 	 46XX.	

Hormonal profile (follicular stimulating hormone, 
luteinizing hormone, and estradiol) was normal 
according to the age‑ and sex‑matched reference range. 
On ultrasonography, rudimentary or absent uterus was 
found. Two patients presented with primary amenorrhea 
and were diagnosed as complete androgen insensitivity 
syndrome,	their	karyotype	was	46XY.	Both	were	reared	
as females. Their gonads were palpable on physical 
examination in inguinal region or labia majora. They 
had elevated serum testosterone levels in comparison 
to normal age‑ and sex‑matched reference range. The 
remaining patient had a history of  previous failed 
vaginoplasty. Her physical examination revealed a 
stenotic, contractured vagina secondary to vaginoplasty 
using skin graft elsewhere.

Mean operative time was 164 min (range 140–205 min). 
No	significant	intraoperative	or	immediate	postoperative	
complications occurred. The patients were discharged 
within 7–10 days. Their follow‑up period ranged from 
21 months to 12 years with mean of  7.5 years. Their 
neovagina was found to have an excellent cosmetic 
appearance. Seven patients are sexually active and 
satisfied.	Mild	dyspareunia	was	reported	by	2	patients	
initially but disappeared with time. One patient 
developed mild stenosis which was treated with serial 
dilatations.

Table 1: Self assessment questionnaire
Question 
number

Questions Yes No

1 Are you satisfied with physical appearance of your 
neovagina?

2 Do you require routine cleaning of neovagina?
3 Do you have regular sexual intercourse?
4 Do you need lubricating agent during sexual activity?
5 Did you experience any pain during sexual activity?
6 Do you have any episode of bleeding per 

neovaginal during sexual activity?
7 Do you have any alteration in bowel habits 

(e.g., constipation) postsurgery?
8 Are you satisfied with your sexual life?

Table 2: Results
Patients characteristics Variables

Total number of patients 8
Diagnosis‑MRKH 5
Diagnosis‑testicular feminizing syndrome 2
Naïve cases 7
Previously failed case 1
Mean operative time (min) 164 (140‑205)
Estimated mean blood loss (mL) 210 (150‑240)
Mean hospital stay (days) 8.5 (7‑10)
Major complications 0
Bowel‑related complaints 0
Follow‑up 7.5 years (21 months 

to 12 years)

MRKH: Mayer‑Rokitansky‑Kuster‑Hauser syndrome

Figure 4: Mobilization of sigmoid segment on its vascular pedicle

Figure 5: Sigmoid edges sutured to vaginal pit

Figure 6: Vaginal mold inserted for 48 h



Bhaskar, et al.: Outcomes of sigmoid vaginoplasty in disorders of sexual development

188  Urology Annals | Volume 10 | Issue 2 | April-June 2018 

Routine cleaning was required by one patient initially 
due to excess mucus production while another one 
required the use of  lubricating agent during sexual 
intercourse. None of  the patients have developed 
long‑term complications such as prolapse, colitis or 
adenocarcinoma or alteration of  bowel habits as per 
their latest follow‑up.

DISCUSSION

Vaginal	 agenesis	 occurs	 in	 MRKH	 syndrome	 in	
approximately 1 in 5,000 live female births; it results from 
failure of  the sinovaginal bulbs to develop and form the 
vaginal	plate.	Although	first	described	by	Mayer	and	then	
Rokitansky in the early 19th century, Kuster and Hauser 
have	defined	the	renal	and	skeletal	anomalies	present	in	
few of  these individuals.[1] The diagnosis is often made 
during adolescence when the patients present with 
primary amenorrhea and normal puberty. These patients 
have	 46,	XX	 karyotype,	 female	 external	 genitalia,	 and	
normal ovarian function, explaining the delay in their 
diagnosis.

Testicular feminizing syndrome is another common form 
of 	DSD	where	 though	 the	 patient	 has	 a	male	 genetic	
make‑up	(karyotype	XY),	the	phenotype	is	that	of 	female	
and they are usually reared as females. These patients have 
a shallow vagina and complete absence of  mullerian duct 
structures along with the presence of  male gonads.

Many methods of  vaginal reconstruction are reported. 
A nonoperative technique which is known as Frank 
procedure may be used when a vaginal dimple or pouch is 
present; it involves progressive mechanical dilation using 
graduated hard dilators to create a progressive invagination 
of  the vaginal dimple.[2] The disadvantage of  this 
method is that it is time‑consuming and causes persistent 
discomfort which often results in noncompliance. It is not 
recommended in patients with only skin dimple as they 
have poorer results.[3]

Surgical techniques include McIndoe procedure which 
involves insertion of  a mold covered with split thickness 
skin graft taken from the buttocks into the created 
neo‑vaginal space followed by postoperative vaginal 
dilation.[4] Others have used full thickness skin graft 
from	the	buttocks	or	skin	flap	based	on	labia	majora,[5] 
peritoneum	 from	 the	 Douglas	 pouch, [6] amnion,[7] 
oxidized regenerated cellulose fabric,[8]	and	muscle	flaps.[9] 
The high percentage of  vaginal stenosis, inadequate 
vaginal length, vaginal dryness, and dyspareunia was 
reported as drawbacks of  these techniques.[10] The 

incidence of  dyspareunia directly correlates with the 
length of  the neo‑vagina, with an incidence of  100% if  
the vaginal length is <6 cm.[11]	Vecchietti	procedure	was	
originally developed in Italy as a simpler way to create a 
neovagina.[12,13] It is based on the concept of  surgically 
placed traction system for accelerated dilation of  the 
rudimentary vagina using a vaginal bead or “olive.” 
Originally devised as an open abdominal technique, 
this surgery can now be performed laparoscopically. 
However, these modalities require long‑term vaginal 
dilatation and stenting by a vaginal mold at night which 
affects the patient’s psychological condition; these 
modalities are unsuitable in pediatric group.[10]

The use of  bowel segment for vaginoplasty was reported 
first	in	1904	by	Baldwin.	His	description	included	isolation	
of  a U‑shaped sigmoid colon that was anastomosed to 
the perineum. This procedure had high mortality and was 
abandoned in the early 1970s.[14] Goligher reported on 
a small but positive experience using a pedicled portion 
of  the sigmoid colon for constructing a neovagina in 
the early 1980s,[15]	while	Hanna	was	the	first	to	report	on	
purely pediatric experience using an ileal pouch in 1987.[16] 
Although any part of  the bowel including colon, caecum 
or ileum may be used for bowel vaginoplasty but sigmoid 
colon is preferred because it has the following advantages 
according to Rajimwale et al.:[17] (1) it is self‑lubricating; 
(2) mucus production is less of  a problem than with the 
use of  small bowel; (3) it grows with the child when used 
before puberty; (4) there is minimal risk of  stenosis; (5) it 
is close to the perineum; (6) it can easily be mobilized 
on its vascular pedicle; and (7) it does not require 
molds or stenting. Sigmoid vaginoplasty thus provides 
a cosmetically acceptable neovagina with a good length, 
natural lubrication, and obviating the need for mold 
and/or dilatation. We prefer sigmoid neovagina due to the 
advantages mentioned above.

In a recent review by McQuillan and Grover, he mentions 
that bowel vaginoplasty has been the most commonly 
performed procedure till date and it gives the longest 
vaginal length (average length 12.87 cm). Most of  the 
articles reviewed are case reports or series and hence any 
conclusive data regarding the best method of  treatment is 
still a matter of  debate.[18]

In our series, no intraoperative or intestinal complications 
occurred. Intestinal complications are rarely reported with 
sigmoid vaginoplasty. Good preoperative bowel preparation, 
previous experience with bowel surgery and meticulous 
suturing are prerequisites to avoid such complications. 
In our department, we use different bowel segments for 
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neobladder formation and other procedures on regular 
basis. Hence, we are well versed with bowel surgery.[19]

Although excessive mucus production has been reported in 
the majority, it decreases with time and is not a major concern 
for most patients.[20] In our series, excessive mucus production 
was reported by one patient in perioperative period which 
required regular cleaning, but it subsided with time.

Mucosal or entire neovaginal prolapse has been reported, 
with an incidence of  up to 14%.[21] However, we did not 
encounter this complication as we regularly perform 
sigmoidopexy	 by	 fixing	 the	 proximal	 sigmoid	 segment	
to	the	sacral	promontory.	Variable	incidence	of 	introital	
stenosis has been reported with sigmoid vaginoplasty 
ranging from 8.1% to 19.3%.[21,22] The possibility of  
anastomotic site stricture can be decreased by selecting a 
bowel segment of  good blood supply and length that can 
be mobilized and pulled easily to the perineum without 
tension, creation of  a proper space between bladder and 
rectum and meticulous anastomosis at the hymen.[22]

The need for regular vaginal dilatation after sigmoid 
vaginoplasty is debatable. When we analyzed our data, we 
found that only one patient who was not sexually active 
developed stenosis and needed serial dilatation. Therefore, 
we do not recommend it routinely but propose regular 
postoperative dilatation (at least once/week) of  the 
neo‑vagina till the patient is sexually active is commenced.

None of  the patients in our series had major postoperative 
or long‑term complications. However, rare long term 
complications merit discussion. Ulcerative colitis has 
been reported in neovagina in few patients. Patients with 
hereditary polyposis syndromes, such as familial polyposis, 
Gardner syndrome, and nonpolypous colon cancer may 
develop polyps or neoplasia in the diverted sigmoid 
colon.[23]	Diversion	colitis,	a	rare	idiopathic	disorder	may	
occur after isolation of  intestinal segment from the fecal 
stream.[24] However, these diseases are uncommon in India 
and may be the reason for their absence in our patients.

We recommend sigmoid vaginoplasty as the preferred 
treatment modality because of  its large lumen, thick wall 
resistant to trauma, adequate secretion allowing lubrication, 
not necessitating prolonged dilatation, and short recovery 
time. The limitation of  this study is its retrospective design 
and small number of  patients.

CONCLUSION

In our experience, sigmoid vaginoplasty is safe and 
acceptable procedure to treat the patients with vaginal 

agenesis. It has acceptable cosmetic results and minimal 
complication rate.
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Introduction

Atrial fibrillation (AF) is a common problem in cardiology
practice with an increasing frequency day by day. It is the
most common sustained arrhythmia seen in clinical practice.
In 2010, approximately 20.9 million men and 12.6 million
women were affected by AF.1 The incidence, as well as
prevalence of the disease was higher in developed coun-
tries.2 The prevalence is estimated around to be 2% in
individuals <65%, whereas in individuals, aged above
65 years, it is around 9%.3 Individual with conditions, such
as hypertension, heart failure, coronary artery disease (CAD),
valvular heart disease, obesity, diabetes mellitus, or chronic
kidney disease (CKD), are at high risk for AF along with

advanced age.1,2AF is responsible for five-fold increased risk
of strokes, two-fold increased risk of death and three-fold
increased risk for heart failure.4–8 The use of antithrombotic
treatment along with control of risk factors have been found
to reduce the risk of stroke substantially in patients with AF.9

The Need for Triple Therapy
Triple therapy (TT) refers to the concomitant use of an oral
anticoagulant (OAC), such as warfarin and dual antiplatelet
therapy (DAPT).10 Such a therapy aims to simultaneously
ameliorate risk of both coronary events (by antiplatelet
component) and stroke (OAC component). Such therapy is
most commonly indicated in patients with AF who develop
acute coronary syndrome (ACS) or vice-versa and who

Keywords

► atrial fibrillation
► novel oral

anticoagulants
► high bleeding risk
► randomized control

trial
► HAS-BLED score

Abstract Patients with atrial fibrillation (AF) on long-term oral anticoagulation (OAC) either have
underlying coronary artery disease or suffer from acute coronary syndromes necessi-
tating a percutaneous coronary intervention (PCI). In such a scenario, an amalgamation
of antiplatelet and antithrombotic therapy (conventionally called as “triple therapy”) is
obligatory for preventing coronary ischemia and stroke. But such ischemic benefits are
accrued at the cost of increased bleeding. We also now know that bleeding events
following PCI are related to increased mortality. Balancing the bleeding and ischemic
risks is often a clinical dilemma. With the advent of novel oral anticoagulants (NOAC’s)
with preserved efficacy and attenuated bleeding rates, anticoagulation in AF is
undergoing paradigm shift. The spotlight is now shifting from conventional triple
therapy (vitamin-K antagonistþ dual antiplatelet therapy [VKAþDAPT]) to novel dual
therapy (NOACþ single antiplatelet therapy [SAPT]) in situation of anticoagulated AF
patients undergoing PCI. Such a strategy aims to ameliorate the higher bleeding risk
with conventional VKA’s while retaining the ischemic benefits. In this review, we briefly
discuss the need for combination therapy, trials of novel dual therapy, strategies for
mitigating bleeding, the current guidelines, and the future perspectives in AF
undergoing PCI with stent(s).
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undergo percutaneous coronary intervention (PCI) with
stent insertion, which accounts for approximately 5 to 8%
of all PCI patients.10 Approximately, 30% of patients with AF
have concomitant CAD and approximately 15% of them will
PCI during their lifetime.9Optimal antithrombotic treatment
for patients with AF undergoing PCI is one of the hot topics in
cardiology.

Guideline directed TT is known to improve clinical out-
comes in patients with AF or CAD; however, it is associated
with increased riskof bleeding.9 The rationale for prescribing
TT in this scenario is two-fold, DAPT has been shown to be
superior to an OAC for reducing the risk of stent thrombo-
sis.11 However, DAPT is inferior to an OAC for preventing
thrombotic events in patients with AF.11 Thus, theoretically
TT seems to be necessary in these patients and is empirically
indicated in AF patients undergoing PCI. However, no ran-
domized control trials have tested the efficacy of TT but it is
well known to increase the risk of both fatal and nonfatal
bleeding.

Bleeding Risk with Combination Therapy
Although, TT reduces the risk of stent thrombosis, it is
evident from observational studies that it poses great risk
of serious bleeding. The rate ofmajor bleeding was increased
from 1.3 to 1.9% by concomitant use of antiplatelet drugs in
study by Shireman et al.12 Similarly, another study by
Johnson et al showed that higher number of patients in the
combination-therapy group had anticoagulation-related
hemorrhagic events compared with patients receiving
monotherapy (4.2 vs. 2.0%, p< 0.001).13Hansen et al studied
the risk of bleeding with single, dual, and TT.14 They found
that the risk of bleeding is doubledwhen aspirin is combined
with OAC as compared with warfarin monotherapy. Also,
DAPT caused more bleeding and ischemic strokes then
warfarin monotherapy. Clearly warfarin monotherapy was
more effective in preventing ischemic strokes in AF with less
bleeding risk. The hierarchical risk of bleeding with anti-
platelet and anticoagulant agents as monotherapy and in
combination is depicted in ►Fig. 1.

Post-PCI Bleeding Is Not Benign
Bleeding is a common complication following PCI and dou-
bles up as amajor causemorbidity amongst them. In the data
from, Cath PCI registry of 3,386,688 which analyzed PCI
patients from 2004 to 2011, there were 57,246 (1.7%) bleed-
ing events. The risk of mortality related to major bleeding
was 12.1% in the PCI cohort.15 Mehran et al studied 17,034
patients who underwent PCI from three major trials of
bivalirudin vs heparin plus GPIIB/IIIA inhibitors. Non-CABG
(coronary artery bypass grafting)–related major bleeding
occurred in 267 patients (1.6%) within 30 days post-PCI
and 2.9% patients died within 1 year.16 In a meta-analysis
and systemic review of PCI studies, PCI-related major bleed-
ing was responsible for three-fold increase in mortality.17

Also, primary PCI associated access and nonaccess site bleed-
ing is major concern of mortality andmorbidity.18 As seen in
►Fig. 2, the hazard ratio for mortality due to bleeding post
PCI varies approximately from 2.00 to 4.00 in various studies.

Connection between Post-PCI Bleeding and Mortality
There are multiple plausible mechanisms linking bleeding
events with mortality (►Fig. 3).Bleeding leads causes hypo-
tension and anemia which causes hypoxemia leading to
myocardial ischemia. Severe blood loss will require blood
transfusion. Transfusion of blood may trigger inflammatory
cascade which will lead to vasoconstriction and ischemia. In
addition, discontinuation of DAPT will predispose to stent
thrombosis. All of these together ultimately causes an in-
crease in morbidity and mortality. In addition, if patient has
intracranial bleeding, patient may have mass effect which
can lead to patient’s death. Thus, bleeding in the setting of
PCI is not at all benign, and it mitigates the advantages of
revascularization, especially in the setting of ACS. Hence,
every effort should be made to decrease the risk of bleeding
in PCI patients which is especially important where we need
anticoagulant therapy with DAPT.19,20

Alternative to Triple Therapy: OAC Plus Single
Antiplatelet Therapy
To reduce bleeding and its serious consequences in patients of
AFwho requirePCI,WOEST trial studiedeffectsofdual therapy
(DT; clopidogrel with warfarin) and ISAR Triple evaluated an
abridged version of TT (6 weeks). WOEST trial was an open
label randomized control trial (RCT) of 563 patients who had
long-term indication for anticoagulation with severe CAD
requiring PCI.21 Patients were randomized to receive either
clopidogrel alonewithwarfarin (DT) or clopidogrel alongwith
aspirin and warfarin (TT). After 1-year follow-up, 44.4%
patients in TT group and 19.1% in double therapy group had
bleeding as adjudged by thrombolysis inmyocardial infarction
(TIMI) scale (hazard ratio [HR]¼ 0.36, 95% confidence interval
[CI]: 0.26–0.50, p< 0.0001).The incidence of recurrent bleed-
ing and bleeding requiring transfusionwas also less in DT arm
compared with TT arm. At the same time, the secondary-
efficacy end point of major adverse cardiovascular events
including stent thrombosis and target vessel revascularization
was attenuated in the DT arm (HR¼ 0.39, 95% CI: 0.16–0.93,
p¼ 0.025). However, the small sample size allowed adequate
power to detect differences in bleeding events but not
for secondary ischemic end points. Moreover, the improve-
ment in safety of DT was primary driven by TIMI minor/
minimal bleeding without any significant differences inmajor
bleeding. Theopen label design of the studywas also a concern
which may have led to error of outcomes reporting both by
physician and patients’ alike.22 Despite the criticisms, the
study exposed research gaps in the area of AF with PCI and
raised serious concerns regarding the practice of 1-year TT
following PCI in AF patients.

ISAR-Triple study tested a different strategy of tailoring the
duration of TT to decrease bleeding. In this open label RCT, 614
patients on oral anticoagulation (OAC) who underwent PCI
were randomized to two different regimens of clopidogrel of
6 weeks and 6 months.22 Concomitant administration of
aspirin and vitamin-K antagonist (VKA) was unchanged in
both arms. At 9 months, the primary end point composite of
death, myocardial infarction (MI), definite stent thrombosis,
stroke, or TIMI major bleeding was not different between the
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two arms. Small sample size and an open-label design again
were major limitations.

Although observational studies had shown reduced
bleeding with warfarin-based DT over TT, the two random-
ized studies failed to establish a definitive place for DT in the
scenario of AF with PCI or ACS.

Dual Therapy with NOAC: A Paradigm Shift
Warfarin has remained the cornerstone stone for thrombo-
prophylaxis in patients with AF for decades. However, its use

is cumbersome because it needs monitoring (international
normalized ratio [INR]) which is quite difficult sometimes.
This is especially true in developing countries where the
majority of patients reside in rural areas where facilities of
INR monitoring is not available which can lead to under or
overdosing with dire consequences. The evolution of novel
OAC agents (NOACS)which include direct thrombin inhibitor
dabigatran and factor X-A inhibitors, like apixaban, rivarox-
aban, and edoxaban, have changed the treatment of patients
with AF. NOACs have multiple pharmacologic edges over

Fig. 1 Hierarchical hazard of bleeding with anticoagulant and antiplatelet agents with warfarin as standard/reference. The numbers in the circle
against each regimen represents the Hazard ratio for bleeding.14 Dual antiplatelet refers to aspirinþ clopidogrel; triple therapy refers to dual
antiplateletþ vitamin-K antagonist.
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warfarin,which include rapid onset/offset of action, fewdrug
interactions, and predictable pharmacokinetics.10 In addi-
tion, warfarin has a narrow therapeutic range which is
influenced by factors, such as diet, and obviously requires
INR monitoring. The results of various trials have demon-
strated better safety and at least similar efficacy to warfarin
in preventing ischemic strokes. Ameta-analysis of 12 studies
of NOACS involving 77,011 patients demonstrated that with
NOACS, there was a significant reduction in incidence of
ischemic stroke and systemic emboli (odds ratio [OR]¼ 0.85,
95% CI: 0.75–0.98).23 Therewas 52% reduction in intracranial
hemorrhage (ICH; OR¼ 0.48, 95% CI: 0.40–0.57) and 14%

reduction in mortality (OR¼ 0.86, 95% CI: 0.82–0.91). While
switching to warfarin caused increase in both stroke
(OR¼ 2.60, 95% CI: 1.61–4.18) and bleeding events
(OR¼ 2.19, 95% CI: 1.42–3.36). Another meta-analysis of
18 RCTS with 78,796 patients of NOACS comparing warfarin
in AF patients showed reduction in ischemic strokes with
NOACS with highest P score for dabigatran 150mg followed
by apixaban 5mg.24 The risk of ICH and bleeding events were
lower for all NOACS as compared with warfarin with highest
P score for edoxaban 30mg followed by apixaban 5mg.

So, clearly, NOAC’s stand ahead of warfarin in terms of
both efficacy and safety. Hence, the use of anNOAC in place of
VKA for combination therapy (dual or triple) has potential
advantages with the aim of targeting the main pitfall of
warfarin based TT, that is, bleeding complication. Four large
RCT’s described below have now tested this novel DT
(NOACþ P2Y12 inhibitor) against the conventional DT/TT
based on a warfarin (►Fig. 4; ►Table 1).

PIONEER AF PCI

It was the first RCT which studied three strategies of anti-
platelets and anticoagulant therapy in patients of AF under-
going PCI.25 A total of 2,124 patients were included in the
study and followed up to 12 months. Patients were random-
ized to either rivaroxaban plus P2Y12 inhibitor (novel DT),
rivaroxaban plus DAPT (novel TT), or to warfarin plus DAPT
(conventional TT) for 12 months. The doses of rivaroxaban in
DT arm was 15mg once daily and in 2.5mg twice daily in TT
arm. Three prespecified durations of 1 month, 6, and
12 months for DAPT were also tested simultaneously in the
TT arms. The incidence of primaryend point, that is, clinically
significant bleeding, occurred in 16.8% of patients in group 1
versus 18.0% group 2 versus 26.7% in group 3 (HR¼ 0.59,
p< 0.001 for group 1 vs. group 3; HR¼ 0.63, p< 0.001 for
group 2 vs. Group 3). Major bleeding was significantly higher
in group 3 (2.1 vs. 1.9 vs. 3.3%). The reduced bleeding with
rivaroxaban was consistent across all subgroups also.

However, major adverse cardiovascular events (MACE)
and stent thrombosis were not different in all the three
groups (MACE: 6.5 vs. 5.6 vs. 6.0%, p¼ 0.75; ST: 0.8 vs. 0.9 vs.

Fig. 4 Timeline of pivotal trials comparing dual therapy vis-à-vis triple therapy following AF undergoing PCI. AF, atrial fibrillation; DAPT, dual
antiplatelet therapy; PCI, percutaneous coronary intervention; VKA, vitamin-K antagonist.

Fig. 2 Post-PCI bleeding increases mortality as seen by the increased
hazard ratio’s across various studies.15–18

Fig. 3 Plausible mechanisms contributing to mortality after bleeding
events following PCI. PCI, percutaneous coronary intervention.
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0.7%, p¼ 0.79). Stent thrombosiswas 1.9% in group 2 patients
who received DAPT for 1month comparedwith 1.7%who got
DAPT for 6 months (was nil for DAPT of 1 year). So, the trial
convincingly demonstrated that rivaroxaban based DT in AF
patients who undergo PCI significantly reduce bleeding and
rivaroxaban with single antiplatelet drug is equally effective
to DAPT in reducing stent thrombosis.10

RE-DUAL PCI

Following the successful demonstration of feasibility of the
PIONEER AF PCI, RE-DUAL PCI was a study intended to
further explore the DT. It was a randomized, parallel, strati-
fied trial of 2,725 patients with AF who received percutane-
ous coronary revascularizationwith a stent.27 The trial pitted
twodoses of DTwith dabigatran 110mg twice daily (n¼ 981)
and 150mg twice daily with P2Y12 inhibitor versus conven-
tional TT with warfarin with P2Y12 inhibitor and aspirin
(n¼ 981). The duration of aspirin was 1 month after a bare
metal stent/drug eluting stent and 3 months after a DES.

The primary end point (major or clinically relevant nonma-
jorbleedingevents)occurred in15.4%ofpatientswho received
dabigatran 110mg twice day compared with 26.9% in the TT
group (p for noninferiority <0.001 and p for superiority
<0.001). Similarly, the rates of both major and clinically
relevant nonmajor bleeding were reduced with 150-mg dose
of dabigatran as compared with warfarin based TT (20 vs.
27.5%, respectively [p for noninferiority <0.001]). TIMI major
bleeding was also lower in the DT versus TT group.
The secondary efficacy outcome in the study included inci-
dence of death, MI, stroke, systemic embolism, or unplanned
revascularization. These efficacy outcomes were not different
between dual and TT cohorts (13.7 vs. 13.4%; p for noninfer-
iority¼ 0.005). The incidence of stent thrombosis was similar
in dabigatran 150-mg dose as TT (0.9%), while it was insignif-
icantly higher with 110-mg dose of dabigatran (1.5 vs. 0.8%

[p¼ 0.15]). In subgroup analysis, it was found that patients
who received ticagrelor had higher bleeding events as com-
pared with clopidogrel. This result is consistent with the data
from ticagrelor studies where the drug has shown to have
higher bleeding not related to CABG.

Thus, among patients with AF undergoing PCI, novel DT
with dabigatran was significantly able to reduce bleeding
events albeit at the cost of insignificant rise in stent throm-
bosis with lower dabigatran doses. With the initial success of
novel DT with both dabigatran and rivaroxaban, the stage
was now set for the remaining two NOAC’s to enter the fray.

AUGUSTUS PCI

It was the third RCT in the series which additionally explored
the role of aspirin in the scenario of post-PCI/ACS with AF. It
was a 2� 2 factorial designed trial in which patients with AF
developed ACS or had PCI and were randomized in a 1:1
fashion to either apixaban 5-mg BID (n¼ 2,306) or VKAwith
an INR goal of 2 to 3 (n¼ 2,308) with either aspirin 81-mg
daily (n¼ 2,307) or matching placebo (n¼ 2,307) for at least
6 months.26 All patients received a P2Y12 inhibitor. The
patients were followed for up to 6 months. The International
Society on Thrombosis and Hemostasis (ISTH) major or
clinically relevant nonmajor bleeding for apixaban versus
VKAwas 10.5 versus 14.7%, (p< 0.0001).While, ISTHmajor or
clinically relevant nonmajor bleeding for aspirin versus
placebo, was 16.1 versus 9.0%, p< 0.0001.The secondary
outcome of death or hospitalization for apixaban versus
VKA was 23.5 versus 27.4%, p¼ 0.002, while for aspirin
versus placebo it was 26.2 versus 24.7%, p> 0.05. The inci-
dence of stent thrombosis in two arm were not significantly
different (0.74% for apixaban vs. 0.97% for VKA). Thus, in
comparison to VKA, apixaban caused significant reduction in
ISTH major and clinically significant bleeding events in ACS
patients treated either medically (HR¼ 0.44, 95% CI: 0.28–

Table 1 Salient features of major RCT’s comparing dual therapy with conventional triple therapy

Name of study Year Comparators Patients Duration
(mo)

Primary end point

WOEST56 2013 VKAþC
VKAþDAPT

563 12 Total number of TIMI bleeding events

ISAR TRIPLE22 2015 VKAþDAPT: 6 wk
VKAþDAPT: 42 wk

614 9 Composite of death, MI, definite stent thrombosis,
stroke and TIMI major bleeding

PIONEER AF10 2016 R5þ C
R2.5þ C
VKAþDAPT

1,415 12 A composite of major bleeding or minor bleeding
according to the TIMI or bleeding requiring
medical attention

RE-DUAL PCI57 2017 D110þ C
D150þ C
VKAþDAPT

2,725 24 A composite of major or clinically relevant
nonmajor bleeding event according to ISTH

AUGUSTUS PCI26 2019 VKAþC
NOACþC
VKAþDAPT

4,614 6 A composite of major or clinically relevant
nonmajor bleeding event according to ISTH

ENTRUST AF27 2019 NOACþC
VKAþDAPT

1,506 12 Major or clinically relevant nonmajor bleeding
event according to ISTH

Abbreviations: C, clopidogrel; D, dabigatran; DAPT, dual antiplatelet therapy; ISTH, International society of Thrombosis and Hemostasis; NOAC,
novel oral anticoagulant; R, rivaroxaban; RCT, randomized controlled trial; TIMI, thrombolysis in myocardial infarction; VKA, vitamin-K antagonist.
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0.68) or with PCI (HR¼ 0.68, 95% CI: 0.58–0.89). Addition of
aspirin was associated with increased bleeding events in
both the arms without any major difference in efficacy.

ENTRUST AF PCI

With this study, we have RCT’s on all the available NOAC
currently approved for AF. This trial compared edoxaban and
clopidogrel combination with VKA plus DAPT among
patients with AF who recently underwent PCI.27 Patients
with AF and recent PCI were randomized to edoxaban 60-mg
daily plus clopidogrel 75-mg daily for 12 months (n¼ 751)
versus a VKA and clopidogrel 75-mg daily for 12months plus
aspirin (100-mg once daily, for 1–12 months; n¼ 755).
Lower dose of edoxaban, 30-mg daily, was used in patients
with creatinine clearance <15 to 50mL/min, weight <60 kg,
or concurrent use of specific potent P-glycoprotein inhib-
itors. The rates of major or clinically relevant nonmajor
bleeding at 12 months, was 17% in edoxaban group com-
pared with 20% in the VKA group (HR¼ 0.83, 95% CI: 0.65–
1.05, p for noninferiority¼ 0.001, p for superiority¼ 0.12).
While the rate of cardiovascular death,myocardial infarction,
stroke, systemic embolism, or definite stent thrombosis was
7% with edoxaban versus 6% with VKA (p¼ not significant).
Although this trial did show less bleeding with DT using
NOACS as compared with VKA, but it did not meet the
superiority criteria. The hazards of bleeding events for DT
versus TT in various studies are depicted in ►Fig. 5.

Meta-analysis of Dual Therapy
There are a few meta-analyses of the randomized trials
which compared DT with TT in AF patients undergoing PCI.
Golwala et al did a meta-analysis of patients from WOEST,
ISAR TRIPLE, PIONEER AF PCI, and RE-DUAL PCI trials.28 A
total of 5,317 patients from these four RCT’s were included of
whom 3,039 (57%) received DT.28 There was a 47% reduction
in the incidence of TIMI major and minor bleeding in DT
regimen (4.3 vs. 9.0%, HR¼ 0.53, 95% CI: 0.36–0.85) without
any major difference in the incidence of major adverse
cardiovascular events (10.4 vs. 10%, HR¼ 0.85, 95% CI:
048–1.29). Notably, ENTRUST AF and AUGUSTUS PCI were
not published till date and hence not included in this meta-
analysis.

Further credence to DTwas provided by a network meta-
analysis by Lopes et al. They included 10,026 patients from
WOEST, RE-DUAL PCI, PIONEER AF PCI, and PIONEER AF
PCI.29 TIMI major bleeding was the primary bleeding out-
come while MACE was the principal efficacy outcome stud-
ied. Compared with TT, the odds of bleeding were lowest for
NOAC based DT (HR¼ 0.49; 95% CI: 0.30–0.82) followed by
VKA-based DT (HR¼ 0.58, 95% CI: 0.31–1.0) and NOAC based
TT (HR¼ 0.70, 95% CI: 0.38–1.23), respectively. With respect
to efficacy, the odds of MACE with NOAC–based DT, VKA-
based DT and NOAC-based TT were 1.02, 0.96, and 0.94,
respectively. Hence, NOAC-based DT or novel DT had the
maximum safety record with preserved efficacy. Edoxaban
wasmissing in action in the study as ENTRUST AF PCI had not
yet seen light of the day.

More recently, in 2019, a meta-analysis published in in
European heart journal included 10,234 patients from all
the four pivotal RCT’s of NOAC-based DT versus TT with in
AF patients undergoing PCI also mirrored similar results.30

They found that ISTH major and clinically relevant bleeding
was significantly lower in DT arm vis-à-vis TT (risk ratio
[RR]¼ 0.66, 95% CI: 0.56–0.78; p< 0.0001; I2¼ 69%). The
benefit was primarily driven by significant reduction in
intracranial hemorrhages (RR¼ 0.33, 95% CI: 0.17–0.65;
p¼ 0.001). All-cause death, cardiovascular death, and
MACE rates were not different between the novel DT and
TT arms.

Lastly, another meta-analysis of latest trials of NOAC’s
(PIONEER-AF, RE-DUAL PCI, and AUGUSTUS trial) which
included 9,463 patients also emphasized that NOAC-based
regimens (DT or TT) were associated with significant reduc-
tion in bleeding events as compared with VKA-based thera-
peutic regimens.31 With regard to ischemic events including
stroke and death, the results were no different between DT
and TT. However, therewas a nonsignificant increase in rates
of MI with DT, while a significant increase in stent thrombo-
sis was observedwith DT. This was primarily driven by lower
dabigatran doses (110mg). Interestingly, the results were
unrelated with type of OAC used in DT (VKA or NOAC). The
authors advocate the use of initial NOACS-based TT in AF
patients undergoing PCI to curtail the incidence of stent
thrombosis with DT. Attention was also drawn toward the
benefits of using the full dose NOACS to achieve the maxi-
mum bleeding benefit and least ischemic events.

Fig. 5 Diminished hazard of bleeding with dual therapy (OAC þ SAPT)
with triple therapy (VKA þDAPT) as a standard /reference. C, clopi-
dogrel; DAPT, dual antiplatelet therapy; SAPT, single antiplatelet
therapy; VKA, vitamin-K antagonist.
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So, it can be reasonably concluded from thesemajormeta-
analysis that NOACS based DT is as efficacious as VKA plus
P2Y12 therapy in terms of preventing both ischemic events
with added advantage of safety in terms of both major and
minor bleeding events.

A Word of Caution
However, there was a signal of increased stent thrombosis
and MI in the DT group in two of the above mentioned
metanalyses.30,31 Interestingly, the individual RCT’s did re-
port any such signal owing to lesser frequency of ischemic
events as comparedwith bleeding events (approximately 10-
fold fewer).

A point of interest is that none of the RCT’s discussed
above were powered for ischemic endpoints and were pri-
marily designed to test the safety of aspect of DT (►Table 1).
This signal of increased cardiac ischemic events was mainly
restricted to lower doses of dabigatran (110mg).

One has to remember that NOAC’s are still not approved
for use in pregnancy, severe mitral stenosis and in patient
with prosthetic metallic valves.11 Therefore, is such situa-
tions a conventional dual or TT with warfarin would still be
recommended.

Concomitant Strategies for Mitigating Bleeding
Bleeding remains a major impediment for combination of
antiplatelet and antithrombotic therapy. As evident from the
prior discussion, such bleeding after PCI increases the odds of
dying and prolonged hospital stay with attendant financial
implications.

Optimizing the time in therapeutic range (TTR) for
patients put on VKA-based therapy can be useful in reducing
bleeding episodes, as well as major adverse cardiac and
cerebrovascular events (MACCE). In a registry of 963 AF
patients undergoing PCI, 470 patients were divided into
three TTR tertiles (T1, T2, and T3). It was found that patients
with highest TTR (T3) had lowest bleeding events with
progressive decline from T1 to T3. Also, there was a trend
toward insignificant decrease in MACCE from T1 to T3.32

Hence, the role of optimal control in quality of anticoagula-
tion for diminishing bleeding cannot be over emphasized.

Apart from use of NOAC’s in place of VKAs, five other key
maneuvers that help to limit the bleeding include use of
radial access, keeping doses of aspirin low, use of proton
pump inhibitor (PPI), deescalation of P2Y12 therapy, and
shorter duration of DAPT.33

Use of radial access has brought a paradigm shift in access
site complications cardiac catheterization laboratory. Apart
from patient comfort and early ambulation, a significant and
drastic reduction of access site bleeding has been the most
gratifying revelation of radial access. MATRIX study is one
the most contemporary and largest RCT demonstrating
reduction in not only bleeding but also death, MI, and stroke
at 30 days with radial access.34 Of note there was 28%
reduction in all-cause mortality and 33% reduction in
BARC three or five major bleeding.

Aspirin has been used in doses from 50mg to 325mg for
antiplatelet effects. However, the beauty is that lower doses

(<100mg) of drug has been consistently found to be as useful
as the higher doses albeit with lesser bleeding.35,36Moreover,
higher doses of aspirin interfere with antiplatelet action of
ticagrelor.37Hence, useof lowerdosesaspirin inprudentwhen
combination therapy with anticoagulants is contemplated.

Concomitant use of PPI is indicated in patient’s on DAPT
when they have prior gastrointestinal bleeding or they have
high risk features for it.38,39 The high risk features include
advanced age, use of OACs, coprescription of nonsteroidal
anti-inflammatory drugs (NSAIDs), and steroids. Hence,
whenever contemplating DTor TT in a patient, it is advisable
to use a PPI. The COGENT trial has already laid to rest the
concerns about interaction between PPI and clopidogrel.40

The typeof P2Y12used in thedual and triple regimenalso is
crucial. Although,morepotent the neweragents, prasugrel and
ticagrelor are more prone for bleeding including gastrointesti-
nal (GI) bleeds. Even in the four major RCT’s discussed prori,
clopidogrel was the major antiplatelet used and the newer
agentwasusedonly in aminority. A single-center cohort study
of 377 patients on TT, prasugrel-based regimens exhibited
more TIMI defined major and minor bleeding compared with
clopidogrel one’s (28.6 vs. 6.7%; HR¼ 4.6, p¼ 0.03).41 The
TRANSLATE-ACS study compared clopidogrel-based TT with
prasugrel-based TT.42Prasugrel-based therapy again increased
the bleeding events defined by Bleeding Academic Research
Consortium (BARC) scale. However, this was driven mostly by
an increased riskof bleeding events thatwere patient-reported
only and did not require rehospitalization. Hence, it would be
more prudent to use clopidogrel when combining P2Y12 with
anticoagulants to minimize the bleeding risk.

However, sometimes the use of Potent P2Y12 may be
unavoidable because of high angiographic or procedural
reasons such as complex PCI, use of multiple stents, left
main interventions, bifurcation PCI, chronic total occlusion,
long stents, and use of bioabsorbable scaffold.43 In such a
case, a “de-escalation” strategy for P2Y12 inhibitors can be
applied. This strategy entails the switching of prasugrel or
ticagrelor to clopidogrel after initial high-risk period after
PCI is over to reduce the bleeding. Such a deescalationmay be
guided by platelet function (TROPICAL-ACS model) or un-
guided (TOPICS model). In TROPICAL-ACS trial, platelet func-
tion testing guided switch from prasugrel to clopidogrel at
14 days after PCI for ACSwas shown to feasible and safewhile
reducing BARC bleeding.44 In TOPICS study, an unguided
deescalation 1 month after PCI was also shown to reduce
bleeding events while ischemic were not increased.45

Irrespective of the P2Y12 used, data are emerging on use of
shorter duration of DAPT following PCI for ACS instead of
conventional 12-month duration mandated by guidelines.
REDUCE and DAPT STEMI trials have demonstrated the safety
and feasibilityof 3- and6-monthDAPT followingPCI forACS.46

The small sample size and the selective population studies
precludegeneralizationof results.More recently, STOPDAPT-2
and SMART CHOICE reaffirmed the safety of 1- and 6-month
DAPT regimen following PCI.47,48 Both the studies included an
all-comer population, used newer generation stents, contem-
porary PCI techniques, and had a fair sample size. Although,
patients with need for anticoagulation were excluded from
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STOP DAPT-2 study, a shorter DAPT remains one of the viable
options for curtailing bleeding risk with combination therapy.

►Fig. 6 summarizes the additional maneuvers for miti-
gating bleeding with combination therapy.

Use of Bleeding Prediction Scores
A lot of bleeding prediction scores are in vogue and also
advocated by guidelines for clinical decision making
(►Fig. 7). One needs to understand the precise subset where
the individual score should be used.

The PRECISE-DAPT score predicts the rate of in hospital
bleeding with the use of DAPT therapy. A score of <25
predicts the safety of prolonged DAPT.33 Hence, the score
can be utilized to decide the intensity of DAPT component of
TT. On the other hand, HAS-BLED score predicts the bleeding
on patient who are anticoagulated for AF. A score of >3
indicated high-bleeding risk and warrants preventive thera-
py.49Hence, patients with HAS-BLED score of>3 are definite
candidate for NOAC, although this has not been prospectively
tested. However, going by the previously described data of

50% reduction in ICH by NOAC’s, the statement becomes
imperative.

A systematic review has analyzed the current tools for
thromboembolic and bleeding risk prediction in patients
with AF.50 The five bleeding risk scores evaluated were as
follows: bleeding risk index (BRI), age, biomarkers and clinical
history (ABC) bleeding risk score, HAS-BLED, ATRIA, and HEM-
ORR2HAGES among 38 studies of AF. The authors concluded
that HAS-BLED score has thehighest predictive value formajor
bleeding among patients on VKA’s as assessed by c-statistic.

It needs to be emphasized here that bleeding risk is a
dynamic variable and can evolve over time. The change in
HAS-BLED score in a patient during follow-up can be more
predictive of bleeding than baseline score itself.51 In a
nationwide cohort of 19,600 patient with an AF on VKA
with low HAS-BLED score (<2 at baseline), during follow-up
change is HAS-BLED >1 was seen in 76.6% in patients who
experiencedmajor bleeding. The proportion of subjects with
change in HAS-BLED >1 (delta HAS-BLED score) was signifi-
cant lower in group sans any bleeding events. The number of

Fig. 6 Steps for mitigating the bleeding risk in patients on a combination of antiplatelet and antithrombotic therapy. ACS, acute coronary
syndrome; DAPT, dual antiplatelet therapy; PPI, proton pump inhibitor; TTR, time in therapeutic range.
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modifiable risk factors at baseline also predictive of bleeding
events though not achieving statistical significance. In a
similar manner, the dynamic change in CHA2DS2VaSc score
during follow-up was also more predictive of ischemic risk
vis-à-vis the baseline CHA2DS2VASc score.52

Both the studies exemplify the role of evaluation of contin-
ued assessment of bleeding and ischemic risk at follow-up
visits. Hence, a high HAS-BLED score cannot be an excuse for
omittingOAC fromprescriptionandonly indicates theneed for
careful assessment of choice and dose of OAC while devoting
careful attention to presence of modifiable risk factors for
bleeding. It should also flag the caregivers for early reviewand
meticulous follow-up in the high-risk category.

Guidelines Perspective: European
Patients treated for ACS or patients of CAD with AF requiring
PCI with stenting normally require DAPTwith the addition of
warfarin or a NOAC for primary prevention because of
increased risk of stroke. The 2016 European Society of
Cardiology (ESC) guidelines on AF management recom-
mended TT of varying durations ranging from 1 month to

6months based on the type of PCI, that is, ACS or elective and
the bleeding risk.11 This should be followed by DT. Because
none of the RCTs were published till then, the guideline was
not categorical on the use of NOAC in this Scenario.

However, the 2018 EHRA (European Heart Rhythm Associ-
ation) practical guide on use of NOAC’s give preference to
NOACSoverVKAasanticoagulants ofchoicebasedonevidence
from RE-DUAL PCI and PIONEER-AF PCI trials.51 The guide
recommend use of TT for at least 1 month followed by DT for
1 year after stenting in stable CAD. In case of ACS, the TT can be
continuedbeyond1monthupto6monthsweighing the riskof
stent thrombosis over bleeding risk. Both the guidelines
suggest the use of clopidogrel over prasugrel or ticagrelor as
bleeding risk is lower with clopidogrel based on WOEST trial.
After 1 year of DT, only anticoagulants therapy is required.

The recent 2020 ESC Guidelines on AF published have
deliberated on the issue of PCI in patients on OAC for chronic
AF.53 The guidelines advocate the use of NOAC in preference
to VKA in conjunction with antiplatelet therapy. HAS-BLED
score is again at the center stage. In patients, with high HAS-
BLED score, lower NOAC doses have been advocated (15-mg

Fig. 7 Keymessages regrading use of dual therapy in the setting of PCI in AF patients on chronicOral Anti Coagulation. AF, atrial fibrillation; CAD, coronary
artery disease; NOAC, novel oral anticoagulant; PCI, percutaneous coronary intervention; TTR, time in therapeutic range; RCT, randomized controlled trial.
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rivaroxaban and 110-mg dabigatran) to curtail bleeding risk.
When using VKA in, an INR target of 2.0 to 2.5 is advisable
while aiming at a TTR of>70%. In patients, with low ischemic
risk (stable angina or ACS undergoing uncomplicated PCI),
the duration of TT is to be kept short (<1 week). For those at
high risk of ischemic complications (stent thrombosis), the
duration of TT can be extended up to 1month. The guidelines
also emphasize on the use of clopidogrel in combination of
OAC as discussed in the section of “concomitant strategies to
reduce bleeding.”

Guidelines Perspective: American
The 2019 update of American College of Cardiology/American
Heart Association/Heart Rhythm Society (ACC/AHA/HRS)
guidelines onmanagementof patientswithAF in suchpatients
recommends DT as an acceptable alternative for patients of AF
who have undergone PCI (class-IIa recommendation, level of
evidence B). Based on contemporary RCT’s, both warfarin and
NOAC’s (dabigatran and rivaroxaban) are acceptable choices.54

WhenTT is contemplated, it shouldbeminimized to aduration
of 4 to 6 weeks, as this is the period of greatest risk for stent
thrombosis, especially in patients with ACS (class IIa, level B).
They further recommend use of clopidogrel as P2Y12 for DTor
TT instead of prasugrel. This is the first major guideline, the
first to place DT at par with TT after acknowledging the
reduced bleeding with DT. These recommendation were
made before AUGUSTUS-PCI and ENTRUST AF PCI trials
made theirway into the literature. The positive results of these
two studies only boost the case for DT.

The 2018 update of North American consensus statement
on management of antithrombotic therapy in patients with
AF treated with OAC undergoing PCI also clearly recommend
DT as the standard regimen at discharge in all patients.55

Additionally, NOAC’s are preferred over warfarin as the oral
anticoagulant of choice. TT should be reserved for selected
cases with high ischemic burden and low risk for bleeding.

Future Perspective

Two trials are undergoing to further clarify the issue of combi-
nation therapy in the scenario of AF with PCI or ACS. COACH AF
PCI is an RCT of dabigatran 110-mg–based TTwith VKA-based
therapy (NCT03536611). The trial expects to enroll 1,120
patient and the follow-up period is 24 months.WOEST-2 regis-
try will compare all combinations of OAC/NOAC plus all avail-
able P2Y12 inhibitors with or without aspirin therapy
(NCT02635230). OPTIMA series will be a combination of two
multicenter RCT’s which is posed to enroll 3,742 patients
(NCT03234114). OPTIMA-1 (n¼ 2,272) will compare two TT
regimens 1 month versus 6 months of durations, respectively.
While OPTIMA-2 (n¼ 1,470) will compare two dabigatran-
basedDTregimenswith clopidogrel and ticagrelor, respectively.

Conclusion

Approximately 15% of patients with AF have CAD and a
similar amount of people with AF have coronary revasculari-
zation procedures during lifetime. Such a situation demands

combination of antiplatelet and anticoagulant therapy. The
use of conventional TT (warfarinþDAPT) results in reduc-
tion in both stent thrombosis and ischemic strokes alike.
However, the combination results in two to three-fold in-
crease in bleeding. Post-PCI bleeding in turn increases the
odds of death by two to three times also. The use of NOAC’s
has resulted in tremendous reduction of bleeding events
with preserved efficacy. Hence, the current scenario DTor TT
with NOAC represents a potential avenue to conventional TT.
Four large RCT’s and three meta-analyses based on them
have convincingly depicted the safety and feasibility of novel
DT in the scenario of AF with PCI. Although, a small signal
regarding stent thrombosis was seen, especially with a
particular NOAC, the overall data for mortality and CV death
was not statistically different. Hence, whenever feasible, DT
based onNOACwith ultrashort TT in the initial period should
be the norm. Current guidelines also place DT at par with TT
considering the low bleeding potential with it. Use of lower
doses of aspirin, radial access, PPI use, avoiding more potent
P2Y12 inhibitor, short DAPT component, and judicious use of
bleeding scores are additional measures to improve the
safety of combination therapy. The duration of DT, the type
of NOAC to be used and the choice of P2Y12 agent are still
areas of debate and need further research.
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Summary
an adult man presented with off and on painless 
haematuria, which was diagnosed as bladder mass 
on contrast-enhanced Ct. He underwent transurethral 
resection of bladder tumour with complete resection. a 
diagnosis of embryonal rhabdomyosarcoma was made 
following histopathology and immunohistochemistry 
report. the patient was planned for radical cystectomy 
but was found to have large recurrent infiltrating 
bladder mass with liver and bone metastasis. Hence, 
the plan for radical cystectomy was deferred and 
the patient was counselled regarding chemotherapy 
(vincristine, cisplatin and doxorubicin regime). the 
patient tolerated the first cycle of chemotherapy, but 
his condition deteriorated prior to the second cycle and 
the patient expired.

BaCkground 
Rhabdomyosarcoma (RMS) is a malignant soft-
tissue tumour that exhibits skeletal muscle differ-
entiation. The most common variant is embryonal 
whereas alveolar variant is rare. It accounts for 
6% of childhood malignancies.1 Twenty per cent 
of cases occur in the urogenital tract (eg, vagina, 
urinary bladder, prostate, paratestis and uterus).2 
In adults, embryonal rhabdomyosarcoma of 
the urinary bladder is a rare presentation with 
anecdotal reports in scientific literature. Because 
of the rarity, clinicopathological features in this 
age group such as histological subtype, biological 
behaviour and treatment response (ie, chemosen-
sitivity) are not well defined as compared with 
their paediatric counterpart. Here, we report a 
case of a 25-year-old man who presented with 

haematuria and has been diagnosed as a case of 
embryonal rhabdomyosarcoma.

CaSe preSenTaTion
A 25-year-old man presented with complaints 
of off and on painless haematuria for the past 3 
months. There was no history of fever, weight 
loss, suprapubic pain, previous surgery or 
smoking. General physical and local examination 
was unremarkable.

inveSTigaTionS
Routine laboratory investigations were within normal 
limits. Ultrasonography abdomen reported normal 
bilateral upper tracts along with a mass measuring 
41×36 mm on the anterior wall of the urinary 
bladder. Contrast-enhanced CT (CECT) revealed 
a heterogeneously enhancing soft-tissue attenua-
tion lesion measuring approximately 52×15 mm 
arising from the anterior wall of the urinary bladder 
with subcentimetric and perivesical lymph nodes 
(figure 1A,B). On cystourethroscopy, an irregular 
solid mass was seen arising from the anterior wall of 
the urinary bladder.

differenTial diagnoSiS
Transitional cell carcinoma of urinary bladder may 
be considered in differential diagnosis.

TreaTmenT
Intraoperatively, hard growth (4×4 cm) was present 
on the right anterolateral wall of the urinary 
bladder with bilateral normal ureteric orifices. 
The patient was managed by transurethral resection 

figure 1 (A, B) Contrast-enhanced CT showing a heterogeneous lesion arising from the anterior wall of the urinary 
bladder.
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of bladder tumour with complete resection. Postoperative course 
was uneventful.

ouTCome and follow-up
Histopathology and immunohistochemistry findings confirmed 
embryonal rhabdomyosarcoma arising from the urinary bladder, 
positive for myogenin, vimentin and desmin (figure 2A–D). The 
patient was planned for radical cystectomy, but the patient devel-
oped a hard lump in the suprapubic area. Repeat CECT scan 
showed extramural enhancing supravesical mass (79×123 mm) 
with infiltration into the omentum, mesentery and sigmoid colon 
with multiple liver space occupying lesion (SOL) suggestive of 
metastatic deposits (figure 3A,B). The patient was given first cycle 
of intensive chemotherapy regimen (vincristine, cisplatin and 
doxorubicin) and was sent home. Unfortunately, the patient deteri-
orated prior to the second cycle of chemotherapy and passed away.

diSCuSSion
Embryonal rhabdomyosarcoma is generally regarded as a 
neoplasm occurring primarily during childhood; there are few 
case reports of this neoplasm in adults.3–9 Only one case is 

reported from the Indian subcontinent.5 Embryonal rhabdomyo-
sarcoma has three histopathological forms that can occur either 
singly or in combination: botryoid, spindled and anaplastic. The 
botryoid form arises beneath epithelial mucosal surfaces and has 
a cambium layer. The spindled variant most commonly occurs in 
scrotal soft tissues and the rest occurring in the head and neck 
region. Immunohistochemical methods with antimyoglobin 
antibody (myogenin, desmin) and antisarcomeric actin antibody, 
characteristic of striated muscle, are helpful in the diagnosis of 
rhabdomyosarcoma.

In the paediatric age group, the prognosis for urinary bladder 
embryonal rhabdomyosarcoma is less favourable compared with 
disease at other sites (vagina, uterus, paratesticular region; 70% 
to 73% and 84% to 89%, respectively).10 However, the prognosis 
and optimal management of embryonal rhabdomyosarcoma in 
the adult age group is uncertain owing to its rarity.

Due to lack of proper guidelines, various treatment options 
(surgery, chemotherapy, radiotherapy) have been tried for the 
management of embryonal rhabdomyosarcomas in adults in 
the past as per surgeon’s choice. Hence, there is an urgent need 
for uniform and systematic guidelines.

figure 2 Histopathology and immunohistochemistry photographs showing rhabdomyoblasts (A) with positivity for myogenin (B), desmin (C) and 
vimentin (D).

figure 3 (A, B) Contrast-enhanced CT showing extramural enhancing supravesical mass with multiple liver space occupying lesion (SOL) suggestive 
of metastatic deposits.
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As seen in this case, tumour metastasises to liver and bones 
in short course of follow-up even after complete resection done 
endoscopically. This depicts very aggressive behaviour of RMS. 
So, embryonal rhabdomyosarcoma of the genitourinary tract 
should be managed very aggressively.
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learning points

 ► Embryonal rhabdomyosarcoma of urinary bladder is rare in 
the adult population.

 ► Immunohistochemistry (antimyoglobin antibody and 
antisarcomeric actin antibody) may aid in confirming the 
diagnosis.

 ► Embryonal rhabdomyosarcoma should be managed 
aggressively.

 ► Multimodal treatment strategies (surgery, radiotherapy, 
chemotherapy) are available, but proper guidelines are 
lacking.
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Case report
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Summary
an adult man presented with off and on painless 
haematuria, which was diagnosed as bladder mass 
on contrast-enhanced Ct. He underwent transurethral 
resection of bladder tumour with complete resection. a 
diagnosis of embryonal rhabdomyosarcoma was made 
following histopathology and immunohistochemistry 
report. the patient was planned for radical cystectomy 
but was found to have large recurrent infiltrating 
bladder mass with liver and bone metastasis. Hence, 
the plan for radical cystectomy was deferred and 
the patient was counselled regarding chemotherapy 
(vincristine, cisplatin and doxorubicin regime). the 
patient tolerated the first cycle of chemotherapy, but 
his condition deteriorated prior to the second cycle and 
the patient expired.

BaCkground 
Rhabdomyosarcoma (RMS) is a malignant soft-
tissue tumour that exhibits skeletal muscle differ-
entiation. The most common variant is embryonal 
whereas alveolar variant is rare. It accounts for 
6% of childhood malignancies.1 Twenty per cent 
of cases occur in the urogenital tract (eg, vagina, 
urinary bladder, prostate, paratestis and uterus).2 
In adults, embryonal rhabdomyosarcoma of 
the urinary bladder is a rare presentation with 
anecdotal reports in scientific literature. Because 
of the rarity, clinicopathological features in this 
age group such as histological subtype, biological 
behaviour and treatment response (ie, chemosen-
sitivity) are not well defined as compared with 
their paediatric counterpart. Here, we report a 
case of a 25-year-old man who presented with 

haematuria and has been diagnosed as a case of 
embryonal rhabdomyosarcoma.

CaSe preSenTaTion
A 25-year-old man presented with complaints 
of off and on painless haematuria for the past 3 
months. There was no history of fever, weight 
loss, suprapubic pain, previous surgery or 
smoking. General physical and local examination 
was unremarkable.

inveSTigaTionS
Routine laboratory investigations were within normal 
limits. Ultrasonography abdomen reported normal 
bilateral upper tracts along with a mass measuring 
41×36 mm on the anterior wall of the urinary 
bladder. Contrast-enhanced CT (CECT) revealed 
a heterogeneously enhancing soft-tissue attenua-
tion lesion measuring approximately 52×15 mm 
arising from the anterior wall of the urinary bladder 
with subcentimetric and perivesical lymph nodes 
(figure 1A,B). On cystourethroscopy, an irregular 
solid mass was seen arising from the anterior wall of 
the urinary bladder.

differenTial diagnoSiS
Transitional cell carcinoma of urinary bladder may 
be considered in differential diagnosis.

TreaTmenT
Intraoperatively, hard growth (4×4 cm) was present 
on the right anterolateral wall of the urinary 
bladder with bilateral normal ureteric orifices. 
The patient was managed by transurethral resection 

figure 1 (A, B) Contrast-enhanced CT showing a heterogeneous lesion arising from the anterior wall of the urinary 
bladder.
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of bladder tumour with complete resection. Postoperative course 
was uneventful.

ouTCome and follow-up
Histopathology and immunohistochemistry findings confirmed 
embryonal rhabdomyosarcoma arising from the urinary bladder, 
positive for myogenin, vimentin and desmin (figure 2A–D). The 
patient was planned for radical cystectomy, but the patient devel-
oped a hard lump in the suprapubic area. Repeat CECT scan 
showed extramural enhancing supravesical mass (79×123 mm) 
with infiltration into the omentum, mesentery and sigmoid colon 
with multiple liver space occupying lesion (SOL) suggestive of 
metastatic deposits (figure 3A,B). The patient was given first cycle 
of intensive chemotherapy regimen (vincristine, cisplatin and 
doxorubicin) and was sent home. Unfortunately, the patient deteri-
orated prior to the second cycle of chemotherapy and passed away.

diSCuSSion
Embryonal rhabdomyosarcoma is generally regarded as a 
neoplasm occurring primarily during childhood; there are few 
case reports of this neoplasm in adults.3–9 Only one case is 

reported from the Indian subcontinent.5 Embryonal rhabdomyo-
sarcoma has three histopathological forms that can occur either 
singly or in combination: botryoid, spindled and anaplastic. The 
botryoid form arises beneath epithelial mucosal surfaces and has 
a cambium layer. The spindled variant most commonly occurs in 
scrotal soft tissues and the rest occurring in the head and neck 
region. Immunohistochemical methods with antimyoglobin 
antibody (myogenin, desmin) and antisarcomeric actin antibody, 
characteristic of striated muscle, are helpful in the diagnosis of 
rhabdomyosarcoma.

In the paediatric age group, the prognosis for urinary bladder 
embryonal rhabdomyosarcoma is less favourable compared with 
disease at other sites (vagina, uterus, paratesticular region; 70% 
to 73% and 84% to 89%, respectively).10 However, the prognosis 
and optimal management of embryonal rhabdomyosarcoma in 
the adult age group is uncertain owing to its rarity.

Due to lack of proper guidelines, various treatment options 
(surgery, chemotherapy, radiotherapy) have been tried for the 
management of embryonal rhabdomyosarcomas in adults in 
the past as per surgeon’s choice. Hence, there is an urgent need 
for uniform and systematic guidelines.

figure 2 Histopathology and immunohistochemistry photographs showing rhabdomyoblasts (A) with positivity for myogenin (B), desmin (C) and 
vimentin (D).

figure 3 (A, B) Contrast-enhanced CT showing extramural enhancing supravesical mass with multiple liver space occupying lesion (SOL) suggestive 
of metastatic deposits.
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As seen in this case, tumour metastasises to liver and bones 
in short course of follow-up even after complete resection done 
endoscopically. This depicts very aggressive behaviour of RMS. 
So, embryonal rhabdomyosarcoma of the genitourinary tract 
should be managed very aggressively.
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learning points

 ► Embryonal rhabdomyosarcoma of urinary bladder is rare in 
the adult population.

 ► Immunohistochemistry (antimyoglobin antibody and 
antisarcomeric actin antibody) may aid in confirming the 
diagnosis.

 ► Embryonal rhabdomyosarcoma should be managed 
aggressively.

 ► Multimodal treatment strategies (surgery, radiotherapy, 
chemotherapy) are available, but proper guidelines are 
lacking.
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in Children with Cerebral Palsy and 
Normally Developed Children

INTRODUCTION
Cerebral Palsy is one of the most common neurological disorders 
encountered in paediatric population affecting 2-3 per 1000 live 
births [1,2]. It is due to non-progressive disturbances in the 
developing foetal or infant brain which results in a set of permanent 
developmental disorders of movement and posture. Although 
motor disorders are predominant, they are often accompanied by 
disturbances of sensation, perception, cognition, communication 
and behaviour. Epilepsy and secondary musculoskeletal problems 
are also frequently encountered leading to varying degree of 
disability [3,4].

Owing to this wide spectrum of abnormalities, cerebral palsy is 
rendered one of the most common causes of childhood disability. 
Restricted mobility and the afore-mentioned abnormalities in 
sensation, perception, cognition, communication, behaviour and 
other neurological conditions like seizures make cerebral palsy 
patients vulnerable to respiratory complications. Respiratory 
compromise may further be augmented by associated upper 
airway obstruction due to inadequate nasopharyngeal motor 
function, obstructive sleep apnoea syndrome or poor nutrition [5-7]. 
Respiratory complications, especially in severely disabled cerebral 
palsy patients are reported to be a major cause of morbidity and 
mortality and are a matter of great concern [8-14].

However, despite presence of evidence, not much attention is 
directed towards evaluation of respiratory deficiencies in children 
with cerebral palsy. This study has been designed to address this 
issue with an aim to compare pulmonary functions in children with 
cerebral palsy and normally developed children.

MATERIALS AND METHODS
This cross-sectional comparative study was conducted in 
Department of Physical Medicine and Rehabilitation of a tertiary care 
hospital during the period from October 2013 to February 2015. 

Ethical approval was taken before initiating the study (S.No. IEC/
VMMC/SJH/Thesis/Oct-13/152).

Thirty seven patients with spastic cerebral palsy diagnosed on the 
basis of history and clinical findings, within the age range of 5-18 years 
of either gender (Group 1), were included in the study. Thirty seven 
age matched normally developed controls (Group 2) of both genders 
were enrolled from the relatives of the children with cerebral palsy 
and children attending Physical Medicine and Rehabilitation OPD for 
other problems. Written informed consent was taken from parents/
guardians of all participants. The sample size was calculated based 
on a study by Kwon YH et al., comparing respiratory functions of CP 
children with normally developed children [15].

Children with mental retardation, apparent chest deformity and 
Gross Motor Function Classification System (GMFCS) 4, 5 were 
excluded from study. Subjects were thoroughly examined clinically 
after obtaining detailed medical history from participants/parents 
using the study proforma. 

Demographic characteristics recorded were age, sex, residence, 
and socio-economic status. Assessment of pulmonary function was 
done by using computerised Medisoft spiro air spirometer. Clear 
instruction regarding the procedure was given to all the participants. 
They were first accustomed to the apparatus and the procedure, 
following which a minimum of three readings were taken for each 
parameter. The assessment parameters recorded were FVC, FEV1, 
FEV1/FVC, PEF, FEF25-75, IRV, ERV, TV and VC.

STATISTICAL ANALYSIS
Data collected were entered into Microsoft Excel spread sheet and 
analysed using SPSS version 21.0 software. Categorical data was 
presented in number and percentage and continuous variables 
were presented as mean±SD. Normality of data was tested by 
Kolmogorov-Smirnov test. Quantitative variables were compared 
using Unpaired t-test/Mann-Whitney test and qualitative variables 
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ABSTRACT
Introduction: Cerebral Palsy is one of the most common 
neurological disorders in children. It is characterised by varying 
degrees of disability affecting multiple domains. Respiratory 
complications, especially in severely disabled cerebral palsy 
patients are a major cause of morbidity and mortality. However, 
respiratory deficiencies in children with cerebral palsy is often 
overlooked and rarely assessed in the clinical setting.

Aim: To assess the pulmonary function in children with 
cerebral palsy and compare the same with normally developed 
children. 

Materials and Methods: Thirty seven patients diagnosed 
with spastic cerebral palsy in the age range of 5-18 years and 
37 age matched normally developed controls were enrolled. 
Assessment of pulmonary function in terms of Forced Vital 

Capacity (FVC), Forced Expiratory Volume in 1st second, FEV1/
FVC, Peak Expiratory Flow (PEF), Forced expiratory flow over 
25-75% of FVC (FEF25-75), Inspiratory Reserve Volume (IRV), 
Expiratory Reserve Volume (ERV), Tidal Volume (TV) and Vital 
Capacity (VC) was done for each subject. Statistical analysis 
was done using SPSS version 21.0 and a p-value of <0.05 was 
considered as statistically significant.

Results: Most of the children with cerebral palsy were found 
to have lower FVC, FEV1, PEF25-75, IRV, ERV, TV and VC in 
comparison to normally developed children indicative of 
predominantly restrictive pulmonary pathology.

Conclusion: Routine pulmonary function testing in cerebral 
palsy children may reveal compromised pulmonary function. 
This will enable early therapeutic intervention for management 
of respiratory dysfunction in these children.
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Thus, observed results indicate significantly compromised respiratory 
function in spastic CP children as compared to children with normal 
development.

The observed pulmonary function of the children in the group 1 were 
further analysed for type of dysfunction. Out of 37 children included 
in the group 1, 28 (75.68%) children were found to have restrictive 
type of lung dysfunction, 8 (21.7%) showed obstructive type of lung 
dysfunction and 1 (2.7%) child showed non-conclusive parameters. 

DISCUSSION
Cerebral palsy is a common cause of physical disability in children. 
Respiratory infection and diminished pulmonary function rank as 
one of the chief causes of morbidity and mortality [16]. In this study 
we assessed and compared pulmonary function among children 
with spastic cerebral palsy with normally developed children. 
Results of the study revealed compromised pulmonary function in 
the cerebral palsy group. The difference in FVC, FEV1 and FEV1/
FVC ratio between the patient group and control was statistically 
significant. The peak and mid expiratory flow rates, vital capacity, 
tidal volume, expiratory and inspiratory reserve volumes were also 
found to be decreased in cerebral palsy group. However, out of 
these flow rates and static lung volumes, tidal volume failed to 
show statistically significant difference between the two groups. 
These findings are in accordance with previous studies, which 
reported significantly poorer pulmonary function in children with 
cerebral palsy as compared to normally developed cerebral palsy 
children [15-17].

The results of the pulmonary function tests are indicative of restrictive 
dysfunction in these children, in spite of the fact that cerebral palsy 
children with obvious structural deformities of the chest were 
excluded from the study. The observed difference between the two 
groups can be attributed to a decrease in physical activity and chest 
mobility caused by motor disability in these children. Ersoz M et 
al., reported that children with cerebral palsy had restricted chest 
mobility which mainly resulted from muscle weakness, spasticity, 
and impaired neuro-motor control rather than involvement of costo-
vertebral joint movement [18]. Muscle weakness may further be 
affected by decreased physical activity. It is possible that low level of 
physical activity and trunk control is accompanied by a decrease of 
respiratory function, which leads to deterioration of lung expansion 
by restriction of chest mobility. Restrictive lung diseases mainly result 
from impairment of the elastic properties of the lungs and chest 
wall and are characterised by reduced lung volumes and capacities. 
Deformities of spine and thorax are often encountered [19-21]. Also, 
individuals with neuromotor impairment rely on abdominal muscles 
for respiration showing poorly coordinated breathing [22,23]. 
Gradually chest movements become restricted and muscles are 
weakened. Eventually, the ability to take deep breath, generate 
expiratory force, and cough effectively is impaired [24]. These 
children are therefore more prone to develop respiratory infections. 
Although a matter of serious concern, respiratory problems in 
cerebral palsy has not received due attention in the clinical setting 
and pulmonary function test are not done routinely. Only a few 
studies comparing pulmonary function in cerebral palsy children 
with normal children have been reported in the literature. But, most 
studies have reported impaired pulmonary function in cerebral palsy 
children mostly of the restricted variety. The present study highlights 
the fact that simple measurement of pulmonary function can help in 
administration of timely rehabilitative/preventive measures that can 
greatly reduce morbidity and mortality in these children. Prevention 
of mucus stasis is of utmost importance and should be the principal 
focus of respiratory management for children with cerebral palsy. 
Exercise programs that encourage deep breathing, increase airflow 
rates, and stimulate cough may enhance secretion clearance. 
Application of pulmonary rehabilitation is important for children with 
cerebral palsy who have pulmonary dysfunction in order to reduce 
morbidity and to improve quality of life.

were compared using Chi-square test and Fisher’s-exact test. A 
p-value <0.05 was considered as statistically significant.

RESULTS
Seventy-four children, 37 with spastic cerebral palsy (Group 1) and 37 
normally developed children (Group 2) were enrolled in study. The two 
groups were comparable with respect to demographic characteristics 
[Table/Fig-1]. In group 1, 18 (49%) children were spastic hemiplegic 
and 19 (51%) were spastic diplegic. Among the spastic hemiplegic 
children, 12 were right and 6 were left sided hemiplegic.

Baseline characteristics     Group 1 (n=37) Group 2 (n=37) p-value

Mean age in years 11.24±3.43 12.16±2.72 0.234

Mean height in centimetre 139±17.31 143.11±13.14 0.207

Mean weight in kilogram 32.95±10.95 36.16±10.78 0.355

Gender distribution Male=27 Female=10 Male=29 Female=8 0.588

[Table/Fig-1]: Demographic characteristics of the children.

parameters as compared to predictive value
Group 1 
(n=37)

Group 2 
(n=37)

p-value

FVC

Decreased 37 1

<0.001Normal 0 34

Increased 0 2

FEV1

Decreased 35 7

<0.001Normal 2 28

Increased 0 2

FVC/FEV1

Normal 11 27
<0.001

Increased 26 10

PEF

Decreased 24 2

<0.001Normal 12 9

Increased 1 20

FEF 25-75

Decreased 28 22

0.007Normal 6 9

Increased 3 6

VC

Decreased 35 3

<0.001Normal 2 30

Increased 0 4

[Table/Fig-2]: The flow rates and vital capacity of the children. 

parameters Group 1 (n=37) Group 2 (n=37) p-value

Mean IRV (litre) 0.61±0.4 0.96±0.44 <0.0001

Mean ERV (litre) 0.53±0.31 0.94±0.53 <0.0001

Mean TV (litre)  0.46±0.15 0.53±0.1 0.037

[Table/Fig-3]: Different lung volumes of the children.

[Table/Fig-2,3] shows the observed values of different parameters 
used for assessment of pulmonary function. Significant difference 
between the two groups was found in FVC. All the children in group 
1 had decreased FVC while in group 2 only one child had so. Two 
children in group 1 were found to have normal FEV1 while in group 2, 
seven children had decreased FEV1. This difference in FEV1 between 
the two groups is statistically significant. While comparing the ratio 
of FEV1 and FVC significant difference was observed between the 
two groups. Decreased PEF was found in 24 group 1 children and 
9 in group 2 children had normal, while, FEF over middle of FVC 
was found to be decreased in 28 children in group 1 and 22 in 
group 2. The mean IRV and ERV of group 1 child was found to 
be significantly lower than that of group of 2 children. Tidal volume 
of group 1 children ranged from 0.15 to 0.78 litres while in group 
2 children the same was from 0.35 to 0.81. While comparing the 
mean tidal volumes, the difference between the two groups was 
found to be significant. Only two children in group 1 had normal vital 
capacity. 35 children in group 1 were found to have decreased vital 
capacity, while only three children in group 2 showed so.
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The findings of this study provide rationale for early clinical assessment, 
prevention and rehabilitative intervention for management and 
treatment of diverse pulmonary diseases in children with cerebral palsy. 

LIMITATION
The major limitation of this study is difficulty in extrapolation due to 
small sample size and difficulty in performing PFT in non-cooperative 
children. In addition, we did not consider a variety of clinical factors 
related to pulmonary function in terms of oxygen saturation, chest 
wall excursion, etc. So, further study of overall pulmonary function 
including these factors will be needed.

CONCLUSION
Routine pulmonary function testing in cerebral palsy children will 
provide insight into aberration in respiratory function and help in 
introducing timely rehabilitative measures and is an invaluable tool for 
assessment of pulmonary function. In total, 75.68% of the cerebral 
palsy children showed restrictive type of pulmonary dysfunction. 
Significantly, lower pulmonary function in children with cerebral 
palsy compared to normal children. Early clinical assessment and 
therapeutic intervention for respiratory function should be carefully 
considered for children with cerebral palsy. 
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Abstract
Introduction:  Colonic perforations are known complications of percutaneous nephrolithotomy (PCNL).
However, to the best of our knowledge, small bowel perforation has rarely been reported..
Observation:  We report the case of a 7-year-old girl who presented with a duodenal perforation in the early
postoperative period after undergoing PCNL for a calculus sized 2.5 cm in the right renal pelvis. She was
Percutaneous
nephrolithotomy successfully managed conservatively. The diagnostic workup and management are discussed.

© 2016 Pan African Urological Surgeons’ Association. Production and hosting by Elsevier B.V. All rights reserved.
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ercutaneous nephrolithotomy (PCNL) is a treatment of choice for
arge, complex or multiple renal stones. The most common com-
lications are minor, like for instance postoperative fever. Major
omplications are rare and include hematuria and pleural injury [1].
olonic or liver injuries are extremely rare [2,3]. Only 2 cases each
f duodenal injury [4,5], one of jejunal injury [6] and one of ileal
njury [7] have been reported. To the best of our knowledge, this
∗ Corresponding author.
-mail address: ankurbansaldmc@gmail.com (A. Bansal).
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110-5704/© 2016 Pan African Urological Surgeons’ Association. Production an
s the first case report of a duodenal injury which occurred during
CNL in a pediatric patient from the Indian subcontinent.

ase  report

 7-year-old girl presented with bilateral flank pain. Intravenous
yelography revealed a stone sized 2.5 cm in her right renal pelvis,

 stone sized 2 cm with multiple small inferior calyceal calculi in her
eft renal pelvis and a bladder stone sized 2.5 cm (Fig. 1). She under-
ent laser cystolithotomy in the first sitting followed by right-sided

CNL one week later. PCNL was performed in the prone position.

 4-Fr. ureteral catheter was placed and a retrograde pyelogram
as done. Percutaneous access was obtained through the infra-

ostal middle-posterior calyx under fluoroscopic guidance using a

d hosting by Elsevier B.V. All rights reserved.
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Figure  1  (IVP) – Stone sized 2.5 cm in the right renal pelvis, stone s
and a bladder stone sized 2.5 cm with bilateral normal contrast excretio

multidirectional C arm. The tract was dilated up to 20 Fr. using
Alken’s coaxial dilators. Then a 24 Fr. Amplatz sheath was inserted.
The stone was fragmented using the lithoclast. At the end of the pro-
cedure, stone clearance was found to be incomplete, leaving a small
residual calculus. A nephrostomy tube was placed. On the second

post-operative day, the output from the nephrostomy tube was bil-
ious in color. A nephrostogram was performed and demonstrated
that the tip of the nephrostomy tube had entered the second part
of the duodenum (Fig. 2). So, a double-J stent (4 Fr) was inserted

Figure  2  Nephrostogram – The tip of the nephrostomy tube is located
beyond the midline. The nephrostogram shows that the tip of the
nephrostomy tube has entered the second part of the duodenum.

d
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r
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 cm with multiple small inferior calyceal calculi in the left renal pelvis

nto the renal pelvis in a retrograde fashion, and the nephrostomy
ube was relocated into the renal pelvis under fluoroscopic guid-
nce. Postoperatively, the patient exhibited no peritoneal signs and
emained afebrile. She was kept on nil per os regimen. Broad spec-
rum antibiotics were administered, and bowel rest was achieved by
raining the gastric contents with a nasogastric tube, and by par-
nteral hyperalimentation. The patient was followed up with serial
easurements of the abdominal girth and ultrasonography, which
evealed no retroperitoneal collection. A repeat nephrostogram was
one one week later showed free drainage of contrast into the blad-
er with no contrast extravasation (Fig. 3). The patient was allowed

igure  3  Nephrostogram – Free flow of contrast from the renal pelvis
nto the bladder with no extravasation.
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o start oral food intake which she tolerated well. Eventually, her
iet was switched to a low-residue diet. The nephrostomy tube
as removed and the patient was discharged in good health with

 double-J stent in situ on post-operative day 10. According to the
odified Clavien-Dindo grading system, the grade of injury of our

atient was IIIa [1].

iscussion

owel injury may occur as a complication of PCNL due to anatomic
ariations. The reported incidence of colon injury in the prone posi-
ion is less than 1% [8]. There is a higher risk of colonic injury in

 retrorenal colon found in 3–19% of the general population. The
anagement of colonic injury depends on its severity. The patient

an be managed conservatively by inserting a double-J stent and
ulling back the nephrostomy tube into the colon, provided the pen-
tration is retroperitoneal and the patient does not have peritonitis or
epsis. Surgical repair is indicated when there is an intraperitoneal
erforation with signs of peritonitis.

eing intraperitoneal, the small bowel is located at a certain dis-
ance from the kidney. Therefore, the risk of small bowel injury
uring PCNL is very low. However, second and third portions of
he duodenum lie in the retroperitoneal space and are positioned
ntero-medially to the right kidney, so an injury during PCNL is
ossible. This usually occurs when the renal pelvis is perforated
uring dilation of the tract, during placement of an Amplatz sheath,
uring stone removal or if a needle or an instrument is advanced
oo deeply. In 1985, Culkin et al. [4] reported one case of a nephro-
uodenal fistula complicating PCNL; in this case, the fistula was
anaged conservatively.

njury should be suspected when intestinal mucosa or contents are
isualized or when a communication with the small bowel is demon-
trated on a nephrostogram. Urgent surgical intervention is required
hen the patient is unstable or when there is a large perforation.
owever, when the injury is small and there are no signs of peri-

onitis or sepsis, non-operative management may be attempted. In
ur case, the second part of the duodenum was injured, proba-
ly due to an over advancement of Alken’s coaxial dilators or the
mplatz sheath. The injury was diagnosed early when perform-

ng an antegrade contrast study through a nephrostomy tube. A
epeat nephrostogram was done one week later to check whether
here was contrast extravasation into the bowel. When there is no
ontrast extravasation, the patient can be allowed to start oral food
ntake observing a low-residue diet, and the nephrostomy tube can be
emoved [9]. An immediate surgical exploration is necessary when
he patient shows signs of peritonitis or increasing retroperitoneal
ollection/abdominal girth charting.

here are various techniques to prevent bowel injury during PCNL,
ncluding ultrasound-guided puncture [10], observation of the
ntestinal gas shadow posterior to the kidney, careful fluoroscopic

onitoring during access, tract dilation, working sheath placement
nd proper endoscopic manipulations.
onclusion

njury of the duodenum during PCNL is an extremely rare com-
lication. Conservative management with serial monitoring is a

[
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afe and feasible approach; however, this should be guided by the
emodynamic status of the patient.
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Summary
a 22-year-old woman met with road traffic accident 6 
months back following which she underwent exploratory 
laparotomy with intraperitoneal bladder rupture repair. 
she presented with urethrovaginal fistula due to a 
fragment of fractured pubic bone impinging into the 
anterior vaginal wall. the findings were confirmed on 
Ct scan and cystoscopy. the patient was managed with 
removal of the bony spicule and transvaginal repair of 
urethrovaginal fistula with Martius fat pad interposition.

BaCkground
Female urethral injuries due to pelvic fractures are 
less common than those in males due to greater 
mobility, relatively protected location and shorter 
length of female urethra. Association of such inju-
ries with fistulas to the vagina is rare. These inju-
ries usually present as incontinence, inability to 
void and blood at introitus. These injuries are best 
managed with immediate primary repair of urethra 
and vagina.

CaSe preSenTaTion 
A 22-year-old unmarried woman presented with 
continuous leakage of urine per vaginally for 6 
months. She had history of road traffic accident 
6 months back, following which she underwent 
exploratory laparotomy with primary repair for 
intraperitoneal rupture of urinary bladder (at other 
hospital). She also had pelvic fracture for which she 
was prescribed a pelvic binder and bed rest. After 
the laparotomy she was maintained on supra-pubic 
catheter and per urethral catheter for 4 weeks, 
which were subsequently removed. Since then she 
had continuous leakage of urine per vaginally. She 
had no difficulty in walking following conservative 
management of pelvic fracture.

inveSTigaTionS
A plain X-ray of pelvis clearly showed the pelvic 
fracture (figure 1). A pelvic examination and cystos-
copy were done under anaesthesia. On examination 
she had a pointed bony chip that was felt per vagi-
nally. Cystoscopy revealed fistula around 1×1 cm 
on anterior proximal urethra communicating with 
vagina, which was confirmed by passing guide wire 
through fistulous tract and findings were confirmed 
on vaginoscopy. A CT scan of the pelvis showed 
bilateral superior and inferior pubic rami fracture 
with displaced bony fragments indenting over the 
vagina and along the urethral tract (red arrow) 

along with thin contrast leak seen from bladder into 
vagina through the anterior vaginal wall. Also seen 
was the displaced fractured left pubic bone frag-
ment along the urethra (figure 2).

TreaTmenT
Transvaginal repair of the urethrovaginal fistula 
was planned, and the patient was posted in the 
operation theatre. A supra-pubic catheter and per 
urethral catheter were placed, and the patient was 
placed in prone jack-knife position for the repair. 
The bony chip was first removed with a bone 
nibbler following which the urethrovaginal fistula 
was closed in two layers. Martius labial fat pad flap 
was interposed between the urinary bladder and the 
vaginal wall.

ouTCome and follow-up
The catheters were removed sequentially at 4 weeks 
postoperatively. The patient voided well. At 6 
months follow-up, she is asymptomatic and voiding 
well without any incontinence.

diSCuSSion
Female urethral injuries are uncommon. Most 
injuries to the female urethra are due to obstetric 
complications during a vaginal delivery.1 Non-ob-
stetric urethral injuries in females are very rare; 
usually associated with severe blunt trauma which 
has an associated pelvic fracture. Compared with 
males, incidence of urethral injuries in females is 
very low. This may be attributed to the flexibility 
provided to the female urethra by the vaginal wall 
and its greater elasticity.2 The urethral injuries 
may be complete or partial. Partial injuries like 

figure 1 Pelvic radiograph showing bilateral superior 
and inferior pubic rami fracture.
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unusual presentation of more common disease/injury

lacerations are overlooked as catheterisation is easily possible in 
such patients.

Patients with pelvic fracture can have associated bladder inju-
ries, which are almost always evident. In such a scenario, associ-
ated vaginal injuries can be misses, which also happened in our 
case. So, it is prudent that vaginal examination should also be 
done to rule out any such associated injury.

There are plenty of literature on management of pelvic frac-
ture urethral injuries in males, but literature on management 
in females is based on experience of surgeons in anecdotal 
case reports. Primarily three types of management options are 
mentioned in literature with their pros and cons: immediate 
primary realignment, immediate primary anastomotic repair and 
delayed repair.3

Primary repair is associated with high chances of stricture, 
while delayed repair warrants complex reconstruction due to 
associated scarring with increased risk of vaginal stenosis. The 
immediate primary anastomotic repair has the advantage of 
absence of scarring and repair can be done per vaginally.

In our case, immediate primary repair of urethra and vagina 
would be better if diagnosed earlier. So, a thorough examination 

is must in every case of pelvic trauma in females, so that such 
injuries do not get missed and patient is spared from unnecessary 
multiple surgeries.

learning points

 ► First examination of patients with pelvic trauma should 
be thorough and include per vaginal examination to avoid 
missing of concomitant urethral and vaginal injuries.

 ► Urethral and vaginal injuries associated with pelvic 
trauma are usually complex and may require meticulous 
reconstructive procedures.

 ► Patient and their relatives should be properly counselled 
regarding complexity of injury and its further course of 
management and possible complication.

 ► Immediate primary repair is most suitable for patient as it 
avoids future surgical and mental trauma, provided situation 
permits.
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figure 2 CT scan showing pubic rami fracture with displaced bony 
fragments indenting over the vagina and along the urethral tract (red 
arrow).
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Summary
a 22-year-old woman met with road traffic accident 6 
months back following which she underwent exploratory 
laparotomy with intraperitoneal bladder rupture repair. 
she presented with urethrovaginal fistula due to a 
fragment of fractured pubic bone impinging into the 
anterior vaginal wall. the findings were confirmed on 
Ct scan and cystoscopy. the patient was managed with 
removal of the bony spicule and transvaginal repair of 
urethrovaginal fistula with Martius fat pad interposition.

BaCkground
Female urethral injuries due to pelvic fractures are 
less common than those in males due to greater 
mobility, relatively protected location and shorter 
length of female urethra. Association of such inju-
ries with fistulas to the vagina is rare. These inju-
ries usually present as incontinence, inability to 
void and blood at introitus. These injuries are best 
managed with immediate primary repair of urethra 
and vagina.

CaSe preSenTaTion 
A 22-year-old unmarried woman presented with 
continuous leakage of urine per vaginally for 6 
months. She had history of road traffic accident 
6 months back, following which she underwent 
exploratory laparotomy with primary repair for 
intraperitoneal rupture of urinary bladder (at other 
hospital). She also had pelvic fracture for which she 
was prescribed a pelvic binder and bed rest. After 
the laparotomy she was maintained on supra-pubic 
catheter and per urethral catheter for 4 weeks, 
which were subsequently removed. Since then she 
had continuous leakage of urine per vaginally. She 
had no difficulty in walking following conservative 
management of pelvic fracture.

inveSTigaTionS
A plain X-ray of pelvis clearly showed the pelvic 
fracture (figure 1). A pelvic examination and cystos-
copy were done under anaesthesia. On examination 
she had a pointed bony chip that was felt per vagi-
nally. Cystoscopy revealed fistula around 1×1 cm 
on anterior proximal urethra communicating with 
vagina, which was confirmed by passing guide wire 
through fistulous tract and findings were confirmed 
on vaginoscopy. A CT scan of the pelvis showed 
bilateral superior and inferior pubic rami fracture 
with displaced bony fragments indenting over the 
vagina and along the urethral tract (red arrow) 

along with thin contrast leak seen from bladder into 
vagina through the anterior vaginal wall. Also seen 
was the displaced fractured left pubic bone frag-
ment along the urethra (figure 2).

TreaTmenT
Transvaginal repair of the urethrovaginal fistula 
was planned, and the patient was posted in the 
operation theatre. A supra-pubic catheter and per 
urethral catheter were placed, and the patient was 
placed in prone jack-knife position for the repair. 
The bony chip was first removed with a bone 
nibbler following which the urethrovaginal fistula 
was closed in two layers. Martius labial fat pad flap 
was interposed between the urinary bladder and the 
vaginal wall.

ouTCome and follow-up
The catheters were removed sequentially at 4 weeks 
postoperatively. The patient voided well. At 6 
months follow-up, she is asymptomatic and voiding 
well without any incontinence.

diSCuSSion
Female urethral injuries are uncommon. Most 
injuries to the female urethra are due to obstetric 
complications during a vaginal delivery.1 Non-ob-
stetric urethral injuries in females are very rare; 
usually associated with severe blunt trauma which 
has an associated pelvic fracture. Compared with 
males, incidence of urethral injuries in females is 
very low. This may be attributed to the flexibility 
provided to the female urethra by the vaginal wall 
and its greater elasticity.2 The urethral injuries 
may be complete or partial. Partial injuries like 

figure 1 Pelvic radiograph showing bilateral superior 
and inferior pubic rami fracture.
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lacerations are overlooked as catheterisation is easily possible in 
such patients.

Patients with pelvic fracture can have associated bladder inju-
ries, which are almost always evident. In such a scenario, associ-
ated vaginal injuries can be misses, which also happened in our 
case. So, it is prudent that vaginal examination should also be 
done to rule out any such associated injury.

There are plenty of literature on management of pelvic frac-
ture urethral injuries in males, but literature on management 
in females is based on experience of surgeons in anecdotal 
case reports. Primarily three types of management options are 
mentioned in literature with their pros and cons: immediate 
primary realignment, immediate primary anastomotic repair and 
delayed repair.3

Primary repair is associated with high chances of stricture, 
while delayed repair warrants complex reconstruction due to 
associated scarring with increased risk of vaginal stenosis. The 
immediate primary anastomotic repair has the advantage of 
absence of scarring and repair can be done per vaginally.

In our case, immediate primary repair of urethra and vagina 
would be better if diagnosed earlier. So, a thorough examination 

is must in every case of pelvic trauma in females, so that such 
injuries do not get missed and patient is spared from unnecessary 
multiple surgeries.

learning points

 ► First examination of patients with pelvic trauma should 
be thorough and include per vaginal examination to avoid 
missing of concomitant urethral and vaginal injuries.

 ► Urethral and vaginal injuries associated with pelvic 
trauma are usually complex and may require meticulous 
reconstructive procedures.

 ► Patient and their relatives should be properly counselled 
regarding complexity of injury and its further course of 
management and possible complication.

 ► Immediate primary repair is most suitable for patient as it 
avoids future surgical and mental trauma, provided situation 
permits.

Contributors aa and sp: concept, design, supervision, processing, writing 
manuscript and critical analysis. Vs: supervision, processing, writing manuscript and 
critical analysis. rJs: concept, supervision, writing manuscript and critical analysis.

funding the authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors. 

Competing interests None declared.

patient consent obtained.

provenance and peer review Not commissioned; externally peer reviewed.

RefeRences
 1 Frankman ea, Wang L, Bunker CH, et al. Lower urinary tract injury in women in the 

United states, 1979–2006. Am J Obstet Gynecol 2010;202:495.e1–e5.
 2 patil U, Nesbitt r, Meyer r. Genitourinary tract injuries due to fracture of the pelvis in 

females: sequelae and their management. Br J Urol 1982;54:32–8.
 3 patel DN, Fok Cs, Webster GD, et al. Female urethral injuries associated with pelvic 

fracture: a systematic review of the literature. BJU Int 2017;120:766–73.

figure 2 CT scan showing pubic rami fracture with displaced bony 
fragments indenting over the vagina and along the urethral tract (red 
arrow).

Copyright 2018 BMJ publishing Group. all rights reserved. For permission to reuse any of this content visit
http://group.bmj.com/group/rights-licensing/permissions.
BMJ Case report Fellows may re-use this article for personal use and teaching without any further permission.

Become a Fellow of BMJ Case reports today and you can:
 ► submit as many cases as you like
 ► enjoy fast sympathetic peer review and rapid publication of accepted articles
 ► access all the published articles
 ► re-use any of the published material for personal use and teaching without further permission

For information on Institutional Fellowships contact consortiasales@bmjgroup.com

Visit casereports.bmj.com for more articles like this and to become a Fellow

P
rotected by copyright.

 on 10 M
ay 2022 at K

ing G
eorge M

edical U
niversity.

http://casereports.bm
j.com

/
B

M
J C

ase R
eports: first published as 10.1136/bcr-2018-226004 on 10 A

ugust 2018. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.ajog.2010.01.013
http://dx.doi.org/10.1111/j.1464-410X.1982.tb13507.x
http://dx.doi.org/10.1111/bju.13989
http://casereports.bmj.com/


8 Supplement to Journal of The Association of Physicians of India ■ Published on 1st of Every Month 1st November, 2020

proposed by Lipid Association of India 
(LAI),8 identification and application 
of lipid markers like lipoprotein (a) 
[Lp(a)] and apolipoprotein B (apo 
B) for risk stratification and control 
o f  va s c u l a r  i n f l a m m a t i o n .  S i n c e 
significant residual risk persists even 
after high-intensity statin therapy9 and 
further lowering of LDL-C beyond that 
achieved by statins has been shown 
to further reduce CV risk by addition 
of non-statin lipid-lowering drugs in 
recent large randomized trials,10-12 LAI 
proposes lower LDL-C goals.13 

The foundat ion for  prevent ion 
of ASCVD is appropriate l i festyle 
changes .  The  sect ion on l i fes tyle 
c h a n g e s  g u i d e s  t h e  p h y s i c i a n s 

Lipid Association of India Expert Consensus Statement on 
Management of Dyslipidemia in Indians 2020: Part III
Expert Consensus Panel: Raman Puri, Chairman1, Vimal Mehta, Co-Chair2, SS Iyengar, Co-Chair3,  
SN Narasingan, Co-Chair4, P Barton Duell5, GB Sattur6, Krishnaswami Vijayaraghavan7, JC Mohan8, 
SK Wangnoo9, Jamshed Dalal10, D Prabhakar11, Rajeev Agarwal12, Manish Bansal13, Jamal Yusuf2, 
Saibal Mukhopadhyay2, Sadanand Shetty14, Prabhash Chand Manoria15, Avishkar Sabharwal16, 
Akshayaya Pradhan17, Rahul Mehrotra18, Sundeep Mishra19, Sonika Puri20, A Muruganathan21,  
Abdul Hamid Zargar22, Rashida Melinkari Patanwala23, Soumitra Kumar24, Neil Bardoloi25,  
KK Pareek26, Aditya Kapoor27, Ashu Rastogi28, Devaki R Nair29, Altamash Shaikh30,  
Chandra Mani Adhikari31, Muhammad Shoaib Momen Majumder32, Dheeraj Kapoor33,  
Madhur Yadav34, MR Mubarak35, AK Pancholia36, Rakesh Kumar Sahay37, Rashmi Nanda38,  
Nathan D Wong39

Introduction

India is in the middle of an epidemic 
of atherosclerotic cardiovascular 

disease (ASCVD) which is showing 
no signs of abating.1,2 Coronary artery 
disease (CAD) manifests almost a 
decade earlier in India than in Western 
countries . 3 Further ,  the incidence 
of CAD is increasing most rapidly 
among patients younger than 40 years 
of age. About 10%-25% of myocardial 
infarctions (MI) in India occur before 
the age of 40 years4,5 and more than 
50% of CAD-associated deaths in India 
occur before the age of 50 years.3-5

Although mult iple  r isk  factors 
including smoking, sedentary lifestyle, 
obesity, hypertension and diabetes are 
all important contributors to ASCVD, 
dyslipidemia is the major condition 
necessary  for  the  a therosc lerot ic 
process. Alarmingly, the prevalence 
of dyslipidemia [defined according 
to National Cholesterol Education 
Programme (NCEP) guidelines]6 in 
Indians is very high with 79% of subjects 
having at least one lipid abnormality, 
with decreased high density lipoprotein 
cholesterol (HDL-C) levels in 72.3% 
subjects, hypertriglyceridemia in 29.5% 
subjects and elevated low density 
lipoprotein cholesterol (LDL-C) levels 
in 11.8% of subjects.7 Hence, optimal 
management of dyslipidemia is key 
to stem the epidemic of ASCVD along 
with control of other risk factors. 

T h e  a p p r o p r i a t e  a p p r o a c h  t o 
management of dyslipidemia includes 
i d e n t i f i c a t i o n  o f  s u b j e c t s  w i t h 
dyslipidemia, increasing the usage and 
adherence of statins in suitable subjects, 
focus on achievement of LDL-C goals 

regarding various interventions based 
on scientific evidence. The section on 
low LDL-C levels sums the evidence to 
the present date and gives justification 
for lower proposed LDL-C goals. Since 
hypertriglyceridemia as a component 
of atherogenic dyslipidemia is highly 
prevalent, a section on triglycerides 
discusses  the  evidence and gives 
recommendations for approach to 
patients with hypertriglyceridemia. 

Increased Lp(a) levels are also highly 
prevalent but are a neglected entity. 
Hence, the section on Lp(a) deliberates 
on the evidence and recommends 
universal screening of Lp(a) to estimate 
CV risk. The section on C-reactive 
protein discusses the current evidence 
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SNN Specialities Clinic, Chennai, Tamil Nadu; 5Professor of Medicine, Knight Cardiovascular Institute and Division of Endocrinology, 
Diabetes and Clinical Nutrition, Oregon Health & Science University, Portland, OR, USA; 6Sr. Consultant Physician and Diabetologist, 
Sattur Medical Care, Hubli, Karnataka; 7Clinical Professor of Medicine, University of Arizona and Adjunct Professor of Medicine, 
Midwestern University, Glendale, Arizona, USA; 8Consultant Cardiologist, Fortis Hospital, New Delhi; 9Consultant Endocrinologist, 
Indraprastha Apollo Hospitals, New Delhi; 10Consultant Cardiologist, Kolilaben Ambani Hospital, Mumbai, Maharashtra; 11Sr. 
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on the role of inflammation in ASCVD 
and gives criteria for its use in clinical 
practice. Most importantly, the risk of 
ASCVD events may be underestimated 
by use of LDL-C alone to estimate 
CV risk especially in subjects with 
atherogenic dyslipidemia.  Normal 
or mildly elevated LDL-C levels may 
give a sense of complacency regarding 
estimation and management of lipid 
risk. Hence LAI proposes that apo B 
be universally measured to estimate 
the true risk. Because one molecule 
of apo B is present on all atherogenic 
lipoprotein particles, apo B levels will 
clearly categorize these patients. In the 
section on apo B, LAI has given cut-offs 
for risk stratification. 

F i n a l l y ,  t h e  L A I  r e c o m m e n d s 
non-HDL-C as a co-primary target, 
as important as LDL-C (a position 
endorsed by LAI since 2016), for lipid 
lowering therapy. The monitoring of 
non-HDL-C is a simple, practical tool 
for treatment decisions relating to 
lipid-lowering therapy since it does 
not require a fasting blood sample 
and takes care of both LDL-C and 
triglyceride targets.

The Lipid Associat ion of  India 
started the process of  developing 
this  updated consensus statement 
in August 2018.  It  was a two step 
process. In the first phase we developed 
the recommendations (August 2018 
to June 2019). In the second phase 

validation cohort was taken comprising 
physicians from across the country 
(May 2020 and July 2020). To ensure 
that  the recommendations in this 
statement reflected expert opinion 
among lipid specialists throughout 
India, a series of 19 meetings were 
conducted in 13 cities involving 162 
expert health care providers over 11 
months. Subsequently a total of 55 
webinars (duration 150 minutes each) 
were held across the country over 3 
months period between May 2020 and 
July 2020 involving local physicians 
where new Indian guidelines were 
presented and discussed and comments 
r e c o r d e d .  T h e  r e c o m m e n d a t i o n s 
presented in this document represent 
information collected during these 
series of meetings and summarized 
here in this consensus document. These 
recommendations are not binding and 
are aimed to provide general guidance 
regarding dyslipidemia management 
to clinicians. The clinical judgment is 
of paramount importance in individual 
cases and all decisions must be taken 
after counseling and informing the 
patient in detail (shared decision).
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DesCripTion 
A 5-year-old boy presented with complaints of 
difficulty in micturition for the last 3 days and 
acute urinary retention for 1 day. History revealed 
symptom of occasionally crying during voiding since 
birth for which no medical advice was taken in the 
past. There was no history of any lithuria, haematuria 
or recurrent episodes of fever. The general physical 
examination was unremarkable. The routine blood 
investigations and urine culture were also normal. 
Urine routine microscopy showed 4–5 pus cells/HPF. 
Ultrasonography of the abdomen revealed thickening 
of the bladder wall with normal upper tracts. Further 
evaluation with X-ray pelvis and voiding cystoure-
throgram (VCUG) showed a radiopaque shadow in 
the prostatic urethra along with dilated posterior 
urethra as shown in figure 1. The patient was subse-
quently taken for cystopanendoscopy which revealed 
posterior urethral valve type one along with a dilated 
posterior urethra as shown in figure 2. An impacted 
calculus measuring approximately 10 mm was noted 
just proximal to PUV and it was pushed back into the 
bladder. Intraoperatively, the patient’s relative was 
informed for presence of associated PUV and consent 
was taken for fulguration. The intracorporeal litho-
tripsy for calculus with fulguration of the PUV was 
performed using holmium:YAG laser. The complete 
stone clearance was achieved. The postoperative 
period was uneventful and the patient was discharged 
after Foley catheter removal on postoperative day 
5. On 3-month follow-up, he was voiding well with 
insignificant postvoid residual urine and normal 
upper tracts.

Posterior urethral valve is a common cause of 
urinary tract obstruction in male neonates and chil-
dren. A urethral calculus in children is a rare entity, 
and its association with PUV is still rarer with only 
a handful of reported cases in literature.1 2 In males, 
the the most common location of urethral calculi 
is the posterior urethra and the associated PUV 

may be the site of impaction. The urethral calculus 
may present with haematuria, acute urinary reten-
tion and dysuria. These symptoms can overlap 
with PUV, and it may be difficult to diagnose on 
radiological imaging whether symptoms are due to 
PUV or calculus. Plain X-ray KUB and VCUG are 
required during evaluation, but the VCUG can be 
inconclusive to figure out whether the dilatation is 
due to PUV or the impacted calculus.2 3 Cystoure-
throscopy is the most definitive diagnostic and ther-
apeutic modality for these clinical entities alone or 
together. Fulguration should be followed by litho-
tripsy (ie, after dealing with the obstructing urethral 
valve) so as the stone fragments are removed easily 
during washes. The determining factors for selecting 

Figure 1 Plain X-ray pelvis and voiding 
cystourethrogram showing a radiopaque shadow in the 
prostatic urethra along with dilated posterior urethra.

Figure 2 Intraoperative cystopanendoscopy showing 
posterior urethral valve type 1.

Learning points

 ► The urethral calculus and the PUV may rarely 
present together and usually have similar 
clinical presentations, especially in cases of PUV 
that present later in life.

 ► The posterior urethral valve may be rarely a 
predisposing factor for calculus impaction.

 ► It is axiomatic to keep these two conflicting 
conditions in mind when evaluating a child with 
lower urinary tract symptoms.

 ► Radiological imaging may not be conclusive for 
diagnosing the PUV in the presence of urethral 
calculus and cystopanendoscopy is required for 
definitive diagnosis and treatment.
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the preferred modality for these stone fragments among extra-
corporeal shock wave lithotripsy, transurethral cystolithotripsy, 
percutaneous cystolitholapaxy and open cystolithotmy are stone 
size, age of patient, stone composition, status of urethra, accom-
panying disease, treatment cost and surgeon’s preference.3 4 In 
adult patients, <7 mm stone can be easily retrieved without the 
need of lithotripsy through cystoscopic sheath with or without 
stone removal system assistance.4 However, children have 
narrow urethra, so stone size threshold for lithotripsy should be 
kept at lower side. The high index of suspicion must be borne 
in mind for diagnosing these two clinical conditions together.5
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DesCripTion 
A 5-year-old boy presented with complaints of 
difficulty in micturition for the last 3 days and 
acute urinary retention for 1 day. History revealed 
symptom of occasionally crying during voiding since 
birth for which no medical advice was taken in the 
past. There was no history of any lithuria, haematuria 
or recurrent episodes of fever. The general physical 
examination was unremarkable. The routine blood 
investigations and urine culture were also normal. 
Urine routine microscopy showed 4–5 pus cells/HPF. 
Ultrasonography of the abdomen revealed thickening 
of the bladder wall with normal upper tracts. Further 
evaluation with X-ray pelvis and voiding cystoure-
throgram (VCUG) showed a radiopaque shadow in 
the prostatic urethra along with dilated posterior 
urethra as shown in figure 1. The patient was subse-
quently taken for cystopanendoscopy which revealed 
posterior urethral valve type one along with a dilated 
posterior urethra as shown in figure 2. An impacted 
calculus measuring approximately 10 mm was noted 
just proximal to PUV and it was pushed back into the 
bladder. Intraoperatively, the patient’s relative was 
informed for presence of associated PUV and consent 
was taken for fulguration. The intracorporeal litho-
tripsy for calculus with fulguration of the PUV was 
performed using holmium:YAG laser. The complete 
stone clearance was achieved. The postoperative 
period was uneventful and the patient was discharged 
after Foley catheter removal on postoperative day 
5. On 3-month follow-up, he was voiding well with 
insignificant postvoid residual urine and normal 
upper tracts.

Posterior urethral valve is a common cause of 
urinary tract obstruction in male neonates and chil-
dren. A urethral calculus in children is a rare entity, 
and its association with PUV is still rarer with only 
a handful of reported cases in literature.1 2 In males, 
the the most common location of urethral calculi 
is the posterior urethra and the associated PUV 

may be the site of impaction. The urethral calculus 
may present with haematuria, acute urinary reten-
tion and dysuria. These symptoms can overlap 
with PUV, and it may be difficult to diagnose on 
radiological imaging whether symptoms are due to 
PUV or calculus. Plain X-ray KUB and VCUG are 
required during evaluation, but the VCUG can be 
inconclusive to figure out whether the dilatation is 
due to PUV or the impacted calculus.2 3 Cystoure-
throscopy is the most definitive diagnostic and ther-
apeutic modality for these clinical entities alone or 
together. Fulguration should be followed by litho-
tripsy (ie, after dealing with the obstructing urethral 
valve) so as the stone fragments are removed easily 
during washes. The determining factors for selecting 

Figure 1 Plain X-ray pelvis and voiding 
cystourethrogram showing a radiopaque shadow in the 
prostatic urethra along with dilated posterior urethra.

Figure 2 Intraoperative cystopanendoscopy showing 
posterior urethral valve type 1.

Learning points

 ► The urethral calculus and the PUV may rarely 
present together and usually have similar 
clinical presentations, especially in cases of PUV 
that present later in life.

 ► The posterior urethral valve may be rarely a 
predisposing factor for calculus impaction.

 ► It is axiomatic to keep these two conflicting 
conditions in mind when evaluating a child with 
lower urinary tract symptoms.

 ► Radiological imaging may not be conclusive for 
diagnosing the PUV in the presence of urethral 
calculus and cystopanendoscopy is required for 
definitive diagnosis and treatment.
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the preferred modality for these stone fragments among extra-
corporeal shock wave lithotripsy, transurethral cystolithotripsy, 
percutaneous cystolitholapaxy and open cystolithotmy are stone 
size, age of patient, stone composition, status of urethra, accom-
panying disease, treatment cost and surgeon’s preference.3 4 In 
adult patients, <7 mm stone can be easily retrieved without the 
need of lithotripsy through cystoscopic sheath with or without 
stone removal system assistance.4 However, children have 
narrow urethra, so stone size threshold for lithotripsy should be 
kept at lower side. The high index of suspicion must be borne 
in mind for diagnosing these two clinical conditions together.5
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proposed by Lipid Association of India 
(LAI),8 identification and application 
of lipid markers like lipoprotein (a) 
[Lp(a)] and apolipoprotein B (apo 
B) for risk stratification and control 
o f  va s c u l a r  i n f l a m m a t i o n .  S i n c e 
significant residual risk persists even 
after high-intensity statin therapy9 and 
further lowering of LDL-C beyond that 
achieved by statins has been shown 
to further reduce CV risk by addition 
of non-statin lipid-lowering drugs in 
recent large randomized trials,10-12 LAI 
proposes lower LDL-C goals.13 

The foundat ion for  prevent ion 
of ASCVD is appropriate l i festyle 
changes .  The  sect ion on l i fes tyle 
c h a n g e s  g u i d e s  t h e  p h y s i c i a n s 

Lipid Association of India Expert Consensus Statement on 
Management of Dyslipidemia in Indians 2020: Part III
Expert Consensus Panel: Raman Puri, Chairman1, Vimal Mehta, Co-Chair2, SS Iyengar, Co-Chair3,  
SN Narasingan, Co-Chair4, P Barton Duell5, GB Sattur6, Krishnaswami Vijayaraghavan7, JC Mohan8, 
SK Wangnoo9, Jamshed Dalal10, D Prabhakar11, Rajeev Agarwal12, Manish Bansal13, Jamal Yusuf2, 
Saibal Mukhopadhyay2, Sadanand Shetty14, Prabhash Chand Manoria15, Avishkar Sabharwal16, 
Akshayaya Pradhan17, Rahul Mehrotra18, Sundeep Mishra19, Sonika Puri20, A Muruganathan21,  
Abdul Hamid Zargar22, Rashida Melinkari Patanwala23, Soumitra Kumar24, Neil Bardoloi25,  
KK Pareek26, Aditya Kapoor27, Ashu Rastogi28, Devaki R Nair29, Altamash Shaikh30,  
Chandra Mani Adhikari31, Muhammad Shoaib Momen Majumder32, Dheeraj Kapoor33,  
Madhur Yadav34, MR Mubarak35, AK Pancholia36, Rakesh Kumar Sahay37, Rashmi Nanda38,  
Nathan D Wong39

Introduction

India is in the middle of an epidemic 
of atherosclerotic cardiovascular 

disease (ASCVD) which is showing 
no signs of abating.1,2 Coronary artery 
disease (CAD) manifests almost a 
decade earlier in India than in Western 
countries . 3 Further ,  the incidence 
of CAD is increasing most rapidly 
among patients younger than 40 years 
of age. About 10%-25% of myocardial 
infarctions (MI) in India occur before 
the age of 40 years4,5 and more than 
50% of CAD-associated deaths in India 
occur before the age of 50 years.3-5

Although mult iple  r isk  factors 
including smoking, sedentary lifestyle, 
obesity, hypertension and diabetes are 
all important contributors to ASCVD, 
dyslipidemia is the major condition 
necessary  for  the  a therosc lerot ic 
process. Alarmingly, the prevalence 
of dyslipidemia [defined according 
to National Cholesterol Education 
Programme (NCEP) guidelines]6 in 
Indians is very high with 79% of subjects 
having at least one lipid abnormality, 
with decreased high density lipoprotein 
cholesterol (HDL-C) levels in 72.3% 
subjects, hypertriglyceridemia in 29.5% 
subjects and elevated low density 
lipoprotein cholesterol (LDL-C) levels 
in 11.8% of subjects.7 Hence, optimal 
management of dyslipidemia is key 
to stem the epidemic of ASCVD along 
with control of other risk factors. 

T h e  a p p r o p r i a t e  a p p r o a c h  t o 
management of dyslipidemia includes 
i d e n t i f i c a t i o n  o f  s u b j e c t s  w i t h 
dyslipidemia, increasing the usage and 
adherence of statins in suitable subjects, 
focus on achievement of LDL-C goals 

regarding various interventions based 
on scientific evidence. The section on 
low LDL-C levels sums the evidence to 
the present date and gives justification 
for lower proposed LDL-C goals. Since 
hypertriglyceridemia as a component 
of atherogenic dyslipidemia is highly 
prevalent, a section on triglycerides 
discusses  the  evidence and gives 
recommendations for approach to 
patients with hypertriglyceridemia. 

Increased Lp(a) levels are also highly 
prevalent but are a neglected entity. 
Hence, the section on Lp(a) deliberates 
on the evidence and recommends 
universal screening of Lp(a) to estimate 
CV risk. The section on C-reactive 
protein discusses the current evidence 
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GB Pant Hospital, New Delhi; 3Co-Chair, Sr. Consultant and Head, Department of Cardiology, Manipal Hospital, Bangalore, 
Karnataka; 4Co-Chair, Former Adjunct Professor of medicine, The Tamil Nadu Dr MGR Medical University and Managing Director, 
SNN Specialities Clinic, Chennai, Tamil Nadu; 5Professor of Medicine, Knight Cardiovascular Institute and Division of Endocrinology, 
Diabetes and Clinical Nutrition, Oregon Health & Science University, Portland, OR, USA; 6Sr. Consultant Physician and Diabetologist, 
Sattur Medical Care, Hubli, Karnataka; 7Clinical Professor of Medicine, University of Arizona and Adjunct Professor of Medicine, 
Midwestern University, Glendale, Arizona, USA; 8Consultant Cardiologist, Fortis Hospital, New Delhi; 9Consultant Endocrinologist, 
Indraprastha Apollo Hospitals, New Delhi; 10Consultant Cardiologist, Kolilaben Ambani Hospital, Mumbai, Maharashtra; 11Sr. 
Consultant, Department of Cardiology, Apollo Hospitals, Chennai, Tamil Nadu; 12Sr. Consultant Cardiologist, Jaswant Rai Speciality 
Hospital, Meerut, Uttar Pradesh; 13Associate Director, Department of Cardiology, Medanta Hospital, Gurugram, Haryana; 14Head 
of Department of Cardiology, K.J. Somaiya Super-speciality Institute, Mumbai, Maharashtra; 15Director, Heart and Critical Care 
Hospital, Bhopal, Madhya Pradesh; 16Division of Geriatrics, Hackensack University Medical Centre, USA; 17Sr. Consultant, Department 
of Cardiology King George’s Medical University, Lucknow, Uttar Pradesh; 18Director and Head Non-Invasive Cardiology, Max Super 
speciality Hospital, Saket, New Delhi; 19Professor of Cardiology, AIIMS, New Delhi; 20Assistant Professor, Dept. of Nephrology/
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on the role of inflammation in ASCVD 
and gives criteria for its use in clinical 
practice. Most importantly, the risk of 
ASCVD events may be underestimated 
by use of LDL-C alone to estimate 
CV risk especially in subjects with 
atherogenic dyslipidemia.  Normal 
or mildly elevated LDL-C levels may 
give a sense of complacency regarding 
estimation and management of lipid 
risk. Hence LAI proposes that apo B 
be universally measured to estimate 
the true risk. Because one molecule 
of apo B is present on all atherogenic 
lipoprotein particles, apo B levels will 
clearly categorize these patients. In the 
section on apo B, LAI has given cut-offs 
for risk stratification. 

F i n a l l y ,  t h e  L A I  r e c o m m e n d s 
non-HDL-C as a co-primary target, 
as important as LDL-C (a position 
endorsed by LAI since 2016), for lipid 
lowering therapy. The monitoring of 
non-HDL-C is a simple, practical tool 
for treatment decisions relating to 
lipid-lowering therapy since it does 
not require a fasting blood sample 
and takes care of both LDL-C and 
triglyceride targets.

The Lipid Associat ion of  India 
started the process of  developing 
this  updated consensus statement 
in August 2018.  It  was a two step 
process. In the first phase we developed 
the recommendations (August 2018 
to June 2019). In the second phase 

validation cohort was taken comprising 
physicians from across the country 
(May 2020 and July 2020). To ensure 
that  the recommendations in this 
statement reflected expert opinion 
among lipid specialists throughout 
India, a series of 19 meetings were 
conducted in 13 cities involving 162 
expert health care providers over 11 
months. Subsequently a total of 55 
webinars (duration 150 minutes each) 
were held across the country over 3 
months period between May 2020 and 
July 2020 involving local physicians 
where new Indian guidelines were 
presented and discussed and comments 
r e c o r d e d .  T h e  r e c o m m e n d a t i o n s 
presented in this document represent 
information collected during these 
series of meetings and summarized 
here in this consensus document. These 
recommendations are not binding and 
are aimed to provide general guidance 
regarding dyslipidemia management 
to clinicians. The clinical judgment is 
of paramount importance in individual 
cases and all decisions must be taken 
after counseling and informing the 
patient in detail (shared decision).

References
1. Duell PB, Mehta V, Nair D, et al. The epidemic of 

atherosclerotic cardiovascular disease in India- Editorial. J 
Clin Lipidol 2020; 14:170-2.

2. Kalra DK, Sikand G, Vijayaraghavan K, Guyton JR. JCL 
roundtable: South Asian atherosclerotic risk. J Clin Lipidol 
2020; 14:161-9.

3. Prabhakaran D, Jeemon P, Roy A. Cardiovascular diseases 
in India: Current epidemiology and future directions. 
Circulation 2016; 133:1605-20.

4. Yusuf S, Hawken S, Ounpuu S, et al, for the INTERHEART 
Investigators. Effect of potentially modifiable risk factors 
associated with myocardial infarction in 52 countries 
(the INTERHEART study): case control study. Lancet 2004; 
364:937-52.

5. Ardeshna DR, Bob-Manuel T, Nanda A, Sharma A, Skelton 
IV WP, Skelton M, Khouzam RN. Asian-Indians: a review of 
coronary artery disease in this understudied cohort in the 
United States. Ann Transl Med 2018; 6:12. doi: 10.21037/
atm.2017.10.18.

6. Executive summary of the Third Report of the National 
Cholesterol Education Program (NCEP). Expert Panel 
on Detection, Evaluation and Treatment of High Blood 
Cholesterol in Adults (Adult Treatment Panel III). JAMA 2001; 
285:2486-97.

7. Joshi SR, Anjana RM, Deepa M, Pradeepa R, Bhansali A, et 
al. Prevalence of dyslipidemia in urban and rural India: The 
ICMR–INDIAB Study. PLoS ONE 2014; 9:e96808.

8. Iyengar SS, Puri R, Narasingan SN, et al. Lipid Association 
of India expert consensus statement on management of 
dyslipidemia in Indians. Part 1. J Assoc Physicians India 2016; 
64:S7‐52. 

9. Heart Protection Study Collaborative Group. MRC/BHF Heart 
Protection Study of cholesterol lowering with simvastatin 
in 20536 high-risk individuals: a randomised placebo 
controlled trial. Lancet 2002; 360:7-22.

10. Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA, 
Theroux P, et al. Ezetimibe added to statin therapy after 
acute coronary syndromes. N Engl J Med 2015; 372:2387-97.

11. Sabatine MS, Giugliano RP, Keech AC, et al. Evolocumab and 
clinical outcomes in patients with cardiovascular disease. N 
Engl J Med 2017; 376:1713-22.

12. Schwartz GG, Steg PG, Szarek M, et al. Alirocumab and 
cardiovascular outcomes after acute coronary syndrome. 
N Engl J Med 2018; 379:2097-107.

13. Puri R, Mehta V, Duell PB, Nair D, et al. Proposed low-density 
lipoprotein cholesterol goals for secondary prevention 
and familial hypercholesterolemia in India with focus on 
PCSK9 inhibitor monoclonal antibodies: Expert consensus 
statement from Lipid Association of India. J Clin Lipidol 2020; 
14:e1-e13.



lable at ScienceDirect

Indian Heart Journal 71 (2019) 468e475
Contents lists avai
Indian Heart Journal

journal homepage: www.elsevier .com/locate/ ihj
Original Article
To study the usefulness and comparison of myocardial strain imaging
by 2D and 3D echocardiography for early detection of cardiotoxicity in
patients undergoing cardiotoxic chemotherapy

Shamshad Alam, Sharad Chandra*, Mahim Saran, Gaurav Chaudhary, Akhil Sharma,
Monika Bhandhari, Pravesh Vishwakarma, Akshaya Pradhan, Rishi Sethi,
Sudhanshu K. Dwivedi, Varun S. Narain
Department of Cardiology, King George's Medical University, Lucknow, 226003, India
a r t i c l e i n f o

Article history:
Received 30 May 2019
Accepted 11 November 2019
Available online 19 November 2019

Keywords:
Chemotherapy
Cardiotoxicity
Doxorubicin
Echocardiography
Strain imaging
* Corresponding author. Department of Cardiology
lege, Chowk, Lucknow, 226003, Uttar Pradesh, India.

E-mail address: sharadchandra_2612@yahoo.co.in

https://doi.org/10.1016/j.ihj.2019.11.253
0019-4832/© 2019 Cardiological Society of India. Pu
licenses/by-nc-nd/4.0/).
a b s t r a c t

Background: Chemotherapy-induced cardiotoxicity constitutes subclinical myocardial dysfunction, ar-
rhythmias, pericarditis, coronary vasospasm, and significant symptomatic heart failure. Anthracyclines
pose higher risk for long-term cardiac dysfunction, with increased incidences of morbidity and mortality.
Hence, early detection of chemotherapy-induced cardiac dysfunction may prompt an earlier treatment
modification.
Aim: To evaluate global, longitudinal, radial, and circumferential strain changes in adult patients un-
dergoing anthracycline chemotherapy along with the usefulness of three-dimensional (3D) echocardi-
ography as the new modality over two-dimensional (2D) echocardiography.
Methods: This was a single centre, prospective, observational study that included asymptomatic patients
free from any cardiac signs and symptoms attributable to heart failure, who underwent potentially
cardiotoxic chemotherapy for malignancy from December 2017 to November 2018 at a tertiary care
centre in India. Baseline demographics were recorded, and 2D and 3D echocardiography was performed
at baseline and after completion of four cycles of chemotherapy.
Results: All the 55 patients received a cumulative dose of doxorubicin of less than 550 mg/m2. Follow-up
period from the beginning of doxorubicin therapy was 108 ± 14 days. 9 patients were excluded from the
study due to poor 3D images, so data analysis was done only for 46 patients. In 2D echocardiography,
only global longitudinal strain (GLS) was observed to be significantly reduced (D18.33%; P < 0.001). 2D
ejection fraction (EF) did not show significant change (D0.67%; P ¼ 0.176), while by 3D echo, EF reduced
significantly (D3.55%; P < 0.001). 3D global longitudinal (D29.19%; P < 0.001), circumferential (D30.65%;
P < 0.001), area (D21.61%; P < 0.001), and radial (D29.66%; P < 0.001) strains were observed to be
significantly reduced at follow-up.
Conclusion: Myocardial dysfunction induced by cardiotoxic chemotherapy can be detected earlier by
using 2D GLS, 3D volumetric analysis, and 3D strain analysis by calculating global, longitudinal, radial,
and circumferential strain changes. 3D echocardiographic assessment seems to be more accurate in
picking out small changes in left ventricular functions, but at the cost of slightly poor image quality as
compared to the 2D echocardiography. These newer techniques could potentially improve the ability for
early detection of subclinical abnormalities of LV function in patients undergoing cardiotoxic chemo-
therapy and thus early initiation of treatment could be possible.
© 2019 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction anthracyclines, antimetabolites, alkylating, and anti-microtubule
With advancing research and technology, treatment strategies
for various cancers are also getting advanced. Classically,
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agents were used in chemotherapy and with recent discoveries of
new classes such as monoclonal antibodies and tyrosine kinase
inhibitors have also been utilized.1 However, every boon comes
with a bane, that is, the chemotherapy has been associated with
fatal effects on various vital organs of body. Cardiotoxicity is one
such major byproduct of chemotherapy. Chemotherapy-induced
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cardiotoxicity constitutes subclinical myocardial dysfunction, ar-
rhythmias, pericarditis, coronary vasospasm, significant symp-
tomatic heart failure, etc. The extent of cardiotoxicity depends on
the type of treatment utilized and the mechanisms of cardiac
damage involved. Basically, there are two types of cardiotoxicity;
type 1 cardiotoxicity is caused by inhibiting topoisomerase IIb in
cardiomyocytes and inducing deoxyribonucleic acid double strand
breaks and transcription changes, which is permanent and irre-
versible; whereas, type 2 cardiotoxicity is dose-dependent and
reversible, caused by blocking of human epidermal growth factor
receptor 2, which is expressed on cardiomyocytes in addition to
tumour cells. Anthracyclines such as doxorubicin and epirubicin
cause type 1 cardiotoxicity and type 2 is caused by trastuzumab.2

Anthracyclines pose higher risk for long-term cardiac dysfunc-
tion, with increased incidences of morbidity and mortality. The
anthracycline monotherapy results to a 5e10% incidence of car-
diomyopathy or heart failure.3 This mandates proper diagnosis and
management of cardiotoxicity induced by anthracyclines. In pre-
vious decades, two-dimensional (2D) and Doppler echocardiogra-
phy were the chief modes of diagnosis of cardiac function.
However, these presented with some limitations such as lower
sensitivity and high variability. The three-dimensional echocardi-
ography (3D)-derived left ventricular ejection fraction (LVEF) and
speckle-tracking echocardiography-derived global longitudinal
strain (GLS) and other related strain measurements are promising
indices that could overcome the limitations of 2D-derived LVEF, by
posing high sensitivity, and detectability even at early stages of
cardiotoxicity, and better accuracy.2 Thus, the aim of this study was
to evaluate the global, longitudinal, radial and circumferential
strain changes assessed through 2D and 3D strain echocardiogra-
phy in adult patients undergoing anthracycline chemotherapy
along with usefulness of 3D over 2D echocardiography.
Table 1
Baseline demographic characteristics.

Variable n ¼ 46 patients

Age (mean ± SD, years) 44.17 ± 10.95
Female, n (%) 40 (82.67%)
Heart rate (mean ± SD, bpm) 77.52 ± 7.95
Body mass index (mean ± SD, kg/m2) 19.92 ± 2.48
Systolic blood pressure (mean ± SD, mmHg) 118.78 ± 15.89
Diastolic blood pressure (mean ± SD, mmHg) 74.87 ± 8.34
Hypertension, n (%) 5 (10.9%)
Type of cancer
Breast cancer, n (%) 40 (82.67%)
Osteosarcoma, n (%) 3 (6.52%)
Squamous cell carcinoma, n (%) 2 (4.34%)
Ewings sarcoma, n (%) 1 (2.17%)

Table 2
Comparison of 2D echocardiographic parameters during chemotherapy.

Variable Post-
chemotherapy
(n ¼ 46)

Baseline
(n ¼ 46)

Mean
Change

Mean %
Change

P-
value

2D EF (%) 62.41 ± 5.28 62.83 ± 5.23 �0.42 �0.67% 0.176
2D EDV

(ml)
79.09 ± 13.09 79.59 ± 13.50 �0.50 �0.63% 0.531

2D ESV
(ml)

30.30 ± 8.66 30.28 ± 8.94 �0.02 �0.07% 0.966

2D GLS (%) �13.90 ± 3.02 �17.02 ± 2.46 �3.12 �18.33% <0.001

EFe ejection fraction; EDV e end-diastolic volume; ESVe end-systolic volume; GLS
e global longitudinal strain.
2. Methods

2.1. Study design and population

This was a single centre, prospective, observational study that
consisted of asymptomatic patients free from any cardiac signs and
symptoms attributable to heart failure, diagnosed with different
malignancies who underwent potentially cardiotoxic chemo-
therapy from December 2017 to November 2018 at a tertiary care
centre in India. A synopsis of the study protocol was submitted to
the Institutional Ethics Committee and approval was obtained. The
study protocol was explained in detail to all subjects. Informed
written consent was taken from all subjects willing to participate in
the study.

Patients of all ages, free from any cardiac signs and symptoms of
heart failure, who underwent cardiotoxic chemotherapy for treat-
ment of cancer were included in the study. Exclusion criteria were:
previous history of treatment by cardiotoxic therapy; non-sinus
cardiac rhythm and post-pacemaker patients; history of myocar-
dial infarction or symptomatic heart failure, or diagnosed coronary
artery disease; previous cardiac surgery, previous thoracic radio-
therapy; significant valvular stenosis or regurgitation, prosthetic
valves, implanted cardiac devices, 2D echocardiographic wall mo-
tion abnormalities, or LVEF <35% in the baseline echocardiography.

Baseline echocardiographic examination was done before the
initiation of chemotherapy. Standard 2D echocardiography was
done for baseline LVEF and speckle tracking for evaluation of
baseline 2D strain. In addition, baseline 3D volumetric analysis and
3D strain analysis were performed. Further follow-up of 2D and 3D
echocardiographic assessment including LV strain analysis was
performed after completion of four cycles of anthracycline-based
chemotherapy. Other associated cardiac risk factors included age,
gender, smoking, diabetes, and hypertension.
2.2. Echocardiographic methods

All patients underwent standard Doppler echocardiographic
examination using a 3.3 MHz M5Sc 2D transducer with harmonic
capability and a 3D volumetric transducer (4 V) for real-time
echocardiographic dataset acquisition of the left ventricle by a
Vivid E9 XDclear ultrasound machine (GE Healthcare, Norway). All
2D and 3D echocardiography was done by the single operator on
the same machine to avoid inter-observer and inter-device vari-
ability and discrepancies in the techniques. Intra-observer vari-
ability has been shown to be <6% for global longitudinal and
circumferential strain, and <9% for global transverse and radial
strain in 2D strain imaging4 and relative mean errors of 4.9%e7.3%
for 3D.5 In our lab, the intra-observer variation is 5.3%. For each
patient, three readings were taken for all the variables by a single
operator and an average of them were incorporated into the data-
base to minimize the variability which was 4.1%.

A standard 2D echocardiographic examination was done, and
the quantitative analysis of left ventricle was performed according
to the recommendations.6 2D EF was derived from LV end-diastolic
volume (EDV) and end-systolic volume (ESV) which was calculated
according to the modified Simpson rule in apical four- and two-
chamber views.

2D and 3D speckle-tracking echocardiography (STE) were per-
formed on the same machine and were analysed as per standard
protocols.7 All the datasets were digitally stored in raw data in the
same ultrasound machine. It was well equipped with the
commercially available software (4D Auto LVQ software, GE
Healthcare) for quantification of 2D-derived GLS, 3D volumetric,
and 3D STE analysis. We calculated 2D GLS as the average of 18
myocardial segments which were recorded in three apical views.



Fig. 1. 2D-derived global longitudinal strain at baseline and after doxorubicin therapy, showing significant reduction in GLS post-chemotherapy.
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According to ASE/EACVI Expert Consensus,8 a reduction of GLS
between pre- and post-chemotherapy examination of more than
15% was considered to be an indicative evidence of subclinical
cardiotoxicity. By 3D echocardiography, LV EDV and ESV and EF (%,
EDV-ESV/EDV� 100) were obtained. 3D GLS, global circumferential
strain (GCS), global area strain (GAS), and global radial strain (GRS)
were calculated as weighted averages of the regional values from
the 18 myocardial segments. In our study, those patients were
excluded in which there was �3 rejected segments while calcu-
lating the strain, and for them global strain values were not
calculated.

2.3. Statistical analysis

Statistical analysis was done by SPSS package version 16 (SPSS
Inc, Chicago, IL, USA). Continuous data were presented as mean



Table 3
Comparison of 3D echocardiographic parameters during chemotherapy.

Variable Post-chemotherapy (n ¼ 46) Baseline (n ¼ 46) Mean Change Mean % Change P-value

3D EF (%) 58.48 ± 4.89 60.63 ± 4.71 �2.15 �3.55% <0.001
3D EDV (ml) 88.02 ± 15.24 85.44 ± 14.97 2.58 3.02% 0.010
3D ESV (ml) 35.82 ± 9.80 33.83 ± 9.70 1.99 5.88% 0.005
3D GLS (%) �9.85 ± 2.14 �13.91 ± 2.16 �4.06 �29.19% <0.001
3D GCS (%) �9.98 ± 3.64 �14.39 ± 4.28 �4.41 �30.65% <0.001
3D GAS (%) �15.78 ± 2.91 �20.13 ± 2.73 �4.35 �21.61% <0.001
3D GRS (%) 20.80 ± 6.97 29.57 ± 5.00 �8.77 �29.66% <0.001

EFe ejection fraction; EDVe end-diastolic volume; ESVe end-systolic volume; GLS e global longitudinal strain; GCSe global circumferential strain; GASe global area strain;
GRS e global radial strain.
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values ± standard deviation, and categorical data were represented
as counts and percentages. Pre- and post-chemotherapy results
were compared by Student paired t-test.

3. Results

In our study, 55 patients were enrolled, out of which 9 patients
were excluded due to poor 3D echocardiographic image quality. A
total of 46 patient were included in the study with complete pre-
chemotherapy 2D standard echocardiographic, 3D volumetric, 2D
strain, and 3D strain analysis. All these patients were having
adequate echocardiographic images at baseline. None of the
Fig. 2. 3D-derived global longitudinal strain at baseline and post-ch
patients had cardiac symptoms or were on cardiac medication at
the time of baseline evaluation and at follow-up examination. All
the patients received a cumulative dose of doxorubicin of less than
550 mg/m2. Follow-up period from the beginning of doxorubicin
therapy was 108 ± 14 days.

Of all the patients included in the study, the mean age was 44.17
years. Most of the patients were in the age group of 36e50 years
(50%), 30.4% were in 51e65 years age group, 15.2% in 18e35 years
age group, and rest 4.3% were of age below 18 years.

Majority of the patients included in study were female (82.6%).
Most of the patients were having breast cancer (40 patients). No
patient in the study group had diabetes mellitus and dyslipidemia.
emotherapy showing significant reduction post-chemotherapy.
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None of the patients were smoker. Moreover, 5 out of 46 patients
were hypertensive. Baseline demographics are detailed in Table 1.

According to the standard 2D echocardiography evaluation, no
significant difference was observed in pre- and post-chemotherapy
patients, in terms of EF, EDV, and ESV (Table 2). However, there was
significant difference observed in 2D-derived average GLS of LV in
pre- and post-chemotherapy state with a mean percent change of
18.33% and a P-value of <0.001 (Fig. 1) (Table 3).

On 3D volumetric analysis, we found that there was significant
difference in EF, EDV, and ESV in pre- and post-chemotherapy state.
Mean percent change in 3D EF was a decrease by 3.55% with a P-
value of <0.001 which was significant. Mean percent change in EDV
was an increase by 3.02% with a P-value of 0.010 which was sig-
nificant. Mean percent change in ESVwas an increase by 5.88% with
a P-value of 0.005 (Table 3).

On 3D STE analysis, it was found that all 3D strain parameters
were significantly reduced after chemotherapy. 3D GLS reduced by
a mean of 29.19% with a P-value of <0.001(Fig. 2). 3D GCS reduced
by a mean of 30.65% and a P-value of <0.001 (Fig. 3). 3D GAS
reduced by a mean of 21.61% and a P-value of <0.001 (Fig. 4). 3D
GRS changed by a mean of 8.77 with a mean percent change of
29.66% and a P-value of <0.001 (Fig. 5).

Of note, no patient had a fall of EF to less than 50% both by
standard 2D echocardiography as well as 3D volumetric analysis
after chemotherapy.
Fig. 3. 3D-derived global circumferential strain at baseline and post-c
4. Discussion

In this study, the diagnostic value of conventional standard 2D
echocardiography, 2D-derived global longitudinal strain, 3D volu-
metric analysis, and 3D-derived strain parameters were tested for
early detection of LV function in malignancy patients who under-
went doxorubicin-based chemotherapy. Major findings of our study
are as follows: on standard 2D echocardiographic examination, 2D-
derived EF is not adequately useful in detecting the early changes in
LV function; by 2D-derived GLS parameters, subclinical alteration of
LV longitudinal function can be detected early in the course; 3D
volumetric assessment for ejection fraction helps in identifying the
EF alterations not identified upon standard 2D EF quantification
techniques; 3D-derived STE clearly demonstrates the alteration of
LV myocardial mechanics including all the strain components.

Cardiotoxicity as an adverse event of chemotherapy includes a
range of cardiac problems, including heart failure, myocardial
ischemia or infarction, hypertension, thromboembolism, and ar-
rhythmias.9 Extent of cardiotoxicity depends upon many factors
relating to the chemotherapy used as well as patients, such as type
of drug, dose administered during each cycle, cumulative dose,
schedule of administration, route of administration, combination of
other cardiotoxic drugs, or association with radiotherapy, pre-
existing heart disease, history of hypertension, and age >65
years.10 Therefore, timely diagnosis of chemotherapy-induced
hemotherapy showing significant reduction post-chemotherapy.



Fig. 4. 3D-derived global area strain at baseline and post-chemotherapy showing significant reduction post-chemotherapy.
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cardiotoxicity becomes helpful as it allows to modify dose,
administration rate, time, or use of analogous drugs which may
reduce the extent of cardiotoxicity without any need for discon-
tinuation of chemotherapy cycles.11 Thus, in this study, we exam-
ined the presence of any cardiotoxicity after completion of four
cycles of chemotherapy, which would help in further management
of chemotherapy patients accordingly. We measured strains from
various perspectives and observed significant changes in all pa-
rameters of strains through 3D echocardiography. The literature
states that in addition to longitudinal strain, the reductions in radial
strain, circumferential strain, or area strain are also found to get
reduced after chemotherapy; however, these depict higher vari-
ability and lower reproducibility as compared to GLS. Parallel to
this, a meta-analysis also stated that a relative reduction of 10e15%
of GLS may be applied to predict subsequent cardiotoxicity in
chemotherapy patients.12 Similarly, in this study, we have found a
change of 29.19% in GLS through 3D echocardiography, which
predicts the prognostic cardiotoxic effects of chemotherapy. Pre-
viously, Baratta et al studied 36 breast cancer patients who had
received trastuzumab or doxorubicin with echocardiography done
at baseline, 2, 3, 4 and 6 months after initiation of therapy and
reported a GLS decline of �15% at 3 months.13 In another study,
Sawaya and colleagues included 43 patients with breast cancer
under the treatment of anthracycline or trastuzumab. On per-
forming echocardiography at baseline and at 3 and 6 months, a
fall in GLS >10% at 3 months was observed.14 Hence, it can be taken
into consideration that GLS by STE is the most useful parameter for
predicting subsequent global LV chamber dysfunction and EF
reduction.

In addition to early diagnosis using strain imaging, modification
of treatment regimen or combining chemotherapeutic treatment
with prophylactic drugs can be applied. Emerging evidence, like a
study by Cardinale et al15 suggests that certain medications, such as
the initiation of enalapril or carvedilol early during the chemo-
therapy, may slow the progression of LV dysfunction and thereby
lower the incidence of heart failure and mortality.13 The SUCCOUR
trial is an ongoing randomized control trial which will define the
place of GLS measurement for surveillance of patients receiving
cardiotoxic chemotherapy.16
4.1. Study limitations

The major limitations of our study were a short follow-up
duration and relatively small number of study subjects. This led
to obvious reflections on the absence of clinical events as well as
lack of development of overt cardiotoxicity and low rate of reduc-
tion in LV systolic functionwhich could be revealed by 2D and 3D EF
evaluation. A longer follow-up period with a greater number of
patients would point out even a small change in strain or EF as



Fig. 5. 3D-derived global radial strain at baseline and post-chemotherapy showing significant reduction post-chemotherapy.
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shown in this study will be of more clinical importance. Due to this,
it was not possible to establish the predictive value of the identified
2D or 3D signs of subclinical cardiac damage. However, in this
study, we intentionally studied the effect of doxorubicin cycles
which have a well-defined time duration and can predispose to
subsequent cardiotoxicity due to trastuzumab. 3D echocardiogra-
phy was able to detect small changes in ejection fractionwhich was
not detectable by 2D echocardiography. In addition, the image
quality as obtained by 3D echo was not of that quality as expected
which led to the baseline and post-chemotherapy discrepancies in
3D strain parameters, due to which out of 55 patients enrolled for
study complete data of only 46 patients were analysed.
5. Conclusion

Myocardial dysfunction induced by cardiotoxic chemotherapy
can be detected earlier by using 2D GLS, 3D volumetric analysis, and
3D strain analysis by calculating GLS, GCS, GRS, and GAS. These
newer techniques could potentially improve the ability for early
detection of subclinical abnormalities of LV function in patients
undergoing cardiotoxic chemotherapy. Overall, our findings
confirm the ability of advanced echocardiography techniques in
detecting subclinical cardiotoxicity, a possible advantage for pre-
vention of overt LV dysfunction through timely initiation of car-
dioprotective therapy along with 3D echocardiography standing
out to be at advantage in detecting small changes in left ventricular
functions over 2D echocardiography at the cost of slightly poorer
image quality acquisition.
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DesCripTion 
A 68-year-old man presented to us with voiding 
lower urinary tract symptoms due to benign prostatic 
hyperplasia for which he underwent photovapouri-
sation of prostate using potassium titanyl phos-
phate laser. The procedure was completed in 
104 min uneventfully. Eight hours after the proce-
dure, the patient had burning and itching on his left 
arm circumferentially in the area where the cuff for 
non-invasive blood pressure (NIBP) monitoring was 
applied and on his back. We removed the cuff and 
in that region of his arm there was erythema along 
with multiple blisters (figure 1). A similar linear 
lesion was seen on the right side of his back along 
the 10th rib (figure 2). We recognised it to be some 
form of urticaria, and immediately gave the patient 
an antihistamine (pheniramine). The patient had 
no history of any skin lesion, neither did he give 
a history of any allergies. Both lesions appeared in 
areas where there was continuous pressure applied: 
in the arm by the blood pressure monitoring cuff 
and on the back while positioning on the operation 
theatre table against his rib. A diagnosis of delayed 
pressure urticaria (DPU) was made, and the patient 
was given levocetrizine (5 mg) plus montelukast 
(10 mg) once daily along with oral prednisolone 
after which the lesions gradually subsided.

In DPU there is erythematous swelling on skin 
at a site where sustained pressure is applied after 
a delay of 30 min to 12 hours. Typically this delay 
is 4–6 hours. This swelling is accompanied by urti-
caria. Pain or blisters are occasionally seen.1 Blisters 
were present in our patient. DPU is usually found 
in patients with known history of urticaria or 
angio-oedema. In our case the patient had no such 
history. This diagnosis is usually missed unless direct 
questions about development of weals at an area of 
sustained pressure are asked to the patient. DPU has 
been reported after wearing tight clothing, exer-
cise bands, sitting on hard surfaces for prolonged 
periods, carrying heavy groceries and even after 
compression of the face against the pillow while 
sleeping.2 The pathogenesis of DPU is not clear and 
is postulated by various authors to be type III reac-
tion, response to a food allergen, mast cell mediated 
or leukotriene mediated. The diagnosis is made 
clinically by reproducing the lesion by application 
of pressure. Although there is no standard method 
of pressure testing the area is usually inspected 
for lesions 6 hours after performing the test.1 3 We 
made the diagnosis based on clinical history and 
treatment response. The treatment with antihista-
mines alone is usually not sufficient and requires 
supplementation with oral steroids. Other agents 
reported to be useful in treatment of DPU include 

Figure 1 Erythema with blisters circumferentially 
on left arm at the site of non-invasive blood pressure 
monitoring cuff application—delayed pressure urticaria.

Figure 2 Erythema with blisters linearly along the 10th 
rib due to prolonged pressure because of inadequate 
padding while patient positioning in operation theatre—
delayed pressure urticaria.
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non-steroidal anti-inflammatory drugs, colchicine, dapsone, 
sulfasalazine, intravenous immunoglobulins and omalizumab.1 3 
Although our patient had no history pertaining to DPU, but if 

such history is present, the patient should be carefully padded 
on the operating table, and the use of NIBP monitoring should 
be minimal or invasive blood pressure monitoring can be used.
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Learning points

 ► Delayed pressure urticaria is usually seen in patients with 
previous history of urticaria or angio-oedema, but the 
diagnosis may be missed if specific history regarding weals 
developing at sites of sustained pressure is not asked.

 ► The treatment with only antihistamines is not sufficient and 
requires additional therapy of oral steroids, non-steroidal 
anti-inflammatory drugs, colchicine, dapsone, sulfasalazine, 
intravenous immunoglobulins or omalizumab.

 ► If a patient with delayed pressure urticaria is posted for 
surgery then he should be carefully padded on the operating 
table, and non-invasive blood pressure monitoring should be 
minimum or invasive blood pressure monitoring can be used.
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Background: Chemotherapy-induced cardiotoxicity constitutes subclinical myocardial dysfunction, ar-
rhythmias, pericarditis, coronary vasospasm, and significant symptomatic heart failure. Anthracyclines
pose higher risk for long-term cardiac dysfunction, with increased incidences of morbidity and mortality.
Hence, early detection of chemotherapy-induced cardiac dysfunction may prompt an earlier treatment
modification.
Aim: To evaluate global, longitudinal, radial, and circumferential strain changes in adult patients un-
dergoing anthracycline chemotherapy along with the usefulness of three-dimensional (3D) echocardi-
ography as the new modality over two-dimensional (2D) echocardiography.
Methods: This was a single centre, prospective, observational study that included asymptomatic patients
free from any cardiac signs and symptoms attributable to heart failure, who underwent potentially
cardiotoxic chemotherapy for malignancy from December 2017 to November 2018 at a tertiary care
centre in India. Baseline demographics were recorded, and 2D and 3D echocardiography was performed
at baseline and after completion of four cycles of chemotherapy.
Results: All the 55 patients received a cumulative dose of doxorubicin of less than 550 mg/m2. Follow-up
period from the beginning of doxorubicin therapy was 108 ± 14 days. 9 patients were excluded from the
study due to poor 3D images, so data analysis was done only for 46 patients. In 2D echocardiography,
only global longitudinal strain (GLS) was observed to be significantly reduced (D18.33%; P < 0.001). 2D
ejection fraction (EF) did not show significant change (D0.67%; P ¼ 0.176), while by 3D echo, EF reduced
significantly (D3.55%; P < 0.001). 3D global longitudinal (D29.19%; P < 0.001), circumferential (D30.65%;
P < 0.001), area (D21.61%; P < 0.001), and radial (D29.66%; P < 0.001) strains were observed to be
significantly reduced at follow-up.
Conclusion: Myocardial dysfunction induced by cardiotoxic chemotherapy can be detected earlier by
using 2D GLS, 3D volumetric analysis, and 3D strain analysis by calculating global, longitudinal, radial,
and circumferential strain changes. 3D echocardiographic assessment seems to be more accurate in
picking out small changes in left ventricular functions, but at the cost of slightly poor image quality as
compared to the 2D echocardiography. These newer techniques could potentially improve the ability for
early detection of subclinical abnormalities of LV function in patients undergoing cardiotoxic chemo-
therapy and thus early initiation of treatment could be possible.
© 2019 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction anthracyclines, antimetabolites, alkylating, and anti-microtubule
With advancing research and technology, treatment strategies
for various cancers are also getting advanced. Classically,
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agents were used in chemotherapy and with recent discoveries of
new classes such as monoclonal antibodies and tyrosine kinase
inhibitors have also been utilized.1 However, every boon comes
with a bane, that is, the chemotherapy has been associated with
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cardiotoxicity constitutes subclinical myocardial dysfunction, ar-
rhythmias, pericarditis, coronary vasospasm, significant symp-
tomatic heart failure, etc. The extent of cardiotoxicity depends on
the type of treatment utilized and the mechanisms of cardiac
damage involved. Basically, there are two types of cardiotoxicity;
type 1 cardiotoxicity is caused by inhibiting topoisomerase IIb in
cardiomyocytes and inducing deoxyribonucleic acid double strand
breaks and transcription changes, which is permanent and irre-
versible; whereas, type 2 cardiotoxicity is dose-dependent and
reversible, caused by blocking of human epidermal growth factor
receptor 2, which is expressed on cardiomyocytes in addition to
tumour cells. Anthracyclines such as doxorubicin and epirubicin
cause type 1 cardiotoxicity and type 2 is caused by trastuzumab.2

Anthracyclines pose higher risk for long-term cardiac dysfunc-
tion, with increased incidences of morbidity and mortality. The
anthracycline monotherapy results to a 5e10% incidence of car-
diomyopathy or heart failure.3 This mandates proper diagnosis and
management of cardiotoxicity induced by anthracyclines. In pre-
vious decades, two-dimensional (2D) and Doppler echocardiogra-
phy were the chief modes of diagnosis of cardiac function.
However, these presented with some limitations such as lower
sensitivity and high variability. The three-dimensional echocardi-
ography (3D)-derived left ventricular ejection fraction (LVEF) and
speckle-tracking echocardiography-derived global longitudinal
strain (GLS) and other related strain measurements are promising
indices that could overcome the limitations of 2D-derived LVEF, by
posing high sensitivity, and detectability even at early stages of
cardiotoxicity, and better accuracy.2 Thus, the aim of this study was
to evaluate the global, longitudinal, radial and circumferential
strain changes assessed through 2D and 3D strain echocardiogra-
phy in adult patients undergoing anthracycline chemotherapy
along with usefulness of 3D over 2D echocardiography.
Table 1
Baseline demographic characteristics.

Variable n ¼ 46 patients

Age (mean ± SD, years) 44.17 ± 10.95
Female, n (%) 40 (82.67%)
Heart rate (mean ± SD, bpm) 77.52 ± 7.95
Body mass index (mean ± SD, kg/m2) 19.92 ± 2.48
Systolic blood pressure (mean ± SD, mmHg) 118.78 ± 15.89
Diastolic blood pressure (mean ± SD, mmHg) 74.87 ± 8.34
Hypertension, n (%) 5 (10.9%)
Type of cancer
Breast cancer, n (%) 40 (82.67%)
Osteosarcoma, n (%) 3 (6.52%)
Squamous cell carcinoma, n (%) 2 (4.34%)
Ewings sarcoma, n (%) 1 (2.17%)

Table 2
Comparison of 2D echocardiographic parameters during chemotherapy.

Variable Post-
chemotherapy
(n ¼ 46)

Baseline
(n ¼ 46)

Mean
Change

Mean %
Change

P-
value

2D EF (%) 62.41 ± 5.28 62.83 ± 5.23 �0.42 �0.67% 0.176
2D EDV

(ml)
79.09 ± 13.09 79.59 ± 13.50 �0.50 �0.63% 0.531

2D ESV
(ml)

30.30 ± 8.66 30.28 ± 8.94 �0.02 �0.07% 0.966

2D GLS (%) �13.90 ± 3.02 �17.02 ± 2.46 �3.12 �18.33% <0.001

EFe ejection fraction; EDV e end-diastolic volume; ESVe end-systolic volume; GLS
e global longitudinal strain.
2. Methods

2.1. Study design and population

This was a single centre, prospective, observational study that
consisted of asymptomatic patients free from any cardiac signs and
symptoms attributable to heart failure, diagnosed with different
malignancies who underwent potentially cardiotoxic chemo-
therapy from December 2017 to November 2018 at a tertiary care
centre in India. A synopsis of the study protocol was submitted to
the Institutional Ethics Committee and approval was obtained. The
study protocol was explained in detail to all subjects. Informed
written consent was taken from all subjects willing to participate in
the study.

Patients of all ages, free from any cardiac signs and symptoms of
heart failure, who underwent cardiotoxic chemotherapy for treat-
ment of cancer were included in the study. Exclusion criteria were:
previous history of treatment by cardiotoxic therapy; non-sinus
cardiac rhythm and post-pacemaker patients; history of myocar-
dial infarction or symptomatic heart failure, or diagnosed coronary
artery disease; previous cardiac surgery, previous thoracic radio-
therapy; significant valvular stenosis or regurgitation, prosthetic
valves, implanted cardiac devices, 2D echocardiographic wall mo-
tion abnormalities, or LVEF <35% in the baseline echocardiography.

Baseline echocardiographic examination was done before the
initiation of chemotherapy. Standard 2D echocardiography was
done for baseline LVEF and speckle tracking for evaluation of
baseline 2D strain. In addition, baseline 3D volumetric analysis and
3D strain analysis were performed. Further follow-up of 2D and 3D
echocardiographic assessment including LV strain analysis was
performed after completion of four cycles of anthracycline-based
chemotherapy. Other associated cardiac risk factors included age,
gender, smoking, diabetes, and hypertension.
2.2. Echocardiographic methods

All patients underwent standard Doppler echocardiographic
examination using a 3.3 MHz M5Sc 2D transducer with harmonic
capability and a 3D volumetric transducer (4 V) for real-time
echocardiographic dataset acquisition of the left ventricle by a
Vivid E9 XDclear ultrasound machine (GE Healthcare, Norway). All
2D and 3D echocardiography was done by the single operator on
the same machine to avoid inter-observer and inter-device vari-
ability and discrepancies in the techniques. Intra-observer vari-
ability has been shown to be <6% for global longitudinal and
circumferential strain, and <9% for global transverse and radial
strain in 2D strain imaging4 and relative mean errors of 4.9%e7.3%
for 3D.5 In our lab, the intra-observer variation is 5.3%. For each
patient, three readings were taken for all the variables by a single
operator and an average of them were incorporated into the data-
base to minimize the variability which was 4.1%.

A standard 2D echocardiographic examination was done, and
the quantitative analysis of left ventricle was performed according
to the recommendations.6 2D EF was derived from LV end-diastolic
volume (EDV) and end-systolic volume (ESV) which was calculated
according to the modified Simpson rule in apical four- and two-
chamber views.

2D and 3D speckle-tracking echocardiography (STE) were per-
formed on the same machine and were analysed as per standard
protocols.7 All the datasets were digitally stored in raw data in the
same ultrasound machine. It was well equipped with the
commercially available software (4D Auto LVQ software, GE
Healthcare) for quantification of 2D-derived GLS, 3D volumetric,
and 3D STE analysis. We calculated 2D GLS as the average of 18
myocardial segments which were recorded in three apical views.



Fig. 1. 2D-derived global longitudinal strain at baseline and after doxorubicin therapy, showing significant reduction in GLS post-chemotherapy.
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According to ASE/EACVI Expert Consensus,8 a reduction of GLS
between pre- and post-chemotherapy examination of more than
15% was considered to be an indicative evidence of subclinical
cardiotoxicity. By 3D echocardiography, LV EDV and ESV and EF (%,
EDV-ESV/EDV� 100) were obtained. 3D GLS, global circumferential
strain (GCS), global area strain (GAS), and global radial strain (GRS)
were calculated as weighted averages of the regional values from
the 18 myocardial segments. In our study, those patients were
excluded in which there was �3 rejected segments while calcu-
lating the strain, and for them global strain values were not
calculated.

2.3. Statistical analysis

Statistical analysis was done by SPSS package version 16 (SPSS
Inc, Chicago, IL, USA). Continuous data were presented as mean



Table 3
Comparison of 3D echocardiographic parameters during chemotherapy.

Variable Post-chemotherapy (n ¼ 46) Baseline (n ¼ 46) Mean Change Mean % Change P-value

3D EF (%) 58.48 ± 4.89 60.63 ± 4.71 �2.15 �3.55% <0.001
3D EDV (ml) 88.02 ± 15.24 85.44 ± 14.97 2.58 3.02% 0.010
3D ESV (ml) 35.82 ± 9.80 33.83 ± 9.70 1.99 5.88% 0.005
3D GLS (%) �9.85 ± 2.14 �13.91 ± 2.16 �4.06 �29.19% <0.001
3D GCS (%) �9.98 ± 3.64 �14.39 ± 4.28 �4.41 �30.65% <0.001
3D GAS (%) �15.78 ± 2.91 �20.13 ± 2.73 �4.35 �21.61% <0.001
3D GRS (%) 20.80 ± 6.97 29.57 ± 5.00 �8.77 �29.66% <0.001

EFe ejection fraction; EDVe end-diastolic volume; ESVe end-systolic volume; GLS e global longitudinal strain; GCSe global circumferential strain; GASe global area strain;
GRS e global radial strain.
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values ± standard deviation, and categorical data were represented
as counts and percentages. Pre- and post-chemotherapy results
were compared by Student paired t-test.

3. Results

In our study, 55 patients were enrolled, out of which 9 patients
were excluded due to poor 3D echocardiographic image quality. A
total of 46 patient were included in the study with complete pre-
chemotherapy 2D standard echocardiographic, 3D volumetric, 2D
strain, and 3D strain analysis. All these patients were having
adequate echocardiographic images at baseline. None of the
Fig. 2. 3D-derived global longitudinal strain at baseline and post-ch
patients had cardiac symptoms or were on cardiac medication at
the time of baseline evaluation and at follow-up examination. All
the patients received a cumulative dose of doxorubicin of less than
550 mg/m2. Follow-up period from the beginning of doxorubicin
therapy was 108 ± 14 days.

Of all the patients included in the study, the mean age was 44.17
years. Most of the patients were in the age group of 36e50 years
(50%), 30.4% were in 51e65 years age group, 15.2% in 18e35 years
age group, and rest 4.3% were of age below 18 years.

Majority of the patients included in study were female (82.6%).
Most of the patients were having breast cancer (40 patients). No
patient in the study group had diabetes mellitus and dyslipidemia.
emotherapy showing significant reduction post-chemotherapy.
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None of the patients were smoker. Moreover, 5 out of 46 patients
were hypertensive. Baseline demographics are detailed in Table 1.

According to the standard 2D echocardiography evaluation, no
significant difference was observed in pre- and post-chemotherapy
patients, in terms of EF, EDV, and ESV (Table 2). However, there was
significant difference observed in 2D-derived average GLS of LV in
pre- and post-chemotherapy state with a mean percent change of
18.33% and a P-value of <0.001 (Fig. 1) (Table 3).

On 3D volumetric analysis, we found that there was significant
difference in EF, EDV, and ESV in pre- and post-chemotherapy state.
Mean percent change in 3D EF was a decrease by 3.55% with a P-
value of <0.001 which was significant. Mean percent change in EDV
was an increase by 3.02% with a P-value of 0.010 which was sig-
nificant. Mean percent change in ESVwas an increase by 5.88% with
a P-value of 0.005 (Table 3).

On 3D STE analysis, it was found that all 3D strain parameters
were significantly reduced after chemotherapy. 3D GLS reduced by
a mean of 29.19% with a P-value of <0.001(Fig. 2). 3D GCS reduced
by a mean of 30.65% and a P-value of <0.001 (Fig. 3). 3D GAS
reduced by a mean of 21.61% and a P-value of <0.001 (Fig. 4). 3D
GRS changed by a mean of 8.77 with a mean percent change of
29.66% and a P-value of <0.001 (Fig. 5).

Of note, no patient had a fall of EF to less than 50% both by
standard 2D echocardiography as well as 3D volumetric analysis
after chemotherapy.
Fig. 3. 3D-derived global circumferential strain at baseline and post-c
4. Discussion

In this study, the diagnostic value of conventional standard 2D
echocardiography, 2D-derived global longitudinal strain, 3D volu-
metric analysis, and 3D-derived strain parameters were tested for
early detection of LV function in malignancy patients who under-
went doxorubicin-based chemotherapy. Major findings of our study
are as follows: on standard 2D echocardiographic examination, 2D-
derived EF is not adequately useful in detecting the early changes in
LV function; by 2D-derived GLS parameters, subclinical alteration of
LV longitudinal function can be detected early in the course; 3D
volumetric assessment for ejection fraction helps in identifying the
EF alterations not identified upon standard 2D EF quantification
techniques; 3D-derived STE clearly demonstrates the alteration of
LV myocardial mechanics including all the strain components.

Cardiotoxicity as an adverse event of chemotherapy includes a
range of cardiac problems, including heart failure, myocardial
ischemia or infarction, hypertension, thromboembolism, and ar-
rhythmias.9 Extent of cardiotoxicity depends upon many factors
relating to the chemotherapy used as well as patients, such as type
of drug, dose administered during each cycle, cumulative dose,
schedule of administration, route of administration, combination of
other cardiotoxic drugs, or association with radiotherapy, pre-
existing heart disease, history of hypertension, and age >65
years.10 Therefore, timely diagnosis of chemotherapy-induced
hemotherapy showing significant reduction post-chemotherapy.



Fig. 4. 3D-derived global area strain at baseline and post-chemotherapy showing significant reduction post-chemotherapy.
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cardiotoxicity becomes helpful as it allows to modify dose,
administration rate, time, or use of analogous drugs which may
reduce the extent of cardiotoxicity without any need for discon-
tinuation of chemotherapy cycles.11 Thus, in this study, we exam-
ined the presence of any cardiotoxicity after completion of four
cycles of chemotherapy, which would help in further management
of chemotherapy patients accordingly. We measured strains from
various perspectives and observed significant changes in all pa-
rameters of strains through 3D echocardiography. The literature
states that in addition to longitudinal strain, the reductions in radial
strain, circumferential strain, or area strain are also found to get
reduced after chemotherapy; however, these depict higher vari-
ability and lower reproducibility as compared to GLS. Parallel to
this, a meta-analysis also stated that a relative reduction of 10e15%
of GLS may be applied to predict subsequent cardiotoxicity in
chemotherapy patients.12 Similarly, in this study, we have found a
change of 29.19% in GLS through 3D echocardiography, which
predicts the prognostic cardiotoxic effects of chemotherapy. Pre-
viously, Baratta et al studied 36 breast cancer patients who had
received trastuzumab or doxorubicin with echocardiography done
at baseline, 2, 3, 4 and 6 months after initiation of therapy and
reported a GLS decline of �15% at 3 months.13 In another study,
Sawaya and colleagues included 43 patients with breast cancer
under the treatment of anthracycline or trastuzumab. On per-
forming echocardiography at baseline and at 3 and 6 months, a
fall in GLS >10% at 3 months was observed.14 Hence, it can be taken
into consideration that GLS by STE is the most useful parameter for
predicting subsequent global LV chamber dysfunction and EF
reduction.

In addition to early diagnosis using strain imaging, modification
of treatment regimen or combining chemotherapeutic treatment
with prophylactic drugs can be applied. Emerging evidence, like a
study by Cardinale et al15 suggests that certain medications, such as
the initiation of enalapril or carvedilol early during the chemo-
therapy, may slow the progression of LV dysfunction and thereby
lower the incidence of heart failure and mortality.13 The SUCCOUR
trial is an ongoing randomized control trial which will define the
place of GLS measurement for surveillance of patients receiving
cardiotoxic chemotherapy.16
4.1. Study limitations

The major limitations of our study were a short follow-up
duration and relatively small number of study subjects. This led
to obvious reflections on the absence of clinical events as well as
lack of development of overt cardiotoxicity and low rate of reduc-
tion in LV systolic functionwhich could be revealed by 2D and 3D EF
evaluation. A longer follow-up period with a greater number of
patients would point out even a small change in strain or EF as



Fig. 5. 3D-derived global radial strain at baseline and post-chemotherapy showing significant reduction post-chemotherapy.
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shown in this study will be of more clinical importance. Due to this,
it was not possible to establish the predictive value of the identified
2D or 3D signs of subclinical cardiac damage. However, in this
study, we intentionally studied the effect of doxorubicin cycles
which have a well-defined time duration and can predispose to
subsequent cardiotoxicity due to trastuzumab. 3D echocardiogra-
phy was able to detect small changes in ejection fractionwhich was
not detectable by 2D echocardiography. In addition, the image
quality as obtained by 3D echo was not of that quality as expected
which led to the baseline and post-chemotherapy discrepancies in
3D strain parameters, due to which out of 55 patients enrolled for
study complete data of only 46 patients were analysed.
5. Conclusion

Myocardial dysfunction induced by cardiotoxic chemotherapy
can be detected earlier by using 2D GLS, 3D volumetric analysis, and
3D strain analysis by calculating GLS, GCS, GRS, and GAS. These
newer techniques could potentially improve the ability for early
detection of subclinical abnormalities of LV function in patients
undergoing cardiotoxic chemotherapy. Overall, our findings
confirm the ability of advanced echocardiography techniques in
detecting subclinical cardiotoxicity, a possible advantage for pre-
vention of overt LV dysfunction through timely initiation of car-
dioprotective therapy along with 3D echocardiography standing
out to be at advantage in detecting small changes in left ventricular
functions over 2D echocardiography at the cost of slightly poorer
image quality acquisition.
Conflicts of interest

There is no conflict of interest.
References

1. Tan TC, Scherrer-Crosbie M. Assessing the cardiac toxicity of chemotherapeutic
agents: role of echocardiography. Curr Cardiovasc Imaging Rep. 2012;5(6):
403e409.

2. Wang C-L, Chu P-H. Echocardiography for evaluation of oncology therapy-
related cardiotoxicity. Acta Cardiol Sin. 2016;32(5):560.

3. Tadic M, Cuspidi C. The role of echocardiography in detection of
chemotherapy-induced cardiotoxicity in breast cancer patients. Int J Cancer
Manag. 2017;10(5).

4. Cheng S, Larson MG, McCabe EL, et al. Reproducibility of speckle-tracking-
based strain measures of left ventricular function in a community-based
study. J Am Soc Echocardiogr. 2013;26(11):1258e1266. e2.

5. Baysan O, Ocaklı EP, Saglam Y, Altuner TK. Advances in echocardiography:
global longitudinal strain, intra-cardiac multidirectional flow imaging and
automated 3d volume analysis. Heart Vessel Transplant. 2018;2(4):113e122.

6. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber
quantification by echocardiography in adults: an update from the American
Society of Echocardiography and the European Association of Cardiovascular
Imaging. Eur Heart J Cardiovasc Imaging. 2015;16(3):233e271.

7. Galderisi M, Nistri S, Mondillo S, et al. Methodological approach for the
assessment of ultrasound reproducibility of cardiac structure and function: a
proposal of the study group of Echocardiography of the Italian Society of
Cardiology (Ultra Cardia SIC) part I. Cardiovasc Ultrasound. 2011;9(1):26.

http://refhub.elsevier.com/S0019-4832(19)30699-6/sref1
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref1
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref1
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref1
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref2
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref2
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref3
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref3
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref3
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref4
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref4
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref4
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref4
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref5
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref5
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref5
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref5
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref5
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref6
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref6
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref6
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref6
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref6
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref7
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref7
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref7
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref7


S. Alam et al. / Indian Heart Journal 71 (2019) 468e475 475
8. Plana JC, Galderisi M, Barac A, et al. Expert consensus for multimodality im-
aging evaluation of adult patients during and after cancer therapy: a report
from the American Society of Echocardiography and the European Association
of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging. 2014;15(10):
1063e1093.

9. Yeh ET, Bickford CL. Cardiovascular complications of cancer therapy: incidence,
pathogenesis, diagnosis, and management. J Am Coll Cardiol. 2009;53(24):
2231e2247.

10. Von Hoff DD, Layard MW, Basa P, et al. Risk factors for doxorubicin-lnduced
congestive heart failure. Ann Intern Med. 1979;91(5):710e717.

11. Slamon D, EiermannW, Robert N, et al. Adjuvant trastuzumab in HER2-positive
breast cancer. N Engl J Med. 2011;365(14):1273e1283.

12. Thavendiranathan P, Poulin F, Lim K-D, Plana JC, Woo A, Marwick TH. Use of
myocardial strain imaging by echocardiography for the early detection of
cardiotoxicity in patients during and after cancer chemotherapy: a systematic
review. J Am Coll Cardiol. 2014;63(25 Part A):2751e2768.
13. Baratta S, Damiano MA, Marchese ML, et al. Serum markers, conventional
Doppler echocardiography and two-dimensional systolic strain in the diag-
nosis of chemotherapy-induced myocardial toxicity. Argent J Cardiol.
2013;81(2):133e138.

14. Sawaya H, Sebag IA, Plana JC, et al. Early detection and prediction of car-
diotoxicity in chemotherapy-treated patients. Am J Cardiol. 2011;107(9):
1375e1380.

15. Cardinale D, Colombo A, Lamantia G, et al. Anthracycline-induced cardiomy-
opathy: clinical relevance and response to pharmacologic therapy. J Am Coll
Cardiol. 2010;55(3):213e220.

16. Negishi T, Thavendiranathan P, Negishi K, et al. Rationale and design of the
strain surveillance of chemotherapy for improving cardiovascular outcomes:
the SUCCOUR trial. JACC (J Am Coll Cardiol): Cardiovasc Imaging. 2018;11(8):
1098e1105.

http://refhub.elsevier.com/S0019-4832(19)30699-6/sref8
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref8
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref8
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref8
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref8
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref8
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref9
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref9
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref9
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref9
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref10
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref10
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref10
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref11
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref11
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref11
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref12
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref12
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref12
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref12
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref12
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref13
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref13
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref13
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref13
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref13
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref14
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref14
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref14
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref14
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref15
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref15
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref15
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref15
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref16
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref16
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref16
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref16
http://refhub.elsevier.com/S0019-4832(19)30699-6/sref16


Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited
345

Original Article Cardiol Res. 2019;10(6):345-349

Short-Term Clinical Follow-Up After Thrombolytic Therapy in 
Patients With Prosthetic Valve Thrombosis:  

A Single-Center Experience

Akshyaya Pradhana, b, Monika Bhandaria, Vikas Guptaa, Pravesh Vishwakarmaa, Rishi Sethia, 
 Varun Shankar Naraina, Gaurav Chaudharya, Sharad Chandraa, Sudhanshu Dwivedia

Abstract

Background: Thrombolytic therapy has evolved as an alternative to 
surgery for prosthetic valve thrombosis (PVT). Therefore, this retro-
spective, single-center study aimed to evaluate the clinical profile of 
PVT and the role of thrombolytic therapy in patients with PVT.

Methods: Data from a total of 16 consecutive patients with PVT 
enrolled between January 2017 and January 2018 at a tertiary care 
center in India were retrospectively evaluated. PVT was diagnosed 
based on clinical presentation, transthoracic echocardiography, and 
fluoroscopy. All patients received 0.25 MU intravenous (IV) bolus 
streptokinase over 30 min, followed by a 0.1 MU/h IV infusion for a 
maximum of 72 h. Transthoracic echocardiography and fluoroscopy 
were repeated after completion of thrombolysis session. The clini-
cal endpoints were death and hemodynamic success within 24 h of 
thrombolytic therapy or during the hospital stay, and major complica-
tions, including stroke or major bleeding (intracranial bleed or bleed-
ing requiring transfusion or surgical treatment) during the hospital 
stay and within 3 months of thrombolytic therapy.

Results: The median age of the patients was 40 ± 11.60 years and 
about 62.5% (n = 10) were females. The median time between the 
valve placement and presentation for PVT was 3 years (range: 1 - 
4 years). The peak gradient across the thrombotic mitral and aortic 
valve was 43.79 ± 18.47 and 93.5 ± 33.11 mmHg, respectively. At 3 
days post-thrombolysis, peak gradient across both mitral valve (15.91 
± 7.56; mean gradient: 8.45 ± 4.01) and aortic valve (23.50 ± 6.45; 
mean gradient: 13.60 ± 3.83) decreased significantly (P ≤ 0.05). The 
thrombolytic therapy was successful in 13 (81.25%) patients. While, 
two (12.50%) patients died, none developed stroke or myocardial in-
farction during the study period.

Conclusions: The present study with short-term follow-up dem-

onstrated the acceptable clinical efficacy of thrombolytic therapy. 
However, larger trials with a greater number of patients and longer 
follow-up are warranted to establish the safety and effectiveness of 
thrombolytic therapy in patients with PVT.

Keywords: Prosthetic valve thrombosis; Thrombolytic therapy; 
Streptokinase

Introduction

Prosthetic valve thrombosis (PVT) is a life-threatening com-
plication after valve replacement and depends mainly on the: 
1) valve design (the risk of PVT is higher with caged-ball 
type valves vs. bileaflet, tilting disc valves); 2) structure 
(PVT risk is higher for mechanical vs. bioprosthetic valves); 
and 3) location (risk of PVT is higher in mitral vs. aortic po-
sition) [1]. The incidence of PVT is 1 - 2 per patient-year, de-
spite improvements in the design of prosthetic heart valves, 
and the use of anticoagulant therapy and better surgical tech-
niques [2, 3]. The 11-year probability of PVT in patients with 
bioprosthetic or mechanical valves on the left-side (mitral 
or aortic position) is 0.01% to 0.02% [4]. Left-sided PVT 
is rare than right-sided PVT in developed countries, but its 
prevalence is 6.1% within 6 months of valve replacement in 
India [5].

Treatment options for left-sided PVT mainly include 
surgery, thrombolysis, anticoagulant therapy and antiplatelet 
therapy, depending upon the prosthesis location, thrombus 
size and clinical status [1]. Surgery is the first-line of treat-
ment for obstructive left-sided PVT. However, reported intra-
operative mortality in critically-ill patients is as high as 50% 
[6, 7]. Thrombolytic therapy (TT) is an alternative to surgical 
treatment, which can be used in patients with stable clinical 
condition and small thrombus [1, 6, 8]. However, TT may be 
associated with a high risk of emboli formation and hence, is 
reserved for high-risk surgical candidates [9, 10]. In low-risk 
patients, the use of TT remains controversial.

We report a single-center experience of TT with strepto-
kinase in a small cohort of patients with PVT who underwent 
primary aortic valve replacement or mitral valve replacement 
at a tertiary care center. We retrospectively evaluated the short-
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term outcomes of this patient cohort.

Patients and Methods

Data was retrospectively collected from patients with PVT 
who underwent primary aortic valve or mitral valve replace-
ment at a tertiary care center in India between January 2017 
and January 2018. The study protocol was approved by the 
institutional ethics committee at the study center. This study 
was conducted in compliance with the ethical standards of the 
responsible institution on human subjects as well as with the 
Helsinki Declaration. The aortic or mitral valve implanted in 
the patients were mechanical valves (St. Jude Medical pros-
thesis valves (SJM-25, 29, 27, 31) and ATS prosthesis valves). 
The diagnosis of PVT was based on clinical presentation, 
transthoracic echocardiography (TTE) and fluoroscopy. Pa-
tients complaining of dyspnoea, chest pain, syncope, or palpi-
tation; showing a high-pressure gradient across the prosthetic 
valve on TTE; and reduced or fixed leaflet mobility on fluor-
oscopy were considered to have PVT and were included in the 
study. Patients with endocarditis, non-obstructive thrombosis 
or patients with a prosthesis mismatch (characterized by high 
gradients on TTE but normal leaflet motion on fluoroscopy) 
were excluded from the study. Informed consent was obtained 
from all the enrolled patients. All patients received 0.25 MU 
intravenous (IV) bolus streptokinase over 30 min, followed 
by a 0.1 MU/h IV infusion for a maximum of 72 h. TTE and 
fluoroscopy were repeated after the completion of thromboly-
sis session. After successful thrombolysis, patients were re-
started on acenocoumarol/warfarin (anticoagulant therapy) 
according to the prothrombin time international normalized 
ratio (INR). Patients with no or subtherapeutic response af-
ter TT were advised valve replacement therapy. The patients 
were closely followed up clinically and telephonically for 3 
months after TT.

Endpoints and definitions

The clinical outcomes were death or absence of hemodynamic 
response, and hemodynamic success within 24 h of TT and 
major complications including stroke or major bleeding (in-
tracranial bleed or bleeding requiring transfusion or surgical 
treatment) during the hospital stay or within 3 months of TT. 
Death or absence of hemodynamic response was considered as 
failure of TT, whereas normalization of transvalvular gradients 
irrespective of leaflet mobility was considered as hemodynam-
ic success [11].

Statistical analysis

Statistical analysis was performed using SPSS version 16.0. 
Data was expressed as mean ± standard deviation (SD) or fre-
quency (percentage). Paired t-test or Wilcoxon-Rank test was 
used to analyse statistical significance. A P value of < 0.05 was 
considered as significant.

Results

Baseline characteristics

A total of 16 patients with PVT were enrolled with mean age 
of 40 ± 11.60 years; 10 (62.5%) were females. About 68.8% 
of patients underwent mitral valve replacement. The distribu-
tion of the affected valves and the type of surgery are shown 
in Figure 1. The median time between the valve placement 
and presentation for PVT was 3 years (range: 1 - 4 years). 
The symptoms at presentation were mainly dyspnoea (15, 
93.75%), followed by chest pain, syncope, and palpitation. 
While one (6.25%) patient was in New York Heart Associa-
tion (NYHA) class III, seven (43.75%) were in NYHA class 
I and four (25.00%) were in NYHA class II. All patients 
were on acenocoumarol/warfarin (anticoagulation therapy). 
Subtherapeutic international normalized ratio (INR < 1.6) 
was found in 14 (87.5%) patients, out of which two patients 
stopped taking drugs 2 days before admission, while one had 
stopped drugs due to rectal bleeding. Other baseline charac-
teristics are shown in Table 1.

Study outcomes

The peak gradient across the thrombotic mitral valve was 43.79 
± 18.47 mmHg (mean gradient: 24.06 ± 8.76) whereas the peak 
gradient across the thrombotic aortic valve was 93.5 ± 33.11 
mmHg (mean gradient: 57.50 ± 26.71). Three days after throm-

Figure 1. Details of: (a) type of affected valve; (b) type of surgery. AVR: 
aortic valve replacement; MVR: mitral valve replacement; DVR: double 
valve replacement.
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bolysis, the peak gradient across both mitral valve (15.91 ± 7.56; 
mean gradient: 8.45 ± 4.01) and aortic valve (23.50 ± 6.45; mean 
gradient: 13.60 ± 3.83) decreased significantly as compared to 
the peak gradient prior to TT (P ≤ 0.05). The TT was hemody-
namically successful in 13 (81.25%) patients. Over the 3 months 
period, two (12.50%) patients died. None of the patients suf-

fered from a stroke or myocardial infarction (Table 2).

Discussion

The current guidelines have emphasized on early diagnosis and 

Table 1.  Baseline and Demographic Characteristics of the Study Population

Baseline and demographic characteristics (N = 16)
Age, years (mean ± SD) 40 ± 11.60
Gender, n (%)
  Male 6 (37.5%)
  Female 10 (62.5%)
Presentation time after surgery (years), median (IQR) 3 (1 - 4)
Subtherapeutic INR (< 1.6), n (%) 14 (87.5%)
Symptom duration
  < 10 days, n (%) 13 (81.2%)
  ≥ 10 days, n (%) 3 (18.8%)
Rhythm per minute, mean ± SD 107.38 ± 20.25
Systolic BP (mm Hg), mean ± SD 109.14 ± 16.98
Diastolic BP (mm Hg), mean ± SD 66 ± 8.38
Hemoglobin (g/dL), mean ± SD 11.81 ± 1.69
Serum creatinine (mg/dL), mean ± SD 1.24 ± 0.87
MDRD eGFR (mL/min/1.73 m2), mean ± SD 75.38 ± 35.30
Dyspnea, n (%) 15 (93.75%)
NYHA function class, n (%)
  NYHA II 1 (6.25%)
  NYHA III 7 (43.75%)
  NYHA IV 8 (50%)
LVEF %, n (%)
  > 60 6 (37.5%)
  < 60 10 (62.5%)

IQR: interquartile range; BP: blood pressure; LVEF: left ventricular ejection fraction; MDRD: modification of diet in renal disease; eGFR: estimated 
glomerular filtration rate; NYHA: New York Heart Association; AVR: aortic valve replacement; MVR: mitral valve replacement; DVR: double valve 
replacement; SD: standard deviation; INR: international normalized ratio.

Table 2.  Clinical Outcomes

Transvalvular gradient Pre-thrombolysis 3 days post-thrombolysis P value
Mitral valve
  Peak gradient mean ± SD 43.79 ± 18.47 15.91 ± 7.56 < 0.05
  Mean gradient, mean ± SD 24.06 ± 8.76 8.45 ± 4.01 < 0.05
Aortic valve
  Peak gradient mean ± SD 93.5 ± 33.11 23.50 ± 6.45 < 0.05
  Mean gradient, mean ± SD 57.50 ± 26.71 13.60 ± 3.83 < 0.05
Thrombolysis failure/death 2 (12.50%)
Hemodynamic success 13 (81.25%)

SD: standard deviation.
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urgent treatment of patients with PVT with either TT or surgery. 
Low surgical risk, NYHA functional class III/IV, contraindi-
cation to fibrinolysis, recurrent valve thrombosis, possible or 
suspected pannus, large clot (> 1.0 cm2), mobile thrombus > 
0.3 cm in diameter, presence of left atrial thrombus, absence 
of need of coronary artery bypass graft surgery (CABG) for 
concomitant coronary artery disease and availability of expert 
surgical team favour surgical treatment for PVT. On the con-
trary, factors which favour TT include: 1) high surgical risk; 2) 
NYHA I/II functional class; 3) first episode of PVT; 4) presence 
of mass consistent with thrombus; 5) presence of a small clot 
(< 1 cm2) without any contraindication for surgery; 6) absence 
of immediate surgical expertise; and 7) need for cardiac surgery 
for other indications (e.g. CABG). For non-obstructive left-sid-
ed PVT and stable obstructive PVT, medical stabilization with 
diuretics and optimization of anticoagulation with unfraction-
ated heparin (UFH) followed by vitamin K antagonists and as-
pirin is recommended. For right-sided PVT, either optimization 
of anticoagulation therapy or TT, depending upon clinical con-
dition may be suitable [12]. In resource-limited settings like In-
dia, considering the high cost and high intraoperative mortality 
of surgery for PVT, and unavailability of surgical expertise at 
all centers and at all time points [12], TT may be preferred over 
surgery, especially in centers without onsite surgical backup.

The current study confirms the clinical effectiveness of 
streptokinase as TT in patients with PVT in terms of high 
hemodynamic success and less mortality. Among the enrolled 
patients, all had left-sided PVT with maximum (68.8%) cases 
of mitral valve thrombosis. Further, majority (68.75%) of the 
patients were in the NYHA class I and II, 87.5% patients had 
subtherapeutic anticoagulation (INR < 1.6 in 14 patients) and 
showed a significantly decreased transvalvular gradient (P < 
0.05) after TT. Few studies have reported 69-75% rate of in-
adequate anticoagulation and 2 - 3 times more prevalence of 
mitral valve vs. aortic valve thrombosis [13, 14].

A systematic review of trials of TT in PVT patients, report-
ed that the success rate of TT ranged from 58% to 90%, the 30-
day mortality rate ranged from 0.8% to 16.7%, the rate of throm-
boembolism ranged from 1.7% to 17.6%, and major bleeding 
ranged from 1.7% to 12% [15]. Another review which included 
Indian studies with sample size ranging from 10 to 119 reported 
a success rate of 59-100% [16]. In the current study, the sample 
size was 16 with observed success rate of 81.25% and mortality 
of 12.50% over 3-month follow-up. There were no complica-
tions of stroke or myocardial infarction. The high success rate 
may be due to the inclusion of less critical patients in the study, 
small sample size and prolonged duration of treatment (up to 72 
h). A study conducted by Karthikeyan et al [17] reported a suc-
cess rate of only 59% in NYHA class III/IV patients. Other stud-
ies have reported that TT is not efficacious in restoring the valve 
function in patients with recurrent PVT [18, 19]. In contrast, 
the meta-analysis conducted by Karthikeyan et al [20] which 
included 690 patients with PVT, concluded that emergency sur-
gery is non-superior than TT in restoring the valve functions.

Study limitations

The current study has few limitations. First, it is a single-center 

experience with small sample size. Second, long-term follow-
up was not conducted in the study.

Conclusions

In the present study, TT was hemodynamically successful with 
low short-term mortality in patients with left-sided PVT (ma-
jorly mitral valve thrombosis). Long-term studies in larger pa-
tient cohorts are needed to further establish the clinical efficacy 
and safety of TT in patients with PVT.
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Summary
Nephrocutaneous fistula is a rare complication of surgical 
procedures involving the kidney. Fistula formation is also 
a complication seen in gossypiboma. We present the 
case of a patient who was initially suspected to have 
nephrocutaneous fistula after open pyelolithotomy. Later 
while undergoing open resection of fistula, he was found 
to have a retained surgical sponge (gossypiboma) near 
the lower pole of kidney. Gossypiboma is a term used 
for mass formed around a surgical sponge accidentally 
left in the body. It is most of the times not diagnosed 
by radiological imaging and thus results in unnecessary 
investigations to rule out other causes for the patient’s 
symptoms. Having a high index of suspicion may lead to 
an earlier diagnosis. But the prevention of gossypiboma 
is of the utmost importance. a meticulous approach 
while operating by the surgeon and operating rooms 
staff is very important in doing so.

BaCkground 
Gossypiboma or retained surgical sponge is a rare 
complication of any surgical procedure. It has a wide 
variety of symptomatic presentations and in some 
cases may remain asymptomatic. It has got certain 
characteristic features on radiological imaging but 
most of the times, it is diagnosed during therapeutic 
procedures for some other differential diagnoses. 
It has got medicolegal issues as well. We present 
the case of a young man who was being treated for 
nephrocutaneous fistula (NCF) after undergoing 
open pyelolithotomy but was eventually found to 
have gossypiboma.

CaSe preSenTaTion
A 27-year-old man presented to us with a complaint 
of persistent serous discharge from a small opening 
on the surgical scar on his right flank. He had under-
gone open pyelolithotomy for renal calculus 1 year 
previously at some other centre. Two weeks postsur-
gery, he developed serous discharge from his wound 
that did not subside. Subsequently he developed a 
small fistulous opening there, which discharged 
around 100 mL urine per day. Then a provisional 
diagnosis of NCF was made. The 5F JJ-stent that 
was placed after the surgery was replaced with a 
larger 8F JJ-stent. The discharge reduced to around 
50 mL per day but was still persistent. His JJ-stent 
had been replaced twice in the past year.

inveSTigaTionS
His routine blood investigations were within 
normal limits and were as follows:

 ► Haemoglobin: 14.8 g/dL
 ► Total leucocyte counts: 8 800/mm3

 ► Serum creatinine: 1.1 mg/dL
 ► Serum sodium: 141 mmol/L
 ► Serum potassium: 3.9 mmol/L
 ► Random blood sugar: 88 mg/dL
 ► International normalised ratio: 1
The culture and sensitivity of the fluid initially 

was positive for Escherichia coli and antibiotics 
were given as per the sensitivity reports. Subse-
quent cultures were sterile. To rule out tuberculosis, 
a cartridge-based nucleic amplification test of the 
fluid from the fistula was done, which was negative. 
He already had an intravenous urography (IVU), a 
fistulogram, a renal scan and biopsy from the fistu-
lous tract with him when he presented to us. His 
IVU had normally excreting bilateral kidneys, but 
no fistulous tract was visualised (figure 1A). Fistulo-
gram demonstrated a tract but the contrast did not 
show any definitive communication with the kidney 
(figure 1B). His renal scan (after JJ-stent removal) 
showed impaired function of right kidney (split 
function 41%) with hydronephrosis but an unob-
structed drainage. The biopsy that was done was 
suggestive of granulomatous tissue in the fistulous 
tract. We then got a contrast-enhanced CT scan of 
the abdomen done. The CT scan was suggestive of 
a loculated thick-walled collection near the lower 
pole of right kidney of size 5.3×4.9×4.5 cm, with 
specks of air in it (figure 2). There was commu-
nication of this collection with skin, but no 

Figure 1 (A) IVU film showing normally 
excreting kidneys but no fistula. (B) Fistulogram 
demonstrating the fistula and a cavity (arrow) but no 
definitive communication with the renal collecting 
system. IVU, intravenous urography. 
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communication was demonstrated with the pelvicalyceal system 
of the right kidney.

TreaTmenT
The patient was planned for surgical excision of the fistulous 
tract under anaesthesia. Incision was given over the previous 
scar and the fistulous tract was followed. The hard cavity with 
the collection was reached and opened. Surprisingly it contained 
a surgical sponge from the previous open pyelolithotomy 
(figure 3). The cavity was adherent to the kidney and large bowel 
so was not excised in total but the sponge was removed and the 
cavity curetted. A drain was placed and the incision was closed.

ouTCome and Follow-up
The drain was removed on the third day. Two months after the 
surgery, the patient is doing fine without any complains.

diSCuSSion
NCF is a rare complication of renal disease. The kidney is 
surrounded by Gerota’s fascia and perinephric fat and these 
act as the only intervening layer around it and this aids in 

pathogenesis of NCF. The various aetiologies for NCF include 
renal calculus disease, chronic pyelonephritis, tuberculosis, trau-
matic and iatrogenic (post surgery). In the developed countries, 
iatrogenic NCFs are most common.1 A NCF may be simple or 
complex. Direct NCFs are classified as simple, whereas indirect 
NCFs and those with communication with other organs are clas-
sified as being complex NCF. Simple NCFs usually respond to 
conservative measures such as local hygiene. Complex NCFs 
require interventions in the form of JJ-stent placement or open 
surgery.2 Gossypiboma is a term used for a mass formed around 
cotton matrix (surgical sponge) accidentally left in the body. The 
origin of this term is from Latin word gossypium that means 
cotton.3 The pathophysiology includes a foreign body reaction 
that occurs around it. Two types of reactions are described: 
exudative and aseptic fibrinous. This may result into formation 
of abscesses, granulomas, fistulas and pseudotumours.4 Most 
commonly gossypiboma is found in the abdominal cavity. The 
risk factors for gossypiboma include emergency surgery, surgical 
team fatigue, high body mass index and unplanned changes in 
surgical strategy.5 The symptoms of a gossypiboma are due to 
the foreign body reaction around it. It may be asymptomatic in 
one-third cases. The interval for symptoms to arise may range 
from few days to 24 years.6 When symptomatic, a very high index 
of suspicion is required to make a diagnosis of gossypiboma.

Gossypiboma may be suspected on a plain X-ray if there are 
radio-opaque markers on the surgical sponge. No such markers 
were visualised in our case. The other investigations that are 
helpful are ultrasonography and CT scan. On CT scan, the char-
acteristic appearance is that of spongiform low-density hetero-
geneous mass containing air bubbles. There is usually a capsule 
surrounding it and may have calcifications. But still a high index 
of suspicion is required.7 In our patient, a CT scan was not done 
previously. If it were done earlier, it probably would have helped 
in patient management, thus probably it is wise to get a CT done 
early if such cases are encountered. The measures to prevent such 
complication include maintaining strict count of surgical sponges, 
a meticulous exploration of surgical site before closure and use 
of radio-opaque markers on surgical sponges.6 In our patient, 
there were no radio-opaque markers on the surgical sponge. In 
many parts of the world, it is a serious medicolegal issue if there 

Figure 2 CT scan showing the collection (which was eventually found 
to be gossypiboma) near lower pole of right kidney (arrow).

Figure 3 (A): The external opening of the fistula (arrow). (B, C) The 
forgotten surgical sponge being removed. (D) The removed surgical 
sponge.

learning points

 ► In a chronic complication such as nephrocutaneous 
fistula after a previous surgery, the remote possibility of 
gossypiboma should be kept as differential diagnosis.

 ► CT scan is the best imaging modality to diagnose 
gossypiboma but diagnosing gossypiboma on imaging 
requires a high index of suspicion.

 ► Although gossypiboma are rare still, if an early diagnosis 
is made then the patient is spared from unnecessary 
investigations to rule out other causes of the symptoms.

 ► The standard operating procedures that oblige all the 
personnel at the operating theatre, to use radio-opaque 
surgical sponges and all the sponges and the rest of the 
instruments be counted by two persons independently, have 
to be followed strictly, or else serious medicolegal issues may 
rise up.

 ► The surgeons should always have in their mind to ask for a 
proper count of all the sponges and the rest of instruments 
and to explore carefully the entirety of the operating field 
before the surgical closure.
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are no radio-opaque markers on the surgical sponge. Unfortu-
nately, in India still the use of radio-opaque markers in surgical 
sponges is not mandatory. Usually open surgery is required to 
remove a gossypiboma but laparoscopic and percutaneous tech-
niques have also been described.8 This complication has various 
legal issues as this leads to unnecessary morbidity for the patient. 
Most of the times, the patient is misdiagnosed and investigated 
in lines with other diagnosis as happened in our case.6 9 It is thus 
best that this condition is prevented at all cost.
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Summary
Nephrocutaneous fistula is a rare complication of surgical 
procedures involving the kidney. Fistula formation is also 
a complication seen in gossypiboma. We present the 
case of a patient who was initially suspected to have 
nephrocutaneous fistula after open pyelolithotomy. Later 
while undergoing open resection of fistula, he was found 
to have a retained surgical sponge (gossypiboma) near 
the lower pole of kidney. Gossypiboma is a term used 
for mass formed around a surgical sponge accidentally 
left in the body. It is most of the times not diagnosed 
by radiological imaging and thus results in unnecessary 
investigations to rule out other causes for the patient’s 
symptoms. Having a high index of suspicion may lead to 
an earlier diagnosis. But the prevention of gossypiboma 
is of the utmost importance. a meticulous approach 
while operating by the surgeon and operating rooms 
staff is very important in doing so.

BaCkground 
Gossypiboma or retained surgical sponge is a rare 
complication of any surgical procedure. It has a wide 
variety of symptomatic presentations and in some 
cases may remain asymptomatic. It has got certain 
characteristic features on radiological imaging but 
most of the times, it is diagnosed during therapeutic 
procedures for some other differential diagnoses. 
It has got medicolegal issues as well. We present 
the case of a young man who was being treated for 
nephrocutaneous fistula (NCF) after undergoing 
open pyelolithotomy but was eventually found to 
have gossypiboma.

CaSe preSenTaTion
A 27-year-old man presented to us with a complaint 
of persistent serous discharge from a small opening 
on the surgical scar on his right flank. He had under-
gone open pyelolithotomy for renal calculus 1 year 
previously at some other centre. Two weeks postsur-
gery, he developed serous discharge from his wound 
that did not subside. Subsequently he developed a 
small fistulous opening there, which discharged 
around 100 mL urine per day. Then a provisional 
diagnosis of NCF was made. The 5F JJ-stent that 
was placed after the surgery was replaced with a 
larger 8F JJ-stent. The discharge reduced to around 
50 mL per day but was still persistent. His JJ-stent 
had been replaced twice in the past year.

inveSTigaTionS
His routine blood investigations were within 
normal limits and were as follows:

 ► Haemoglobin: 14.8 g/dL
 ► Total leucocyte counts: 8 800/mm3

 ► Serum creatinine: 1.1 mg/dL
 ► Serum sodium: 141 mmol/L
 ► Serum potassium: 3.9 mmol/L
 ► Random blood sugar: 88 mg/dL
 ► International normalised ratio: 1
The culture and sensitivity of the fluid initially 

was positive for Escherichia coli and antibiotics 
were given as per the sensitivity reports. Subse-
quent cultures were sterile. To rule out tuberculosis, 
a cartridge-based nucleic amplification test of the 
fluid from the fistula was done, which was negative. 
He already had an intravenous urography (IVU), a 
fistulogram, a renal scan and biopsy from the fistu-
lous tract with him when he presented to us. His 
IVU had normally excreting bilateral kidneys, but 
no fistulous tract was visualised (figure 1A). Fistulo-
gram demonstrated a tract but the contrast did not 
show any definitive communication with the kidney 
(figure 1B). His renal scan (after JJ-stent removal) 
showed impaired function of right kidney (split 
function 41%) with hydronephrosis but an unob-
structed drainage. The biopsy that was done was 
suggestive of granulomatous tissue in the fistulous 
tract. We then got a contrast-enhanced CT scan of 
the abdomen done. The CT scan was suggestive of 
a loculated thick-walled collection near the lower 
pole of right kidney of size 5.3×4.9×4.5 cm, with 
specks of air in it (figure 2). There was commu-
nication of this collection with skin, but no 

Figure 1 (A) IVU film showing normally 
excreting kidneys but no fistula. (B) Fistulogram 
demonstrating the fistula and a cavity (arrow) but no 
definitive communication with the renal collecting 
system. IVU, intravenous urography. 
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communication was demonstrated with the pelvicalyceal system 
of the right kidney.

TreaTmenT
The patient was planned for surgical excision of the fistulous 
tract under anaesthesia. Incision was given over the previous 
scar and the fistulous tract was followed. The hard cavity with 
the collection was reached and opened. Surprisingly it contained 
a surgical sponge from the previous open pyelolithotomy 
(figure 3). The cavity was adherent to the kidney and large bowel 
so was not excised in total but the sponge was removed and the 
cavity curetted. A drain was placed and the incision was closed.

ouTCome and Follow-up
The drain was removed on the third day. Two months after the 
surgery, the patient is doing fine without any complains.

diSCuSSion
NCF is a rare complication of renal disease. The kidney is 
surrounded by Gerota’s fascia and perinephric fat and these 
act as the only intervening layer around it and this aids in 

pathogenesis of NCF. The various aetiologies for NCF include 
renal calculus disease, chronic pyelonephritis, tuberculosis, trau-
matic and iatrogenic (post surgery). In the developed countries, 
iatrogenic NCFs are most common.1 A NCF may be simple or 
complex. Direct NCFs are classified as simple, whereas indirect 
NCFs and those with communication with other organs are clas-
sified as being complex NCF. Simple NCFs usually respond to 
conservative measures such as local hygiene. Complex NCFs 
require interventions in the form of JJ-stent placement or open 
surgery.2 Gossypiboma is a term used for a mass formed around 
cotton matrix (surgical sponge) accidentally left in the body. The 
origin of this term is from Latin word gossypium that means 
cotton.3 The pathophysiology includes a foreign body reaction 
that occurs around it. Two types of reactions are described: 
exudative and aseptic fibrinous. This may result into formation 
of abscesses, granulomas, fistulas and pseudotumours.4 Most 
commonly gossypiboma is found in the abdominal cavity. The 
risk factors for gossypiboma include emergency surgery, surgical 
team fatigue, high body mass index and unplanned changes in 
surgical strategy.5 The symptoms of a gossypiboma are due to 
the foreign body reaction around it. It may be asymptomatic in 
one-third cases. The interval for symptoms to arise may range 
from few days to 24 years.6 When symptomatic, a very high index 
of suspicion is required to make a diagnosis of gossypiboma.

Gossypiboma may be suspected on a plain X-ray if there are 
radio-opaque markers on the surgical sponge. No such markers 
were visualised in our case. The other investigations that are 
helpful are ultrasonography and CT scan. On CT scan, the char-
acteristic appearance is that of spongiform low-density hetero-
geneous mass containing air bubbles. There is usually a capsule 
surrounding it and may have calcifications. But still a high index 
of suspicion is required.7 In our patient, a CT scan was not done 
previously. If it were done earlier, it probably would have helped 
in patient management, thus probably it is wise to get a CT done 
early if such cases are encountered. The measures to prevent such 
complication include maintaining strict count of surgical sponges, 
a meticulous exploration of surgical site before closure and use 
of radio-opaque markers on surgical sponges.6 In our patient, 
there were no radio-opaque markers on the surgical sponge. In 
many parts of the world, it is a serious medicolegal issue if there 

Figure 2 CT scan showing the collection (which was eventually found 
to be gossypiboma) near lower pole of right kidney (arrow).

Figure 3 (A): The external opening of the fistula (arrow). (B, C) The 
forgotten surgical sponge being removed. (D) The removed surgical 
sponge.

learning points

 ► In a chronic complication such as nephrocutaneous 
fistula after a previous surgery, the remote possibility of 
gossypiboma should be kept as differential diagnosis.

 ► CT scan is the best imaging modality to diagnose 
gossypiboma but diagnosing gossypiboma on imaging 
requires a high index of suspicion.

 ► Although gossypiboma are rare still, if an early diagnosis 
is made then the patient is spared from unnecessary 
investigations to rule out other causes of the symptoms.

 ► The standard operating procedures that oblige all the 
personnel at the operating theatre, to use radio-opaque 
surgical sponges and all the sponges and the rest of the 
instruments be counted by two persons independently, have 
to be followed strictly, or else serious medicolegal issues may 
rise up.

 ► The surgeons should always have in their mind to ask for a 
proper count of all the sponges and the rest of instruments 
and to explore carefully the entirety of the operating field 
before the surgical closure.
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are no radio-opaque markers on the surgical sponge. Unfortu-
nately, in India still the use of radio-opaque markers in surgical 
sponges is not mandatory. Usually open surgery is required to 
remove a gossypiboma but laparoscopic and percutaneous tech-
niques have also been described.8 This complication has various 
legal issues as this leads to unnecessary morbidity for the patient. 
Most of the times, the patient is misdiagnosed and investigated 
in lines with other diagnosis as happened in our case.6 9 It is thus 
best that this condition is prevented at all cost.
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Short-Term Clinical Follow-Up After Thrombolytic Therapy in 
Patients With Prosthetic Valve Thrombosis:  

A Single-Center Experience

Akshyaya Pradhana, b, Monika Bhandaria, Vikas Guptaa, Pravesh Vishwakarmaa, Rishi Sethia, 
 Varun Shankar Naraina, Gaurav Chaudharya, Sharad Chandraa, Sudhanshu Dwivedia

Abstract

Background: Thrombolytic therapy has evolved as an alternative to 
surgery for prosthetic valve thrombosis (PVT). Therefore, this retro-
spective, single-center study aimed to evaluate the clinical profile of 
PVT and the role of thrombolytic therapy in patients with PVT.

Methods: Data from a total of 16 consecutive patients with PVT 
enrolled between January 2017 and January 2018 at a tertiary care 
center in India were retrospectively evaluated. PVT was diagnosed 
based on clinical presentation, transthoracic echocardiography, and 
fluoroscopy. All patients received 0.25 MU intravenous (IV) bolus 
streptokinase over 30 min, followed by a 0.1 MU/h IV infusion for a 
maximum of 72 h. Transthoracic echocardiography and fluoroscopy 
were repeated after completion of thrombolysis session. The clini-
cal endpoints were death and hemodynamic success within 24 h of 
thrombolytic therapy or during the hospital stay, and major complica-
tions, including stroke or major bleeding (intracranial bleed or bleed-
ing requiring transfusion or surgical treatment) during the hospital 
stay and within 3 months of thrombolytic therapy.

Results: The median age of the patients was 40 ± 11.60 years and 
about 62.5% (n = 10) were females. The median time between the 
valve placement and presentation for PVT was 3 years (range: 1 - 
4 years). The peak gradient across the thrombotic mitral and aortic 
valve was 43.79 ± 18.47 and 93.5 ± 33.11 mmHg, respectively. At 3 
days post-thrombolysis, peak gradient across both mitral valve (15.91 
± 7.56; mean gradient: 8.45 ± 4.01) and aortic valve (23.50 ± 6.45; 
mean gradient: 13.60 ± 3.83) decreased significantly (P ≤ 0.05). The 
thrombolytic therapy was successful in 13 (81.25%) patients. While, 
two (12.50%) patients died, none developed stroke or myocardial in-
farction during the study period.

Conclusions: The present study with short-term follow-up dem-

onstrated the acceptable clinical efficacy of thrombolytic therapy. 
However, larger trials with a greater number of patients and longer 
follow-up are warranted to establish the safety and effectiveness of 
thrombolytic therapy in patients with PVT.

Keywords: Prosthetic valve thrombosis; Thrombolytic therapy; 
Streptokinase

Introduction

Prosthetic valve thrombosis (PVT) is a life-threatening com-
plication after valve replacement and depends mainly on the: 
1) valve design (the risk of PVT is higher with caged-ball 
type valves vs. bileaflet, tilting disc valves); 2) structure 
(PVT risk is higher for mechanical vs. bioprosthetic valves); 
and 3) location (risk of PVT is higher in mitral vs. aortic po-
sition) [1]. The incidence of PVT is 1 - 2 per patient-year, de-
spite improvements in the design of prosthetic heart valves, 
and the use of anticoagulant therapy and better surgical tech-
niques [2, 3]. The 11-year probability of PVT in patients with 
bioprosthetic or mechanical valves on the left-side (mitral 
or aortic position) is 0.01% to 0.02% [4]. Left-sided PVT 
is rare than right-sided PVT in developed countries, but its 
prevalence is 6.1% within 6 months of valve replacement in 
India [5].

Treatment options for left-sided PVT mainly include 
surgery, thrombolysis, anticoagulant therapy and antiplatelet 
therapy, depending upon the prosthesis location, thrombus 
size and clinical status [1]. Surgery is the first-line of treat-
ment for obstructive left-sided PVT. However, reported intra-
operative mortality in critically-ill patients is as high as 50% 
[6, 7]. Thrombolytic therapy (TT) is an alternative to surgical 
treatment, which can be used in patients with stable clinical 
condition and small thrombus [1, 6, 8]. However, TT may be 
associated with a high risk of emboli formation and hence, is 
reserved for high-risk surgical candidates [9, 10]. In low-risk 
patients, the use of TT remains controversial.

We report a single-center experience of TT with strepto-
kinase in a small cohort of patients with PVT who underwent 
primary aortic valve replacement or mitral valve replacement 
at a tertiary care center. We retrospectively evaluated the short-
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term outcomes of this patient cohort.

Patients and Methods

Data was retrospectively collected from patients with PVT 
who underwent primary aortic valve or mitral valve replace-
ment at a tertiary care center in India between January 2017 
and January 2018. The study protocol was approved by the 
institutional ethics committee at the study center. This study 
was conducted in compliance with the ethical standards of the 
responsible institution on human subjects as well as with the 
Helsinki Declaration. The aortic or mitral valve implanted in 
the patients were mechanical valves (St. Jude Medical pros-
thesis valves (SJM-25, 29, 27, 31) and ATS prosthesis valves). 
The diagnosis of PVT was based on clinical presentation, 
transthoracic echocardiography (TTE) and fluoroscopy. Pa-
tients complaining of dyspnoea, chest pain, syncope, or palpi-
tation; showing a high-pressure gradient across the prosthetic 
valve on TTE; and reduced or fixed leaflet mobility on fluor-
oscopy were considered to have PVT and were included in the 
study. Patients with endocarditis, non-obstructive thrombosis 
or patients with a prosthesis mismatch (characterized by high 
gradients on TTE but normal leaflet motion on fluoroscopy) 
were excluded from the study. Informed consent was obtained 
from all the enrolled patients. All patients received 0.25 MU 
intravenous (IV) bolus streptokinase over 30 min, followed 
by a 0.1 MU/h IV infusion for a maximum of 72 h. TTE and 
fluoroscopy were repeated after the completion of thromboly-
sis session. After successful thrombolysis, patients were re-
started on acenocoumarol/warfarin (anticoagulant therapy) 
according to the prothrombin time international normalized 
ratio (INR). Patients with no or subtherapeutic response af-
ter TT were advised valve replacement therapy. The patients 
were closely followed up clinically and telephonically for 3 
months after TT.

Endpoints and definitions

The clinical outcomes were death or absence of hemodynamic 
response, and hemodynamic success within 24 h of TT and 
major complications including stroke or major bleeding (in-
tracranial bleed or bleeding requiring transfusion or surgical 
treatment) during the hospital stay or within 3 months of TT. 
Death or absence of hemodynamic response was considered as 
failure of TT, whereas normalization of transvalvular gradients 
irrespective of leaflet mobility was considered as hemodynam-
ic success [11].

Statistical analysis

Statistical analysis was performed using SPSS version 16.0. 
Data was expressed as mean ± standard deviation (SD) or fre-
quency (percentage). Paired t-test or Wilcoxon-Rank test was 
used to analyse statistical significance. A P value of < 0.05 was 
considered as significant.

Results

Baseline characteristics

A total of 16 patients with PVT were enrolled with mean age 
of 40 ± 11.60 years; 10 (62.5%) were females. About 68.8% 
of patients underwent mitral valve replacement. The distribu-
tion of the affected valves and the type of surgery are shown 
in Figure 1. The median time between the valve placement 
and presentation for PVT was 3 years (range: 1 - 4 years). 
The symptoms at presentation were mainly dyspnoea (15, 
93.75%), followed by chest pain, syncope, and palpitation. 
While one (6.25%) patient was in New York Heart Associa-
tion (NYHA) class III, seven (43.75%) were in NYHA class 
I and four (25.00%) were in NYHA class II. All patients 
were on acenocoumarol/warfarin (anticoagulation therapy). 
Subtherapeutic international normalized ratio (INR < 1.6) 
was found in 14 (87.5%) patients, out of which two patients 
stopped taking drugs 2 days before admission, while one had 
stopped drugs due to rectal bleeding. Other baseline charac-
teristics are shown in Table 1.

Study outcomes

The peak gradient across the thrombotic mitral valve was 43.79 
± 18.47 mmHg (mean gradient: 24.06 ± 8.76) whereas the peak 
gradient across the thrombotic aortic valve was 93.5 ± 33.11 
mmHg (mean gradient: 57.50 ± 26.71). Three days after throm-

Figure 1. Details of: (a) type of affected valve; (b) type of surgery. AVR: 
aortic valve replacement; MVR: mitral valve replacement; DVR: double 
valve replacement.
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bolysis, the peak gradient across both mitral valve (15.91 ± 7.56; 
mean gradient: 8.45 ± 4.01) and aortic valve (23.50 ± 6.45; mean 
gradient: 13.60 ± 3.83) decreased significantly as compared to 
the peak gradient prior to TT (P ≤ 0.05). The TT was hemody-
namically successful in 13 (81.25%) patients. Over the 3 months 
period, two (12.50%) patients died. None of the patients suf-

fered from a stroke or myocardial infarction (Table 2).

Discussion

The current guidelines have emphasized on early diagnosis and 

Table 1.  Baseline and Demographic Characteristics of the Study Population

Baseline and demographic characteristics (N = 16)
Age, years (mean ± SD) 40 ± 11.60
Gender, n (%)
  Male 6 (37.5%)
  Female 10 (62.5%)
Presentation time after surgery (years), median (IQR) 3 (1 - 4)
Subtherapeutic INR (< 1.6), n (%) 14 (87.5%)
Symptom duration
  < 10 days, n (%) 13 (81.2%)
  ≥ 10 days, n (%) 3 (18.8%)
Rhythm per minute, mean ± SD 107.38 ± 20.25
Systolic BP (mm Hg), mean ± SD 109.14 ± 16.98
Diastolic BP (mm Hg), mean ± SD 66 ± 8.38
Hemoglobin (g/dL), mean ± SD 11.81 ± 1.69
Serum creatinine (mg/dL), mean ± SD 1.24 ± 0.87
MDRD eGFR (mL/min/1.73 m2), mean ± SD 75.38 ± 35.30
Dyspnea, n (%) 15 (93.75%)
NYHA function class, n (%)
  NYHA II 1 (6.25%)
  NYHA III 7 (43.75%)
  NYHA IV 8 (50%)
LVEF %, n (%)
  > 60 6 (37.5%)
  < 60 10 (62.5%)

IQR: interquartile range; BP: blood pressure; LVEF: left ventricular ejection fraction; MDRD: modification of diet in renal disease; eGFR: estimated 
glomerular filtration rate; NYHA: New York Heart Association; AVR: aortic valve replacement; MVR: mitral valve replacement; DVR: double valve 
replacement; SD: standard deviation; INR: international normalized ratio.

Table 2.  Clinical Outcomes

Transvalvular gradient Pre-thrombolysis 3 days post-thrombolysis P value
Mitral valve
  Peak gradient mean ± SD 43.79 ± 18.47 15.91 ± 7.56 < 0.05
  Mean gradient, mean ± SD 24.06 ± 8.76 8.45 ± 4.01 < 0.05
Aortic valve
  Peak gradient mean ± SD 93.5 ± 33.11 23.50 ± 6.45 < 0.05
  Mean gradient, mean ± SD 57.50 ± 26.71 13.60 ± 3.83 < 0.05
Thrombolysis failure/death 2 (12.50%)
Hemodynamic success 13 (81.25%)

SD: standard deviation.



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org348

Thrombolytic Therapy in Patients With PVT Cardiol Res. 2019;10(6):345-349

urgent treatment of patients with PVT with either TT or surgery. 
Low surgical risk, NYHA functional class III/IV, contraindi-
cation to fibrinolysis, recurrent valve thrombosis, possible or 
suspected pannus, large clot (> 1.0 cm2), mobile thrombus > 
0.3 cm in diameter, presence of left atrial thrombus, absence 
of need of coronary artery bypass graft surgery (CABG) for 
concomitant coronary artery disease and availability of expert 
surgical team favour surgical treatment for PVT. On the con-
trary, factors which favour TT include: 1) high surgical risk; 2) 
NYHA I/II functional class; 3) first episode of PVT; 4) presence 
of mass consistent with thrombus; 5) presence of a small clot 
(< 1 cm2) without any contraindication for surgery; 6) absence 
of immediate surgical expertise; and 7) need for cardiac surgery 
for other indications (e.g. CABG). For non-obstructive left-sid-
ed PVT and stable obstructive PVT, medical stabilization with 
diuretics and optimization of anticoagulation with unfraction-
ated heparin (UFH) followed by vitamin K antagonists and as-
pirin is recommended. For right-sided PVT, either optimization 
of anticoagulation therapy or TT, depending upon clinical con-
dition may be suitable [12]. In resource-limited settings like In-
dia, considering the high cost and high intraoperative mortality 
of surgery for PVT, and unavailability of surgical expertise at 
all centers and at all time points [12], TT may be preferred over 
surgery, especially in centers without onsite surgical backup.

The current study confirms the clinical effectiveness of 
streptokinase as TT in patients with PVT in terms of high 
hemodynamic success and less mortality. Among the enrolled 
patients, all had left-sided PVT with maximum (68.8%) cases 
of mitral valve thrombosis. Further, majority (68.75%) of the 
patients were in the NYHA class I and II, 87.5% patients had 
subtherapeutic anticoagulation (INR < 1.6 in 14 patients) and 
showed a significantly decreased transvalvular gradient (P < 
0.05) after TT. Few studies have reported 69-75% rate of in-
adequate anticoagulation and 2 - 3 times more prevalence of 
mitral valve vs. aortic valve thrombosis [13, 14].

A systematic review of trials of TT in PVT patients, report-
ed that the success rate of TT ranged from 58% to 90%, the 30-
day mortality rate ranged from 0.8% to 16.7%, the rate of throm-
boembolism ranged from 1.7% to 17.6%, and major bleeding 
ranged from 1.7% to 12% [15]. Another review which included 
Indian studies with sample size ranging from 10 to 119 reported 
a success rate of 59-100% [16]. In the current study, the sample 
size was 16 with observed success rate of 81.25% and mortality 
of 12.50% over 3-month follow-up. There were no complica-
tions of stroke or myocardial infarction. The high success rate 
may be due to the inclusion of less critical patients in the study, 
small sample size and prolonged duration of treatment (up to 72 
h). A study conducted by Karthikeyan et al [17] reported a suc-
cess rate of only 59% in NYHA class III/IV patients. Other stud-
ies have reported that TT is not efficacious in restoring the valve 
function in patients with recurrent PVT [18, 19]. In contrast, 
the meta-analysis conducted by Karthikeyan et al [20] which 
included 690 patients with PVT, concluded that emergency sur-
gery is non-superior than TT in restoring the valve functions.

Study limitations

The current study has few limitations. First, it is a single-center 

experience with small sample size. Second, long-term follow-
up was not conducted in the study.

Conclusions

In the present study, TT was hemodynamically successful with 
low short-term mortality in patients with left-sided PVT (ma-
jorly mitral valve thrombosis). Long-term studies in larger pa-
tient cohorts are needed to further establish the clinical efficacy 
and safety of TT in patients with PVT.
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Introduction

Hyponatremia is the most common electrolyte disorder ranging 
from 5.2 to 28.8% in hospitalized patients, with an average of  
about 25.98% for elderly patients experiencing this disorder.[1‑3] 

Hyponatremia is not a disease but rather a pathologic alteration 
in water homeostasis.[4] Causes of  hyponatremia include certain 
drugs (such as hydrochlorothiazide), gastrointestinal loss, 
corticosteroid withdrawal, hypothyroidism, and the syndrome 
of  inappropriate antidiuretic hormone secretion (SIADH).[4]

In most cases, patients with hyponatremia are asymptomatic, but 
sometimes it may present with neurologic and gastrointestinal 
symptoms if  serum sodium concentration drops below 120 mEq 
per liter.[5,6] Although the past several years have seen major 
progress in the field of  hyponatremia, it remains unclear which 
factors mainly contribute to hyponatremia. Several studies have 
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reported severe hyponatremia after the use of  thiazide‑type 
diuretic for hypertension.[7‑9] However, most of  these studies were 
performed in a non‑controlled fashion or conducted in selected 
subpopulations.[7,9] Since diuretics are still recommended as first 
line treatment for hypertension, it is important to identify the 
risk factors associated with the development of  hyponatremia.

Primary care physicians (PCPs) play an extremely important 
role as they are often the initial point of  contact for patients 
in obtaining the treatment for common electrolyte disorder 
including hyponatremia. So, knowledge regarding the risk factors 
for hyponatremia and their treatment is very important as advice 
from PCPs has been shown to influence behaviors.[10]

The aim of  this research was to undertake the most detailed study to 
date on the etiology of  hyponatremia in general Indian population 
and report its prevalence, incidence, and correlation with risk factors, 
specially the diuretic. This study used multistage mixed methods 
to estimate (prevalence, incidence) and test in a case control study 
the correlation between various risk factors and the hyponatremia.

Methods

This multistage mixed methods study was carried out in Gandhi 
Memorial (GM) and Associated Hospitals, King George’s Medical 
University (KGMU), Lucknow from over a period of  one year. 
Informed consent was obtained from all participants. The study 
was conducted according to the principles of  the Declaration of  
Helsinki and was approved by the Institutional Review Board of  the 
GM and Associated Hospitals, KGMU, Lucknow, in accordance 
with its guidelines for the protection of  human subjects.

In the first stage, the study assessed the prevalence of  
hyponatremia through cross‑sectional survey of  anationally 
representative sample (Prevalence survey). In the second stage, 
the incidence of  hyponatremia was recorded in patients started 
on diuretics for edematous disorders (Incidence study). In the 
third stage, a case control study was conducted to assess the 
independent association between various risk factors and the 
incidence of  hyponatremia (Case‑control study).

Study population
Prevalence survey (Stage 1)
Those >18 years of  age, treated with diuretics for ≥6 months 
and attending the Medicine OPD/consultant’s office of  G.M. 
and Associated Hospitals were included in the survey.

Incidence study (Stage 2)
This prospective study was conducted in the patients attending 
the Medicine OPD/consultant’s office of  G.M. and Associated 
Hospitals and those discharged from G.M. and Associated 
Hospitals.

Case‑control study (Stage 3)
Pat ients  aged ≥18 years  wi th moderate‑ to‑severe 
hyponatremia (<135 mEq/L) admitted to the medical ward 

were included in the study. The exclusion criteria comprised of  
cases with hyperglycemia, hyperlipidemia, and paraproteinemia. 
Age and sex matched patients with normal serum sodium levels 
hospitalized in medical ward during same period for any illness 
and consenting to participate constituted the controls for case 
control study.

Data collection
This study used a case report form (CRF) that included four 
major sections. The first section included demographics and 
the status of  the patient at the time of  inclusion (outpatient). 
In the second section of  the CRF, several questions regarding 
diagnosis, degree of  physical activity, and number of  visits to 
medical OPD were included. The third section of  the CRF 
included several questions about the pharmacotherapy. In the 
fourth and last section of  the CRF, the results of  the following 
tests (at baseline, 3‑months and 6‑months): serum sodium, serum 
potassium were requested.

Prevalence survey (Stage 1)
Age, gender, physical activity and diuretic therapy were 
determined from CRF questionnaires. Primary outcome variable 
was hyponatremia in those receiving diuretics >6 months. 
We attempted to identify patients with several co‑morbidities 
using a combination of  laboratory results, and responses to 
disease specific questions. Specifically, we identified participants 
who were using diuretics for various conditions including 
hypertension, diabetes, congestive heart failure, coronary artery 
disease, hypersensitivity pneumonitis, chronic lung disease, 
chronic renal failure, and chronic obstructive pulmonary disease 
etc., Participants with hypernatremia, defined as sodium above 
the reference ranges, were excluded.

Incidence study (Stage 2)
Those >18 years of  age started newly on diuretics and will 
continue for at least 6 months for edematous disorders were 
included in the study. Participants with hypernatremia were 
excluded. Primary outcome variable was development of  
hyponatremia in these patients. Data on demographics, co‑morbid 
conditions, type and number of  diuretic agents and impact of  
seasonal variation was recorded by trained data collectors on 
CRF. A history of  physician‑diagnosed hypertension, diabetes, 
congestive heart failure, coronary artery disease, hypersensitivity 
pneumonitis, chronic lung disease, chronic renal failure, and 
chronic obstructive pulmonary disease was noted.

Case‑control study (Stage 3)
All adult inpatients (>18 years) with mild, moderate or severe 
hyponatremia (serum sodium ≤135 mEq/L) were eligible 
for inclusion in the study. Controls were defined as those 
received hospital treatment for any other illness and not for 
hyponatremia (serum sodium >135 mEq/L). Cases and controls 
were comparable in terms of  sex and age group, and who gave 
written consent. Patients who refused participation in the study 
or had cognitive impairment, were excluded from the study. 
Each patient data was considered only once. The frequency of  
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laboratory tests or the treatments of  hyponatremia were not 
affected by the study.

Statistical analysis
Statistical analyses were performed using STATA 9.2. Categorical 
variables were presented as numbers and percentages, while 
continuous variables as mean ± SD. Student’s t‑test was used 
for assessing change from baseline in continuous variables and 
Chi square test compared categorical variables. We performed 
univariate logistic regression analysis to determine the association 
between clinical variables and hyponatremia following diuretic 
therapy. We also performed univariate and multivariate logistic 
regression analyses in case control study to determine the 
association between clinical variables and hyponatremia. P value 
less than 0.05 was considered to be statistically significant.

Results

Prevalence survey (Stage 1)
The population (n = 109) had a mean age of  48.6 years and 
was largely male (64.2%). 29% of  patients were sedentary 
while 71% were physical active. Most patients (50/109 [45.9%]) 
were receiving thiazide diuretics followed by loop diuretics in 
39 patients (35.8%). Twenty patients were taking two diuretic 
agents concomitantly, the most frequent combination being loop 
diuretics and potassium sparing diuretics (n = 16). The major 
indication for diuretics was hypertension alone (20.2%), followed 
by hypertension and diabetes mellitus (12.8%), hypertension and 
coronary artery disease (11.0%), congestive heart failure (CHF; 
9.2%), chronic liver diseases (CLD; 7.3%), and others (39.5%), 
respectively. Hyponatremia was present in 29 (27%) patients. Of  
these, 13 patients had mild hyponatremia and 16 had moderate 
hyponatremia [Figure 1]. No one had severe hyponatremia. In 
addition, hypokalemia was present in 8 (7%) patients. Univariate 
logistic regression analysis demonstrate an increase in the 
prevalence of  hyponatremia with age (P = 0.0023) and during 
heat periods (P = 0.012).

Incidence study (Stage 2)
A total of  87 patients were included. The mean age at 
presentation was 50 ± 10 years and 63% were men. Of  the 

87 patients, 44 (51%) had documented peripheral edema. 
38% patients were sedentary while 62% were physical active. 
36% (n = 31) patients were prescribed with loop diuretics 
followed by 34% (n = 30) receiving thiazides, and 14% (n = 12) 
receiving potassium sparing diuretics. Twelve patients (14%) used 
a combination of  loop diuretics and potassium sparing diuretics. 
In addition, one patient used a combination of  thiazide and 
potassium sparing diuretics and other one used combination of  
thiazide and loop diuretics. Diuretics were prescribed mainly for 
hypertension (51%) in patients with non‑edematous disorders 
while CHF was the most common (30%) reason for their use in 
patients with edematous disorders. A significant decrease was 
found in mean serum sodium levels after 3‑and 6‑months of  
diuretic therapy (138.5 ± 2.5 mEq/L vs. 136.7 ± 3.4 mEq/L and 
135.5 ± 4.5 mEq/L; P < 0.0001). Total 16 (18%) and 25 (29%) 
patients experienced hyponatremia after 3‑ and 6‑month of  
the therapy. Also, 3% and 10% experienced hypokalemia, 
respectively. Univariate logistic regression analysis demonstrated 
an increase in the incidence of  hyponatremia with edematous 
disorders (P = 0.0390). Neither age (P = 0.134) nor physical 
activity (P = 0.459) was associated with hyponatremia.

Case‑control Study (Stage 3)
A total of  247 cases and 247 controls were matched using 
a 1:1 ratio for gender (38% female, 62% male). Most of  
the patients were aged between 35 and 65 years. The mean 
age was 50.3 ± 15.5 years for cases and 48.6 ± 12 years for 
control [Table 1].

Out of  247 hyponatremic patients, 106 patients (43%) had a 
serum sodium of  130‑134 mEq/L while 125 (51%) had 120‑129 
mEq/L. Severe hyponatremia (serum sodium < 120 mEq/L) was 
detected in 16 patients (6%). Hypokalemia (<3.5 mEq/L) was 
seen in 27% (95% CI; 22‑34) cases. Patients with hyponatremia 
were older and more likely to have edematous states, more severe 
symptoms of  diarrhea/vomiting and frequent use of  diuretics.

Hyponatremia and seasonal variation
The prevalence of  patients with profound hyponatremia 
(<135 mmol/l) in each month is shown in Figure 2. The incidence 
was 24.3% between January and March, 44.9% between April 
and June, 8.5% between July and September and 22.3% between 

Figure 1: Distribution of serum sodium in the study population Figure 2: Seasonal variation and prevalence of hyponatremia
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October and December. Statistically significant difference was 
observed in incidence rate of  hyponatremia between second 
quarter (Apr‑June months) and third quarter (Jul‑Sep months) 
of  the year (P < 0.0001). Thus, the prevalence of  hyponatremia 
in the warm season of  April to June (44.9%, 111 in 247 patients) 
was significantly (P < 0.0001) higher than that in the rainfall 
season (9%, 21 in 247 patients) and the cold season of  October 
to March (46.6%, 115 in 247 patients).

Risk factors for developing hyponatremia
Univariate and multivariate logistic regression analyses were 
performed to evaluate the determinants of  hyponatremia. Table 2 
lists the results of  both logistic regression analyses. In univariate 
analysis, diuretics use, presence of  diarrhea/vomiting, poor solute 
and nutrients intake, and edematous states were significantly 
associated with hyponatremia [Table 1]. Patients on diuretics 
increased their risk by 160%. Conditions like diarrhea/vomiting 
increased risk by 250%, edematous states by 620%, and poor 
solute and nutrients intake by 200%. However, in the multivariate 
analysis, only poor solute and nutrients intake (2.2; P = 0.010) 
and edematous states (6.40; P = 0.001) were independently 
associated with the development of  hyponatremia (acute hospital 
population). Neither diarrhea/vomiting (P = 0.287) nor diuretics 
use (P = 0.664) was associated with hyponatremia [Table 2].

Discussion

The multistage study method is the most general framework 
among advanced designs. We report, for the first time in India, 
the prevalence, incidence and correlation of  various risk factors 
with hyponatremia in a multistage design and establish that 

diuretics are not associated with hyponatremia in adult patients, 
after controlling the confounding factors. The study estimated 
prevalence and incidence of  hyponatremia in separate samples 
of  general Indian population receiving regular diuretics for at 
least 6 months in ambulatory settings. Univariate analysis of  stage 
3 case control study demonstrates an increase in the prevalence 
of  hyponatremia with diuretic use, diarrhea/vomiting, low 
solute and nutritious intake, and edematous states. However, 
multivariate analysis determined that only subjects with low solute 
and nutrients intake and edematous states were significantly 
more likely to have hyponatremia. Neither diarrhea/vomiting 
nor diuretic use were found to be associated with hyponatremia.

The prevalence rate of  hyponatremia in our study was 27%, 
which is consistent with the previous findings that have estimated 
the prevalence of  hyponatremia to 5.2%‑28.8% of  Indian 
patients admitted to hospitals.[1‑3] According to a study from the 
Netherlands in 2013, the prevalence of  hyponatremia was 7.7%, 
a marked less prevalence rate from the 27% reported in our 
study.[11] The larger prevalence obtained in Indian studies may be 
attributed to inadequate nutrition and low solute intake as well as 
tropical weather conditions. In 2002, Chakrapani et al. from India 
reported the important role of  humidity and temperature in the 
manifestation of  hyponatremia.[12] During the study period of  
two years, they found an increased incidence of  hyponatremia 
in the peak southwest monsoon season.[12] In contrast, our 
study reported higher incidence of  hyponatremia during the 
warm season of  April to June (45%, 111 in 247 patients) than 
in the rainfall season (9%, 21 in 247 patients). Studies from 
Switzerland and Japan have also reported a higher risk of  
hyponatremia during the hot weather.[13,14] So we could validate 
the prevalence and incidence in separate groups of  population 
through multistage design.

Previous studies have shown higher risk of  hyponatremia in 
patients using certain drugs (e.g. diuretics, antidepressants, 
antiepileptics, tramadol, and codeine) and those with compromised 
age‑related physiology and multiple comorbidities.[15,16] In 2018, 
a study by Imai et al. reported significantly higher prevalence of  
hyponatremia in the elderly group than in the adult group (17.0% 
vs. 5.7%, P < 0.001).[17] However, several studies suggest that 
age alone does not appear to be an independent risk factor 
for hyponatremia after controlling all other confounding 
variables.[18,19] A study by Al Mawed et al. has shown significantly 
higher hyponatremia‑associated mortality in younger versus older 
patients.[20] In order to identify more reliable and validated risk 
factors for hyponatremia, both univariate and multivariate logistic 
regression analyses were performed in our matched case–control 
study (stage 3). Univariate analysis found hyponatremia to be 
elevated in subjects with edematous states, diarrhea/vomiting, 
low solute and nutrients intake, and those using diuretics.

The cause of  hyponatremia may be renal (nephritis, diuretics, 
mineralocorticoid deficiency) and/or extrarenal (vomiting, 
diarrhea, burns).[21] Hyponatremia due to water excess is 
attributable to heart failure, nephrotic syndrome, cirrhosis and 

Table 1: Demographic details in the case control study
Cases (n=247) Control (n=247)

Age (mean±SD) 50.3±15.5 48.6±12
Male [n (%)] 153 (62) 153 (62)
Female [n (%)] 94 (38) 94 (38)
Physical activity
Sedentary [n (%)] 60 (24) 63 (26)
Moderate [n (%)] 187 (76) 184 (74)

Table 2: Predictors of developing hyponatremia by 
logistic regression analysis

Risk factors Odds ratio 95% CI p
Univariate logistic regression analysis

Diuretic use (yes vs. no) 1.6 1.1‑2.4 <0.0001
Diarrhea/vomiting (yes vs. no) 2.5 1.2‑5.0 0.0063
Poor solute and nutrients intake 
(yes vs. no)

2.0 1.1‑3.8 0.0236

Edematous states (yes vs. no) 6.2 3.4‑11.7 <0.0001
Multiple logistic regression analysis

Diarrhea/vomiting 1.5 0.7‑2.9 0.287
Poor solute and nutrients intake 2.2 1.2‑4.0 0.010
Edematous states 6.40 3.4‑12.2 0.001
Diuretics use 0.90 0.6‑1.43 0.664
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others (infusion 5% glucose solutions and drugs that stimulate 
antidiuretic hormone (ADH) secretion).[21] In our study, subjects 
with edematous states were significantly more likely to have 
hyponatremia compared to those without edematous states 
meaning that edematous states had lower levels of  serum sodium.

Hyponatremia due to poor solute and nutrients intake is 
described only in individual case reports.[22] In 1972, Gwinup 
et al. found that administration of  more than 5 liters of  beer 
daily for seven days results in hyponatremia, weight gain, strongly 
positive fluid balance and inappropriate urinary concentration.[23] 
Both American (2013) and European (2014) clinical practice 
guidelines considered urine osmolality of  <100 mOsm/kg in 
hyponatremia and low dietary solute intake as a major cause of  
this condition.[24,25]

Thiazide type diuretics are associated with an increased risk 
of  hyponatremia.[26] In 2006, a study that prospectively looked 
at patients hospitalized with severe hyponatremia; a greater 
proportion of  patients were on loop diuretics than thiazides.[27] In 
consistent with these previous studies, diuretics use (P = 0.664) 
was also found not to be associated with hyponatremia in 
multivariate analysis of  our study; though several study considered 
thiazide type diuretics as a major cause of  hyponatremia.

Multivariate logistic regression analysis of  our case‑control study 
also suggested that if  all other confounding factors are controlled, 
then only edematous disorders states, and poor salt and nutrients 
intake seem to be independent risk factors for development 
of  hyponatremia. This is also in agreement with the results of  
previous studies showing that patients with diuretic hyponatremia 
frequently have other conditions like hot weather contributing to 
the hyponatremia.[14,28,29] Thus, it is fair to conclude that diuretics 
may be associated with hyponatremia but do not directly cause it.

The strength of  the study is the multistage mixed methods 
design, and separate population evaluation leading to large 
sample size. To the best of  our knowledge, this is the first Indian 
study to systematically evaluate and quantify various risk factors 
for hyponatremia in patients taking diuretic therapy. The study 
differs from already published case reports detailing limited 
number of  severe hyponatremic cases. Also, this study describes 
the risk factors with certainty in both ambulatory and hospital 
settings; though this is a fundamental difficulty in the geriatric 
population. However, the study has several methodological 
limitations. Firstly, information regarding the different dosages 
of  diuretics has not been recorded which may be a confounder. 
Secondly, contribution of  other agents causing hyponatremia like 
other medications causing hyponatremia has not been recorded.

Conclusion

It is concluded that diuretics are not associated with hyponatremia 
in adult patients in this cohort of  patients. However, elderly 
population on diuretics is more likely to have hyponatremia 
compared to the adult population. The authors recommend that 

a randomized parallel arm trial comparing diuretics with other 
antihypertensives be done to establish whether diuretics are 
associated with hyponatremia in this patient population.
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DesCripTion 
A 52-year-old man presented with urinary frequency 
and occasional lower abdominal pain for 4 months. 
His uroflow study and postvoid residual urine 
were normal and his digital rectal examination had 
grade 2 prostatic enlargement. His urinary symp-
toms were attributed to benign prostatic hyper-
plasia, and he was prescribed tamsulosin (0.4 mg) 
and solifenacin (5 mg) for his symptoms. One 
week later he only had partial relief of symptoms, 
thus an ultrasound was done that showed a cystic 
lesion abutting the urinary bladder in the region 
of right iliac fossa (figure 1). A contrast-enhanced 
CT (CECT) scan was then done, which showed a 
cystic lesion (3.8×4 cm) with enhancing internal 
septa and peripheral wall enhancement abutting 
the urinary bladder (figure 2). There was no other 
cyst in the abdomen so a provisional diagnosis of 
primary pelvic peritoneal hydatid cyst was made. 
We then carried out a cystoscopy to ascertain there 
was no communication of the cyst with the urinary 
bladder. Cystoscopically the external compres-
sion by the hydatid cyst on the urinary bladder 
could be demonstrated (figure 3). The patient was 
advised surgical removal of the primary pelvic 
hydatid cyst. Preoperatively he was given alben-
dazole 400 mg twice daily for 7 days and then the 
cyst was removed (figure 4). Postoperatively alben-
dazole was continued for 3 weeks and after a gap 
of 2 weeks another 28-day course of albendazole 
was given. The patient is doing fine 4 months post 
surgery, and his urinary symptoms have resolved.

The tapeworm Echinococcus granulosus most 
commonly causes hydatid disease in humans. 
Liver followed by the lungs is the most commonly 
affected organs. Pelvic hydatid cysts are rare and 
can be either primary or secondary. Secondary 
pelvic hydatid cysts are more common and occur 
following rupture of primary hepatic, splenic or 

mesenteric hydatid cysts. When there is no other 
associated cyst in the abdomen, the pelvic hydatid 
cyst is said to be primary.1 In a pelvic hydatid cyst, 
the presenting symptoms are usually due to its mass 
effects. It may be confused with obstructive urop-
athy (due to compression of urinary tract), ovarian 
cysts or even appendicitis and pelvic sepsis (when 
they rupture). An ultrasound followed by a CECT 
scan is usually required for diagnosing this condi-
tion. MRI in most instances is not required as it 
does not offer much advantage over CECT.2 The 
best treatment for this condition is surgical excision 
followed by chemotherapy with albendazole or 

Figure 1 Ultrasound showing the cyst (C) abutting the 
urinary bladder (UB).

Figure 2 Contrast-enhanced CT showing the cyst (C) 
compressing the urinary bladder (UB) in transverse and 
coronal sections.

Figure 3 Cystoscopic view of the external compression 
by the cyst on the urinary bladder.

Figure 4 The removed cyst was opened with multiple 
daughter cysts within it.
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mebendazole. Usually albendazole is given at a maximum dose 
of 800 mg/day for 28 days. This course is repeated after a drug-
free period of 14 days. Preoperative chemotherapy for 7 days is 
usually recommended.3
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Learning points

 ► Pelvic peritoneal hydatid cysts are rare and may be primary 
or secondary, but they have non-specific presentation usually 
due to its mass effect on adjacent organs and on initial 
workup the patients symptoms may not be attributed to 
them.

 ► The best treatment is preoperative chemotherapy with 
albendazole or mebendazole followed by surgical excision 
and postoperative chemotherapy.
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His uroflow study and postvoid residual urine 
were normal and his digital rectal examination had 
grade 2 prostatic enlargement. His urinary symp-
toms were attributed to benign prostatic hyper-
plasia, and he was prescribed tamsulosin (0.4 mg) 
and solifenacin (5 mg) for his symptoms. One 
week later he only had partial relief of symptoms, 
thus an ultrasound was done that showed a cystic 
lesion abutting the urinary bladder in the region 
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CT (CECT) scan was then done, which showed a 
cystic lesion (3.8×4 cm) with enhancing internal 
septa and peripheral wall enhancement abutting 
the urinary bladder (figure 2). There was no other 
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We then carried out a cystoscopy to ascertain there 
was no communication of the cyst with the urinary 
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sion by the hydatid cyst on the urinary bladder 
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advised surgical removal of the primary pelvic 
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dazole 400 mg twice daily for 7 days and then the 
cyst was removed (figure 4). Postoperatively alben-
dazole was continued for 3 weeks and after a gap 
of 2 weeks another 28-day course of albendazole 
was given. The patient is doing fine 4 months post 
surgery, and his urinary symptoms have resolved.
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commonly causes hydatid disease in humans. 
Liver followed by the lungs is the most commonly 
affected organs. Pelvic hydatid cysts are rare and 
can be either primary or secondary. Secondary 
pelvic hydatid cysts are more common and occur 
following rupture of primary hepatic, splenic or 

mesenteric hydatid cysts. When there is no other 
associated cyst in the abdomen, the pelvic hydatid 
cyst is said to be primary.1 In a pelvic hydatid cyst, 
the presenting symptoms are usually due to its mass 
effects. It may be confused with obstructive urop-
athy (due to compression of urinary tract), ovarian 
cysts or even appendicitis and pelvic sepsis (when 
they rupture). An ultrasound followed by a CECT 
scan is usually required for diagnosing this condi-
tion. MRI in most instances is not required as it 
does not offer much advantage over CECT.2 The 
best treatment for this condition is surgical excision 
followed by chemotherapy with albendazole or 

Figure 1 Ultrasound showing the cyst (C) abutting the 
urinary bladder (UB).

Figure 2 Contrast-enhanced CT showing the cyst (C) 
compressing the urinary bladder (UB) in transverse and 
coronal sections.

Figure 3 Cystoscopic view of the external compression 
by the cyst on the urinary bladder.

Figure 4 The removed cyst was opened with multiple 
daughter cysts within it.
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Introduction

Hyponatremia is the most common electrolyte disorder ranging 
from 5.2 to 28.8% in hospitalized patients, with an average of  
about 25.98% for elderly patients experiencing this disorder.[1‑3] 

Hyponatremia is not a disease but rather a pathologic alteration 
in water homeostasis.[4] Causes of  hyponatremia include certain 
drugs (such as hydrochlorothiazide), gastrointestinal loss, 
corticosteroid withdrawal, hypothyroidism, and the syndrome 
of  inappropriate antidiuretic hormone secretion (SIADH).[4]

In most cases, patients with hyponatremia are asymptomatic, but 
sometimes it may present with neurologic and gastrointestinal 
symptoms if  serum sodium concentration drops below 120 mEq 
per liter.[5,6] Although the past several years have seen major 
progress in the field of  hyponatremia, it remains unclear which 
factors mainly contribute to hyponatremia. Several studies have 
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reported severe hyponatremia after the use of  thiazide‑type 
diuretic for hypertension.[7‑9] However, most of  these studies were 
performed in a non‑controlled fashion or conducted in selected 
subpopulations.[7,9] Since diuretics are still recommended as first 
line treatment for hypertension, it is important to identify the 
risk factors associated with the development of  hyponatremia.

Primary care physicians (PCPs) play an extremely important 
role as they are often the initial point of  contact for patients 
in obtaining the treatment for common electrolyte disorder 
including hyponatremia. So, knowledge regarding the risk factors 
for hyponatremia and their treatment is very important as advice 
from PCPs has been shown to influence behaviors.[10]

The aim of  this research was to undertake the most detailed study to 
date on the etiology of  hyponatremia in general Indian population 
and report its prevalence, incidence, and correlation with risk factors, 
specially the diuretic. This study used multistage mixed methods 
to estimate (prevalence, incidence) and test in a case control study 
the correlation between various risk factors and the hyponatremia.

Methods

This multistage mixed methods study was carried out in Gandhi 
Memorial (GM) and Associated Hospitals, King George’s Medical 
University (KGMU), Lucknow from over a period of  one year. 
Informed consent was obtained from all participants. The study 
was conducted according to the principles of  the Declaration of  
Helsinki and was approved by the Institutional Review Board of  the 
GM and Associated Hospitals, KGMU, Lucknow, in accordance 
with its guidelines for the protection of  human subjects.

In the first stage, the study assessed the prevalence of  
hyponatremia through cross‑sectional survey of  anationally 
representative sample (Prevalence survey). In the second stage, 
the incidence of  hyponatremia was recorded in patients started 
on diuretics for edematous disorders (Incidence study). In the 
third stage, a case control study was conducted to assess the 
independent association between various risk factors and the 
incidence of  hyponatremia (Case‑control study).

Study population
Prevalence survey (Stage 1)
Those >18 years of  age, treated with diuretics for ≥6 months 
and attending the Medicine OPD/consultant’s office of  G.M. 
and Associated Hospitals were included in the survey.

Incidence study (Stage 2)
This prospective study was conducted in the patients attending 
the Medicine OPD/consultant’s office of  G.M. and Associated 
Hospitals and those discharged from G.M. and Associated 
Hospitals.

Case‑control study (Stage 3)
Pat ients  aged ≥18 years  wi th moderate‑ to‑severe 
hyponatremia (<135 mEq/L) admitted to the medical ward 

were included in the study. The exclusion criteria comprised of  
cases with hyperglycemia, hyperlipidemia, and paraproteinemia. 
Age and sex matched patients with normal serum sodium levels 
hospitalized in medical ward during same period for any illness 
and consenting to participate constituted the controls for case 
control study.

Data collection
This study used a case report form (CRF) that included four 
major sections. The first section included demographics and 
the status of  the patient at the time of  inclusion (outpatient). 
In the second section of  the CRF, several questions regarding 
diagnosis, degree of  physical activity, and number of  visits to 
medical OPD were included. The third section of  the CRF 
included several questions about the pharmacotherapy. In the 
fourth and last section of  the CRF, the results of  the following 
tests (at baseline, 3‑months and 6‑months): serum sodium, serum 
potassium were requested.

Prevalence survey (Stage 1)
Age, gender, physical activity and diuretic therapy were 
determined from CRF questionnaires. Primary outcome variable 
was hyponatremia in those receiving diuretics >6 months. 
We attempted to identify patients with several co‑morbidities 
using a combination of  laboratory results, and responses to 
disease specific questions. Specifically, we identified participants 
who were using diuretics for various conditions including 
hypertension, diabetes, congestive heart failure, coronary artery 
disease, hypersensitivity pneumonitis, chronic lung disease, 
chronic renal failure, and chronic obstructive pulmonary disease 
etc., Participants with hypernatremia, defined as sodium above 
the reference ranges, were excluded.

Incidence study (Stage 2)
Those >18 years of  age started newly on diuretics and will 
continue for at least 6 months for edematous disorders were 
included in the study. Participants with hypernatremia were 
excluded. Primary outcome variable was development of  
hyponatremia in these patients. Data on demographics, co‑morbid 
conditions, type and number of  diuretic agents and impact of  
seasonal variation was recorded by trained data collectors on 
CRF. A history of  physician‑diagnosed hypertension, diabetes, 
congestive heart failure, coronary artery disease, hypersensitivity 
pneumonitis, chronic lung disease, chronic renal failure, and 
chronic obstructive pulmonary disease was noted.

Case‑control study (Stage 3)
All adult inpatients (>18 years) with mild, moderate or severe 
hyponatremia (serum sodium ≤135 mEq/L) were eligible 
for inclusion in the study. Controls were defined as those 
received hospital treatment for any other illness and not for 
hyponatremia (serum sodium >135 mEq/L). Cases and controls 
were comparable in terms of  sex and age group, and who gave 
written consent. Patients who refused participation in the study 
or had cognitive impairment, were excluded from the study. 
Each patient data was considered only once. The frequency of  
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laboratory tests or the treatments of  hyponatremia were not 
affected by the study.

Statistical analysis
Statistical analyses were performed using STATA 9.2. Categorical 
variables were presented as numbers and percentages, while 
continuous variables as mean ± SD. Student’s t‑test was used 
for assessing change from baseline in continuous variables and 
Chi square test compared categorical variables. We performed 
univariate logistic regression analysis to determine the association 
between clinical variables and hyponatremia following diuretic 
therapy. We also performed univariate and multivariate logistic 
regression analyses in case control study to determine the 
association between clinical variables and hyponatremia. P value 
less than 0.05 was considered to be statistically significant.

Results

Prevalence survey (Stage 1)
The population (n = 109) had a mean age of  48.6 years and 
was largely male (64.2%). 29% of  patients were sedentary 
while 71% were physical active. Most patients (50/109 [45.9%]) 
were receiving thiazide diuretics followed by loop diuretics in 
39 patients (35.8%). Twenty patients were taking two diuretic 
agents concomitantly, the most frequent combination being loop 
diuretics and potassium sparing diuretics (n = 16). The major 
indication for diuretics was hypertension alone (20.2%), followed 
by hypertension and diabetes mellitus (12.8%), hypertension and 
coronary artery disease (11.0%), congestive heart failure (CHF; 
9.2%), chronic liver diseases (CLD; 7.3%), and others (39.5%), 
respectively. Hyponatremia was present in 29 (27%) patients. Of  
these, 13 patients had mild hyponatremia and 16 had moderate 
hyponatremia [Figure 1]. No one had severe hyponatremia. In 
addition, hypokalemia was present in 8 (7%) patients. Univariate 
logistic regression analysis demonstrate an increase in the 
prevalence of  hyponatremia with age (P = 0.0023) and during 
heat periods (P = 0.012).

Incidence study (Stage 2)
A total of  87 patients were included. The mean age at 
presentation was 50 ± 10 years and 63% were men. Of  the 

87 patients, 44 (51%) had documented peripheral edema. 
38% patients were sedentary while 62% were physical active. 
36% (n = 31) patients were prescribed with loop diuretics 
followed by 34% (n = 30) receiving thiazides, and 14% (n = 12) 
receiving potassium sparing diuretics. Twelve patients (14%) used 
a combination of  loop diuretics and potassium sparing diuretics. 
In addition, one patient used a combination of  thiazide and 
potassium sparing diuretics and other one used combination of  
thiazide and loop diuretics. Diuretics were prescribed mainly for 
hypertension (51%) in patients with non‑edematous disorders 
while CHF was the most common (30%) reason for their use in 
patients with edematous disorders. A significant decrease was 
found in mean serum sodium levels after 3‑and 6‑months of  
diuretic therapy (138.5 ± 2.5 mEq/L vs. 136.7 ± 3.4 mEq/L and 
135.5 ± 4.5 mEq/L; P < 0.0001). Total 16 (18%) and 25 (29%) 
patients experienced hyponatremia after 3‑ and 6‑month of  
the therapy. Also, 3% and 10% experienced hypokalemia, 
respectively. Univariate logistic regression analysis demonstrated 
an increase in the incidence of  hyponatremia with edematous 
disorders (P = 0.0390). Neither age (P = 0.134) nor physical 
activity (P = 0.459) was associated with hyponatremia.

Case‑control Study (Stage 3)
A total of  247 cases and 247 controls were matched using 
a 1:1 ratio for gender (38% female, 62% male). Most of  
the patients were aged between 35 and 65 years. The mean 
age was 50.3 ± 15.5 years for cases and 48.6 ± 12 years for 
control [Table 1].

Out of  247 hyponatremic patients, 106 patients (43%) had a 
serum sodium of  130‑134 mEq/L while 125 (51%) had 120‑129 
mEq/L. Severe hyponatremia (serum sodium < 120 mEq/L) was 
detected in 16 patients (6%). Hypokalemia (<3.5 mEq/L) was 
seen in 27% (95% CI; 22‑34) cases. Patients with hyponatremia 
were older and more likely to have edematous states, more severe 
symptoms of  diarrhea/vomiting and frequent use of  diuretics.

Hyponatremia and seasonal variation
The prevalence of  patients with profound hyponatremia 
(<135 mmol/l) in each month is shown in Figure 2. The incidence 
was 24.3% between January and March, 44.9% between April 
and June, 8.5% between July and September and 22.3% between 

Figure 1: Distribution of serum sodium in the study population Figure 2: Seasonal variation and prevalence of hyponatremia
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October and December. Statistically significant difference was 
observed in incidence rate of  hyponatremia between second 
quarter (Apr‑June months) and third quarter (Jul‑Sep months) 
of  the year (P < 0.0001). Thus, the prevalence of  hyponatremia 
in the warm season of  April to June (44.9%, 111 in 247 patients) 
was significantly (P < 0.0001) higher than that in the rainfall 
season (9%, 21 in 247 patients) and the cold season of  October 
to March (46.6%, 115 in 247 patients).

Risk factors for developing hyponatremia
Univariate and multivariate logistic regression analyses were 
performed to evaluate the determinants of  hyponatremia. Table 2 
lists the results of  both logistic regression analyses. In univariate 
analysis, diuretics use, presence of  diarrhea/vomiting, poor solute 
and nutrients intake, and edematous states were significantly 
associated with hyponatremia [Table 1]. Patients on diuretics 
increased their risk by 160%. Conditions like diarrhea/vomiting 
increased risk by 250%, edematous states by 620%, and poor 
solute and nutrients intake by 200%. However, in the multivariate 
analysis, only poor solute and nutrients intake (2.2; P = 0.010) 
and edematous states (6.40; P = 0.001) were independently 
associated with the development of  hyponatremia (acute hospital 
population). Neither diarrhea/vomiting (P = 0.287) nor diuretics 
use (P = 0.664) was associated with hyponatremia [Table 2].

Discussion

The multistage study method is the most general framework 
among advanced designs. We report, for the first time in India, 
the prevalence, incidence and correlation of  various risk factors 
with hyponatremia in a multistage design and establish that 

diuretics are not associated with hyponatremia in adult patients, 
after controlling the confounding factors. The study estimated 
prevalence and incidence of  hyponatremia in separate samples 
of  general Indian population receiving regular diuretics for at 
least 6 months in ambulatory settings. Univariate analysis of  stage 
3 case control study demonstrates an increase in the prevalence 
of  hyponatremia with diuretic use, diarrhea/vomiting, low 
solute and nutritious intake, and edematous states. However, 
multivariate analysis determined that only subjects with low solute 
and nutrients intake and edematous states were significantly 
more likely to have hyponatremia. Neither diarrhea/vomiting 
nor diuretic use were found to be associated with hyponatremia.

The prevalence rate of  hyponatremia in our study was 27%, 
which is consistent with the previous findings that have estimated 
the prevalence of  hyponatremia to 5.2%‑28.8% of  Indian 
patients admitted to hospitals.[1‑3] According to a study from the 
Netherlands in 2013, the prevalence of  hyponatremia was 7.7%, 
a marked less prevalence rate from the 27% reported in our 
study.[11] The larger prevalence obtained in Indian studies may be 
attributed to inadequate nutrition and low solute intake as well as 
tropical weather conditions. In 2002, Chakrapani et al. from India 
reported the important role of  humidity and temperature in the 
manifestation of  hyponatremia.[12] During the study period of  
two years, they found an increased incidence of  hyponatremia 
in the peak southwest monsoon season.[12] In contrast, our 
study reported higher incidence of  hyponatremia during the 
warm season of  April to June (45%, 111 in 247 patients) than 
in the rainfall season (9%, 21 in 247 patients). Studies from 
Switzerland and Japan have also reported a higher risk of  
hyponatremia during the hot weather.[13,14] So we could validate 
the prevalence and incidence in separate groups of  population 
through multistage design.

Previous studies have shown higher risk of  hyponatremia in 
patients using certain drugs (e.g. diuretics, antidepressants, 
antiepileptics, tramadol, and codeine) and those with compromised 
age‑related physiology and multiple comorbidities.[15,16] In 2018, 
a study by Imai et al. reported significantly higher prevalence of  
hyponatremia in the elderly group than in the adult group (17.0% 
vs. 5.7%, P < 0.001).[17] However, several studies suggest that 
age alone does not appear to be an independent risk factor 
for hyponatremia after controlling all other confounding 
variables.[18,19] A study by Al Mawed et al. has shown significantly 
higher hyponatremia‑associated mortality in younger versus older 
patients.[20] In order to identify more reliable and validated risk 
factors for hyponatremia, both univariate and multivariate logistic 
regression analyses were performed in our matched case–control 
study (stage 3). Univariate analysis found hyponatremia to be 
elevated in subjects with edematous states, diarrhea/vomiting, 
low solute and nutrients intake, and those using diuretics.

The cause of  hyponatremia may be renal (nephritis, diuretics, 
mineralocorticoid deficiency) and/or extrarenal (vomiting, 
diarrhea, burns).[21] Hyponatremia due to water excess is 
attributable to heart failure, nephrotic syndrome, cirrhosis and 

Table 1: Demographic details in the case control study
Cases (n=247) Control (n=247)

Age (mean±SD) 50.3±15.5 48.6±12
Male [n (%)] 153 (62) 153 (62)
Female [n (%)] 94 (38) 94 (38)
Physical activity
Sedentary [n (%)] 60 (24) 63 (26)
Moderate [n (%)] 187 (76) 184 (74)

Table 2: Predictors of developing hyponatremia by 
logistic regression analysis

Risk factors Odds ratio 95% CI p
Univariate logistic regression analysis

Diuretic use (yes vs. no) 1.6 1.1‑2.4 <0.0001
Diarrhea/vomiting (yes vs. no) 2.5 1.2‑5.0 0.0063
Poor solute and nutrients intake 
(yes vs. no)

2.0 1.1‑3.8 0.0236

Edematous states (yes vs. no) 6.2 3.4‑11.7 <0.0001
Multiple logistic regression analysis

Diarrhea/vomiting 1.5 0.7‑2.9 0.287
Poor solute and nutrients intake 2.2 1.2‑4.0 0.010
Edematous states 6.40 3.4‑12.2 0.001
Diuretics use 0.90 0.6‑1.43 0.664
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others (infusion 5% glucose solutions and drugs that stimulate 
antidiuretic hormone (ADH) secretion).[21] In our study, subjects 
with edematous states were significantly more likely to have 
hyponatremia compared to those without edematous states 
meaning that edematous states had lower levels of  serum sodium.

Hyponatremia due to poor solute and nutrients intake is 
described only in individual case reports.[22] In 1972, Gwinup 
et al. found that administration of  more than 5 liters of  beer 
daily for seven days results in hyponatremia, weight gain, strongly 
positive fluid balance and inappropriate urinary concentration.[23] 
Both American (2013) and European (2014) clinical practice 
guidelines considered urine osmolality of  <100 mOsm/kg in 
hyponatremia and low dietary solute intake as a major cause of  
this condition.[24,25]

Thiazide type diuretics are associated with an increased risk 
of  hyponatremia.[26] In 2006, a study that prospectively looked 
at patients hospitalized with severe hyponatremia; a greater 
proportion of  patients were on loop diuretics than thiazides.[27] In 
consistent with these previous studies, diuretics use (P = 0.664) 
was also found not to be associated with hyponatremia in 
multivariate analysis of  our study; though several study considered 
thiazide type diuretics as a major cause of  hyponatremia.

Multivariate logistic regression analysis of  our case‑control study 
also suggested that if  all other confounding factors are controlled, 
then only edematous disorders states, and poor salt and nutrients 
intake seem to be independent risk factors for development 
of  hyponatremia. This is also in agreement with the results of  
previous studies showing that patients with diuretic hyponatremia 
frequently have other conditions like hot weather contributing to 
the hyponatremia.[14,28,29] Thus, it is fair to conclude that diuretics 
may be associated with hyponatremia but do not directly cause it.

The strength of  the study is the multistage mixed methods 
design, and separate population evaluation leading to large 
sample size. To the best of  our knowledge, this is the first Indian 
study to systematically evaluate and quantify various risk factors 
for hyponatremia in patients taking diuretic therapy. The study 
differs from already published case reports detailing limited 
number of  severe hyponatremic cases. Also, this study describes 
the risk factors with certainty in both ambulatory and hospital 
settings; though this is a fundamental difficulty in the geriatric 
population. However, the study has several methodological 
limitations. Firstly, information regarding the different dosages 
of  diuretics has not been recorded which may be a confounder. 
Secondly, contribution of  other agents causing hyponatremia like 
other medications causing hyponatremia has not been recorded.

Conclusion

It is concluded that diuretics are not associated with hyponatremia 
in adult patients in this cohort of  patients. However, elderly 
population on diuretics is more likely to have hyponatremia 
compared to the adult population. The authors recommend that 

a randomized parallel arm trial comparing diuretics with other 
antihypertensives be done to establish whether diuretics are 
associated with hyponatremia in this patient population.
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Abstract 

Background: Pericardial effusions may be discovered incidentally or as the life-threatening scenario of cardiac 
tamponade. Hence, etiological identification of pericardial effusion may prove to be crucial inpatient 
management. Aim: To assess the clinical presentation and etiology of pericardial effusion at a tertiary-care centre 
in India. Methods: This was a retrospective, observational, single-centre one-year hospital-based study. Data from 
70 diagnosed cases of pericardial effusion from our tertiary-care centre in India from August 2016 to July 2017 
was retrospectively reviewed. A diagnosis of pericardial effusion was confirmed based on findings from clinical 
history, echocardiographic examination, specific laboratory investigations, and radiological investigations. 
Pericardial fluid analysis was also performed. Results: The mean age of the patients was 46.87±14.40 years. Almost 
equal frequencies of men 36 (51.4%) and women 34 (48.6%) were observed. The most commonly observed 
signs/symptoms of patients diagnosed with pericardial effusion was raised jugular venous pulse in 39 (55.7%) 
patients, breathlessness in 36 (51.4%) patients, and tachypnea and tachycardia (heart rate >100 beats per minute) 
in 33 (47.1%) patients each. An etiology of tubercular effusion was common 32 (44.4%) patients. On analyzing 
data according to the underlying etiology, the most frequent sign/symptom was raised jugular venous pulse in 20 
(62.5%) patients diagnosed with tubercular effusion, tachypnea in 10 (52.6%) patients diagnosed with 
hypothyroidism and tachycardia in 12 (63.2%) patients with a diagnosis other than pericardial effusion or 
hypothyroidism. Conclusions: The high prevalence of tuberculosis in India warrants increased control and 
awareness of this infection. 

Keywords 

Pericardial Tamponade; Jugular Venous Pressure; Echocardiography; Tuberculosis 

Introduction 
Pericardial effusion may be defined as the abnormal 
accumulation of fluid in the pericardial cavity. This 
fluid build-up may be attributed to idiopathic causes 

or local or systemic disorders (1). It may have an 
asymptomatic presentation in a substantial number 
of patients and therefore it is often accidentally 
detected on chest x-rays or echocardiograms. (2). 
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Further, due to geographically diverse clinical 
presentation and etiology, data from these 
geographies cannot be generalized. 

Aims & Objectives 

 To assess the clinical profile of pericardial 
effusion. 

 To assess the etiological spectrum of pericardial 
effusion. 

Material & Methods 

Study type and patient population: This was a 
retrospective, observational, single-centre study to 
examine the clinical and etiological profiles of 
pericardial effusion.  
Study area & duration: The study was conducted in 
a tertiary-care hospital in north India over a period 
of one year from August 2016 to July 2017. 
Inclusion Criteria: Patients admitted to the 
emergency department with moderate to large 
pericardial effusion with or without tamponade 
physiology based on standard echocardiographic 
criteria were studied.  
Exclusion Criteria: The exclusion criteria were 
patients with (i) known cases of malignancy (ii) post 
pericardiotomy syndrome (iii) multi-system disorder 
(iv) insufficient clinical data (iv) those not able to 
provide written informed consent. 
Ethical Approval & Consent: The study was 
approved by the Institutional Ethics Committee. All 
patients provided informed consent for data 
collection and analysis for the research purposes, 
which is the practice at our hospital, irrespective of 
any study to be conducted in future.  
Strategy for Collection & Working definition: The 
diagnosis of pericardial effusion and tamponade was 
made according to standard two-dimensional 
echocardiographic criteria (3). Pericardial effusion 
was graded as moderate (10–20 mm) or severe 
effusion (>20 mm) according to the size of the echo-
free space. The cause of pericardial effusion was 
evaluated by a battery of tests. These included blood 
count, serum electrolytes, renal function tests, 
erythrocyte sedimentation rate (ESR), tuberculin skin 
test, thyroid profiling, antinuclear antibodies (ANA) 
test, rheumatoid factor test, and QuantiFERON TB-
GOLD (QFT) test. Radiological investigations included 
chest x-ray and chest computed tomography (or 
magnetic resonance imaging if CT was 
contraindicated). Pericardial fluid was analyzed for 
cells, proteins, lactate dehydrogenase (LDH), 
malignant cells, adenosine deaminase (ADA), 

polymerase chain reaction (PCR) for mycobacterium 
tuberculosis, gram staining, acid-fast bacillus (AFB) 
staining and cultures. Pericardiocentesis was 
performed. Final diagnosis of pericardial effusion 
was based on clinical history, examination and 
specific laboratory investigations for tuberculosis, 
hypothyroidism, malignancy, uremia and collagen 
vascular disease. The diagnosis of tubercular 
pericardial effusion was based on presence of 
lymphocytic predominant pericardial fluid along with 
positive ADA (cut off value >40UL with 100% 
sensitivity and 94.6% specificity), or by TB PCR/CB 
NAAT, presence of active tuberculosis elsewhere in 
the body. 
Data Analysis: Continuous variables are presented as 
mean ± standard deviation, while categorical 
variables are presented as frequency and 
percentages. All data was analyzed with the 
Statistical Package for Social Sciences (SPSS; Chicago, 
IL, USA) program, version 15. 

Results  

Demographic and clinical presentation of overall 
study population: A total of 6,000 patients 
presented to our tertiary-care centre between the 
study duration of August 2016 to July 2017. Of these 
patients, 71 patients were diagnosed with pericardial 
effusion. Hence, the incidence of pericardial effusion 
with or without tamponade was 1.1% at our center. 
However, one patient was a known case of 
malignancy and was therefore excluded. Thus, our 
study comprised 70 patients aged 13 to 83 years. 
Mean age of the study population was 46.87±14.40. 
Frequencies of men 36 (51.4%) and women 34 
(48.6%) were almost equal. The most prevalent 
cardiovascular risk factor was oral tobacco use 
followed by diabetes, smoking, hypertension, and 
alcohol intake present in 11 (15.7%), 10 (14.3%), 8 
(11.4%), 8 (11.4%) and 3 (4.3%) patients, 
respectively. Raised jugular venous pressure, 
breathlessness, tachypnea, and tachycardia defined 
as heart rate (HR) >100 beats per minute (bpm) were 
the most observed clinical presentations observed in 
39 (55.7%), 36 (51.4%), 33 (47.1%), and 33 (47.1%) 
patients, respectively. Other less observed 
symptoms included weakness, decreased urine 
output, weight loss, abdominal distension, body 
swelling, and palpitations. Joint pain, lupus nephritis, 
history of tuberculosis, rigor & chills, vomiting, and 
hemoptysis were uncommon being observed in 1 
(1.4%) patient each. Demographics and clinical 



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 31 / ISSUE NO 03 / JUL - SEP 2019                                               [Clinico-Epidemiological Study] | Singh A et al 

324 

presentation of the study population are detailed in 
(Table 1). The cardiovascular risk factors are 
illustrated in (Figure 1). 
Etiological Diagnosis of overall study population: Of 
the 70 patients, majority of the patients–32 (44.4%) 
were diagnosed with tubercular effusion. More than 
a quarter patient, 26.4% patients were diagnosed 
with hypothyroidism. Idiopathic, malignancy, 
myocardial infarction (MI), bacterial infection, 
human immunodeficiency virus (HIV) infection, and 
ANA+ was the diagnosis made in 6 (8.3%), 5 (6.9%), 3 
(4.1%), 3 (4.1%), 2 (2.7%), and 2 (2.7%) patients, 
respectively Two patients had tuberculosis as well as 
HIV. The diagnosis of the overall study population is 
demonstrated in (Figure 2). 
Clinical, biochemical and echocardiographic profile 
of overall study population: Mean heart rate was 
104.7±15.7 bpm. Mean systolic and diastolic blood 
pressure (BP) was 107.1±17.0 mmHg and 70.8±8.2 
mmHg, respectively. Mean value of serum protein, 
serum albumin, serum urea and serum creatinine for 
the study population was 5.47±0.74 mg/dL, 
2.84±0.34 mg/dL, 44.83±24.92 mg/dL, and 1.26±1.65 
mg/dL respectively. Mean ESR was 34.71±20.34 
mm/h. Echocardiography revealed more than three-
quarter—54 (77.1%) patients had severe pericardial 
effusion. Seventeen (24.3%) patients had 
tamponade diagnosed through clinical and 
echocardiographic evaluation. The biochemical and 
echocardiographic findings are given in (Table 2). 
Demographic and clinical Profile of study 
population stratified according to etiology: Mean 
age was significantly higher for tubular effusion 
patients (50.5±12.6) as compared to hypothyroidism 
patients 40.8±9.2 (p=0.030). We analyzed the study 
population according to the underlying etiology. 
Males contributed 18 (56.3%), 8 (42.1%), and 10 
(52.6%) patients with an etiology of tubercular 
effusion, hypothyroidism, and other etiologies, 
respectively. Tobacco smokers accounted for 6 
(18.8%) patients of tubular effusion etiology. 
Smoking was the leading cardiovascular risk factor in 
patients with an etiology of hypothyroidism. 
Pericardial effusion due to other etiologies 
comprised of 2 diabetics, 2 smokers, 2 tobacco users, 
and 2 hypertensives. Twenty (62.58%) patients that 
presented with raised jugular venous pulse were 
diagnosed with tubular effusion. Ten (52.6%) 
patients that experienced tachypnea were 
diagnosed with hypothyroidism. Tachycardia 
observed in 12 (63.2%) patients had a diagnosis 

other than tubular effusion or hypothyroidism. 
Demographic and clinical presentation details of the 
study population according to underlying etiology 
are detailed in (Table 3). 
Biochemical and echocardiographic investigations 
according to etiology and diagnosis: Serum protein 
(p=0.013) and serum creatinine (p<0.001) levels 
showed statistical significance across differing 
etiologies. All patients diagnosed with 
hypothyroidism displayed total leucocyte count 
(TLC) >5000 and thyroid stimulating hormone (TSH) 
levels >4.5. TSH ranges were statistically significant 
(p<0.001) across differing etiologies. Eight of the 17 
patients that developed tamponade had a tubular 
effusion etiology. The biochemical and 
echocardiographic investigations according to 
etiology are detailed in (Table 4). 

Discussion  

The etiology of pericardial effusion varies according 
to geographical location, the population studied and 
underlying diseases. Etiology is further influenced by 
diagnostic methods and modalities used (4). The 
present study retrospectively reviewed the clinical 
presentation, diagnosis and etiology of pericardial 
effusion in patients admitted to the cardiology 
emergency department of our tertiary-care centre 
over the period of one year. 
India suffers from a burden of oral tobacco use. The 
prevalence of smokeless tobacco i.e. tobacco 
chewers in the country is a staggering 164 million (5). 
Furthermore, India alone contributes an estimated 
74% of the global burden of death from chewing 
tobacco (6). Therefore, it is not surprising that our 
findings revealed tobacco use (15.7%) as a cardinal 
risk factor for pericardial effusion. 
In the present study the most common 
signs/symptoms were raised jugular venous pulse 
(55.7%), breathlessness (51.4%), tachypnea (47.1%), 
and tachycardia (HR >100 bpm) (47.1%). The studies 
from Kashmir (7), and Bihar (8) both reported 
tachycardia followed by breathlessness as the most 
observed clinical features. Rarely experienced 
symptoms of pericardial effusion include hiccups, 
hoarse voice, dysphagia or nausea (7). 
Some authors have suggested age-specific etiologies 
(7). However, the findings from our study were not 
restricted to an adult population. A study comprising 
a child population also reported tuberculosis as the 
leading etiology in 7/17 children (9). Another study 
by Bagri et al. (10) reported tuberculosis in 24.0% 
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children. The study also stated that all children 
experienced tachypnea and tachycardia, whereas as 
more than a third children had raised jugular venous 
pressure. Thus, as our study also observed these 
findings, we cannot support the assumption of age-
specific etiologies or clinical presentations. 
Current literature has outlined different trends in 
etiological profiles of pericardial effusion between 
developed Western countries and still developing 
African and Asian countries. We observed that the 
most common etiological factor of pericardial 
effusion was tubercular effusion (44.4%). Our study 
may be compared to similar studies also conducted 
in North India. Studies conducted in Kashmir (7) and 
Bihar (8) similarly revealed tuberculosis as the 
leading etiological factor with prevalence of 24.5% 
and 27.3%, respectively. These findings emphasize 
the high prevalence of tuberculosis in these Indian 
regions. In contrast, Western countries report 
malignancy as the principal etiological factor (11). 
We performed further analysis to assess the overall 
data according to tubular effusion, hypothyroidism, 
and other etiological causes. Such an analysis can be 
compared to the Bihar (8) study in pericardial 
effusions were grouped according to symptoms such 
as shortness of breath, fever, and cough. In their 
study only 1 (33.3%) patient with a diagnosis of 
hypothyroidism presented with cough, whereas in 
our study as many as 8 (42.1%) patients presented 
with cough. No patients with hypothyroidism 
experienced fever, whereas in our study 3 (15.8%) 
patients experienced fever. Our study also found 
serum albumin differed significantly among the 
groups. A previous study by Bataille et al. (12) proved 
serum albumin to be a predictor of risk for 
pericardial drainage. Rate of drainage was 35% and 
7% when albuminemia was ≤31 g/l and >31 g/l., 
respectively. Similarly, Jung et al. (13) concluded 
patients uninfected with HIV but diagnosed with 
tuberculosis were more prone to unfavorable 
outcomes when they presented with low serum 
albumin levels. 
Tuberculosis is often associated with HIV infection, 
especially in sub-Saharan Africa (14). Many Indian 
studies currently report low incidences of HIV 
infection. Hence this correlation cannot be proven 
from such studies yet. 

Conclusion  

Our study results demonstrate tuberculosis as the 
most frequent etiology of pericardial effusion 

followed by hypothyroidism and malignancy. High 
prevalence of tuberculosis in India is attributable to 
poor socioeconomic status, overcrowding and 
increased occurrence of HIV. We therefore 
recommend that society be educated on the 
importance of personal hygiene. Awareness 
programmes can be started to educate people of the 
symptoms of tuberculosis. They should be urged to 
consult a physician as soon as possible and not 
neglect symptoms. Lastly, awareness should be 
raised to spread information about HIV and its 
prevention. 

Limitation of the study  

The study is limited firstly by the small sample size. 
These results reflect clinical presentation and 
etiology of pericardial effusion in a specific region of 
India and hence may not be necessarily be 
generalized. Mild & minimal forms of pericardial 
effusion which did not warrant an emergency 
consultation may have been missed in the study. 

Relevance of the study  

Despite these drawbacks, the current study 
contributes to existing literature. It not only reports 
overall prevalence of pericardial effusion but also 
reports prevalence according to the underlying 
etiological cause. Furthermore, this study analyzed a 
large number of clinical and biochemical variables 
that have not previously been reported in this 
geographical region. This data should be especially 
useful to physicians treating patients residing in 
regions suffering from dual epidemics of tuberculosis 
and HIV. 
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Tables 

TABLE 1 DEMOGRAPHICS AND CLINICAL PRESENTATION 
Variables n=70 

Age, mean ± SD (years) 46.87±14.40 

≤45 years, n (%) 34 (48.6%) 

>45 years, n (%) 36 (51.4%) 

Gender 

Male, n (%) 36 (51.4%) 

Female, n (%) 34 (48.6%) 

Predominant signs/ symptoms 

Raised jugular venous pulse, n (%) 39 (55.7%) 

Breathlessness, n (%) 36 (51.4%) 

Tachypnea, n (%) 33 (47.1%) 

Tachycardia (HR >100 bpm), n (%) 33 (47.1%) 

Fever, n (%) 23 (32.9%) 

Hypotension (systolic BP <90 mmHg), n (%) 20 (28.6%) 

Cough, n (%) 12 (40.0%) 

Loss of appetite, n (%) 11 (15.7%) 

Pedal edema, n (%) 9 (12.9%) 

Chest pain, n (%) 7 (10.0%) 

Other signs/symptoms 

Weakness, n (%) 7 (10.0%) 

Decreased urine output, n (%) 7 (10.0%) 

Weight loss, n (%) 5 (7.1%) 

Abdominal distension, n (%) 2 (2.9%) 

Body swelling, n (%) 2 (2.9%) 

Palpitations, n (%) 2 (2.9%) 

Joint pain, n (%) 1 (1.4%) 

Lupus nephritis, n (%) 1 (1.4%) 

History of tuberculosis, n (%) 1 (1.4%) 

Rigor & chills, n (%) 1 (1.4%) 

Vomiting, n (%) 1 (1.4%) 

Hemoptysis, n (%) 1 (1.4%) 

HR-heart rate, bpm-beats per minute, BP-blood pressure 
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TABLE 2 BIOCHEMICAL AND ECHOCARDIOGRAPHIC INVESTIGATIONS  
Variables n=70 

Heart rate, mean ± SD (bpm) 104.7±15.7 

Systolic BP, mean ± SD (mmHg) 107.1±17.0 

Diastolic BP, mean ± SD (mmHg) 70.8±8.2 

Biochemical tests 

Serum protein, mean ± SD (g/dl) 5.47±0.74 

<6 g/dl, n (%) 51 (72.9%) 

6–8 g/dl, n (%) 19 (27.1%) 

>8 g/dl, n (%) 0 (0.0%) 

Serum albumin, mean ± SD (g/dl) 2.84±0.34 

<3.5 g/dl, n (%) 69 (98.6%) 

3.5–5.5 g/dl, n (%) 1 (1.4%) 

>5.5 g/dl, n (%) 0 (0.0%) 

Serum urea, mean ± SD (g/dl) 44.83±24.92 

Serum creatinine, mean ± SD (mg) 1.26±1.65 

<0.6 mg, n (%) 2 (2.9%) 

0.6–1.2 mg, n (%) 55 (78.6%) 

>1.2 mg, n (%) 13 (18.6%) 

TLC, mean ± SD (n) 8314.57±2873.11 

<4000, n (%) 2 (2.9%) 

4000–10,000, n (%) 55 (78.6%) 

>10,000, n (%) 13 (18.6%) 

TSH, mean ± SD (n) 5.21±2.91 

<4.5, n (%) 42 (60.0%) 

4.5–10, n (%) 28 (40.0%) 

>10, n (%) 0 (0%) 

ESR, mean ± SD (mm/h) 34.71±20.34 

Male, 1–13 mm/h, n (%) 1 (1.4%) 

          >13 mm/h, n (%) 35 (50.0%) 

Female, 1–20 mm/h, n (%) 12 (17.1%) 

             >20 mm/h, n (%) 21 (30.0%) 

Troponin T, mean ± SD (unit) 0.06±0.14 

PFA TLC 1354.9±2847.3 

PFA N 22.9±17.4 

PFA L 88.7±99.7 

ADA 48.8±34.6 

Echocardiography 

Severe pericardial effusion (>20 mm), n (%) 54 (77.1%) 

Moderate pericardial effusion (10–20 mm), n (%) 16 (22.9%) 

Tamponade, n (%) 17 (24.3%) 

Bpm-beats per minute, BP-blood pressure, TLC-total leukocyte count, TSH-thyroid stimulating hormone, ESR-erythrocyte 
sedimentation rate, PFA-pericardial fluid analysis, ADA- adenosine deaminase 

 

TABLE 3 DEMOGRAPHICS AND CLINICAL PRESENTATION  
Variables Tubular effusion 

n=33 
Hypothyroidism 

n=19 
Other etiologies 

n=18 
p value 

Age, mean ± SD (years)     

≤45 years, n (%) 12 (37.5%) 13 (68.4%) 9 (47.4%) 0.101 

>45 years, n (%) 20 (62.5%) 6 (31.6%) 10 (52.6%) 

Gender 

Male, n (%) 18 (56.3%) 8 (42.1%) 10 (52.6%) 0.616 

Female, n (%) 14 (43.8%) 11 (57.9%) 9 (47.4%) 
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Cardiovascular risk factors 

Diabetes, n (%) 5 (15.6%) 3 (15.8%) 2 (10.5%) 0.915 

Smoker, n (%) 2 (6.3%) 4 (21.1%) 2 (10.5%) 0.309 

Tobacco, n (%) 6 (18.8%) 3 (15.8%) 2 (10.5%) 0.738 

Hypertension, n (%) 3 (9.4%) 3 (15.8%) 2 (10.5%) 0.889 

Alcohol, n (%) 2 (6.3%) 0 (0.0%) 1 (5.3%) 0.789 

Signs/symptoms  

Breathlessness, n (%) 17 (53.1%) 8 (42.1%) 11 (57.9%) 0.602 

Fever, n (%) 11 (34.4%) 3 (15.8%) 9 (47.4%) 0.113 

Cough, n (%) 8 (25.0%) 0 (0.0%) 3 (15.8%) 0.060 

Loss of appetite, n (%) 6 (18.8%) 1 (5.3%) 4 (21.1%) 0.333 

Chest pain, n (%) 1 (3.1%) 2 (10.5%) 4 (21.1%) 0.132 

Tachypnea, n (%) 15 (46.9%) 10 (52.6%) 8 (42.1%) 0.809 

Tachycardia (HR>100 bpm), n (%) 14 (43.8%) 7 (36.8%) 12 (63.2%) 0.233 

Raised jugular venous pulse, n (%) 20 (62.5%) 8 (42.1%) 11 (57.9%) 0.357 

Hypotension (systolic BP<90 mmHg), n (%) 8 (25.0%) 6 (31.6%) 6 (31.6%) 0.832 

Pedal edema, n (%) 5 (15.6%) 1 (5.3%) 3 (15.8%) 0.655 

Other signs/symptoms  

Weight loss, n (%) 3 (9.4%) 0 (0.0%) 2 (10.5%) 0.508 

Weakness, n (%) 3 (9.4%) 1 (5.3%) 3 (15.8%) 0.684 

Decreased urine output, n (%) 2 (6.3%) 2 (10.5%) 3 (15.8%) 0.532 

Abdominal distension, n (%) 1 (3.1%) 0 (0.0%) 1 (5.3%) 1.000 

Body swelling, n (%) 2 (6.3%) 1 (5.3%) 0 (0.0%) 0.789 

Palpitations, n (%) 0 (0.0%) 0 (0.0%) 2 (10.5%) 0.142 

Joint pain, n (%) 0 (0.0%) 1 (5.3%) 1 (5.3%) 0.291 

Lupus nephritis, n (%) 0 (0.0%) 0 (0.0%) 1 (5.3%) 0.543 

History of tuberculosis, n (%) 0 (0.0%) 0 (0.0%) 1 (5.3%) 0.543 

Rigorous Chills, n (%) 0 (0.0%) 0 (0.0%) 1 (5.3%) 0.543 

Vomiting, n (%) 0 (0.0%) 0 (0.0%) 1 (5.3%) 0.543 

Hemoptysis, n (%) 1 (3.1%) 0 (0.0%) 0 (0.0%) 1.000 

HR-heart rate, bpm-beats per minute, BP-blood pressure 

 

TABLE 4 ETIOLOGICAL/DIAGNOSTIC-WISE BIOCHEMICAL AND ECHOCARDIOGRAPHIC 
INVESTIGATIONS 

Variables Tubular effusion 
n=33 

Hypothyroidism 
n=19 

Other etiology 
n=19 

p value 

Age, mean ± SD (years) 50.5±12.6 40.8±9.2 46.8±19.3 0.030 

Heart rate, mean ± SD (bpm) 103.4±13.6 104.6±18.2 107.2±16.8 0.413 

Systolic BP, mean ± SD (mmHg) 104.6±14.6 106.8±14.4 111.5±22.4 0.580 

Diastolic BP, mean ± SD (mmHg) 69.6±7.5 71.9±7.6 71.7±9.9 0.485 

Biochemical tests 

Serum protein, mean ± SD (g/dl) 

<6 g/dl, n (%) 26 (81.3%) 9 (47.4%) 16 (84.2%) 0.013 

6–8 g/dl, n (%) 6 (18.8%) 10 (52.6%) 3 (15.8%) 

>8 g/dl, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Serum albumin, mean ± SD (g/dl) 

<3.5 g/dl, n (%) 33 (100.0%) 18 (94.7%) 19 (100.0%) 0.543 

3.5–5.5 g/dl, n (%) 0 (0.0%) 1 (5.3%) 0 (0.0%) 

>5.5 g/dl, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Serum creatinine, mean ± SD (mg) 

<0.6 mg, n (%) 0 (0.0%) 1 (5.3%) 1 (5.3%) <0.001 

0.6–1.2 mg, n (%) 30 (93.8%) 17 (89.5%) 8 (42.1%) 

>1.2 mg, n (%) 2 (6.3%) 1 (5.3%) 10 (52.6%) 

TLC, mean ± SD (n) 
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<800, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.215 

800–5000, n (%) 5 (15.6%) 0 (0.0%) 2 (10.5%) 

>5000, n (%) 27 (84.4%) 19 (100.0%) 17 (89.5%) 

TSH, mean ± SD (n)    <0.001 

<0.4, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

0.4–4.5, n (%) 26 (81.3%) 0 (0.0%) 18 (94.7%) 

>4.5, n (%) 6 (18.8%) 19 (100.0%) 1 (5.3%) 

ESR, mean ± SD (mm/h)    0.079 

Male, 1–13 mm/h, n (%) 0 (0.0%) 1 (5.3%) 1 (5.3%) 

        >13 mm/h, n (%) 18 (56.3%) 8 (42.1%) 9 (47.4%) 

Female 1–20 mm/h, n (%) 1 (3.1%) 6 (31.6%) 5 (26.3%) 

         >20 mm/h, n (%) 13 (40.6%) 4 (21.1%) 4 (21.1%) 

Troponin T (mean ± SD) 0.03±0.03 0.1±0.3 0.04±0.06 0.662 

PFA TLC 1064.1±1248.6 1212.6±894.7 2105.6±5539.1 0.171 

PFA N 20.3±11.5 24.1±19.2 26.8±24.1 0.943 

PFA L 105.9±140.5 75.5±19.3 68.8±25.1 0.456 

ADA 75.3±32.1 34.4±15.4 18.7±12.8 <0.001 

Cardiomegaly on chest x-ray, n (%) 0 (0%) 1 (5.3%) 1 (5.3%) 0.291 

Echocardiography 

Severe pericardial effusion (>20 mm), n (%) 25 (78.1%) 15 (78.9%) 14 (73.7%)  

Moderate pericardial effusion (10–20 mm), 
n (%) 

7 (21.9%) 4 (21.1%) 5 (26.3%) 0.913 

Tamponade (clinical + echo), n (%) 8 (25.0%) 4 (21.1%) 5 (26.3%) 0.923 

Bpm-beats per minute, BP-blood pressure, TLC-total leukocyte count, TSH-thyroid stimulating hormone, ESR-erythrocyte 
sedimentation rate, PFA-pericardial fluid analysis, ADA- adenosine deaminase 

 

Figures 

FIGURE 1 CARDIOVASCULAR RISK FACTORS OF OVERALL STUDY POPULATION 
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FIGURE 2 ETIOLOGICAL DIAGNOSIS OF OVERALL STUDY POPULATION 
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Summary
Urethral calculus causes variety of symptoms from 
simple dysuria to acute urinary retention. the diagnosis 
is many times not easy. a plain X-ray of the pelvis 
may aid in diagnosis. Due to variety of symptomatic 
presentations sometimes it is not the first diagnosis that 
comes to one’s mind. Management is by removal of the 
calculus via various methods ranging from endoscopic 
to open surgery. We present the case of an adult male, 
who was initially thought to have periurethral abscess 
due to stricture urethra but during investigations was 
found to have urethral calculus as the cause for his 
symptoms.

BaCkground 
Urethral calculus (UC) may become a significant 
cause of morbidity for the patient. Diagnosis of 
a calculus impacted in the urethra may be readily 
apparent, but sometimes may not be possible 
initially due to varying clinical presentations. We 
present the case of a young male whose clinical 
presentation was that of a periurethral abscess due 
to stricture urethra but later found to have a UC.

CaSe preSenTaTion
A 45-year-old man had suffered from thin urinary 
stream and dysuria for 8 years. He presented with 
acute onset of penile swelling and severe difficulty 
in urination for the last 2 days to a primary care 
physician. There he was examined to have phimosis 
so a dorsal slit of the preputial skin was done. After 
the procedure, there was purulent discharge from 
the surgical wound along with persistent voiding 
symptoms for which the patient was referred to us 
for further management. The patient had history 
of suprapubic cystolithotomy for a vesicle calculus 
20 years ago. On examination, there was gross 
penile swelling up to penoscrotal junction associ-
ated with thickened and oedematous penile skin 
and a normal meatus (figure 1A). There was also 
an associated tender and indurated swelling located 
near the penoscrotal junction (figure 1B), palpation 
of which resulted in purulent discharge from the 
sutured wound on the preputial skin. A provisional 
diagnosis of stricture urethra resulting in a periure-
thral abscess was made. A suprapubic cystostomy 
was done under ultrasound (US) guidance as initial 
management. Intravenous antibiotics as per local 
sensitivity pattern (piperacillin plus tazobactam 4.5 
g three times per day) were started.

inveSTigaTionS
Blood investigations including renal function tests 
were normal. Microscopic examination of the urine 
showed plenty of pus cells and Escherichia coli was 
found on culture which was sensitive to piperacillin 
plus tazobactam, carbapenems, colistin and poly-
myxin-B. US abdomen revealed thickened bladder 
walls with normal upper tracts. A retrograde 
urethrogram (RUG) was carried out for imaging 
the urethra. The plain X-ray film showed a large 
elliptical radio-opaque shadow in proximal penile 
urethra of approximately 2.5 cm length (figure 2). 
RUG revealed contrast passing around the UC into 
the dilated proximal urethra (figure 3). Urethros-
copy with a flexible cystoscope confirmed the pres-
ence of a calculus proximal to the stricture present 
in the penile urethra and it was not possible to 
negotiate the scope beyond the stricture (figure 4). 
The calculus was probably a primary UC formed 
due to urethral stricture disease. Metabolic workup 
including serum calcium and parathyroid hormone 
was within normal limits.

TreaTmenT
The patient had surgical site infection after dorsal 
slit and also as there was purulent discharge on 
pressing the swelling, some component of periure-
thral abscess was present. He was initially given 
intravenous antibiotics (see above) and oral anti-in-
flammatory drugs (Aceclofenac+Serratiopeptidase) 
for 7 days. Two weeks following this, the patient 
underwent open surgical removal of the calculi 
(figure 5) and dorsal buccal mucosal graft urethro-
plasty of the proximal penile urethra over a 16F 
Foley catheter. Postoperative course was uneventful. 

Figure 1 (A) Thickened penile skin with normal urinary 
meatus. (B) Swelling near the penoscrotal junction.
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The patient was discharged with the Foley catheter on the fourth 
postoperative day.

ouTCome and Follow-up
The catheter was removed after 3 weeks and after cath-
eter removal the patient voided well with a maximal flow of 
25 mL/s on uroflowmetry. At 3 months’ follow-up, the patient 
is asymptomatic.

diSCuSSion
Urolithiasis is a major part of urologic practice. Patients with UC 
form a small proportion (0.3%–2%) of the spectrum of urinary 
tract calculi. UC is more common in males. The incidence is 
higher in children especially in low/middle-income countries 
where malnutrition is common leading to formation of vesicle 
calculus that subsequently migrates in the urethra.1 Urethral 
calculi may be primary or secondary. Secondary UC migrates 
from the upper tracts into the urethra whereas primary UC forms 
when there is stasis of urine such as in cases with urethral diver-
ticulum or stricture. In the present case, it was a primary UC due 
to urethral stricture disease. The upper urinary tracts and the 
urinary bladder did not show any evidence of calculus disease 
on US. In the present case, the aetiology of urethral stricture was 

idiopathic as there was no other inciting cause for it. UC is more 
common in posterior urethra than anterior urethra.2

The clinical symptoms of UC vary depending on the stone 
location. The patient may have dysuria, haematuria, rectal 
pain and suprapubic pain, or may present with acute retention 
of urine. The UC may be palpable on deep palpation. Some-
times due to the surrounding inflammation the UC may not be 
evidently palpable. Due to the varied presentation it is some-
times difficult to make the diagnosis clinically. As was the case 
in our patient, where an initial diagnosis of periurethral abscess 
was made. A case of UC was reported in a female where initially 
a tumour was suspected.3

Most of the times, UC is readily apparent on a plain X-ray 
pelvis. Some UC may be radiolucent and thus not diagnosed on 
plain X-ray film. Many a times they are diagnosed while doing 
cystoscopy.4 The other useful diagnostic modality is US. A CT 
scan is rarely required for diagnosing a UC.1

There are many options for management of UC ranging from 
non-invasive, minimally invasive (cystoscopic) and open surgical 
removal. The management of UC is guided by size and location. 
Smaller stones have a higher chance of spontaneous expulsion. 
Instillation of 2% lidocaine jelly may aid in spontaneous expul-
sion. Stones in the posterior urethra may be manipulated into 

Figure 2 Plain X-ray pelvis showing the urethral calculus.

Figure 3 Retrograde urethrogram (RUG) demonstrating contrast 
around the calculus and dilated proximal urethra.

Figure 4 Urethroscopy showing stricture distal to the calculus.

Figure 5 (A) The urethra after removal of calculus. (B) The removed 
urethral calculus.
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the urinary bladder followed by cystolithopaxy. When one fails 
to push the stone back into the urinary bladder in situ fragmen-
tation by holmium laser is also a feasible option if the facility is 
available.5 US lithotripsy for removal of UC in urethral divertic-
ulum has also been described.6 UC in anterior urethra may be 
grasped and removed by a forceps, but this should preferably 
be done by an experienced urologist, so as to avoid injuring the 
urethra. Open surgery is the last resort but larger UC usually 
requires open removal.1 3

learning points

 ► Urethral calculus may be associated with concomitant 
stricture urethra or urethral diverticulum.

 ► A plain X-ray pelvis is a useful diagnostic test as most of the 
urethral calculus is radio-opaque.

 ► Although urethral calculus is most of the times easy to 
diagnose, it may sometimes be missed as it has variety of 
symptomatic presentations and may be found incidentally 
while investigating for other urethral diseases.

 ► Most urethral calculus may be removed with minimal invasive 
methods or may expel spontaneously.

 ► Open surgery is usually the last resort and is required for 
larger calculi.
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Summary
Urethral calculus causes variety of symptoms from 
simple dysuria to acute urinary retention. the diagnosis 
is many times not easy. a plain X-ray of the pelvis 
may aid in diagnosis. Due to variety of symptomatic 
presentations sometimes it is not the first diagnosis that 
comes to one’s mind. Management is by removal of the 
calculus via various methods ranging from endoscopic 
to open surgery. We present the case of an adult male, 
who was initially thought to have periurethral abscess 
due to stricture urethra but during investigations was 
found to have urethral calculus as the cause for his 
symptoms.

BaCkground 
Urethral calculus (UC) may become a significant 
cause of morbidity for the patient. Diagnosis of 
a calculus impacted in the urethra may be readily 
apparent, but sometimes may not be possible 
initially due to varying clinical presentations. We 
present the case of a young male whose clinical 
presentation was that of a periurethral abscess due 
to stricture urethra but later found to have a UC.

CaSe preSenTaTion
A 45-year-old man had suffered from thin urinary 
stream and dysuria for 8 years. He presented with 
acute onset of penile swelling and severe difficulty 
in urination for the last 2 days to a primary care 
physician. There he was examined to have phimosis 
so a dorsal slit of the preputial skin was done. After 
the procedure, there was purulent discharge from 
the surgical wound along with persistent voiding 
symptoms for which the patient was referred to us 
for further management. The patient had history 
of suprapubic cystolithotomy for a vesicle calculus 
20 years ago. On examination, there was gross 
penile swelling up to penoscrotal junction associ-
ated with thickened and oedematous penile skin 
and a normal meatus (figure 1A). There was also 
an associated tender and indurated swelling located 
near the penoscrotal junction (figure 1B), palpation 
of which resulted in purulent discharge from the 
sutured wound on the preputial skin. A provisional 
diagnosis of stricture urethra resulting in a periure-
thral abscess was made. A suprapubic cystostomy 
was done under ultrasound (US) guidance as initial 
management. Intravenous antibiotics as per local 
sensitivity pattern (piperacillin plus tazobactam 4.5 
g three times per day) were started.

inveSTigaTionS
Blood investigations including renal function tests 
were normal. Microscopic examination of the urine 
showed plenty of pus cells and Escherichia coli was 
found on culture which was sensitive to piperacillin 
plus tazobactam, carbapenems, colistin and poly-
myxin-B. US abdomen revealed thickened bladder 
walls with normal upper tracts. A retrograde 
urethrogram (RUG) was carried out for imaging 
the urethra. The plain X-ray film showed a large 
elliptical radio-opaque shadow in proximal penile 
urethra of approximately 2.5 cm length (figure 2). 
RUG revealed contrast passing around the UC into 
the dilated proximal urethra (figure 3). Urethros-
copy with a flexible cystoscope confirmed the pres-
ence of a calculus proximal to the stricture present 
in the penile urethra and it was not possible to 
negotiate the scope beyond the stricture (figure 4). 
The calculus was probably a primary UC formed 
due to urethral stricture disease. Metabolic workup 
including serum calcium and parathyroid hormone 
was within normal limits.

TreaTmenT
The patient had surgical site infection after dorsal 
slit and also as there was purulent discharge on 
pressing the swelling, some component of periure-
thral abscess was present. He was initially given 
intravenous antibiotics (see above) and oral anti-in-
flammatory drugs (Aceclofenac+Serratiopeptidase) 
for 7 days. Two weeks following this, the patient 
underwent open surgical removal of the calculi 
(figure 5) and dorsal buccal mucosal graft urethro-
plasty of the proximal penile urethra over a 16F 
Foley catheter. Postoperative course was uneventful. 

Figure 1 (A) Thickened penile skin with normal urinary 
meatus. (B) Swelling near the penoscrotal junction.
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The patient was discharged with the Foley catheter on the fourth 
postoperative day.

ouTCome and Follow-up
The catheter was removed after 3 weeks and after cath-
eter removal the patient voided well with a maximal flow of 
25 mL/s on uroflowmetry. At 3 months’ follow-up, the patient 
is asymptomatic.

diSCuSSion
Urolithiasis is a major part of urologic practice. Patients with UC 
form a small proportion (0.3%–2%) of the spectrum of urinary 
tract calculi. UC is more common in males. The incidence is 
higher in children especially in low/middle-income countries 
where malnutrition is common leading to formation of vesicle 
calculus that subsequently migrates in the urethra.1 Urethral 
calculi may be primary or secondary. Secondary UC migrates 
from the upper tracts into the urethra whereas primary UC forms 
when there is stasis of urine such as in cases with urethral diver-
ticulum or stricture. In the present case, it was a primary UC due 
to urethral stricture disease. The upper urinary tracts and the 
urinary bladder did not show any evidence of calculus disease 
on US. In the present case, the aetiology of urethral stricture was 

idiopathic as there was no other inciting cause for it. UC is more 
common in posterior urethra than anterior urethra.2

The clinical symptoms of UC vary depending on the stone 
location. The patient may have dysuria, haematuria, rectal 
pain and suprapubic pain, or may present with acute retention 
of urine. The UC may be palpable on deep palpation. Some-
times due to the surrounding inflammation the UC may not be 
evidently palpable. Due to the varied presentation it is some-
times difficult to make the diagnosis clinically. As was the case 
in our patient, where an initial diagnosis of periurethral abscess 
was made. A case of UC was reported in a female where initially 
a tumour was suspected.3

Most of the times, UC is readily apparent on a plain X-ray 
pelvis. Some UC may be radiolucent and thus not diagnosed on 
plain X-ray film. Many a times they are diagnosed while doing 
cystoscopy.4 The other useful diagnostic modality is US. A CT 
scan is rarely required for diagnosing a UC.1

There are many options for management of UC ranging from 
non-invasive, minimally invasive (cystoscopic) and open surgical 
removal. The management of UC is guided by size and location. 
Smaller stones have a higher chance of spontaneous expulsion. 
Instillation of 2% lidocaine jelly may aid in spontaneous expul-
sion. Stones in the posterior urethra may be manipulated into 

Figure 2 Plain X-ray pelvis showing the urethral calculus.

Figure 3 Retrograde urethrogram (RUG) demonstrating contrast 
around the calculus and dilated proximal urethra.

Figure 4 Urethroscopy showing stricture distal to the calculus.

Figure 5 (A) The urethra after removal of calculus. (B) The removed 
urethral calculus.
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the urinary bladder followed by cystolithopaxy. When one fails 
to push the stone back into the urinary bladder in situ fragmen-
tation by holmium laser is also a feasible option if the facility is 
available.5 US lithotripsy for removal of UC in urethral divertic-
ulum has also been described.6 UC in anterior urethra may be 
grasped and removed by a forceps, but this should preferably 
be done by an experienced urologist, so as to avoid injuring the 
urethra. Open surgery is the last resort but larger UC usually 
requires open removal.1 3

learning points

 ► Urethral calculus may be associated with concomitant 
stricture urethra or urethral diverticulum.

 ► A plain X-ray pelvis is a useful diagnostic test as most of the 
urethral calculus is radio-opaque.

 ► Although urethral calculus is most of the times easy to 
diagnose, it may sometimes be missed as it has variety of 
symptomatic presentations and may be found incidentally 
while investigating for other urethral diseases.

 ► Most urethral calculus may be removed with minimal invasive 
methods or may expel spontaneously.

 ► Open surgery is usually the last resort and is required for 
larger calculi.
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Abstract 

Background: Pericardial effusions may be discovered incidentally or as the life-threatening scenario of cardiac 
tamponade. Hence, etiological identification of pericardial effusion may prove to be crucial inpatient 
management. Aim: To assess the clinical presentation and etiology of pericardial effusion at a tertiary-care centre 
in India. Methods: This was a retrospective, observational, single-centre one-year hospital-based study. Data from 
70 diagnosed cases of pericardial effusion from our tertiary-care centre in India from August 2016 to July 2017 
was retrospectively reviewed. A diagnosis of pericardial effusion was confirmed based on findings from clinical 
history, echocardiographic examination, specific laboratory investigations, and radiological investigations. 
Pericardial fluid analysis was also performed. Results: The mean age of the patients was 46.87±14.40 years. Almost 
equal frequencies of men 36 (51.4%) and women 34 (48.6%) were observed. The most commonly observed 
signs/symptoms of patients diagnosed with pericardial effusion was raised jugular venous pulse in 39 (55.7%) 
patients, breathlessness in 36 (51.4%) patients, and tachypnea and tachycardia (heart rate >100 beats per minute) 
in 33 (47.1%) patients each. An etiology of tubercular effusion was common 32 (44.4%) patients. On analyzing 
data according to the underlying etiology, the most frequent sign/symptom was raised jugular venous pulse in 20 
(62.5%) patients diagnosed with tubercular effusion, tachypnea in 10 (52.6%) patients diagnosed with 
hypothyroidism and tachycardia in 12 (63.2%) patients with a diagnosis other than pericardial effusion or 
hypothyroidism. Conclusions: The high prevalence of tuberculosis in India warrants increased control and 
awareness of this infection. 

Keywords 

Pericardial Tamponade; Jugular Venous Pressure; Echocardiography; Tuberculosis 

Introduction 
Pericardial effusion may be defined as the abnormal 
accumulation of fluid in the pericardial cavity. This 
fluid build-up may be attributed to idiopathic causes 

or local or systemic disorders (1). It may have an 
asymptomatic presentation in a substantial number 
of patients and therefore it is often accidentally 
detected on chest x-rays or echocardiograms. (2). 

mailto:akshyaya33@gmail.com
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Further, due to geographically diverse clinical 
presentation and etiology, data from these 
geographies cannot be generalized. 

Aims & Objectives 

 To assess the clinical profile of pericardial 
effusion. 

 To assess the etiological spectrum of pericardial 
effusion. 

Material & Methods 

Study type and patient population: This was a 
retrospective, observational, single-centre study to 
examine the clinical and etiological profiles of 
pericardial effusion.  
Study area & duration: The study was conducted in 
a tertiary-care hospital in north India over a period 
of one year from August 2016 to July 2017. 
Inclusion Criteria: Patients admitted to the 
emergency department with moderate to large 
pericardial effusion with or without tamponade 
physiology based on standard echocardiographic 
criteria were studied.  
Exclusion Criteria: The exclusion criteria were 
patients with (i) known cases of malignancy (ii) post 
pericardiotomy syndrome (iii) multi-system disorder 
(iv) insufficient clinical data (iv) those not able to 
provide written informed consent. 
Ethical Approval & Consent: The study was 
approved by the Institutional Ethics Committee. All 
patients provided informed consent for data 
collection and analysis for the research purposes, 
which is the practice at our hospital, irrespective of 
any study to be conducted in future.  
Strategy for Collection & Working definition: The 
diagnosis of pericardial effusion and tamponade was 
made according to standard two-dimensional 
echocardiographic criteria (3). Pericardial effusion 
was graded as moderate (10–20 mm) or severe 
effusion (>20 mm) according to the size of the echo-
free space. The cause of pericardial effusion was 
evaluated by a battery of tests. These included blood 
count, serum electrolytes, renal function tests, 
erythrocyte sedimentation rate (ESR), tuberculin skin 
test, thyroid profiling, antinuclear antibodies (ANA) 
test, rheumatoid factor test, and QuantiFERON TB-
GOLD (QFT) test. Radiological investigations included 
chest x-ray and chest computed tomography (or 
magnetic resonance imaging if CT was 
contraindicated). Pericardial fluid was analyzed for 
cells, proteins, lactate dehydrogenase (LDH), 
malignant cells, adenosine deaminase (ADA), 

polymerase chain reaction (PCR) for mycobacterium 
tuberculosis, gram staining, acid-fast bacillus (AFB) 
staining and cultures. Pericardiocentesis was 
performed. Final diagnosis of pericardial effusion 
was based on clinical history, examination and 
specific laboratory investigations for tuberculosis, 
hypothyroidism, malignancy, uremia and collagen 
vascular disease. The diagnosis of tubercular 
pericardial effusion was based on presence of 
lymphocytic predominant pericardial fluid along with 
positive ADA (cut off value >40UL with 100% 
sensitivity and 94.6% specificity), or by TB PCR/CB 
NAAT, presence of active tuberculosis elsewhere in 
the body. 
Data Analysis: Continuous variables are presented as 
mean ± standard deviation, while categorical 
variables are presented as frequency and 
percentages. All data was analyzed with the 
Statistical Package for Social Sciences (SPSS; Chicago, 
IL, USA) program, version 15. 

Results  

Demographic and clinical presentation of overall 
study population: A total of 6,000 patients 
presented to our tertiary-care centre between the 
study duration of August 2016 to July 2017. Of these 
patients, 71 patients were diagnosed with pericardial 
effusion. Hence, the incidence of pericardial effusion 
with or without tamponade was 1.1% at our center. 
However, one patient was a known case of 
malignancy and was therefore excluded. Thus, our 
study comprised 70 patients aged 13 to 83 years. 
Mean age of the study population was 46.87±14.40. 
Frequencies of men 36 (51.4%) and women 34 
(48.6%) were almost equal. The most prevalent 
cardiovascular risk factor was oral tobacco use 
followed by diabetes, smoking, hypertension, and 
alcohol intake present in 11 (15.7%), 10 (14.3%), 8 
(11.4%), 8 (11.4%) and 3 (4.3%) patients, 
respectively. Raised jugular venous pressure, 
breathlessness, tachypnea, and tachycardia defined 
as heart rate (HR) >100 beats per minute (bpm) were 
the most observed clinical presentations observed in 
39 (55.7%), 36 (51.4%), 33 (47.1%), and 33 (47.1%) 
patients, respectively. Other less observed 
symptoms included weakness, decreased urine 
output, weight loss, abdominal distension, body 
swelling, and palpitations. Joint pain, lupus nephritis, 
history of tuberculosis, rigor & chills, vomiting, and 
hemoptysis were uncommon being observed in 1 
(1.4%) patient each. Demographics and clinical 
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presentation of the study population are detailed in 
(Table 1). The cardiovascular risk factors are 
illustrated in (Figure 1). 
Etiological Diagnosis of overall study population: Of 
the 70 patients, majority of the patients–32 (44.4%) 
were diagnosed with tubercular effusion. More than 
a quarter patient, 26.4% patients were diagnosed 
with hypothyroidism. Idiopathic, malignancy, 
myocardial infarction (MI), bacterial infection, 
human immunodeficiency virus (HIV) infection, and 
ANA+ was the diagnosis made in 6 (8.3%), 5 (6.9%), 3 
(4.1%), 3 (4.1%), 2 (2.7%), and 2 (2.7%) patients, 
respectively Two patients had tuberculosis as well as 
HIV. The diagnosis of the overall study population is 
demonstrated in (Figure 2). 
Clinical, biochemical and echocardiographic profile 
of overall study population: Mean heart rate was 
104.7±15.7 bpm. Mean systolic and diastolic blood 
pressure (BP) was 107.1±17.0 mmHg and 70.8±8.2 
mmHg, respectively. Mean value of serum protein, 
serum albumin, serum urea and serum creatinine for 
the study population was 5.47±0.74 mg/dL, 
2.84±0.34 mg/dL, 44.83±24.92 mg/dL, and 1.26±1.65 
mg/dL respectively. Mean ESR was 34.71±20.34 
mm/h. Echocardiography revealed more than three-
quarter—54 (77.1%) patients had severe pericardial 
effusion. Seventeen (24.3%) patients had 
tamponade diagnosed through clinical and 
echocardiographic evaluation. The biochemical and 
echocardiographic findings are given in (Table 2). 
Demographic and clinical Profile of study 
population stratified according to etiology: Mean 
age was significantly higher for tubular effusion 
patients (50.5±12.6) as compared to hypothyroidism 
patients 40.8±9.2 (p=0.030). We analyzed the study 
population according to the underlying etiology. 
Males contributed 18 (56.3%), 8 (42.1%), and 10 
(52.6%) patients with an etiology of tubercular 
effusion, hypothyroidism, and other etiologies, 
respectively. Tobacco smokers accounted for 6 
(18.8%) patients of tubular effusion etiology. 
Smoking was the leading cardiovascular risk factor in 
patients with an etiology of hypothyroidism. 
Pericardial effusion due to other etiologies 
comprised of 2 diabetics, 2 smokers, 2 tobacco users, 
and 2 hypertensives. Twenty (62.58%) patients that 
presented with raised jugular venous pulse were 
diagnosed with tubular effusion. Ten (52.6%) 
patients that experienced tachypnea were 
diagnosed with hypothyroidism. Tachycardia 
observed in 12 (63.2%) patients had a diagnosis 

other than tubular effusion or hypothyroidism. 
Demographic and clinical presentation details of the 
study population according to underlying etiology 
are detailed in (Table 3). 
Biochemical and echocardiographic investigations 
according to etiology and diagnosis: Serum protein 
(p=0.013) and serum creatinine (p<0.001) levels 
showed statistical significance across differing 
etiologies. All patients diagnosed with 
hypothyroidism displayed total leucocyte count 
(TLC) >5000 and thyroid stimulating hormone (TSH) 
levels >4.5. TSH ranges were statistically significant 
(p<0.001) across differing etiologies. Eight of the 17 
patients that developed tamponade had a tubular 
effusion etiology. The biochemical and 
echocardiographic investigations according to 
etiology are detailed in (Table 4). 

Discussion  

The etiology of pericardial effusion varies according 
to geographical location, the population studied and 
underlying diseases. Etiology is further influenced by 
diagnostic methods and modalities used (4). The 
present study retrospectively reviewed the clinical 
presentation, diagnosis and etiology of pericardial 
effusion in patients admitted to the cardiology 
emergency department of our tertiary-care centre 
over the period of one year. 
India suffers from a burden of oral tobacco use. The 
prevalence of smokeless tobacco i.e. tobacco 
chewers in the country is a staggering 164 million (5). 
Furthermore, India alone contributes an estimated 
74% of the global burden of death from chewing 
tobacco (6). Therefore, it is not surprising that our 
findings revealed tobacco use (15.7%) as a cardinal 
risk factor for pericardial effusion. 
In the present study the most common 
signs/symptoms were raised jugular venous pulse 
(55.7%), breathlessness (51.4%), tachypnea (47.1%), 
and tachycardia (HR >100 bpm) (47.1%). The studies 
from Kashmir (7), and Bihar (8) both reported 
tachycardia followed by breathlessness as the most 
observed clinical features. Rarely experienced 
symptoms of pericardial effusion include hiccups, 
hoarse voice, dysphagia or nausea (7). 
Some authors have suggested age-specific etiologies 
(7). However, the findings from our study were not 
restricted to an adult population. A study comprising 
a child population also reported tuberculosis as the 
leading etiology in 7/17 children (9). Another study 
by Bagri et al. (10) reported tuberculosis in 24.0% 
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children. The study also stated that all children 
experienced tachypnea and tachycardia, whereas as 
more than a third children had raised jugular venous 
pressure. Thus, as our study also observed these 
findings, we cannot support the assumption of age-
specific etiologies or clinical presentations. 
Current literature has outlined different trends in 
etiological profiles of pericardial effusion between 
developed Western countries and still developing 
African and Asian countries. We observed that the 
most common etiological factor of pericardial 
effusion was tubercular effusion (44.4%). Our study 
may be compared to similar studies also conducted 
in North India. Studies conducted in Kashmir (7) and 
Bihar (8) similarly revealed tuberculosis as the 
leading etiological factor with prevalence of 24.5% 
and 27.3%, respectively. These findings emphasize 
the high prevalence of tuberculosis in these Indian 
regions. In contrast, Western countries report 
malignancy as the principal etiological factor (11). 
We performed further analysis to assess the overall 
data according to tubular effusion, hypothyroidism, 
and other etiological causes. Such an analysis can be 
compared to the Bihar (8) study in pericardial 
effusions were grouped according to symptoms such 
as shortness of breath, fever, and cough. In their 
study only 1 (33.3%) patient with a diagnosis of 
hypothyroidism presented with cough, whereas in 
our study as many as 8 (42.1%) patients presented 
with cough. No patients with hypothyroidism 
experienced fever, whereas in our study 3 (15.8%) 
patients experienced fever. Our study also found 
serum albumin differed significantly among the 
groups. A previous study by Bataille et al. (12) proved 
serum albumin to be a predictor of risk for 
pericardial drainage. Rate of drainage was 35% and 
7% when albuminemia was ≤31 g/l and >31 g/l., 
respectively. Similarly, Jung et al. (13) concluded 
patients uninfected with HIV but diagnosed with 
tuberculosis were more prone to unfavorable 
outcomes when they presented with low serum 
albumin levels. 
Tuberculosis is often associated with HIV infection, 
especially in sub-Saharan Africa (14). Many Indian 
studies currently report low incidences of HIV 
infection. Hence this correlation cannot be proven 
from such studies yet. 

Conclusion  

Our study results demonstrate tuberculosis as the 
most frequent etiology of pericardial effusion 

followed by hypothyroidism and malignancy. High 
prevalence of tuberculosis in India is attributable to 
poor socioeconomic status, overcrowding and 
increased occurrence of HIV. We therefore 
recommend that society be educated on the 
importance of personal hygiene. Awareness 
programmes can be started to educate people of the 
symptoms of tuberculosis. They should be urged to 
consult a physician as soon as possible and not 
neglect symptoms. Lastly, awareness should be 
raised to spread information about HIV and its 
prevention. 

Limitation of the study  

The study is limited firstly by the small sample size. 
These results reflect clinical presentation and 
etiology of pericardial effusion in a specific region of 
India and hence may not be necessarily be 
generalized. Mild & minimal forms of pericardial 
effusion which did not warrant an emergency 
consultation may have been missed in the study. 

Relevance of the study  

Despite these drawbacks, the current study 
contributes to existing literature. It not only reports 
overall prevalence of pericardial effusion but also 
reports prevalence according to the underlying 
etiological cause. Furthermore, this study analyzed a 
large number of clinical and biochemical variables 
that have not previously been reported in this 
geographical region. This data should be especially 
useful to physicians treating patients residing in 
regions suffering from dual epidemics of tuberculosis 
and HIV. 
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Tables 

TABLE 1 DEMOGRAPHICS AND CLINICAL PRESENTATION 
Variables n=70 

Age, mean ± SD (years) 46.87±14.40 

≤45 years, n (%) 34 (48.6%) 

>45 years, n (%) 36 (51.4%) 

Gender 

Male, n (%) 36 (51.4%) 

Female, n (%) 34 (48.6%) 

Predominant signs/ symptoms 

Raised jugular venous pulse, n (%) 39 (55.7%) 

Breathlessness, n (%) 36 (51.4%) 

Tachypnea, n (%) 33 (47.1%) 

Tachycardia (HR >100 bpm), n (%) 33 (47.1%) 

Fever, n (%) 23 (32.9%) 

Hypotension (systolic BP <90 mmHg), n (%) 20 (28.6%) 

Cough, n (%) 12 (40.0%) 

Loss of appetite, n (%) 11 (15.7%) 

Pedal edema, n (%) 9 (12.9%) 

Chest pain, n (%) 7 (10.0%) 

Other signs/symptoms 

Weakness, n (%) 7 (10.0%) 

Decreased urine output, n (%) 7 (10.0%) 

Weight loss, n (%) 5 (7.1%) 

Abdominal distension, n (%) 2 (2.9%) 

Body swelling, n (%) 2 (2.9%) 

Palpitations, n (%) 2 (2.9%) 

Joint pain, n (%) 1 (1.4%) 

Lupus nephritis, n (%) 1 (1.4%) 

History of tuberculosis, n (%) 1 (1.4%) 

Rigor & chills, n (%) 1 (1.4%) 

Vomiting, n (%) 1 (1.4%) 

Hemoptysis, n (%) 1 (1.4%) 

HR-heart rate, bpm-beats per minute, BP-blood pressure 
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TABLE 2 BIOCHEMICAL AND ECHOCARDIOGRAPHIC INVESTIGATIONS  
Variables n=70 

Heart rate, mean ± SD (bpm) 104.7±15.7 

Systolic BP, mean ± SD (mmHg) 107.1±17.0 

Diastolic BP, mean ± SD (mmHg) 70.8±8.2 

Biochemical tests 

Serum protein, mean ± SD (g/dl) 5.47±0.74 

<6 g/dl, n (%) 51 (72.9%) 

6–8 g/dl, n (%) 19 (27.1%) 

>8 g/dl, n (%) 0 (0.0%) 

Serum albumin, mean ± SD (g/dl) 2.84±0.34 

<3.5 g/dl, n (%) 69 (98.6%) 

3.5–5.5 g/dl, n (%) 1 (1.4%) 

>5.5 g/dl, n (%) 0 (0.0%) 

Serum urea, mean ± SD (g/dl) 44.83±24.92 

Serum creatinine, mean ± SD (mg) 1.26±1.65 

<0.6 mg, n (%) 2 (2.9%) 

0.6–1.2 mg, n (%) 55 (78.6%) 

>1.2 mg, n (%) 13 (18.6%) 

TLC, mean ± SD (n) 8314.57±2873.11 

<4000, n (%) 2 (2.9%) 

4000–10,000, n (%) 55 (78.6%) 

>10,000, n (%) 13 (18.6%) 

TSH, mean ± SD (n) 5.21±2.91 

<4.5, n (%) 42 (60.0%) 

4.5–10, n (%) 28 (40.0%) 

>10, n (%) 0 (0%) 

ESR, mean ± SD (mm/h) 34.71±20.34 

Male, 1–13 mm/h, n (%) 1 (1.4%) 

          >13 mm/h, n (%) 35 (50.0%) 

Female, 1–20 mm/h, n (%) 12 (17.1%) 

             >20 mm/h, n (%) 21 (30.0%) 

Troponin T, mean ± SD (unit) 0.06±0.14 

PFA TLC 1354.9±2847.3 

PFA N 22.9±17.4 

PFA L 88.7±99.7 

ADA 48.8±34.6 

Echocardiography 

Severe pericardial effusion (>20 mm), n (%) 54 (77.1%) 

Moderate pericardial effusion (10–20 mm), n (%) 16 (22.9%) 

Tamponade, n (%) 17 (24.3%) 

Bpm-beats per minute, BP-blood pressure, TLC-total leukocyte count, TSH-thyroid stimulating hormone, ESR-erythrocyte 
sedimentation rate, PFA-pericardial fluid analysis, ADA- adenosine deaminase 

 

TABLE 3 DEMOGRAPHICS AND CLINICAL PRESENTATION  
Variables Tubular effusion 

n=33 
Hypothyroidism 

n=19 
Other etiologies 

n=18 
p value 

Age, mean ± SD (years)     

≤45 years, n (%) 12 (37.5%) 13 (68.4%) 9 (47.4%) 0.101 

>45 years, n (%) 20 (62.5%) 6 (31.6%) 10 (52.6%) 

Gender 

Male, n (%) 18 (56.3%) 8 (42.1%) 10 (52.6%) 0.616 

Female, n (%) 14 (43.8%) 11 (57.9%) 9 (47.4%) 
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Cardiovascular risk factors 

Diabetes, n (%) 5 (15.6%) 3 (15.8%) 2 (10.5%) 0.915 

Smoker, n (%) 2 (6.3%) 4 (21.1%) 2 (10.5%) 0.309 

Tobacco, n (%) 6 (18.8%) 3 (15.8%) 2 (10.5%) 0.738 

Hypertension, n (%) 3 (9.4%) 3 (15.8%) 2 (10.5%) 0.889 

Alcohol, n (%) 2 (6.3%) 0 (0.0%) 1 (5.3%) 0.789 

Signs/symptoms  

Breathlessness, n (%) 17 (53.1%) 8 (42.1%) 11 (57.9%) 0.602 

Fever, n (%) 11 (34.4%) 3 (15.8%) 9 (47.4%) 0.113 

Cough, n (%) 8 (25.0%) 0 (0.0%) 3 (15.8%) 0.060 

Loss of appetite, n (%) 6 (18.8%) 1 (5.3%) 4 (21.1%) 0.333 

Chest pain, n (%) 1 (3.1%) 2 (10.5%) 4 (21.1%) 0.132 

Tachypnea, n (%) 15 (46.9%) 10 (52.6%) 8 (42.1%) 0.809 

Tachycardia (HR>100 bpm), n (%) 14 (43.8%) 7 (36.8%) 12 (63.2%) 0.233 

Raised jugular venous pulse, n (%) 20 (62.5%) 8 (42.1%) 11 (57.9%) 0.357 

Hypotension (systolic BP<90 mmHg), n (%) 8 (25.0%) 6 (31.6%) 6 (31.6%) 0.832 

Pedal edema, n (%) 5 (15.6%) 1 (5.3%) 3 (15.8%) 0.655 

Other signs/symptoms  

Weight loss, n (%) 3 (9.4%) 0 (0.0%) 2 (10.5%) 0.508 

Weakness, n (%) 3 (9.4%) 1 (5.3%) 3 (15.8%) 0.684 

Decreased urine output, n (%) 2 (6.3%) 2 (10.5%) 3 (15.8%) 0.532 

Abdominal distension, n (%) 1 (3.1%) 0 (0.0%) 1 (5.3%) 1.000 

Body swelling, n (%) 2 (6.3%) 1 (5.3%) 0 (0.0%) 0.789 

Palpitations, n (%) 0 (0.0%) 0 (0.0%) 2 (10.5%) 0.142 

Joint pain, n (%) 0 (0.0%) 1 (5.3%) 1 (5.3%) 0.291 

Lupus nephritis, n (%) 0 (0.0%) 0 (0.0%) 1 (5.3%) 0.543 

History of tuberculosis, n (%) 0 (0.0%) 0 (0.0%) 1 (5.3%) 0.543 

Rigorous Chills, n (%) 0 (0.0%) 0 (0.0%) 1 (5.3%) 0.543 

Vomiting, n (%) 0 (0.0%) 0 (0.0%) 1 (5.3%) 0.543 

Hemoptysis, n (%) 1 (3.1%) 0 (0.0%) 0 (0.0%) 1.000 

HR-heart rate, bpm-beats per minute, BP-blood pressure 

 

TABLE 4 ETIOLOGICAL/DIAGNOSTIC-WISE BIOCHEMICAL AND ECHOCARDIOGRAPHIC 
INVESTIGATIONS 

Variables Tubular effusion 
n=33 

Hypothyroidism 
n=19 

Other etiology 
n=19 

p value 

Age, mean ± SD (years) 50.5±12.6 40.8±9.2 46.8±19.3 0.030 

Heart rate, mean ± SD (bpm) 103.4±13.6 104.6±18.2 107.2±16.8 0.413 

Systolic BP, mean ± SD (mmHg) 104.6±14.6 106.8±14.4 111.5±22.4 0.580 

Diastolic BP, mean ± SD (mmHg) 69.6±7.5 71.9±7.6 71.7±9.9 0.485 

Biochemical tests 

Serum protein, mean ± SD (g/dl) 

<6 g/dl, n (%) 26 (81.3%) 9 (47.4%) 16 (84.2%) 0.013 

6–8 g/dl, n (%) 6 (18.8%) 10 (52.6%) 3 (15.8%) 

>8 g/dl, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Serum albumin, mean ± SD (g/dl) 

<3.5 g/dl, n (%) 33 (100.0%) 18 (94.7%) 19 (100.0%) 0.543 

3.5–5.5 g/dl, n (%) 0 (0.0%) 1 (5.3%) 0 (0.0%) 

>5.5 g/dl, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Serum creatinine, mean ± SD (mg) 

<0.6 mg, n (%) 0 (0.0%) 1 (5.3%) 1 (5.3%) <0.001 

0.6–1.2 mg, n (%) 30 (93.8%) 17 (89.5%) 8 (42.1%) 

>1.2 mg, n (%) 2 (6.3%) 1 (5.3%) 10 (52.6%) 

TLC, mean ± SD (n) 
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<800, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.215 

800–5000, n (%) 5 (15.6%) 0 (0.0%) 2 (10.5%) 

>5000, n (%) 27 (84.4%) 19 (100.0%) 17 (89.5%) 

TSH, mean ± SD (n)    <0.001 

<0.4, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

0.4–4.5, n (%) 26 (81.3%) 0 (0.0%) 18 (94.7%) 

>4.5, n (%) 6 (18.8%) 19 (100.0%) 1 (5.3%) 

ESR, mean ± SD (mm/h)    0.079 

Male, 1–13 mm/h, n (%) 0 (0.0%) 1 (5.3%) 1 (5.3%) 

        >13 mm/h, n (%) 18 (56.3%) 8 (42.1%) 9 (47.4%) 

Female 1–20 mm/h, n (%) 1 (3.1%) 6 (31.6%) 5 (26.3%) 

         >20 mm/h, n (%) 13 (40.6%) 4 (21.1%) 4 (21.1%) 

Troponin T (mean ± SD) 0.03±0.03 0.1±0.3 0.04±0.06 0.662 

PFA TLC 1064.1±1248.6 1212.6±894.7 2105.6±5539.1 0.171 

PFA N 20.3±11.5 24.1±19.2 26.8±24.1 0.943 

PFA L 105.9±140.5 75.5±19.3 68.8±25.1 0.456 

ADA 75.3±32.1 34.4±15.4 18.7±12.8 <0.001 

Cardiomegaly on chest x-ray, n (%) 0 (0%) 1 (5.3%) 1 (5.3%) 0.291 

Echocardiography 

Severe pericardial effusion (>20 mm), n (%) 25 (78.1%) 15 (78.9%) 14 (73.7%)  

Moderate pericardial effusion (10–20 mm), 
n (%) 

7 (21.9%) 4 (21.1%) 5 (26.3%) 0.913 

Tamponade (clinical + echo), n (%) 8 (25.0%) 4 (21.1%) 5 (26.3%) 0.923 

Bpm-beats per minute, BP-blood pressure, TLC-total leukocyte count, TSH-thyroid stimulating hormone, ESR-erythrocyte 
sedimentation rate, PFA-pericardial fluid analysis, ADA- adenosine deaminase 

 

Figures 

FIGURE 1 CARDIOVASCULAR RISK FACTORS OF OVERALL STUDY POPULATION 
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FIGURE 2 ETIOLOGICAL DIAGNOSIS OF OVERALL STUDY POPULATION 
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Summary
Caroli’s disease is a rare congenital disorder with 
incidence rate of approximately 1 in 1 000 000 
population. renal anomalies which may be associated 
with Caroli’s disease include medullary sponge kidney 
(MsK), cortical cysts, adult recessive polycystic kidney 
disease and rarely autosomal dominant polycystic 
kidney disease. exact incidence of MsK in patients of 
Caroli’s disease is not known. there are only a handful 
of reported cases of this association in literature. We 
hereby report a case of Caroli’s disease with MsK 
with nephrocalcinosis. He presented to primary health 
centre with symptoms of urethral stricture due to 
lichen sclerosus et atrophicus and was managed with 
repeated co-axial dilatation but was never evaluated for 
underlying chronic renal insufficiency due to MsK. the 
thorough clinical examination and proper evaluation is 
important in patient of urethral stricture with underlying 
chronic renal insufficiency to avoid delayed diagnosis, 
management and related complications.

BaCkground 
Caroli’s disease (CD) is a rare congenital disorder 
with autosomal recessive inheritance pattern with 
incidence rate of approximately 1 in 1 000 000. 
It characterised by multifocal, non-obstructive 
segmental dilatation of intrahepatic bile ducts. CD 
may be associated with cholangitis, intrahepatic 
duct calculi, pancreatic cyst, cholangiocarcinoma 
and renal anomalies like medullary sponge kidney 
(MSK), cortical cysts, adult recessive polycystic 
kidney disease and rarely autosomal dominant 
polycystic kidney disease. There is only handful 
of reported cases of CD with MSK in published 
literature.

We hereby report a case of CD with MSK with 
nephrocalcinosis. He presented to primary health 
centre (PHC) with symptoms of urethral stric-
ture due to lichen sclerosus et atrophicus and was 
managed with multiple time co-axial dilatation but 
was never evaluated for underlying chronic renal 
failure (CRF) due to MSK which leads to delayed 
diagnosis and management of this condition.

CaSe preSenTaTion
A 52-year-old man from rural background presented 
to urology outpatients department in August, 2017 
with illness of the thinning of urinary stream and 
straining for last 5 years. He also had the problem 

of loss of appetite, nausea, weakness, swelling over 
feet and ankles and decreased urine output for last 6 
months. There was no history of jaundice, melena, 
haematemesis, haematuria, fever and pruritus. In 
history, he revealed that he visited to a PHC 5 years 
ago for voiding lower urinary tract symptoms asso-
ciated with whitening of preputial skin and glans 
penis. He also had some symptoms of chronic renal 
disease like weakness, fatigue, nausea and loss of 
appetite. Diagnosis of lichen sclerosus et atrophicus 
was made on clinical background. He underwent 
multiple co-axial dilatations at frequent interval at 
the PHC for meatal stenosis with intermittent relief 
of symptoms. However, he never underwent any 
further investigations for Chronic kidney disease, 
as no other associated disease was kept in mind for 
his symptoms and signs.

General physical and systemic examination 
showed raised blood pressure (156/98 mm Hg) with 
pallor with bilateral pedal oedema with mild hepa-
tosplenomegaly. Examination of the penis revealed 
meatal stenosis with whitening patch involving 
foreskin and under surface of penis along with 
preputial scarring (figure 1).

Laboratory investigations revealed raised eryth-
rocyte sedimentation rate—25 mm during the 
first hour, anaemia with normal blood cell counts 
(Hb: 8.3 g/dL, leucocyte count: 8.5×109/L, platelet 
count: 260×109/L), deranged renal function tests 
(blood urea: 1458 mg/dL, serum creatinine: 7.3 mg/
dL), serum uric acid: 6.8 mg/dL, serum electrolytes 
(Na: 129 mEq/L, K: 5.6 mEq/L), total bilirubin: 0.7 

Figure 1 Clinical image showing meatal stenosis and 
preputial scarring with whitening patch involving foreskin 
and under surface of penis.
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mg/dL, alanine aminotransferase: 42 U/L, aspartate aminotrans-
ferase: 22 U/L and alkaline phosphatase: 101 U/L. Autoimmune 
antibodies and immunological parameters (rheumatoid factor, 
antinuclear antibody, C3, C4, HLA-B27, anticardiolipin anti-
body, HIV ELISA, Hep B antigen and anti HCV antibody) were 
within normal limits.

Urinalysis revealed 15–20 pus cells and 4–5 red blood cells 
per high power field with proteinuria (1+). The hypercalciuria 
(24 hours urinary calcium: 160 mg/24 hours) and hypocitraluria 
(24 hours urine citrate: 1.5 mmol/24 hours) were also noted. 
Urine culture was positive for Escherichia coli for which appro-
priate oral antibiotic therapy was given. Uroflowmetry revealed 
poor urinary flow pattern (peak flow: 9 mL/s, average flow: 6 
mL/s). Retrograde urethrogram was performed which showed 
meatal stenosis with long-segment penile urethra (figure 2). 
Micturating cystourethrogram showed normal posterior urethra.

inveSTigaTionS
Further ultrasound of abdomen was asked which revealed 
surprising finding of multiple diffuse cystic/fusiform intrahe-
patic biliary duct (IHBD) dilatations of both lobes with bilateral 
small echogenic kidneys with nephrocalcinosis. Further evalua-
tion with non-contrast CT scan was suggestive of bilateral small 

kidneys with medullary nephrocalcinosis with dilated diffuse 
intrahepatic biliary radical dilatation with normal extrahepatic 
ducts consistent with MSK with CD as shown in figure 3. MR 
cholangiopancreatography (MRCP) was done after gastroenter-
ology consultation, which showed multiple cystic dilatation of 
the intrahepatic duct with ‘central dot’ sign with normal extra-
hepatic biliary system (figure 4).

TreaTmenT
Nephrology consultation was taken for end stage renal disease 
and he was kept on medications including thiazide, oral potas-
sium citrate, anti-hypertensives and maintenance haemodial-
ysis. After proper counselling and consent, he underwent dorsal 
meatotomy with dorsal onlay buccal mucosa graft urethro-
plasty with 14 French Foley catheter placement under general 
anaesthesia. Postoperative period was uneventful. Catheter was 
removed at 3 weeks after surgery.

ouTCome and FoLLow-up
At 3 months follow-up, he was voiding well with a good 
stream (peak flow >15 mL/s, average flow: 11 mL/s, post void 
residue <50 mL) with well-controlled hypertension. Patient 
was not willing to undergo renal transplantation at present due 
to renal donor and financial related issues and was advised to 
remain in follow-up.

diSCuSSion
CD is a rare congenital disorder with complex autosomal reces-
sive inheritance. It was first described in 1958 by Caroli et al.1 
The estimated incidence is extremely low with approximately 
1 in 1 000 000 population.2 The presentation usually occurs in 
childhood or adolescence age group, but rarely may present after 
40 years of age like in our case. Their clinical presentation of CD 
depends on the age of onset and the predominance of hepatic 
or renal involvement. It is characterised by multifocal segmental 
cystic or saccular dilatation of IHBD and may involve the entire 
liver, single lobe or a single segment.3 4

The CD has been classified into two types. Type I (simple CD), 
consists of pure cystic dilatations of the intrahepatic bile ducts, 
whereas type II (complex CD or Caroli’s syndrome) is associ-
ated with congenital hepatic fibrosis, portal hypertension or 
cirrhosis.5 6 Caroli’s syndrome may be associated or complicated 

Figure 2 Retrograde urethrogram (RGU) showing meatal stenosis 
with long-segment penile urethral stricture.

Figure 3 Non-contrast CT abdomen showing bilateral small kidneys 
with medullary nephrocalcinosis with diffuse intrahepatic biliary radicle 
dilatations (IHBRD) with normal extrahepatic ducts.

Figure 4 MR cholangiopancreatography showing multiple cystic 
dilatation of the intrahepatic duct with ‘central dot’ sign with normal 
extrahepatic biliary system.
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with cholangiocarcinoma, cholangitis, intrahepatic duct calculi, 
pancreatic cyst, renal cystic disease or MSK.2 7 Recurrent chol-
angitis is the main cause of morbidity and mortality in these 
patients.

Renal anomalies which may be associated with CD include 
MSK, cortical cysts, adult recessive polycystic kidney disease, 
and rarely autosomal dominant polycystic kidney disease.8 9 
Exact incidence of MSK in patients of CD is not known. There 
are only a handful of reported cases of this association in liter-
ature. Zhong-Xia Wang et al10 in a observational study of 30 
patients of Caroli’ disease found that MSK was seen in one 
(3.3%) patient only. CD is uually inherited in autosomal reces-
sive or less commonly in autosomal dominant pattern while 
MSK is a sporadic disorder.

MSK may manifest with nephrocalcinosis (mostly calcium 
oxalate), renal acidification and concentration defects, 
urinary tract infection and chronic pyelonephritis. The 
clinical course of MSK is usually benign and most patients 
are asymptomatic. The most common presenting symptoms 
include haematuria, renal colic, fever or chronic renal insuf-
ficiency (CRI).11–13 It rarely progress to CRF and reported 
incidence is about 10%.13

The association/coincidence of lichen sclerosus et atrophicus 
with CD/MSK is never reported in literature. In our case, he was 
first presented to PHC for meatal stenosis with urethral stricture 
disease but he was never evaluated for underlying CRI, MSK and 
CD. The association of CD, urethral stricture and CRI is unusual 
and may be incidental. There is no cause-and-effect relationship. 
Patients with urethral stricture disease with chronic renal insuf-
ficiency symptoms/signs should be evaluated with renal function 
test, ultrasonography abdomen at presentation.
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Learning points

 ► Caroli’s disease is a rare congenital disorder and 
characterised by intrahepatic biliary radicle dilatations 
(IHBRD) with normal extrahepatic bile ducts.

 ► Caroli’s disease may be rarely associated with medullary 
sponge kidney, nephrocalcinosis and chronic renal 
insufficiency (CRI).

 ► The association of Caroli’s disease, urethral stricture and CRI 
is unusual and may be incidental. There is no cause-and-effect 
relationship.

 ► Thorough clinical evaluation and appropriate investigations 
are paramount in urethral stricture with underlying CRI to 
avoid delayed diagnosis and appropriate management.
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Summary
Caroli’s disease is a rare congenital disorder with 
incidence rate of approximately 1 in 1 000 000 
population. renal anomalies which may be associated 
with Caroli’s disease include medullary sponge kidney 
(MsK), cortical cysts, adult recessive polycystic kidney 
disease and rarely autosomal dominant polycystic 
kidney disease. exact incidence of MsK in patients of 
Caroli’s disease is not known. there are only a handful 
of reported cases of this association in literature. We 
hereby report a case of Caroli’s disease with MsK 
with nephrocalcinosis. He presented to primary health 
centre with symptoms of urethral stricture due to 
lichen sclerosus et atrophicus and was managed with 
repeated co-axial dilatation but was never evaluated for 
underlying chronic renal insufficiency due to MsK. the 
thorough clinical examination and proper evaluation is 
important in patient of urethral stricture with underlying 
chronic renal insufficiency to avoid delayed diagnosis, 
management and related complications.

BaCkground 
Caroli’s disease (CD) is a rare congenital disorder 
with autosomal recessive inheritance pattern with 
incidence rate of approximately 1 in 1 000 000. 
It characterised by multifocal, non-obstructive 
segmental dilatation of intrahepatic bile ducts. CD 
may be associated with cholangitis, intrahepatic 
duct calculi, pancreatic cyst, cholangiocarcinoma 
and renal anomalies like medullary sponge kidney 
(MSK), cortical cysts, adult recessive polycystic 
kidney disease and rarely autosomal dominant 
polycystic kidney disease. There is only handful 
of reported cases of CD with MSK in published 
literature.

We hereby report a case of CD with MSK with 
nephrocalcinosis. He presented to primary health 
centre (PHC) with symptoms of urethral stric-
ture due to lichen sclerosus et atrophicus and was 
managed with multiple time co-axial dilatation but 
was never evaluated for underlying chronic renal 
failure (CRF) due to MSK which leads to delayed 
diagnosis and management of this condition.

CaSe preSenTaTion
A 52-year-old man from rural background presented 
to urology outpatients department in August, 2017 
with illness of the thinning of urinary stream and 
straining for last 5 years. He also had the problem 

of loss of appetite, nausea, weakness, swelling over 
feet and ankles and decreased urine output for last 6 
months. There was no history of jaundice, melena, 
haematemesis, haematuria, fever and pruritus. In 
history, he revealed that he visited to a PHC 5 years 
ago for voiding lower urinary tract symptoms asso-
ciated with whitening of preputial skin and glans 
penis. He also had some symptoms of chronic renal 
disease like weakness, fatigue, nausea and loss of 
appetite. Diagnosis of lichen sclerosus et atrophicus 
was made on clinical background. He underwent 
multiple co-axial dilatations at frequent interval at 
the PHC for meatal stenosis with intermittent relief 
of symptoms. However, he never underwent any 
further investigations for Chronic kidney disease, 
as no other associated disease was kept in mind for 
his symptoms and signs.

General physical and systemic examination 
showed raised blood pressure (156/98 mm Hg) with 
pallor with bilateral pedal oedema with mild hepa-
tosplenomegaly. Examination of the penis revealed 
meatal stenosis with whitening patch involving 
foreskin and under surface of penis along with 
preputial scarring (figure 1).

Laboratory investigations revealed raised eryth-
rocyte sedimentation rate—25 mm during the 
first hour, anaemia with normal blood cell counts 
(Hb: 8.3 g/dL, leucocyte count: 8.5×109/L, platelet 
count: 260×109/L), deranged renal function tests 
(blood urea: 1458 mg/dL, serum creatinine: 7.3 mg/
dL), serum uric acid: 6.8 mg/dL, serum electrolytes 
(Na: 129 mEq/L, K: 5.6 mEq/L), total bilirubin: 0.7 

Figure 1 Clinical image showing meatal stenosis and 
preputial scarring with whitening patch involving foreskin 
and under surface of penis.
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mg/dL, alanine aminotransferase: 42 U/L, aspartate aminotrans-
ferase: 22 U/L and alkaline phosphatase: 101 U/L. Autoimmune 
antibodies and immunological parameters (rheumatoid factor, 
antinuclear antibody, C3, C4, HLA-B27, anticardiolipin anti-
body, HIV ELISA, Hep B antigen and anti HCV antibody) were 
within normal limits.

Urinalysis revealed 15–20 pus cells and 4–5 red blood cells 
per high power field with proteinuria (1+). The hypercalciuria 
(24 hours urinary calcium: 160 mg/24 hours) and hypocitraluria 
(24 hours urine citrate: 1.5 mmol/24 hours) were also noted. 
Urine culture was positive for Escherichia coli for which appro-
priate oral antibiotic therapy was given. Uroflowmetry revealed 
poor urinary flow pattern (peak flow: 9 mL/s, average flow: 6 
mL/s). Retrograde urethrogram was performed which showed 
meatal stenosis with long-segment penile urethra (figure 2). 
Micturating cystourethrogram showed normal posterior urethra.

inveSTigaTionS
Further ultrasound of abdomen was asked which revealed 
surprising finding of multiple diffuse cystic/fusiform intrahe-
patic biliary duct (IHBD) dilatations of both lobes with bilateral 
small echogenic kidneys with nephrocalcinosis. Further evalua-
tion with non-contrast CT scan was suggestive of bilateral small 

kidneys with medullary nephrocalcinosis with dilated diffuse 
intrahepatic biliary radical dilatation with normal extrahepatic 
ducts consistent with MSK with CD as shown in figure 3. MR 
cholangiopancreatography (MRCP) was done after gastroenter-
ology consultation, which showed multiple cystic dilatation of 
the intrahepatic duct with ‘central dot’ sign with normal extra-
hepatic biliary system (figure 4).

TreaTmenT
Nephrology consultation was taken for end stage renal disease 
and he was kept on medications including thiazide, oral potas-
sium citrate, anti-hypertensives and maintenance haemodial-
ysis. After proper counselling and consent, he underwent dorsal 
meatotomy with dorsal onlay buccal mucosa graft urethro-
plasty with 14 French Foley catheter placement under general 
anaesthesia. Postoperative period was uneventful. Catheter was 
removed at 3 weeks after surgery.

ouTCome and FoLLow-up
At 3 months follow-up, he was voiding well with a good 
stream (peak flow >15 mL/s, average flow: 11 mL/s, post void 
residue <50 mL) with well-controlled hypertension. Patient 
was not willing to undergo renal transplantation at present due 
to renal donor and financial related issues and was advised to 
remain in follow-up.

diSCuSSion
CD is a rare congenital disorder with complex autosomal reces-
sive inheritance. It was first described in 1958 by Caroli et al.1 
The estimated incidence is extremely low with approximately 
1 in 1 000 000 population.2 The presentation usually occurs in 
childhood or adolescence age group, but rarely may present after 
40 years of age like in our case. Their clinical presentation of CD 
depends on the age of onset and the predominance of hepatic 
or renal involvement. It is characterised by multifocal segmental 
cystic or saccular dilatation of IHBD and may involve the entire 
liver, single lobe or a single segment.3 4

The CD has been classified into two types. Type I (simple CD), 
consists of pure cystic dilatations of the intrahepatic bile ducts, 
whereas type II (complex CD or Caroli’s syndrome) is associ-
ated with congenital hepatic fibrosis, portal hypertension or 
cirrhosis.5 6 Caroli’s syndrome may be associated or complicated 

Figure 2 Retrograde urethrogram (RGU) showing meatal stenosis 
with long-segment penile urethral stricture.

Figure 3 Non-contrast CT abdomen showing bilateral small kidneys 
with medullary nephrocalcinosis with diffuse intrahepatic biliary radicle 
dilatations (IHBRD) with normal extrahepatic ducts.

Figure 4 MR cholangiopancreatography showing multiple cystic 
dilatation of the intrahepatic duct with ‘central dot’ sign with normal 
extrahepatic biliary system.
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Learning from errors

with cholangiocarcinoma, cholangitis, intrahepatic duct calculi, 
pancreatic cyst, renal cystic disease or MSK.2 7 Recurrent chol-
angitis is the main cause of morbidity and mortality in these 
patients.

Renal anomalies which may be associated with CD include 
MSK, cortical cysts, adult recessive polycystic kidney disease, 
and rarely autosomal dominant polycystic kidney disease.8 9 
Exact incidence of MSK in patients of CD is not known. There 
are only a handful of reported cases of this association in liter-
ature. Zhong-Xia Wang et al10 in a observational study of 30 
patients of Caroli’ disease found that MSK was seen in one 
(3.3%) patient only. CD is uually inherited in autosomal reces-
sive or less commonly in autosomal dominant pattern while 
MSK is a sporadic disorder.

MSK may manifest with nephrocalcinosis (mostly calcium 
oxalate), renal acidification and concentration defects, 
urinary tract infection and chronic pyelonephritis. The 
clinical course of MSK is usually benign and most patients 
are asymptomatic. The most common presenting symptoms 
include haematuria, renal colic, fever or chronic renal insuf-
ficiency (CRI).11–13 It rarely progress to CRF and reported 
incidence is about 10%.13

The association/coincidence of lichen sclerosus et atrophicus 
with CD/MSK is never reported in literature. In our case, he was 
first presented to PHC for meatal stenosis with urethral stricture 
disease but he was never evaluated for underlying CRI, MSK and 
CD. The association of CD, urethral stricture and CRI is unusual 
and may be incidental. There is no cause-and-effect relationship. 
Patients with urethral stricture disease with chronic renal insuf-
ficiency symptoms/signs should be evaluated with renal function 
test, ultrasonography abdomen at presentation.
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Learning points

 ► Caroli’s disease is a rare congenital disorder and 
characterised by intrahepatic biliary radicle dilatations 
(IHBRD) with normal extrahepatic bile ducts.

 ► Caroli’s disease may be rarely associated with medullary 
sponge kidney, nephrocalcinosis and chronic renal 
insufficiency (CRI).

 ► The association of Caroli’s disease, urethral stricture and CRI 
is unusual and may be incidental. There is no cause-and-effect 
relationship.

 ► Thorough clinical evaluation and appropriate investigations 
are paramount in urethral stricture with underlying CRI to 
avoid delayed diagnosis and appropriate management.
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DesCripTion 
A 48-year-old man presented to us with inter-
mittent left flank pain for 3 months, and the 
present episode was intractable. An ultrasound 
(US) was done that was suggestive of multiple 
calculi in the left mid-ureter with dilatation of 
the ureter proximal to them and a moderate 
dilatation of the left renal pelvicalyceal system 
with a parenchymal thickness of 0.8 cm along 
with right renal calculus of 1.8 cm. A plain X-ray 
kidney-ureter-bladder (KUB) was suggestive of 
a 2.5 cm calculus in the mid-ureter along with 
seven secondary calculi proximal to it (figure 1). 
He had no history of previous surgery or extra-
corporeal shock wave lithotripsy (ESWL). An 
attempt was made to place a JJ-stent but even a 
guide-wire could not be negotiated beyond the 
impacted ureteric calculus. Thus a US-guided 
percutaneous nephrostomy (PCN) was placed. 
Both these procedures were attempted under 
local anaesthesia. In the subsequent X-ray KUB, 
four stones had migrated proximally (one in 

the upper ureter and three into the kidney), and 
it was apparent that the secondary calculi were 
travelling like a mouse in the dilated upper tract 
with positional changes (figure 2). After 2 weeks, 
the output from the PCN was ~1 L per 24 hours 
so a renal scan was not done. A nephrostogram 
was carried out that showed the dilated urinary 
tract proximal to the obstructing ureteric calculi 
(figure 3). As there was a large impacted calculus 
with multiple secondary calculi proximal to 
it, a decision to go for an open or laparoscopic 
approach rather than an endourological proce-
dure was made. The patient was a smoker with 
chronic obstructive pulmonary disease and thus 
was deemed unfit for general anaesthesia. He 
did not have any other comorbidity. Hence, 
after proper consent and counselling, an open 
ureterolithotomy under spinal anaesthesia was 
performed. The biggest challenge in this case 
was to achieve complete clearance with a single 
incision as the calculi were migratory. Certain 
precautions were taken. First, we kept the 
patient in a reverse-Trendelenburg position with 
30o tilt. The surgery lasted around 45 min, and 
the patient was kept in reverse-Trendelenburg 
position for around 35 min. Second, the dissec-
tion was gentle so that we do not inadvertently 
up-migrate the calculi. Third, after making the 

Figure 1 A plain X-ray kidney-ureter-bladder showing 
the obstructing mid-ureteric calculus (arrow head) with 
five secondary calculi proximal to it (arrow). The arrows 
point sexondary calculi while arrowhead points to the 
primary impacted calculus. 

Figure 2 A plain X-ray kidney-ureter-bladder showing 
the migratory secondary calculi.
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ureterotomy over the impacted calculus for stone retrieval, 
we started irrigation from the PCN we had placed previ-
ously, which aided in down-migration of the calculi that 
were proximal and thus retrieval from the same ureter 
incision. The stone-free status was checked on a C-arm 
intraoperatively. A JJ-stent was placed after retrieving the 
calculi. The patient fared well, and the postoperative X-ray 
KUB showed complete clearance of left-sided calculi. The 
PCN was removed on the second day, and the JJ-stent was 
removed 2 weeks later. The patient also had calculus in the 
right kidney for which percutaneous nephrolithotomy was 
done 2 weeks after the first surgery. Figure 4 shows the 
X-ray KUB after both surgeries with complete clearance of 
stones.

For the diagnosis of ureteric calculus, US has a sensi-
tivity of 45% and specificity of 94%. Usually, therefore an 
X-ray KUB or non-contrast CT is required along with US 
for confirming the diagnosis.1 With advancements in endou-
rology, open or laparoscopic management of ureteric calculi 
is rarely needed. In one study, it was found that open/lapa-
roscopic management is justified for ureteric calculi with 
failed endoscopic management and those that are >3 cm2.2 
The European Association of Urology recommends that 
ureterolithotomy should be carried out for large impacted 
stones when management with ESWL or endourological 
lithotripsy has failed.1 Ureterolithotomy is also carried out 
in centres where latest endourological equipment such as 
flexible ureteroscope is not available (especially in the low/

middle-income world). In a recently conducted meta-anal-
ysis, it was found that in properly selected patients with 
ureteric calculus, minimally invasive ureterolithotomy had 
better stone-free rates compared with endourological inter-
ventions.3 In another study, it was found that in the pres-
ence of large impacted stones and large stone burden, open 
ureterolithotomy is a feasible option even in this era of 
endourology.4 Secondary stones usually form in the pres-
ence of urinary tract obstruction or infection; the former 
was responsible in our case. Due to the migratory ‘mouse 
like’ secondary calculi, the challenge in our case was to 
make the patient stone-free in a single setting by us ‘cats’ 
that we achieved as mentioned above.

Figure 3 Nephrostogram demonstrating the dilated urinary tract 
proximal to the obstructing ureteric calculi.

Figure 4 A plain X-ray kidney-ureter-bladder showing complete 
clearance of calculi in both kidneys.

Learning points

 ► The indications of ureterolithotomy (open/laparoscopic) are 
limited in modern urological practice, the ideal candidate 
being one with large impacted ureteric calculus and failed 
endourological management.

 ► In the presence of a dilated proximal urinary tract due to 
distal obstruction, the resultant secondary calculi may be 
migratory and difficult to retrieve, for which methods like 
intraoperatively keeping the patient in reverse-Trendelenburg 
position and flushing the calculi towards the retrieval site 
may help.

 ► While performing ureterolithotomy, it is of utmost importance 
that the dissection is gentle so that up-migration of calculi is 
prevented.
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DesCripTion 
A 48-year-old man presented to us with inter-
mittent left flank pain for 3 months, and the 
present episode was intractable. An ultrasound 
(US) was done that was suggestive of multiple 
calculi in the left mid-ureter with dilatation of 
the ureter proximal to them and a moderate 
dilatation of the left renal pelvicalyceal system 
with a parenchymal thickness of 0.8 cm along 
with right renal calculus of 1.8 cm. A plain X-ray 
kidney-ureter-bladder (KUB) was suggestive of 
a 2.5 cm calculus in the mid-ureter along with 
seven secondary calculi proximal to it (figure 1). 
He had no history of previous surgery or extra-
corporeal shock wave lithotripsy (ESWL). An 
attempt was made to place a JJ-stent but even a 
guide-wire could not be negotiated beyond the 
impacted ureteric calculus. Thus a US-guided 
percutaneous nephrostomy (PCN) was placed. 
Both these procedures were attempted under 
local anaesthesia. In the subsequent X-ray KUB, 
four stones had migrated proximally (one in 

the upper ureter and three into the kidney), and 
it was apparent that the secondary calculi were 
travelling like a mouse in the dilated upper tract 
with positional changes (figure 2). After 2 weeks, 
the output from the PCN was ~1 L per 24 hours 
so a renal scan was not done. A nephrostogram 
was carried out that showed the dilated urinary 
tract proximal to the obstructing ureteric calculi 
(figure 3). As there was a large impacted calculus 
with multiple secondary calculi proximal to 
it, a decision to go for an open or laparoscopic 
approach rather than an endourological proce-
dure was made. The patient was a smoker with 
chronic obstructive pulmonary disease and thus 
was deemed unfit for general anaesthesia. He 
did not have any other comorbidity. Hence, 
after proper consent and counselling, an open 
ureterolithotomy under spinal anaesthesia was 
performed. The biggest challenge in this case 
was to achieve complete clearance with a single 
incision as the calculi were migratory. Certain 
precautions were taken. First, we kept the 
patient in a reverse-Trendelenburg position with 
30o tilt. The surgery lasted around 45 min, and 
the patient was kept in reverse-Trendelenburg 
position for around 35 min. Second, the dissec-
tion was gentle so that we do not inadvertently 
up-migrate the calculi. Third, after making the 

Figure 1 A plain X-ray kidney-ureter-bladder showing 
the obstructing mid-ureteric calculus (arrow head) with 
five secondary calculi proximal to it (arrow). The arrows 
point sexondary calculi while arrowhead points to the 
primary impacted calculus. 

Figure 2 A plain X-ray kidney-ureter-bladder showing 
the migratory secondary calculi.
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ureterotomy over the impacted calculus for stone retrieval, 
we started irrigation from the PCN we had placed previ-
ously, which aided in down-migration of the calculi that 
were proximal and thus retrieval from the same ureter 
incision. The stone-free status was checked on a C-arm 
intraoperatively. A JJ-stent was placed after retrieving the 
calculi. The patient fared well, and the postoperative X-ray 
KUB showed complete clearance of left-sided calculi. The 
PCN was removed on the second day, and the JJ-stent was 
removed 2 weeks later. The patient also had calculus in the 
right kidney for which percutaneous nephrolithotomy was 
done 2 weeks after the first surgery. Figure 4 shows the 
X-ray KUB after both surgeries with complete clearance of 
stones.

For the diagnosis of ureteric calculus, US has a sensi-
tivity of 45% and specificity of 94%. Usually, therefore an 
X-ray KUB or non-contrast CT is required along with US 
for confirming the diagnosis.1 With advancements in endou-
rology, open or laparoscopic management of ureteric calculi 
is rarely needed. In one study, it was found that open/lapa-
roscopic management is justified for ureteric calculi with 
failed endoscopic management and those that are >3 cm2.2 
The European Association of Urology recommends that 
ureterolithotomy should be carried out for large impacted 
stones when management with ESWL or endourological 
lithotripsy has failed.1 Ureterolithotomy is also carried out 
in centres where latest endourological equipment such as 
flexible ureteroscope is not available (especially in the low/

middle-income world). In a recently conducted meta-anal-
ysis, it was found that in properly selected patients with 
ureteric calculus, minimally invasive ureterolithotomy had 
better stone-free rates compared with endourological inter-
ventions.3 In another study, it was found that in the pres-
ence of large impacted stones and large stone burden, open 
ureterolithotomy is a feasible option even in this era of 
endourology.4 Secondary stones usually form in the pres-
ence of urinary tract obstruction or infection; the former 
was responsible in our case. Due to the migratory ‘mouse 
like’ secondary calculi, the challenge in our case was to 
make the patient stone-free in a single setting by us ‘cats’ 
that we achieved as mentioned above.

Figure 3 Nephrostogram demonstrating the dilated urinary tract 
proximal to the obstructing ureteric calculi.

Figure 4 A plain X-ray kidney-ureter-bladder showing complete 
clearance of calculi in both kidneys.

Learning points

 ► The indications of ureterolithotomy (open/laparoscopic) are 
limited in modern urological practice, the ideal candidate 
being one with large impacted ureteric calculus and failed 
endourological management.

 ► In the presence of a dilated proximal urinary tract due to 
distal obstruction, the resultant secondary calculi may be 
migratory and difficult to retrieve, for which methods like 
intraoperatively keeping the patient in reverse-Trendelenburg 
position and flushing the calculi towards the retrieval site 
may help.

 ► While performing ureterolithotomy, it is of utmost importance 
that the dissection is gentle so that up-migration of calculi is 
prevented.
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DesCripTion 
A 60-year-old woman presented with single 
episode of haematuria. An ultrasonogram was 
done, which was suggestive of bilateral small renal 
masses. Contrast-enhanced CT (CECT) scan of the 
abdomen confirmed the presence of right upper 
pole (2×2 cm) and left lower pole (2.5×2.5 cm) 
renal masses (figure 1). Along with these renal 
masses she had bilateral adrenal gland metastases 
(figure 2). The patient was counselled regarding 
his disease and the benefits versus risk of bilateral 
adrenalectomy that included a need for steroid 
replacement therapy after bilateral adrenalec-
tomy. The patient then underwent right partial 
nephrectomy with adrenalectomy and enucleation 
of the left renal mass. The left adrenal gland was 
preserved to prevent adrenal insufficiency. Histo-
pathological examination of the tumour specimens 
showed clear cell renal carcinoma, Fuhrman grade 
3. Then systemic immunotherapy was started with 
tyrosine kinase inhibitor—sunitinib, at a dose of 
37.5 mg with 4 weeks on and 2 weeks off schedule. 
The patient tolerated the drug without any signif-
icant adverse effects. Six months postsurgery, the 
patient is doing well and tolerating immunotherapy 
without any significant side effects.

Rates of ipsilateral adrenal metastasis from renal 
cell carcinoma range from 6% to 29% in autopsy 
series.1 Metastasis to the contralateral adrenal gland 
is very rare and is seen in <1% of cases. Only a few 
cases of bilateral adrenal metastasis are reported in 
literature.2 Management of such cases is challenging 
as bilateral adrenalectomy may lead to develop-
ment of iatrogenic Addison’s disease. Our case was 
unique as the patient had bilateral renal cell carci-
noma with metastasis in bilateral adrenal glands. 

Such cases due to their rarity pose a therapeutic 
challenge for the urologist.

According to current guidelines, adrenalectomy 
has to be performed along with radical nephrec-
tomy in case of detectable metastases on CECT or 
MRI, mass >8 cm and superior pole masses. Due 
to their rarity the management of bilateral adrenal 
metastases is not well defined with ~20 cases 
reported in literature. The benefits of cytoreductive 
nephrectomy by removing all resectable metastases 
have been documented in many studies. But with 
the results of recently concluded trials available it 
has been shown that with available targeted therapy 
the overall and cancer specific survival is similar 
(non-inferior) in patients with metastatic renal cell 
carcinoma undergoing cytoreductive nephrectomy 
versus those not undergoing it when both were 
given targeted therapy.3 Based on these results it 
is probably reasonable that to prevent Addison’s 
disease unilateral adrenalectomy followed by 

Figure 1 Coronal sections of contrast-enhanced CT 
scan showing bilateral renal masses (arrows).

Figure 2 The bilateral adrenal metastases (arrows) 
seen on the transverse section of contrast-enhanced CT 
scan.

Learning points

 ► In patients with bilateral involvement of 
adrenal glands due to renal cell carcinoma 
the management options include bilateral 
adrenalectomy and steroid replacement therapy 
or unilateral adrenalectomy followed by 
systemic immunotherapy with tyrosine kinase 
inhibitors.

 ► It is important that in such cases the patient 
is fully explained regarding his disease and 
management options, as we proceeded with 
unilateral adrenalectomy followed by systemic 
immunotherapy after patient consent.
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targeted therapy is sufficient in patients with bilateral adrenal 
metastases.
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done, which was suggestive of bilateral small renal 
masses. Contrast-enhanced CT (CECT) scan of the 
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37.5 mg with 4 weeks on and 2 weeks off schedule. 
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is very rare and is seen in <1% of cases. Only a few 
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Such cases due to their rarity pose a therapeutic 
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has to be performed along with radical nephrec-
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MRI, mass >8 cm and superior pole masses. Due 
to their rarity the management of bilateral adrenal 
metastases is not well defined with ~20 cases 
reported in literature. The benefits of cytoreductive 
nephrectomy by removing all resectable metastases 
have been documented in many studies. But with 
the results of recently concluded trials available it 
has been shown that with available targeted therapy 
the overall and cancer specific survival is similar 
(non-inferior) in patients with metastatic renal cell 
carcinoma undergoing cytoreductive nephrectomy 
versus those not undergoing it when both were 
given targeted therapy.3 Based on these results it 
is probably reasonable that to prevent Addison’s 
disease unilateral adrenalectomy followed by 

Figure 1 Coronal sections of contrast-enhanced CT 
scan showing bilateral renal masses (arrows).

Figure 2 The bilateral adrenal metastases (arrows) 
seen on the transverse section of contrast-enhanced CT 
scan.
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the management options include bilateral 
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is fully explained regarding his disease and 
management options, as we proceeded with 
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A 45-year-old male presented with history of left flank pain
for 1 year, which was mild dull aching in nature. Plain X-ray
film of the urinary tract (Fig. 1) was suggestive of diffuse
calcification in the left renal area (broad arrow) along with
calcification in the ipsilateral ureter region (thin arrows).
Chest X-ray was normal. Non-Contrast Computed Tomog-
raphy of kidney, ureter and bladder (axial section) showed
replacement of entire left kidney with calcification
(Fig. 2A). After contrast injection, the left kidney was not
visualised while normal contrast uptake was seen in the
right kidney (Fig. 2B) (coronal section). Computed Tomog-
raphy Urogram showed calcification of the left kidney and
ureter and normal excretion of contrast by the right kidney
(Fig. 3). Urine report was positive for acid fast bacilli
staining. Purified Protein Derivative skin test for tubercu-
losis was positive. Patient was managed with 6 months of
multi-drug anti-tubercular therapy (ATT) along with opioid
analgesics, as and when required. Nephrectomy was not
required in this patient. Patient is symptom free and doing
well at 1 year of follow-up.

Our case illustrates classical radiological imaging of
urogenital tuberculosis (UGTB) with autonephrectomy
which is rare nowadays. Management of such patients
Figure 1 Plain X-ray film of urinary tract is suggestive of
diffuse calcification in left kidney (broad arrow) along with
calcification in ipsilateral ureter region (thin arrows).
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Figure 2 (A): Non-contrast computed tomography of kidney, ureter and bladder (axial section) showing replacement of entire
left kidney with calcification. (B): Contrast film: non-functioning left kidney with normal contrast uptake by right kidney (coronal
section).

Figure 3 Computed tomography urogram showing classical opacification of left kidney and ureter by calcification and normal
excreting right kidney. Q2
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should be individualised; which was nonsurgical after full
course of ATT in our patient.

UGTB is the second most common extra-pulmonary
tuberculosis after lympho-nodal affection [1]. Various
radiological signs [2] described include classical putty kid-
ney leading to autonephrectomy, in which extensive,
diffuse and uniform parenchymal calcification occurs.
However, such presentation is historical. Nowadays, UGTB
is diagnosed at an earlier stage where medical therapy with
reconstructive procedure generally restores renal function
to a certain degree.

We present a case of UGTB with autonephrectomy in an
immunocompetent patient with no family history; the pa-
tient belongs to an endemic zone of tuberculosis. Plain X-
ray film showed classical putty like left renal calcification
along with ureteric calcification. Computed Tomography
Please cite this article in press as: Sinha RJ, et al., Autonephrectomy
http://dx.doi.org/10.1016/j.ajur.2016.08.007
showed replacement of entire left kidney with calcifica-
tion. Patient was managed by ATT.
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ABSTRACT
Objective: Maintaining the optimum bone health is one of the important concerns in patients with 
prostate cancer, but it usually remains neglected. Failure to screen these patients is detrimental to both 
the length and the quality of life. The estimation of bone mineral density (BMD) and more recently 
the World Health Organization’s fracture risk assessment (FRAX) algorithm in appropriate patients is 
recommended by several specialty organizations/associations at the time of instituting androgen depri-
vation therapy (ADT) for metastatic and high-risk individuals. It provides a 10-year risk evaluation of 
hip and major osteoporotic fractures (MOF). Using this web-based new investigating tool, candidates 
at high risk of fractures can be predicted more accurately according to clinical risk factors (CRF) alone 
or in combination with the femoral neck BMD. The FRAX application for senile osteoporosis has been 
studied and reviewed extensively, but no systematic review has ever been conducted for assessing the 
implication of FRAX in prostate cancer. This review article will give insight about the validity, role, 
and utility of this investigating tool in clinical practice for fracture risk assessment in these individuals.

Material and methods: This systematic review was carried out as per the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses guidelines and Cochrane review principles. We searched 
the PubMed, Cochrane database of systematic reviews, and the EMBASE electronic database until 
December 2018 using the medical subject heading terms prostate cancer and FRAX.

Results: A total of nine studies meet the inclusion criteria and were included in the review. These 
studies enrolled a total of 3704 patients (sample size range, 78–1220) of localized, metastatic, cas-
tration resistant prostate cancer with or without ADT and/or on photon or radiotherapy. The factors 
that influenced FRAX included age, ethnicity, baseline BMD, duration of ADT, presence of CRF, and 
measurement methods (CRF, with/without BMD, computed tomography based). An advanced age and 
duration of ADT were the most robust risk factors. A 10-year MOF and hip fracture risk estimation was 
higher when the femoral neck BMD was not incorporated in the FRAX measurement. Despite several 
well-known strengths of using FRAX in the fracture risk assessment of suitable candidates with pros-
tate cancer, several risk factors such as the mode/duration of ADT, mode of radiotherapy, Vitamin D 
levels, bone remodeling markers, and recent/recurrent fractures need to be incorporated in the FRAX 
calculator for improving the predictive ability. In contrast to senile osteoporosis with a longer life ex-
pectancy, the fracture risk in patients with prostate cancer need to be measured more frequently and 
for a shorter time. Therefore, models like Garvan calculator with both 5- and 10-year risk estimates 
have to be developed for these patients. Additionally, its utilization is of limited value in the presence 
of recurrent fractures or falls. 

Conclusion: The FRAX algorithm is beneficial in identifying patients who require early interven-
tion or bone-directed therapy as an early step to decrease skeletal-related events and other morbidity. 
Several risk factors need to be added for improving the FRAX predictive value. This model is still 
underutilized in the clinical practice and increasing the awareness among treating physicians will help 
in optimizing the bone health and the quality of life of this important population subgroup.

Keywords: Androgen deprivation therapy; bone health; bone-directed therapy; fracture risk assess-
ment tool; FRAX algorithm; prostate cancer; skeletal-related events.

http://orcid.org/0000-0002-6337-8401
http://orcid.org/0000-0003-1658-8550
http://orcid.org/0000-0002-3230-416X
http://orcid.org/0000-0001-5198-8934
http://orcid.org/0000-0003-1390-6488
http://orcid.org/0000-0003-3314-1347


Introduction

Prostate cancer is one of the major global health concerns ac-
counting for approximately 240,000 deaths annually with di-
verse biological and clinical behavior.[1,2] It has the highest 
incidence of bone metastases among all urological malignan-
cies.[2] The bone involvement in the advanced stage of cancer 
causes some of the most distressing symptoms: 22% of patients 
require treatment for pathological fractures, 7% for spinal-cord 
compression, and 34% for paresis or hemiparesis.[2,3] Maintain-
ing the optimum bone health is one of the important concern in 
these patients but it usually remains neglected even today.[3-5] 
Failure to properly screen these patients is detrimental to both 
the length and the quality of life, given the consistent increase in 
life expectancy of men with prostate cancer.[6-8]

Prostate cancer usually occurs in elderly population in which the 
prevalence of osteoporosis is already common, and further use 
of androgen deprivation therapy (ADT) as a treatment modality 
has cumulative deleterious results on the bone mineral density 
(BMD), leading to an increase in the incidence of osteoporosis 
and skeletal fracture risk.[8-11] Patients on ADT have a four times 
more likely probability of developing a significant BMD loss, 
and up to 20% of localized prostate cancer cases will develop 
fracture within 5 years of the ADT initiation.[12] Cancer-treat-
ment-induced bone loss is a major cause of bone loss and bone-
related morbidity in these patients. 

An estimation of BMD at the time of instituting ADT for met-
astatic prostate cancer is recommended by several specialty 
groups and expert panels.[9-11] Using a new computer-based in-
vestigating fracture risk assessment (FRAX) model, candidates 
at high risk of fractures can be predicted more accurately, and 
appropriate treatment can be initiated as an early step to pre-
vent skeletal-related events and to improve the quality of life 
in these patients.[12,13] An appropriate use of imaging modalities 
such as the Dual Energy X-ray Absorptiometry (DEXA) scan 
can help detect osteoporosis at an early stage. However, an esti-
mated fracture risk prediction is not so accurate with this modal-
ity alone. Until recently, majority of clinical guidelines for the 
management of osteoporosis was predominantly based on the 
BMD and T-score alone. Now, more robust and valid models are 
available for detecting osteoporosis and predicting fracture risks 
such as FRAX. The FRAX algorithm is recommended by the 
World Health Organization (WHO) for prediction of the fracture 
risk according to the clinical risk factors alone or in combina-
tion with femoral neck BMD (gm/cm2).[13-15] This is a web-based 
algorithm (available at www.shef.ac.uk/FRAX), which provides 
a 10-year probability of hip and major osteoporotic fractures 
(composite of hip, clinical spine, wrist, and humerus) accord-
ing to age, gender, body mass index, and clinical risk factors.
[13-16] The factors that may affects the FRAX score include age, 

ethnicity, type and duration of ADT, the mode of radiotherapy, 
and CRF.[14-17] The following dichotomized risk variables (CRF) 
were used for FRAX calculation: i) previous fragility fracture, 
ii) current smoking, iii) history of parental hip fracture, iv) pro-
longed use of oral steroids (>3 months), v) presence of other 
causes of secondary osteoporosis, vi) daily alcohol consumption 
of three or more units, and vii) presence of rheumatoid arthritis.

The National Osteoporosis Foundation (NOF) guidelines[9] rec-
ommend the initiation of therapy for prevention of fractures in 
patients with a T-score ≤2.5, a history of hip or vertebral fracture, 
and a 10-year hip fracture risk ≥3%, or the major osteoporotic 
fracture (MOF) ≥20% by the FRAX model (Table 1). Although 
the application of the FRAX model in the management of senile 
osteoporosis has been studied and reviewed extensively,[16,18] 
there has been no comprehensive review ever conducted for as-
sessing the implication of FRAX in prostate cancer. This review 
article will give insight about the validity, role, and utility in cur-
rent clinical practice of this investigating tool for FRAX in this 
important population. To the best of our knowledge, the present 
study is the first systemic review related to the implication of the 
FRAX algorithm for the prediction of the 10-year MOF and the 
hip fracture risk in patients with prostate cancer.

Material and methods

The current systematic literature review was carried out as 
per the Preferred Reporting Items for Systematic Reviews and 
Meta-analyses guidelines[19] and Cochrane review principles.
[20] We searched the PubMed, the Cochrane database of system-
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Table 1. National Guideline Recommendations (NOF & 
NCCN) for osteoporosis, BMD changes, and FRAX risk

Patient counseling

Smoking cessation

Limiting alcohol consumption

Weight-bearing exercise

BMD testing

Men 50–69 based on risk factors

All men >70 years old

Calcium and vitamin D supplementations

Men>50 years calcium: 1200 mg per day

Men>50 years vitamin D: 800–1000 IU per day

Bisphosphate therapy

FRAX risk >3% for hip fracture

FRAX risk >20% for major osteoporotic fracture

Osteopenia or osteoporosis on BMD

NOF: National Osteoporosis Foundation; NCCN: National Comprehensive Cancer 
Network; FRAX: fracture risk assessment; BMD: bone mineral density



atic reviews, and the EMBASE electronic database extensively 
until December 2018 using the medical subject heading terms 
prostate cancer and FRAX. A total of 21 articles were found. 
On reviewing these articles, we found that six articles were not 
related to the FRAX implication in prostate cancer, while three 
were published in a language other than English. Three articles 
were related to the application of FRAX tool in other malig-
nancies or in senile osteoporosis. Therefore, after excluding all 
these we had a total of nine studies for review (Figure 1). Qual-
ity assessment of these studies was performed using the New 
Castle Ottawa Scale tool.[21] In addition, articles published on 
the pathogenesis and management of the ADT-related bone loss 
as well as due to metastatic prostate cancer were extensively 
read and interpreted, and related information is included in the 
present review.

Study identification
Nine studies that met the inclusion criteria were identified and 
reviewed. These studies included a total of 3704 patients with 
the individual study sample size that ranged from 78 to 1220 and 
were published between 2010 and 2017 (Table 2).[13,14,17,22-27] Six 
studies were retrospective, two were prospective, and one was a 
cross-sectional study. Seven studies were carried out in the Unit-
ed States except one study in Japan and other one in Spain. The 
patient selection among these studies varied in respect to enroll-
ment of localized, metastatic, castration resistant prostate cancer 
(CRPC), with or without ADT and patients on photon therapy 
or radiotherapy (Table 3). Adler et al.[14] and McDonald et al.[27] 
included 115 and 609 localized prostate cancer patients without 
bony metastases. Kawahara et al.[23] studied 1220 prostate can-
cer patients excluding CRPC, while Valery et al.[26] enrolled 382 
patients on photon radiotherapy with or without ADT. The aver-
age duration of study was about 1 to 2 years with a range of 4 
months–11 years. The range of the mean/median age of patients 
in these studies was 64.9–77 years.

Discussion

Cancer treatment-induced bone loss
Two complementary processes of the bone remodeling (i.e., 
bone formation and bone resorption) maintain the normal struc-
tural integrity of the healthy bone.[28] This delicate balance is 
disrupted by estrogen deprivation caused by cancer treatment, 
resulting in the bone net loss. Androgen deprivation with GnRH 
analogs or antagonists or surgical castration reduces serum tes-
tosterone to <20 ng/mL and estrogen levels by blocking the 
production of androgens (e.g., testosterone), which are precur-
sors for estrogen biosynthesis via the aromatase pathway. The 
dysregulation in the RANK ligand pathway causes a subsequent 
increase in the osteoclast activity and bone resorption, as well as 
reduced osteoblast activity and bone formation.[28,29] Osteoclast 
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Table 2. Summary of previous studies related to use of FRAX tool in prostate cancer
S. No. Study author (Year) Nation Study type Study duration Sample size Avg. Age (Yrs)

1. Saylor et al.[22] (2010) USA Cross-sectional 4 months 363 72

2. Adler et al.[14] (2010) USA Retrospective 1 year 115  77

3. Neubecker et al.[25] (2011) USA Retrospective NA 78 77

4. Dhanapal et al.[24] (2011) USA Retrospective 1 year 174 65.5

5. James et al.[13] (2013) USA Retrospective NA 613 75

6. Valery et al.[26] (2013) USA Prospective 2 years 382 N.A

7. McDonald et al.[27] (2016) USA Retrospective 11 years 609 64.9

8. Kawahara et al.[23] (2016) Japan Retrospective NA 1220 74

9. Ojeda et al.[17] (2017) Spain Prospective Two-phase study 150 67.4 
    Max. follow-up of 11 years

FRAX: fracture risk assessment; NA: not available

Figure 1. Flowchart of materials and methods for inclusion of 
studies in a systematic review

PubMed
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cells erode the trabecular bones, while osteoblast cells form the 
sclerotic woven bones. Although these generated woven bones 
appear dense on radiography, these are structurally weak and are 
associated with more risk of fracture.[28]

Bone metastases manifestations
The most common symptom of skeletal metastases from pros-
tate cancer is pain. The most common site for metastasis is ver-
tebral bodies. Other sites include the pelvis, rib, and long bones.
[3] Fracture risk is particularly problematical in these patients 
given that ADT is the primary modality for metastatic prostate 
cancer. Optimal bone health is an important consideration and 
needs widespread awareness among treating urologist. With an 
increased detection of prostate cancer at an early age and im-
proved longevity of these patients, prevention and management 
strategies of their skeletal-related complications have become 
all the more important aspect.[5,10]

Role of BMD (DEXA) in bone health evaluation
Early detection of bone loss in men on ADT helps to select the 
patients for lifestyle modifications, dietary adaptations, and 

medical treatment.[30] DEXA scans are usually employed to mea-
sure BMD. They use lesser radiation doses than conventional 
X-ray.[31] In this technology, two X-ray beams are used, which 
are attenuated differently by bones and soft tissues. Bones are 
imaged with a high degree of accuracy in the DEXA scan, and 
thus obtained X-ray images determine the bone mineral content 
in gm/cm2 to calculate BMD. The femoral neck BMD is current-
ly recommended as the reference standard bone site for precise 
BMD measurement because this has been the most widely vali-
dated bone site, and it provides a gradient of fracture risk higher 
than that of several other techniques.[32] BMD measurements are 
reported as T-score, i.e., the number of standard deviations by 
which patient’s estimated bone loss deviates from the mean of 
normal population of the same gender at the given site.[33] A T-
score of −1 is an indicator of 10%–20% bone loss and increases 
the relative risk of fracture by 1.5–2 times.

The European Association of Urology (EAU) guidelines rec-
ommend that before starting long-term androgen deprivation 
therapy in patients with prostate cancer, a baseline evaluation 
of BMD should be performed using a DEXA scan and a deci-
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Table 3. Therapeutic characteristics and methods of FRAX score measuring in previous studies
   Type of treatment Mean ADT Measurement methods 
S. No. Study Type of patients modality duration  for FRAX or bone health

1. Saylor et al.[22] On ADT GnRH agonist 1.6 Yrs (0–17) FRAX  with CRF 
     FRAX with BMD by DEXA Scan

2. Adler et al.[14] Localized prostate cancer Orchidectomy 3.6±3.3 Yrs T-score versus FRAX 
   GnRH agonist and antagonist 
   Androgen antagonist

3. Neubecker et al.[25] With/without ADT Orchidectomy 16.5 Months BMD/T-Score/FRAX 
   GnRH agonist and antagonist 
   Androgen antagonist

4. Dhanapal et al.[24] On ADT LHRH agonists 13.8+18 Months DEXA Scan

5. James et al.[13] On ADT Orchidectomy 13 Months FRAX with BMD, FRAX 
   GnRH agonist and antagonist  without BMD, T-Score alone 
   Androgen antagonist 
   CYP 17 inhibitor

6. Valery et al.[26] On photon radio ADT and/or EBRT NA FRAX using CRF 
  therapy with/without ADT

7. McDonald et al.[27] Localized prostate cancer EBRT NA CT-based bone density assessment 
     without BMD

8. Kawahara et al.[23] All patients with prostate Brachytherapy NA DEXA scan using BMD 
  cancer, excluding CRPC Radical prostatectomy 
   EBRT 
   ADT monotherapy 
   Active surveillance

9. Ojeda et al.[17] High-risk localized ADT zolendronic 24+6 months Hologic QDR-4500 DEXA 
  prostate cancer  acid alendronate   scan using BMD and CRF

FRAX: fracture risk assessment; ADT: androgen deprivation therapy; CRF: clinical risk factors; BMD: bone mineral density; EBRT: external beam radiotherapy; NA: not 
available; CT: computed tomography



sion for follow-up BMD measurements should be based on the 
value of the initial T-score. For an initial T-score <1.0, the BMD 
assessments is needed every 2 years. The annual BMD measure-
ment should be done for T-scores between −1.0 and −2.5 in the 
absence of associated risk factors.[30]

National comprehensive cancer network guidelines for men 
on ADT
A baseline BMD assessment is done before the initiation of 
ADT. The 10-year fracture risk is calculated using the FRAX 
tool; ADT-related osteoporosis is considered secondary under 
the FRAX algorithm. Recommendations for men with a 10-year 
absolute risk of ≥3% for hip fracture or 20% or greater for any 
major osteoporotic fracture are oral calcium (1200 mg) plus vi-
tamin D3 (800–1000 IU) and an antiresorptive therapy, which 
may include subcutaneous denosumab (60 mg) every 6 months 
or intravenous zoledronic acid (4 mg) annually, or oral alendro-
nate (70 mg) weekly.[34]

Different methods for assessing the fracture risk
Various methods have been described in literature to assess the 
fracture risk, and many comparative studies have been conduct-
ed with this regard. Even FRAX scores are also calculated into 
different ways. The following methods can be used to assess the 
risk of bone fracture:

a) BMD using DEXA,
b) T-score,
c) FRAX using CRF without BMD,
d) FRAX using BMD or T-score,
e) Garvan fracture risk calculator,
f) Computer tomography (CT)-assisted screening,

Role of FRAX and other calculators
Current literature shows that fractures are not unusual in candi-
dates whose BMD or T-score does not suggest the indication for 
osteoporosis treatment.[9] The FRAX calculator was introduced 
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Table 4. Result and conclusion of previous studies related to FRAX in prostate cancer
S. No. Study 10-year risk of MOF (%) 10-year risk of hip fracture (%) Comments/conclusion

1. Saylor et al.[22] • FRAX using CRF including • FRAX using CRF including • The FRAX algorithm identifies  
  ADT as secondary osteoporosis-12% ADT as secondary osteoporosis - 3.1% greater proportion of candidates for 
  • FRAX using CRF excluding • FRAX using CRF excluding ADT treatment than the T-score alone. 
  ADT as secondary osteoporosis-8.4% as secondary osteoporosis-1.8% • Prevalence of the fracture risk and 
  • FRAX calculation using femoral • FRAX calculation using femoral neck need for treatment was strongly 
  neck BMD (with DEXA- 7.0%, BMD (with DEXA- 0.9%,  influenced by advancing age. 
  without DEXA- 11%) without DEXA- 2.4%)

2. Adler et al.[14] • FRAX with BMD- 8.0±4.9% • FRAX with BMD- 1.6±1.7% The DEXA and FRAX algorithm 
  • FRAX without BMD- 12.3±6.7% • FRAX without BMD- 3.8±2.7%  identified different populations of men 
    on ADT needing treatment.

3. Neubecker et al.[25] • FRAX without BMD-10.8% • FRAX without BMD- 5.5% Inclusion of BMD in the FRAX 
  • FRAX with BMD- 9.5% • FRAX with BMD- 4.5%  calculation did not affect the predictive 
    ability of FRAX

4. Dhanapal et al.[24] MOF-5.6% Hip fracture risk—2.2% ADT increases chances of fracture risks, 
    including both MOF and hip fractures.

5. James et al.[13] 10.0% (Range, 1.7%–24.0%) 4.0% (Range, 0.2%–22.8%) Prediction of the bone fracture risk: 
    FRAX without BMD > FRAX with 
    BMD > T-score alone

6. Valery et al.[26] NA 0.13% (Range, 0%–1.6%) Photon therapy for prostate cancers did 
    not influence FRAX score or hip 
    fracture risk

7. McDonald et al.[27] Not mentioned 1.3% (Range, 0%–22%) Use of CT-based FRAX may identify 
    additional subjects for pharmacotherapy

8. Kawahara et al.[23] 7.9% (8.8%±4.3%) 2.7% (Range, 3.5%±3.1%) Duration-dependent worsening of FRAX 
    scores was seen with ADT.

9. Ojeda et al.[17] 2.4%±1% 0.7%±1% The greatest loss of BMD occurred 
    during the 1st year of ADT and was 
    stabilized in the 2nd year.

FRAX: fracture risk assessment; MOF: major osteoporotic fracture; ADT: androgen deprivation therapy; CRF: clinical risk factors; BMD: bone mineral density; NA: not 
available; CT: computed tomography



by WHO in February 2008 for better predication of the fracture 
risk by accounting for additional patient characteristics with or 
without the use of BMD. Currently, this is the most commonly 
used fracture assessment tool worldwide.[18,22] The application of 
the FRAX algorithm has been further supported by several as-
sociations/foundations including the NOF, International Osteo-
porosis Foundation, American Society for Bone and Mineral Re-
search, and International Society for Clinical Densitometry.[9,18,22]

Saylor et al.[22] showed that the FRAX model detected a greater 
number of individuals with prostate cancer at risk for fracture than 
the BMD alone. They also found an advanced age as one of the 
most robust risk factors and almost all patients with more than 80 
years of age were suitable for treatment. Another study by Adler 
et al.[14] demonstrated that the FRAX calculation using the femur 
neck BMD or without BMD detected different populations at risk 
of fracture. Additionally, low BMD including wrist identified a 
population that did not overlap well with population found by the 
FRAX algorithm. One of the explanations for this difference may 
be that many African-Americans men were included in this co-
hort, and there is some concern that the FRAX prediction is not so 
appropriate for men, particularly for African-Americans.[14]

A Garvan-nomogram-based fracture risk calculator (www.frac-
tureriskcalculator.com) is also in common use in the fracture 
risk assessment in clinical practice. It also incorporates presence 
of a recent fracture/fall event and total episodes of fractures for 
risk assessment. While the FRAX algorithm is recommended as 
the primary tool that can calculate a 10-year fracture risk, the 
Garvan fracture risk tool calculates both the 5- and 10-year frac-
ture risk probability and has additional benefits in patients with 
recurrent fractures and falls.[18] However, the CRF for FRAX 
algorithms are not included in the Garvan risk calculation, so the 
risk estimate may be low when compared to FRAX in the pres-
ence of multiple CRF, and the Garvan calculator is considered to 
be suitable for patients older than 60 years of age.

Factors affecting FRAX
Advancing age has a deleterious impact on the bone health. The 
osteoporosis incidence is 13% in Western males >50 years of age 
and 35% in otherwise healthy males in developing nations.[9] The 
current literature shows that a total duration of ADT affects the 
BMD and therefore the FRAX score, while controversies exist 
about the effect of the mode and type of ADT on FRAX.[23-27] 
Adler et al.[14] showed that the DEXA and FRAX score identify 
different candidates that require treatment among patients with 
prostate cancer on ADT. Neubecker et al.[25] suggested that the in-
clusion of the BMD for FRAX measurement did not influence the 
predictive value of the FRAX. James et al.[13] demonstrated that 
the prediction gradient for fracture risk assessment by various 
methods in descending order were FRAX without BMD, FRAX 
with BMD, and T-score alone. Valery et al.[26] in their prospective 

study found that the photon therapy for prostate cancers did not 
influence the FRAX score or a hip fracture risk. In summary, the 
following factors may influence the FRAX scores (Table 4):

• Age, ethnicity, and region,
• Baseline BMD,
• Duration and type of ADT,
• Mode of radiotherapy (brachytherapy/EBRT/proton therapy),
• Presence of CRF,
• Measurement methods: With/without BMD, CT-based.

Clinical risk factors
Large prospective observational studies have identified that the 
inclusion of both CRF and BMD in the FRAX calculation has 
a better predictability for a fracture risk than the CRF or BMD 
alone.[13,22] Advancing age and a previous fragility fracture are 
the most robust risk factors influencing the FRAX scores.[14,22] 
These CRF were originally described for postmenopausal os-
teoporosis FRAX calculation but are now also validated by vari-
ous studies in patients with prostate cancer. ADT, being an or-
gan transplant recipient, and prolonged immobility are counted 
as causes of secondary osteoporosis in the FRAX calculation.
[13,14,22-27]

Four studies mentioned CRF and their impact on the FRAX 
score in patients with prostate cancer.[13,17,22,23] Saylor et al.[22] 
showed that excessive alcohol consumption (11.6%) was the 
most prevalent CRF in their study cohort followed by a long-
term glucocorticoids use (8.3%), parental history of hip fracture 
(7.4%), smoking (4.7%), and personal history of fracture (2.5%). 
The prevalence of CRF other than excessive alcohol consump-
tion was less than 10%. Kawahara et al.[23] also demonstrated 
that daily alcohol consumption of ≥3 units was the most com-
mon CRF (31.1%) in their study. Other CRF, in a decreasing or-
der, were a previous fracture (20.9%), current smoking (11.3%), 
secondary osteoporosis (8.9%), parental history of hip fracture 
(7.4%), glucocorticoids (3.1%), and rheumatoid arthritis (1.1%). 
James et al.[13] reported that 7.3% and 16.3% of patients in the 
study subjects were consuming oral glucosteroids and tobacco, 
respectively.

Androgen Deprivation Therapy-Mode and Duration
An approximate BMD loss of 2%–8% in the lumbar spine and 
1.5%–6.5% in the hip bone within the first year of ADT has been 
demonstrated by Diamond et al.[31] The average duration of ADT 
of the included studies in this review was 13 months to 3.6 years 
(Table 2). The type (medical or surgical), mode (continuous or 
intermittent and monotherapy or combination therapy) and total 
duration of ADT and type of radiotherapy (external beam radio-
therapy or brachytherapy) may influence bone health and the 
FRAX score.[32-41] There are inconsistencies in the literature with 
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this regard. Both intermittent and continuous ADT have an equal 
impact on the bone loss, and none of them has been found to be 
superior in one study. Similarly, GnRH agonists with or without 
anti-androgens use have comparable BMD losses in the same 
study.[35]

Implication of FRAX in Prostate Cancer
The FRAX score measurement can be performed with CRF 
alone and with or without the inclusion of the femoral neck 
BMD or T-score. James et al.[13] performed a study that included 
613 patients with prostate cancer on ADT to compare the os-
teoporotic risk by using the FRAX model with and without 
BMD and with T-Score. The median duration of androgen de-
privation was 13 months (1–72 months). The FRAX score was 
measured for all subjects without the use of BMD. They found 
that 61.6% and 2.0% of patients met or exceeded the established 
treatment risk threshold of 3% for hip fracture and of 20% for 
MOF without the use of BMD, respectively. The median 10-year 
hip fracture risk and MOF were 4.0% (0.2%–22.8%) and 10.0% 
(1.7%–24.0%). The BMD measurement was available for 94 pa-
tients with a median T-score of 1.6 (0.3–4.7). When T-score was 
used alone, 19.1% patients were eligible for bone-tropic therapy. 
In the same patients, the FRAX model with the use of BMD 
detected 46.8% of patients eligible for treatment and 69.1% of 
patients without the use of BMD. Overall, the median 10-year 
hip FRAX score for all patients measured without the use of 
BMD was 4.1% (0.1%–19.0%). Therefore, the FRAX algorithm 
identified more candidates at risk of fracture without BMD than 
with BMD inclusion. A moderate positive correlation was found 
between the FRAX score for all patients with and without BMD. 
The FRAX risk calculation without BMD was most affected by 
advancing age, followed by FRAX with BMD, and then by T-
score (Table 4).[13] 

Adler et al.[14] conducted a study of 115 patients with localized 
prostate cancer on ADT for evaluating the efficacy of T-score 
versus FRAX score for the fracture risk assessment and showed 
that when the FRAX calculation incorporated the femoral neck 
BMD, the mean 10-year hip fracture risk was 1.6%. However, 
when the FRAX score was measured without the femoral neck 
BMD, it was 3.8% (i.e., above the 3% treatment threshold). 
The MOF risk estimation also increased when the femoral neck 
BMD was not incorporated into the FRAX calculation; how-
ever, it did not rise above the 20% risk threshold for hip fracture.

In a cross-sectional study of 363 patients with prostate cancer 
on ADT by Saylor et al.[22] the median age was 72 years, and 
the median duration of ADT was 1.6 years (range, 0–17 years). 
The prevalence of CRFs was <10% in the study subjects, with a 
30.8% prevalence of bone metastasis. When the FRAX calcula-
tor used clinical information alone (without BMD), the median 
10-year risk of the hip fracture was 3.1%, and 51% of patients 

exceeded the 3% risk threshold for treatment. The median ma-
jor osteoporotic fracture risk was 12%. A risk of hip fracture 
accounted for larger number of patients reaching the treatment 
thresholds than did the major osteoporotic risk (51.2% versus 
10.2%). When ADT was excluded as a risk factor for second-
ary osteoporosis, the estimated median hip fracture risk was 
1.8%, and 32.8% of patients still exceeded the 3% risk thresh-
old, while the FRAX algorithm using the BMD data showed 
that the median hip fracture risk was 0.9% with 15% of subjects 
exceeding the treatment threshold value. In contrast, the median 
10-year risk of hip fracture without using BMD was 2.4%, and 
44.1% subjects exceeded the 3% risk threshold. Fracture risk 
estimates with and without BMD were highly correlated in the 
study (r=0.81; p<0.0001). However, the estimated fracture risks 
were consistently lower when FRAX incorporated BMD data as 
compared to clinical information alone.

Ojeda et al.[17] conducted a two-phase prospective longitudinal 
study in 150 high-risk patients with prostate cancer on ADT to 
evaluate the rate of bone loss and fracture risk prediction with 
FRAX (Hologic DEXA Scan QDR-4500) at the baseline, 1, 2, 
and 3 years. Baseline osteoporosis was seen in 41% of patients. 
The mean duration of ADT was 2 years. The most common CRF 
were smoking and excessive alcohol consumption. The mean 
baseline 10-year MOF and hip fracture risk were 2.4% and 
0.7%. Approximately, 4% of patients exceeded the risk thresh-
old of 3% for hip fracture and none for MOF. The mean BMD 
deterioration after the 1st year of ADT was 3.7% and 2.1% in the 
lumbar spine and femur neck. However, the absolute fracture 
risk remains low if the androgen deprivation period does not ex-
ceed 2 years. Age, FRAX MOF, and hip fracture risk were found 
to be the independent predictors of bone loss in the lumbar spine 
in the linear regression model but Gleason score, baseline BMD, 
serum PSA, and duration of ADT were not found to be the inde-
pendent predictors of the BMD loss. In this study, bone remodel-
ing serum markers including amino-terminal propeptide of Type 
I collagen and beta carboxy-terminal telopeptide of collagen I 
were also evaluated. A significant elevation in markers of bone 
remodeling were observed after 1 year of treatment and a subse-
quent decrease after the 2nd year.

CT-based bone density assessment with FRAX screening
CT attenuation values of trabecular bones within the vertebral 
bodies of the lumbar spines have been illustrated as a method for 
the bone density assessment. Comparison of the CT attenuation 
threshold values with DEXA scan as the reference standard for 
osteoporosis prediction has yielded sensitivities and specifici-
ties above 90%.[27] Since CT scans are routinely obtained in men 
with prostate cancer for making planning of the external beam 
radiotherapy process, this may serve as an efficient alternative 
method for screening of osteoporosis without obtaining addi-
tional testing.
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McDonald et al.[27] performed a retrospective study of 609 pa-
tients with localized cancer prostate undergoing external beam 
radiotherapy. They evaluated the efficiency of a CT-based meth-
od of osteoporosis screening to the FRAX without incorporat-
ing BMD. The CT attenuation value of the L5 trabecular bone 
(L5CT) was assessed by contouring the trabecular bone on a 
single CT section at the mid-vertebral body level and by get-
ting the average in the Hounsfield units (HU) of all included 
voxels. The L5CT attenuation values of 105 and 130 HU were 
employed as screening thresholds. The clinical characteristics of 
additional patients identified by each L5CT screening threshold 
were compared to patients whose estimated 10-year probabil-
ity of hip fracture was more than 3% by the FRAX algorithm 
without using BMD. 74 patients (12.2%) exceeded the estimated 
10-year hip fracture risk ≥3%. 22 (3.6%) and 71 (11.6%) ad-
ditional patients were identified by CT screening methods when 
105 HU and 130 HU thresholds were used, respectively. These 
additional patients identified by CT screening methods were 
more likely to be African-American, younger, obese, and with-
out ADT. Thus, adding the CT-based screening methods to the 
FRAX without BMD identifies additional patients with different 
clinical characteristics.

After reviewing current literature, it can be summarized that 
despite several well-known strengths and advantages of using 
FRAX algorithms in the fracture risk assessment in a selected 
population of patients with prostate cancer, there are several 
limitations as well. The role of FRAX has not been established 
in randomized-controlled intervention trials with objectives of 
fractures prevention in these patients. FRAX does not incor-
porate several other probable risk factors such as the dose and 
duration of steroid use, total number and duration of causes of 
secondary osteoporosis, mode of ADT, vitamin D deficiency, 
and previous episodes of skeletal-related events. It calculates 
only the 10-year probability of fracture, while models such as 
the Garvan additionally calculate the 5-year fracture risk as well. 
In addition, fall-related risks are excluded explicitly from the 
FRAX risk measurement. Its utilization is of limited value in the 
presence of recurrent fractures or falls. Several risk factors that 
are unique and have significant impact on the bone loss or frac-
ture risk in patients with prostate cancer include the mode and 
duration of ADT, mode of radiotherapy, vitamin D levels, bone 
remodeling markers, and recent or recurrent fractures. These 
factors can be added in FRAX algorithm calculations for a better 
prediction in prostate cancer patients. Still, the FRAX tool is not 
widely used by clinical practitioners for prostate cancer manage-
ment, and further awareness about its role and implications will 
help in optimizing the bone health and the quality of life.
 
In conclusion, a prolonged ADT in patients with prostate cancer 
leads to suboptimal bone health and an increased risk of osteo-

porosis or fractures and therefore, FRAX. The FRAX algorithm 
can identify candidates with a high risk of fracture so that an 
appropriate treatment can be initiated at an early stage. The 
FRAX score is mostly influenced by an advanced age, ethnic-
ity, duration and the mode of ADT, mode of radiotherapy, and 
presence of clinical risk factors. Several risk factors need to be 
added in the future for the FRAX calculation in patients with 
prostate cancer for a better risk prediction. The FRAX model 
is still an underutilized modality in clinical practice for prostate 
cancer management, especially in underdeveloped and develop-
ing nations, and further awareness about its role and implication 
will help in optimizing the bone health and quality of life of this 
population subgroup.
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ABSTRACT
Objective: Maintaining the optimum bone health is one of the important concerns in patients with 
prostate cancer, but it usually remains neglected. Failure to screen these patients is detrimental to both 
the length and the quality of life. The estimation of bone mineral density (BMD) and more recently 
the World Health Organization’s fracture risk assessment (FRAX) algorithm in appropriate patients is 
recommended by several specialty organizations/associations at the time of instituting androgen depri-
vation therapy (ADT) for metastatic and high-risk individuals. It provides a 10-year risk evaluation of 
hip and major osteoporotic fractures (MOF). Using this web-based new investigating tool, candidates 
at high risk of fractures can be predicted more accurately according to clinical risk factors (CRF) alone 
or in combination with the femoral neck BMD. The FRAX application for senile osteoporosis has been 
studied and reviewed extensively, but no systematic review has ever been conducted for assessing the 
implication of FRAX in prostate cancer. This review article will give insight about the validity, role, 
and utility of this investigating tool in clinical practice for fracture risk assessment in these individuals.

Material and methods: This systematic review was carried out as per the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses guidelines and Cochrane review principles. We searched 
the PubMed, Cochrane database of systematic reviews, and the EMBASE electronic database until 
December 2018 using the medical subject heading terms prostate cancer and FRAX.

Results: A total of nine studies meet the inclusion criteria and were included in the review. These 
studies enrolled a total of 3704 patients (sample size range, 78–1220) of localized, metastatic, cas-
tration resistant prostate cancer with or without ADT and/or on photon or radiotherapy. The factors 
that influenced FRAX included age, ethnicity, baseline BMD, duration of ADT, presence of CRF, and 
measurement methods (CRF, with/without BMD, computed tomography based). An advanced age and 
duration of ADT were the most robust risk factors. A 10-year MOF and hip fracture risk estimation was 
higher when the femoral neck BMD was not incorporated in the FRAX measurement. Despite several 
well-known strengths of using FRAX in the fracture risk assessment of suitable candidates with pros-
tate cancer, several risk factors such as the mode/duration of ADT, mode of radiotherapy, Vitamin D 
levels, bone remodeling markers, and recent/recurrent fractures need to be incorporated in the FRAX 
calculator for improving the predictive ability. In contrast to senile osteoporosis with a longer life ex-
pectancy, the fracture risk in patients with prostate cancer need to be measured more frequently and 
for a shorter time. Therefore, models like Garvan calculator with both 5- and 10-year risk estimates 
have to be developed for these patients. Additionally, its utilization is of limited value in the presence 
of recurrent fractures or falls. 

Conclusion: The FRAX algorithm is beneficial in identifying patients who require early interven-
tion or bone-directed therapy as an early step to decrease skeletal-related events and other morbidity. 
Several risk factors need to be added for improving the FRAX predictive value. This model is still 
underutilized in the clinical practice and increasing the awareness among treating physicians will help 
in optimizing the bone health and the quality of life of this important population subgroup.

Keywords: Androgen deprivation therapy; bone health; bone-directed therapy; fracture risk assess-
ment tool; FRAX algorithm; prostate cancer; skeletal-related events.
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Introduction

Prostate cancer is one of the major global health concerns ac-
counting for approximately 240,000 deaths annually with di-
verse biological and clinical behavior.[1,2] It has the highest 
incidence of bone metastases among all urological malignan-
cies.[2] The bone involvement in the advanced stage of cancer 
causes some of the most distressing symptoms: 22% of patients 
require treatment for pathological fractures, 7% for spinal-cord 
compression, and 34% for paresis or hemiparesis.[2,3] Maintain-
ing the optimum bone health is one of the important concern in 
these patients but it usually remains neglected even today.[3-5] 
Failure to properly screen these patients is detrimental to both 
the length and the quality of life, given the consistent increase in 
life expectancy of men with prostate cancer.[6-8]

Prostate cancer usually occurs in elderly population in which the 
prevalence of osteoporosis is already common, and further use 
of androgen deprivation therapy (ADT) as a treatment modality 
has cumulative deleterious results on the bone mineral density 
(BMD), leading to an increase in the incidence of osteoporosis 
and skeletal fracture risk.[8-11] Patients on ADT have a four times 
more likely probability of developing a significant BMD loss, 
and up to 20% of localized prostate cancer cases will develop 
fracture within 5 years of the ADT initiation.[12] Cancer-treat-
ment-induced bone loss is a major cause of bone loss and bone-
related morbidity in these patients. 

An estimation of BMD at the time of instituting ADT for met-
astatic prostate cancer is recommended by several specialty 
groups and expert panels.[9-11] Using a new computer-based in-
vestigating fracture risk assessment (FRAX) model, candidates 
at high risk of fractures can be predicted more accurately, and 
appropriate treatment can be initiated as an early step to pre-
vent skeletal-related events and to improve the quality of life 
in these patients.[12,13] An appropriate use of imaging modalities 
such as the Dual Energy X-ray Absorptiometry (DEXA) scan 
can help detect osteoporosis at an early stage. However, an esti-
mated fracture risk prediction is not so accurate with this modal-
ity alone. Until recently, majority of clinical guidelines for the 
management of osteoporosis was predominantly based on the 
BMD and T-score alone. Now, more robust and valid models are 
available for detecting osteoporosis and predicting fracture risks 
such as FRAX. The FRAX algorithm is recommended by the 
World Health Organization (WHO) for prediction of the fracture 
risk according to the clinical risk factors alone or in combina-
tion with femoral neck BMD (gm/cm2).[13-15] This is a web-based 
algorithm (available at www.shef.ac.uk/FRAX), which provides 
a 10-year probability of hip and major osteoporotic fractures 
(composite of hip, clinical spine, wrist, and humerus) accord-
ing to age, gender, body mass index, and clinical risk factors.
[13-16] The factors that may affects the FRAX score include age, 

ethnicity, type and duration of ADT, the mode of radiotherapy, 
and CRF.[14-17] The following dichotomized risk variables (CRF) 
were used for FRAX calculation: i) previous fragility fracture, 
ii) current smoking, iii) history of parental hip fracture, iv) pro-
longed use of oral steroids (>3 months), v) presence of other 
causes of secondary osteoporosis, vi) daily alcohol consumption 
of three or more units, and vii) presence of rheumatoid arthritis.

The National Osteoporosis Foundation (NOF) guidelines[9] rec-
ommend the initiation of therapy for prevention of fractures in 
patients with a T-score ≤2.5, a history of hip or vertebral fracture, 
and a 10-year hip fracture risk ≥3%, or the major osteoporotic 
fracture (MOF) ≥20% by the FRAX model (Table 1). Although 
the application of the FRAX model in the management of senile 
osteoporosis has been studied and reviewed extensively,[16,18] 
there has been no comprehensive review ever conducted for as-
sessing the implication of FRAX in prostate cancer. This review 
article will give insight about the validity, role, and utility in cur-
rent clinical practice of this investigating tool for FRAX in this 
important population. To the best of our knowledge, the present 
study is the first systemic review related to the implication of the 
FRAX algorithm for the prediction of the 10-year MOF and the 
hip fracture risk in patients with prostate cancer.

Material and methods

The current systematic literature review was carried out as 
per the Preferred Reporting Items for Systematic Reviews and 
Meta-analyses guidelines[19] and Cochrane review principles.
[20] We searched the PubMed, the Cochrane database of system-
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Table 1. National Guideline Recommendations (NOF & 
NCCN) for osteoporosis, BMD changes, and FRAX risk

Patient counseling

Smoking cessation

Limiting alcohol consumption

Weight-bearing exercise

BMD testing

Men 50–69 based on risk factors

All men >70 years old

Calcium and vitamin D supplementations

Men>50 years calcium: 1200 mg per day

Men>50 years vitamin D: 800–1000 IU per day

Bisphosphate therapy

FRAX risk >3% for hip fracture

FRAX risk >20% for major osteoporotic fracture

Osteopenia or osteoporosis on BMD

NOF: National Osteoporosis Foundation; NCCN: National Comprehensive Cancer 
Network; FRAX: fracture risk assessment; BMD: bone mineral density



atic reviews, and the EMBASE electronic database extensively 
until December 2018 using the medical subject heading terms 
prostate cancer and FRAX. A total of 21 articles were found. 
On reviewing these articles, we found that six articles were not 
related to the FRAX implication in prostate cancer, while three 
were published in a language other than English. Three articles 
were related to the application of FRAX tool in other malig-
nancies or in senile osteoporosis. Therefore, after excluding all 
these we had a total of nine studies for review (Figure 1). Qual-
ity assessment of these studies was performed using the New 
Castle Ottawa Scale tool.[21] In addition, articles published on 
the pathogenesis and management of the ADT-related bone loss 
as well as due to metastatic prostate cancer were extensively 
read and interpreted, and related information is included in the 
present review.

Study identification
Nine studies that met the inclusion criteria were identified and 
reviewed. These studies included a total of 3704 patients with 
the individual study sample size that ranged from 78 to 1220 and 
were published between 2010 and 2017 (Table 2).[13,14,17,22-27] Six 
studies were retrospective, two were prospective, and one was a 
cross-sectional study. Seven studies were carried out in the Unit-
ed States except one study in Japan and other one in Spain. The 
patient selection among these studies varied in respect to enroll-
ment of localized, metastatic, castration resistant prostate cancer 
(CRPC), with or without ADT and patients on photon therapy 
or radiotherapy (Table 3). Adler et al.[14] and McDonald et al.[27] 
included 115 and 609 localized prostate cancer patients without 
bony metastases. Kawahara et al.[23] studied 1220 prostate can-
cer patients excluding CRPC, while Valery et al.[26] enrolled 382 
patients on photon radiotherapy with or without ADT. The aver-
age duration of study was about 1 to 2 years with a range of 4 
months–11 years. The range of the mean/median age of patients 
in these studies was 64.9–77 years.

Discussion

Cancer treatment-induced bone loss
Two complementary processes of the bone remodeling (i.e., 
bone formation and bone resorption) maintain the normal struc-
tural integrity of the healthy bone.[28] This delicate balance is 
disrupted by estrogen deprivation caused by cancer treatment, 
resulting in the bone net loss. Androgen deprivation with GnRH 
analogs or antagonists or surgical castration reduces serum tes-
tosterone to <20 ng/mL and estrogen levels by blocking the 
production of androgens (e.g., testosterone), which are precur-
sors for estrogen biosynthesis via the aromatase pathway. The 
dysregulation in the RANK ligand pathway causes a subsequent 
increase in the osteoclast activity and bone resorption, as well as 
reduced osteoblast activity and bone formation.[28,29] Osteoclast 
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Table 2. Summary of previous studies related to use of FRAX tool in prostate cancer
S. No. Study author (Year) Nation Study type Study duration Sample size Avg. Age (Yrs)

1. Saylor et al.[22] (2010) USA Cross-sectional 4 months 363 72

2. Adler et al.[14] (2010) USA Retrospective 1 year 115  77

3. Neubecker et al.[25] (2011) USA Retrospective NA 78 77

4. Dhanapal et al.[24] (2011) USA Retrospective 1 year 174 65.5

5. James et al.[13] (2013) USA Retrospective NA 613 75

6. Valery et al.[26] (2013) USA Prospective 2 years 382 N.A

7. McDonald et al.[27] (2016) USA Retrospective 11 years 609 64.9

8. Kawahara et al.[23] (2016) Japan Retrospective NA 1220 74

9. Ojeda et al.[17] (2017) Spain Prospective Two-phase study 150 67.4 
    Max. follow-up of 11 years

FRAX: fracture risk assessment; NA: not available

Figure 1. Flowchart of materials and methods for inclusion of 
studies in a systematic review

PubMed
EMBASE
Cochrane

Search

Excluding the above, total 9 
study were included for

review

Total 21 articles were read 
for details, out of which 6 

not related to FRAX tool in 
Cancer Prostate, 3 were in 

other language then english, 
3 were related to other 
malignancy or senile 

osteoporosis

Keywords included
Prostate cancer

and FRAX

Total 21 papers found

Exclusion

Review



cells erode the trabecular bones, while osteoblast cells form the 
sclerotic woven bones. Although these generated woven bones 
appear dense on radiography, these are structurally weak and are 
associated with more risk of fracture.[28]

Bone metastases manifestations
The most common symptom of skeletal metastases from pros-
tate cancer is pain. The most common site for metastasis is ver-
tebral bodies. Other sites include the pelvis, rib, and long bones.
[3] Fracture risk is particularly problematical in these patients 
given that ADT is the primary modality for metastatic prostate 
cancer. Optimal bone health is an important consideration and 
needs widespread awareness among treating urologist. With an 
increased detection of prostate cancer at an early age and im-
proved longevity of these patients, prevention and management 
strategies of their skeletal-related complications have become 
all the more important aspect.[5,10]

Role of BMD (DEXA) in bone health evaluation
Early detection of bone loss in men on ADT helps to select the 
patients for lifestyle modifications, dietary adaptations, and 

medical treatment.[30] DEXA scans are usually employed to mea-
sure BMD. They use lesser radiation doses than conventional 
X-ray.[31] In this technology, two X-ray beams are used, which 
are attenuated differently by bones and soft tissues. Bones are 
imaged with a high degree of accuracy in the DEXA scan, and 
thus obtained X-ray images determine the bone mineral content 
in gm/cm2 to calculate BMD. The femoral neck BMD is current-
ly recommended as the reference standard bone site for precise 
BMD measurement because this has been the most widely vali-
dated bone site, and it provides a gradient of fracture risk higher 
than that of several other techniques.[32] BMD measurements are 
reported as T-score, i.e., the number of standard deviations by 
which patient’s estimated bone loss deviates from the mean of 
normal population of the same gender at the given site.[33] A T-
score of −1 is an indicator of 10%–20% bone loss and increases 
the relative risk of fracture by 1.5–2 times.

The European Association of Urology (EAU) guidelines rec-
ommend that before starting long-term androgen deprivation 
therapy in patients with prostate cancer, a baseline evaluation 
of BMD should be performed using a DEXA scan and a deci-
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Table 3. Therapeutic characteristics and methods of FRAX score measuring in previous studies
   Type of treatment Mean ADT Measurement methods 
S. No. Study Type of patients modality duration  for FRAX or bone health

1. Saylor et al.[22] On ADT GnRH agonist 1.6 Yrs (0–17) FRAX  with CRF 
     FRAX with BMD by DEXA Scan

2. Adler et al.[14] Localized prostate cancer Orchidectomy 3.6±3.3 Yrs T-score versus FRAX 
   GnRH agonist and antagonist 
   Androgen antagonist

3. Neubecker et al.[25] With/without ADT Orchidectomy 16.5 Months BMD/T-Score/FRAX 
   GnRH agonist and antagonist 
   Androgen antagonist

4. Dhanapal et al.[24] On ADT LHRH agonists 13.8+18 Months DEXA Scan

5. James et al.[13] On ADT Orchidectomy 13 Months FRAX with BMD, FRAX 
   GnRH agonist and antagonist  without BMD, T-Score alone 
   Androgen antagonist 
   CYP 17 inhibitor

6. Valery et al.[26] On photon radio ADT and/or EBRT NA FRAX using CRF 
  therapy with/without ADT

7. McDonald et al.[27] Localized prostate cancer EBRT NA CT-based bone density assessment 
     without BMD

8. Kawahara et al.[23] All patients with prostate Brachytherapy NA DEXA scan using BMD 
  cancer, excluding CRPC Radical prostatectomy 
   EBRT 
   ADT monotherapy 
   Active surveillance

9. Ojeda et al.[17] High-risk localized ADT zolendronic 24+6 months Hologic QDR-4500 DEXA 
  prostate cancer  acid alendronate   scan using BMD and CRF

FRAX: fracture risk assessment; ADT: androgen deprivation therapy; CRF: clinical risk factors; BMD: bone mineral density; EBRT: external beam radiotherapy; NA: not 
available; CT: computed tomography



sion for follow-up BMD measurements should be based on the 
value of the initial T-score. For an initial T-score <1.0, the BMD 
assessments is needed every 2 years. The annual BMD measure-
ment should be done for T-scores between −1.0 and −2.5 in the 
absence of associated risk factors.[30]

National comprehensive cancer network guidelines for men 
on ADT
A baseline BMD assessment is done before the initiation of 
ADT. The 10-year fracture risk is calculated using the FRAX 
tool; ADT-related osteoporosis is considered secondary under 
the FRAX algorithm. Recommendations for men with a 10-year 
absolute risk of ≥3% for hip fracture or 20% or greater for any 
major osteoporotic fracture are oral calcium (1200 mg) plus vi-
tamin D3 (800–1000 IU) and an antiresorptive therapy, which 
may include subcutaneous denosumab (60 mg) every 6 months 
or intravenous zoledronic acid (4 mg) annually, or oral alendro-
nate (70 mg) weekly.[34]

Different methods for assessing the fracture risk
Various methods have been described in literature to assess the 
fracture risk, and many comparative studies have been conduct-
ed with this regard. Even FRAX scores are also calculated into 
different ways. The following methods can be used to assess the 
risk of bone fracture:

a) BMD using DEXA,
b) T-score,
c) FRAX using CRF without BMD,
d) FRAX using BMD or T-score,
e) Garvan fracture risk calculator,
f) Computer tomography (CT)-assisted screening,

Role of FRAX and other calculators
Current literature shows that fractures are not unusual in candi-
dates whose BMD or T-score does not suggest the indication for 
osteoporosis treatment.[9] The FRAX calculator was introduced 
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Table 4. Result and conclusion of previous studies related to FRAX in prostate cancer
S. No. Study 10-year risk of MOF (%) 10-year risk of hip fracture (%) Comments/conclusion

1. Saylor et al.[22] • FRAX using CRF including • FRAX using CRF including • The FRAX algorithm identifies  
  ADT as secondary osteoporosis-12% ADT as secondary osteoporosis - 3.1% greater proportion of candidates for 
  • FRAX using CRF excluding • FRAX using CRF excluding ADT treatment than the T-score alone. 
  ADT as secondary osteoporosis-8.4% as secondary osteoporosis-1.8% • Prevalence of the fracture risk and 
  • FRAX calculation using femoral • FRAX calculation using femoral neck need for treatment was strongly 
  neck BMD (with DEXA- 7.0%, BMD (with DEXA- 0.9%,  influenced by advancing age. 
  without DEXA- 11%) without DEXA- 2.4%)

2. Adler et al.[14] • FRAX with BMD- 8.0±4.9% • FRAX with BMD- 1.6±1.7% The DEXA and FRAX algorithm 
  • FRAX without BMD- 12.3±6.7% • FRAX without BMD- 3.8±2.7%  identified different populations of men 
    on ADT needing treatment.

3. Neubecker et al.[25] • FRAX without BMD-10.8% • FRAX without BMD- 5.5% Inclusion of BMD in the FRAX 
  • FRAX with BMD- 9.5% • FRAX with BMD- 4.5%  calculation did not affect the predictive 
    ability of FRAX

4. Dhanapal et al.[24] MOF-5.6% Hip fracture risk—2.2% ADT increases chances of fracture risks, 
    including both MOF and hip fractures.

5. James et al.[13] 10.0% (Range, 1.7%–24.0%) 4.0% (Range, 0.2%–22.8%) Prediction of the bone fracture risk: 
    FRAX without BMD > FRAX with 
    BMD > T-score alone

6. Valery et al.[26] NA 0.13% (Range, 0%–1.6%) Photon therapy for prostate cancers did 
    not influence FRAX score or hip 
    fracture risk

7. McDonald et al.[27] Not mentioned 1.3% (Range, 0%–22%) Use of CT-based FRAX may identify 
    additional subjects for pharmacotherapy

8. Kawahara et al.[23] 7.9% (8.8%±4.3%) 2.7% (Range, 3.5%±3.1%) Duration-dependent worsening of FRAX 
    scores was seen with ADT.

9. Ojeda et al.[17] 2.4%±1% 0.7%±1% The greatest loss of BMD occurred 
    during the 1st year of ADT and was 
    stabilized in the 2nd year.

FRAX: fracture risk assessment; MOF: major osteoporotic fracture; ADT: androgen deprivation therapy; CRF: clinical risk factors; BMD: bone mineral density; NA: not 
available; CT: computed tomography



by WHO in February 2008 for better predication of the fracture 
risk by accounting for additional patient characteristics with or 
without the use of BMD. Currently, this is the most commonly 
used fracture assessment tool worldwide.[18,22] The application of 
the FRAX algorithm has been further supported by several as-
sociations/foundations including the NOF, International Osteo-
porosis Foundation, American Society for Bone and Mineral Re-
search, and International Society for Clinical Densitometry.[9,18,22]

Saylor et al.[22] showed that the FRAX model detected a greater 
number of individuals with prostate cancer at risk for fracture than 
the BMD alone. They also found an advanced age as one of the 
most robust risk factors and almost all patients with more than 80 
years of age were suitable for treatment. Another study by Adler 
et al.[14] demonstrated that the FRAX calculation using the femur 
neck BMD or without BMD detected different populations at risk 
of fracture. Additionally, low BMD including wrist identified a 
population that did not overlap well with population found by the 
FRAX algorithm. One of the explanations for this difference may 
be that many African-Americans men were included in this co-
hort, and there is some concern that the FRAX prediction is not so 
appropriate for men, particularly for African-Americans.[14]

A Garvan-nomogram-based fracture risk calculator (www.frac-
tureriskcalculator.com) is also in common use in the fracture 
risk assessment in clinical practice. It also incorporates presence 
of a recent fracture/fall event and total episodes of fractures for 
risk assessment. While the FRAX algorithm is recommended as 
the primary tool that can calculate a 10-year fracture risk, the 
Garvan fracture risk tool calculates both the 5- and 10-year frac-
ture risk probability and has additional benefits in patients with 
recurrent fractures and falls.[18] However, the CRF for FRAX 
algorithms are not included in the Garvan risk calculation, so the 
risk estimate may be low when compared to FRAX in the pres-
ence of multiple CRF, and the Garvan calculator is considered to 
be suitable for patients older than 60 years of age.

Factors affecting FRAX
Advancing age has a deleterious impact on the bone health. The 
osteoporosis incidence is 13% in Western males >50 years of age 
and 35% in otherwise healthy males in developing nations.[9] The 
current literature shows that a total duration of ADT affects the 
BMD and therefore the FRAX score, while controversies exist 
about the effect of the mode and type of ADT on FRAX.[23-27] 
Adler et al.[14] showed that the DEXA and FRAX score identify 
different candidates that require treatment among patients with 
prostate cancer on ADT. Neubecker et al.[25] suggested that the in-
clusion of the BMD for FRAX measurement did not influence the 
predictive value of the FRAX. James et al.[13] demonstrated that 
the prediction gradient for fracture risk assessment by various 
methods in descending order were FRAX without BMD, FRAX 
with BMD, and T-score alone. Valery et al.[26] in their prospective 

study found that the photon therapy for prostate cancers did not 
influence the FRAX score or a hip fracture risk. In summary, the 
following factors may influence the FRAX scores (Table 4):

• Age, ethnicity, and region,
• Baseline BMD,
• Duration and type of ADT,
• Mode of radiotherapy (brachytherapy/EBRT/proton therapy),
• Presence of CRF,
• Measurement methods: With/without BMD, CT-based.

Clinical risk factors
Large prospective observational studies have identified that the 
inclusion of both CRF and BMD in the FRAX calculation has 
a better predictability for a fracture risk than the CRF or BMD 
alone.[13,22] Advancing age and a previous fragility fracture are 
the most robust risk factors influencing the FRAX scores.[14,22] 
These CRF were originally described for postmenopausal os-
teoporosis FRAX calculation but are now also validated by vari-
ous studies in patients with prostate cancer. ADT, being an or-
gan transplant recipient, and prolonged immobility are counted 
as causes of secondary osteoporosis in the FRAX calculation.
[13,14,22-27]

Four studies mentioned CRF and their impact on the FRAX 
score in patients with prostate cancer.[13,17,22,23] Saylor et al.[22] 
showed that excessive alcohol consumption (11.6%) was the 
most prevalent CRF in their study cohort followed by a long-
term glucocorticoids use (8.3%), parental history of hip fracture 
(7.4%), smoking (4.7%), and personal history of fracture (2.5%). 
The prevalence of CRF other than excessive alcohol consump-
tion was less than 10%. Kawahara et al.[23] also demonstrated 
that daily alcohol consumption of ≥3 units was the most com-
mon CRF (31.1%) in their study. Other CRF, in a decreasing or-
der, were a previous fracture (20.9%), current smoking (11.3%), 
secondary osteoporosis (8.9%), parental history of hip fracture 
(7.4%), glucocorticoids (3.1%), and rheumatoid arthritis (1.1%). 
James et al.[13] reported that 7.3% and 16.3% of patients in the 
study subjects were consuming oral glucosteroids and tobacco, 
respectively.

Androgen Deprivation Therapy-Mode and Duration
An approximate BMD loss of 2%–8% in the lumbar spine and 
1.5%–6.5% in the hip bone within the first year of ADT has been 
demonstrated by Diamond et al.[31] The average duration of ADT 
of the included studies in this review was 13 months to 3.6 years 
(Table 2). The type (medical or surgical), mode (continuous or 
intermittent and monotherapy or combination therapy) and total 
duration of ADT and type of radiotherapy (external beam radio-
therapy or brachytherapy) may influence bone health and the 
FRAX score.[32-41] There are inconsistencies in the literature with 
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this regard. Both intermittent and continuous ADT have an equal 
impact on the bone loss, and none of them has been found to be 
superior in one study. Similarly, GnRH agonists with or without 
anti-androgens use have comparable BMD losses in the same 
study.[35]

Implication of FRAX in Prostate Cancer
The FRAX score measurement can be performed with CRF 
alone and with or without the inclusion of the femoral neck 
BMD or T-score. James et al.[13] performed a study that included 
613 patients with prostate cancer on ADT to compare the os-
teoporotic risk by using the FRAX model with and without 
BMD and with T-Score. The median duration of androgen de-
privation was 13 months (1–72 months). The FRAX score was 
measured for all subjects without the use of BMD. They found 
that 61.6% and 2.0% of patients met or exceeded the established 
treatment risk threshold of 3% for hip fracture and of 20% for 
MOF without the use of BMD, respectively. The median 10-year 
hip fracture risk and MOF were 4.0% (0.2%–22.8%) and 10.0% 
(1.7%–24.0%). The BMD measurement was available for 94 pa-
tients with a median T-score of 1.6 (0.3–4.7). When T-score was 
used alone, 19.1% patients were eligible for bone-tropic therapy. 
In the same patients, the FRAX model with the use of BMD 
detected 46.8% of patients eligible for treatment and 69.1% of 
patients without the use of BMD. Overall, the median 10-year 
hip FRAX score for all patients measured without the use of 
BMD was 4.1% (0.1%–19.0%). Therefore, the FRAX algorithm 
identified more candidates at risk of fracture without BMD than 
with BMD inclusion. A moderate positive correlation was found 
between the FRAX score for all patients with and without BMD. 
The FRAX risk calculation without BMD was most affected by 
advancing age, followed by FRAX with BMD, and then by T-
score (Table 4).[13] 

Adler et al.[14] conducted a study of 115 patients with localized 
prostate cancer on ADT for evaluating the efficacy of T-score 
versus FRAX score for the fracture risk assessment and showed 
that when the FRAX calculation incorporated the femoral neck 
BMD, the mean 10-year hip fracture risk was 1.6%. However, 
when the FRAX score was measured without the femoral neck 
BMD, it was 3.8% (i.e., above the 3% treatment threshold). 
The MOF risk estimation also increased when the femoral neck 
BMD was not incorporated into the FRAX calculation; how-
ever, it did not rise above the 20% risk threshold for hip fracture.

In a cross-sectional study of 363 patients with prostate cancer 
on ADT by Saylor et al.[22] the median age was 72 years, and 
the median duration of ADT was 1.6 years (range, 0–17 years). 
The prevalence of CRFs was <10% in the study subjects, with a 
30.8% prevalence of bone metastasis. When the FRAX calcula-
tor used clinical information alone (without BMD), the median 
10-year risk of the hip fracture was 3.1%, and 51% of patients 

exceeded the 3% risk threshold for treatment. The median ma-
jor osteoporotic fracture risk was 12%. A risk of hip fracture 
accounted for larger number of patients reaching the treatment 
thresholds than did the major osteoporotic risk (51.2% versus 
10.2%). When ADT was excluded as a risk factor for second-
ary osteoporosis, the estimated median hip fracture risk was 
1.8%, and 32.8% of patients still exceeded the 3% risk thresh-
old, while the FRAX algorithm using the BMD data showed 
that the median hip fracture risk was 0.9% with 15% of subjects 
exceeding the treatment threshold value. In contrast, the median 
10-year risk of hip fracture without using BMD was 2.4%, and 
44.1% subjects exceeded the 3% risk threshold. Fracture risk 
estimates with and without BMD were highly correlated in the 
study (r=0.81; p<0.0001). However, the estimated fracture risks 
were consistently lower when FRAX incorporated BMD data as 
compared to clinical information alone.

Ojeda et al.[17] conducted a two-phase prospective longitudinal 
study in 150 high-risk patients with prostate cancer on ADT to 
evaluate the rate of bone loss and fracture risk prediction with 
FRAX (Hologic DEXA Scan QDR-4500) at the baseline, 1, 2, 
and 3 years. Baseline osteoporosis was seen in 41% of patients. 
The mean duration of ADT was 2 years. The most common CRF 
were smoking and excessive alcohol consumption. The mean 
baseline 10-year MOF and hip fracture risk were 2.4% and 
0.7%. Approximately, 4% of patients exceeded the risk thresh-
old of 3% for hip fracture and none for MOF. The mean BMD 
deterioration after the 1st year of ADT was 3.7% and 2.1% in the 
lumbar spine and femur neck. However, the absolute fracture 
risk remains low if the androgen deprivation period does not ex-
ceed 2 years. Age, FRAX MOF, and hip fracture risk were found 
to be the independent predictors of bone loss in the lumbar spine 
in the linear regression model but Gleason score, baseline BMD, 
serum PSA, and duration of ADT were not found to be the inde-
pendent predictors of the BMD loss. In this study, bone remodel-
ing serum markers including amino-terminal propeptide of Type 
I collagen and beta carboxy-terminal telopeptide of collagen I 
were also evaluated. A significant elevation in markers of bone 
remodeling were observed after 1 year of treatment and a subse-
quent decrease after the 2nd year.

CT-based bone density assessment with FRAX screening
CT attenuation values of trabecular bones within the vertebral 
bodies of the lumbar spines have been illustrated as a method for 
the bone density assessment. Comparison of the CT attenuation 
threshold values with DEXA scan as the reference standard for 
osteoporosis prediction has yielded sensitivities and specifici-
ties above 90%.[27] Since CT scans are routinely obtained in men 
with prostate cancer for making planning of the external beam 
radiotherapy process, this may serve as an efficient alternative 
method for screening of osteoporosis without obtaining addi-
tional testing.
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McDonald et al.[27] performed a retrospective study of 609 pa-
tients with localized cancer prostate undergoing external beam 
radiotherapy. They evaluated the efficiency of a CT-based meth-
od of osteoporosis screening to the FRAX without incorporat-
ing BMD. The CT attenuation value of the L5 trabecular bone 
(L5CT) was assessed by contouring the trabecular bone on a 
single CT section at the mid-vertebral body level and by get-
ting the average in the Hounsfield units (HU) of all included 
voxels. The L5CT attenuation values of 105 and 130 HU were 
employed as screening thresholds. The clinical characteristics of 
additional patients identified by each L5CT screening threshold 
were compared to patients whose estimated 10-year probabil-
ity of hip fracture was more than 3% by the FRAX algorithm 
without using BMD. 74 patients (12.2%) exceeded the estimated 
10-year hip fracture risk ≥3%. 22 (3.6%) and 71 (11.6%) ad-
ditional patients were identified by CT screening methods when 
105 HU and 130 HU thresholds were used, respectively. These 
additional patients identified by CT screening methods were 
more likely to be African-American, younger, obese, and with-
out ADT. Thus, adding the CT-based screening methods to the 
FRAX without BMD identifies additional patients with different 
clinical characteristics.

After reviewing current literature, it can be summarized that 
despite several well-known strengths and advantages of using 
FRAX algorithms in the fracture risk assessment in a selected 
population of patients with prostate cancer, there are several 
limitations as well. The role of FRAX has not been established 
in randomized-controlled intervention trials with objectives of 
fractures prevention in these patients. FRAX does not incor-
porate several other probable risk factors such as the dose and 
duration of steroid use, total number and duration of causes of 
secondary osteoporosis, mode of ADT, vitamin D deficiency, 
and previous episodes of skeletal-related events. It calculates 
only the 10-year probability of fracture, while models such as 
the Garvan additionally calculate the 5-year fracture risk as well. 
In addition, fall-related risks are excluded explicitly from the 
FRAX risk measurement. Its utilization is of limited value in the 
presence of recurrent fractures or falls. Several risk factors that 
are unique and have significant impact on the bone loss or frac-
ture risk in patients with prostate cancer include the mode and 
duration of ADT, mode of radiotherapy, vitamin D levels, bone 
remodeling markers, and recent or recurrent fractures. These 
factors can be added in FRAX algorithm calculations for a better 
prediction in prostate cancer patients. Still, the FRAX tool is not 
widely used by clinical practitioners for prostate cancer manage-
ment, and further awareness about its role and implications will 
help in optimizing the bone health and the quality of life.
 
In conclusion, a prolonged ADT in patients with prostate cancer 
leads to suboptimal bone health and an increased risk of osteo-

porosis or fractures and therefore, FRAX. The FRAX algorithm 
can identify candidates with a high risk of fracture so that an 
appropriate treatment can be initiated at an early stage. The 
FRAX score is mostly influenced by an advanced age, ethnic-
ity, duration and the mode of ADT, mode of radiotherapy, and 
presence of clinical risk factors. Several risk factors need to be 
added in the future for the FRAX calculation in patients with 
prostate cancer for a better risk prediction. The FRAX model 
is still an underutilized modality in clinical practice for prostate 
cancer management, especially in underdeveloped and develop-
ing nations, and further awareness about its role and implication 
will help in optimizing the bone health and quality of life of this 
population subgroup.
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AbsTrACT
Objective We sought to investigate the incidence and 
predictors of 30-day mortality associated with ventricular 
septal rupture (VSR) complicating acute myocardial 
infarction (AMI) in a cohort of patients admitted to a 
single centre in India.
Methods From October 2013 to February 2016, a total 
of 6560 patients with a diagnosis of AMI were admitted 
to our institution. Among these patients, those with a 
diagnosis of VSR were retrospectively included in this 
registry. Clinical and echocardiographic features were 
collected in all cases. The primary outcome was 30-day 
mortality. A Cox proportional hazard regression analysis 
explored the predictors of 30-day mortality.
results During the observation period, a total of 
51 consecutive patients (mean age 63.8 years (9.1); 
51.0% male, 41.2% were patients with diabetes) with 
a diagnosis of VSR complicating AMI were included. 
On echocardiography, left ventricular ejection fraction 
was 42.5% (6.5), and the most frequent location of 
VSR was apical (78.4%). Overall, 27.4% of the patients 
received reperfusive therapy (pharmacological, 23.5%; 
mechanical, 3.9%) and 19.6% of the patients underwent 
surgical repair. The mean time to surgery was 7.7 days 
(2.4). At 30-day follow-up, death occurred in 80.4% of 
patients. Advanced age (HR 1.07, 95% CI (1.02 to 1.13), 
p=0.004), previous cerebrovascular accident (HR 52.2, 
95% CI (3.98 to 685.06), p=0.003) and surgical repair 
(HR 0.05, 95% CI (0.01 to 0.26), p<0.001) were effect 
modifiers of the 30-day risk of death.
Conclusions In this retrospective cohort of patients 
with AMI, the occurrence of VSR was not rare and carried 
a considerable risk of 30-day mortality. Advanced age, 
previous cerebrovascular accident and surgical repair 
influenced the risk for  30-day mortality.

InTrOduCTIOn
Ventricular septal rupture (VSR) is a potentially 
fatal complication of acute myocardial infarction 
(AMI).1 2 In the era of prompt reperfusive therapies 
(either pharmacological or mechanical), the inci-
dence of VSR has considerably declined. However, 
the mortality among patients with AMI with VSR is 
reported as high as 80% even in contemporary series 
of patients with AMI undergoing primary percu-
taneous coronary intervention (PCI), and appears 
almost unchanged over the last few decades.3 

Independent predictors associated with the 
development of VSR in this setting are age, female 
gender, previous cerebrovascular accident (CVA), 

impaired renal function and chronic congestive 
heart disease.4 At the opposite, independent predic-
tors of survival among patients with AMI devel-
oping VSR are less studied. Surgical repair of VSR 
has an intuitive prognostic impact and is recom-
mended by guideline-writing authorities regardless 
of haemodynamic stability at the time of diagnosis.5 
However, the optimal timing of surgical repair is 
subject to ongoing debate.6 In addition, pending 
anatomical feasibility, percutaneous closure of 
VSR complicating AMI has attracted considerable 
interest as a valuable and less invasive, alternative 
procedure to surgery, although mortality remains 
high.7 8 

Data on VSR complicating AMI are limited in 
India.9 Against this background, the aim of the 
current report was twofold: first, to determine the 
incidence and 30-day mortality of VSR compli-
cating AMI in a contemporary series of Indians 
admitted to a tertiary medical centre; and second, 
to identify predictors of 30-day mortality.

MeThOds
Patient population and study protocol
From October 2013 to February 2016, all patients 
with AMI admitted to the Cardiology Department, 
King George's Medical University, Lucknow, Uttar 
Pradesh, India, received an echocardiographic 
screening on admission and during hospital stay. 
Those patients with a definitive diagnosis of VSR 
complicating AMI (ST-segment elevation myocar-
dial infarction) were retrospectively included in the 
present registry.

The presence of VSR was defined as a disruption 
in the ventricular septum with evidence of left-to-
right shunt by colour Doppler. The screening for 
VSR was performed via transthoracic echocardiog-
raphy, while transoesophageal echocardiography 
was performed in case of diagnostic ambiguity or 
planned surgical repair. The location of the rupture 
at the level of the septum was defined as basal, 
mid or apical. The maximum distance between 
margins, the peak velocity and the peak gradient 
were measured at the level of VSR by means of a 
point-by-point ruler and continuous-wave Doppler 
measurements, as appropriate. Patients with AMI 
with a confirmed diagnosis of VSR at any time 
during hospitalisation, as well as those trans-
ferred from a referral centre, were included in this 
registry. Left ventricular ejection fraction (LVEF) 
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Figure 1 Flow diagram of the study. AMI, acute myocardial infarction; 
VSR, ventricular septal rupture.

was calculated with the biplane Simpson’s method. The systolic 
pressure of the right ventricle (RV) was measured as a function 
of the peak velocity of regurgitation signal through the tricuspid 
valve by means of continuous-wave Doppler plus 10 mm Hg 
for the right atrial pressure, assuming an intermediate to high 
volume overload in all cases.

In all patients, standard in-hospital therapy consisted of 
aspirin and thienopyridines, as clinically indicated. The use of 
other cardioactive drugs (including inotropic agents), as well as 
the choice of mechanical circulatory or ventilatory support, was 
left to the discretion of the treating physician. Aspirin therapy 
was prescribed indefinitely.

Follow-up and data management
All patients underwent follow-up by means of clinical visit at the 
same hospital or telephone contact. In case of an adverse event 
at another centre, medical records or discharge letters from 
other institutions were obtained and systematically reviewed. 
General practitioners and referring physicians were contacted 
for additional information, if necessary. Relevant clinical data 
were collected, verified against source documentation and 
entered into a computer database. For the current analysis, data 
of all patients included in the registry were transferred without 
patient identifiers to the ISAResearch Center (Deutsches Herzz-
entrum München, Technische Universität München, Munich, 
Germany). The final data set was checked for completeness and 
consistency.

endpoints definitions
The primary endpoint of this report was all-cause death at 
30-day follow-up. Death was supposed to be cardiac unless a 
clear non-cardiac cause could be identified. Cardiac death was 

defined as any death due to recurrent myocardial infarction, 
low-output failure, arrhythmia, complications related to in-hos-
pital procedures and sudden cardiac death.10 

statistical analysis
Due to the small number of patients, categorical data are 
presented as proportions. Continuous data are presented as 
median (25th; 75th percentiles) and mean (SD). Baseline data 
were analysed in the overall cohort and expressed as unadjusted 
HRs with 95% CIs at 30-day follow-up. Kaplan-Meier method 
served to derive the 30-day mortality rate and plot the time-
to-event curve. Data for patients who did not experience the 
event of interest were censored at the time of the last follow-up 
visit. The total follow-up was defined as the time from VSR 
diagnosis until death, last follow-up date or 30 days, which-
ever came first. A Cox proportional hazard model (backward 
method, p value for addition to the model (0.20–0.30)) served 
to evaluate the extent to which patient-related characteristics 
influenced the 30-day probability of death. To exclude a linear 
association between predictors (collinearity), we estimated the 
variance inflation factor (a value >10 suggests collinearity) 
and inspected the correlation matrix of coefficients. The use 
of mechanical ventilatory support, the peak velocity of regur-
gitation signal through the tricuspid valve and the function of 
RV were not included in the final model due to collinearity. 
Finally, the following variables were retained in the Cox propor-
tional hazard model for the 30-day risk of death: male gender, 
age (as continuous variable), diabetes mellitus, smoking habit, 
arterial hypertension, previous CVA, anterior AMI, AMI with 
RV involvement, reperfusive therapy, mechanical circulatory 
support, surgical repair, LVEF (as continuous variable), VSR 
location and increased RV systolic pressure (severe). The risk of 
30-day mortality associated with these predictors was expressed 
as adjusted HR with 95% CI. A formal test for model overfit-
ting was performed calculating the Akaike’s information criteria 
(AIC) and Schwarz's Bayesian information criteria (BIC) coeffi-
cients11 using the estat ic command. All tests were two-tailed and 
a p value <0.05 indicated significance. Statistical analyses were 
performed with Stata V.11.2 statistical software.

resulTs
During the study period, a total of 6560 patients with a diagnosis 
of AMI were admitted to our institution. Among these patients, 
a total of 51 (0.77%) had a VSR confirmed on echocardiography 
and entered the analyses performed for the current report. The 
flow diagram of the study is depicted in figure 1.

Overall population
The baseline clinical characteristics matched a typical AMI 
population presenting VSR (table 1): the median age was 62.0 
years ((60; 70), mean 63.8 (9.1)), more than half of the partic-
ipants were men, roughly 40% were patients with diabetes 
and a fairly high proportion were active smokers. A history of 
AMI or CVA was present in 3.9% and 2.0% of patients, respec-
tively. Patients presented predominantly with anterior AMI, and 
complained of Killip class IV on admission in the majority of 
cases. A slight proportion of patients presented right ventricular 
infarction. The median time interval between AMI and VSR 
diagnosis was 3 days ((1; 6), mean 4.9 (5.5)). Overall, 86.3% 
of patients received mechanical ventilatory support, while few 
patients (3.9%) were managed with mechanical circulatory 
support (intra-aortic balloon pump). Approximately a quarter 
of the individuals had reperfusive therapy (pharmacological or 
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Table 1 Clinical features

Overall
(n=51)

hrunadjusted
(95% CI) P values

hradjusted
(95% CI) P values

Age, years 63.8 (9.1) 1.03 (0.99 to 1.07) 0.09 1.07 (1.02 to 1.13) 0.004

Male gender 51.0 0.70 (0.38 to 1.30) 0.26 0.87 (0.39 to 1.91) 0.73

Diabetes mellitus 41.2 0.95 (0.51 to 1.78) 0.89 0.57 (0.25 to 1.28) 0.17

Smoking habit 25.5 0.76 (0.37 to 1.55) 0.45 1.29 (0.53 to 3.11) 0.57

Tobacco chewer 23.5 0.95 (0.45 to 2.00) 0.89 – –

Arterial hypertension 41.2 1.05 (0.57 to 1.97) 0.86 0.76 (0.35 to 1.66) 0.50

Previous AMI 3.9 2.50 (0.58 to 10.81) 0.22 3.34 (0.58 to 19.11) 0.17

Previous CVA 2.0 12.5 (1.40 to 111.83) 0.024 52.23 (3.98 to 685.06) 0.003

Killip class on admission – –

  III 7.8 0.79 (0.24 to 2.56) 0.69 – –

  IV 51.0 1.33 (0.72 to 2.46) 0.36 – –

Anterior AMI 74.5 0.77 (0.39 to 1.52) 0.46 1.58 (0.35 to 7.24) 0.55

AMI with RV involvement 5.9 1.69 (0.51 to 5.85) 0.39 1.17 (0.22 to 6.20) 0.85

AMI to VSR diagnosis time, days 4.9 (5.5) 0.99 (0.95 to 1.05) 0.93 – –

Reperfusive therapy 27.4 1.34 (0.69 to 2.61) 0.38 1.18 (0.53 to 2.66) 0.68

  Lysis 23.5 1.37 (0.68 to 2.75) 0.37 – –

Mechanical ventilatory support 86.3 6.85 (1.62 to 29.01) 0.009 – –

Mechanical circulatory support 3.9 2.50 (0.58 to 10.81) 0.22 1.70 (0.34 to 8.45) 0.51

Inotropic agents 52.9 1.27 (0.68 to 2.37) 0.44 – –

Duration of inotropic agents, days 1.5 (1.7) 0.93 (0.78 to 1.09) 0.36 – –

Surgical repair 19.6 0.07 (0.01 to 0.31) <0.001 0.05 (0.01 to 0.26) <0.001

Time to surgery, days 7.7 (2.4) 0.83 (0.42 to 1.65) 0.60 – –

Data are mean (SD) or proportion, and unadjusted/adjusted HRs with 95% CI.
 AMI, acute myocardial infarction;  CVA, cerebrovascular accident;  RV, right ventricle;  VSR, ventricular septal rupture. 

Table 2 Echocardiographic features

Overall (n=51) hrunadjusted (95% CI) P values hradjusted (95% CI) P values

LVEF 42.5 (6.5) 0.98 (0.94 to 1.03) 0.58 0.96 (0.90 to 1.03) 0.27

VSR location

  Apical 78.4 0.74 (0.36 to 1.51) 0.41 0.34 (0.05 to 2.05) 0.24

VSR size, mm 9.5 (3.8) 0.96 (0.88 to 1.05) 0.40 – –

VSR peak velocity, m/s 3.4 (0.6) 1.17 (0.76 to 1.82) 0.46 – –

VSR peak gradient, mm Hg 48.1 (17.6) 1.00 (0.98 to 1.01) 0.72 – –

Increased RV systolic pressure – –

  Moderate (>35–55 mm Hg) 47.1 1.14 (0.62 to 2.11) 0.66 – –

  Severe (>55 mm Hg) 17.6 1.09 (0.50 to 2.37) 0.82 1.79 (0.66 to 4.86) 0.25

Data are mean (SD) or proportions, and unadjusted/adjusted HRs with 95% CI.
 LVEF, left ventricular ejection fraction;  RV, right ventricle;  VSR, ventricular septal rupture. 

mechanical) during hospital stay. Of note, the baseline features 
of those patients receiving reperfusive therapy were not signifi-
cantly different as compared with those of patients who did not. 
In two cases, VSR occurred after PCI. Of the patients, 19.6% 
underwent surgical repair of VSR after a median time of 7 days 
((6; 10), mean 7.7 (2.4)). There were two perioperative deaths 
among patients undergoing surgical repair. Notably, the base-
line features of those patients receiving surgical repair were not 
significantly different as compared with those of patients who 
did not.

On echocardiography (table 2), LVEF was moderately 
reduced. VSR was predominantly located at the apex level 
(78.4%), while mid and basal locations were the less frequent 
septal locations. All patients with a VSR involving the apex 
suffered from anterior AMI, while in patients presenting with 
inferior AMI, VSR involved the base in all cases but two, 
who presented with inferior AMI and apical VSR. The mean 

VSR size was 9.5 (3.8) mm, while the mean peak velocity and 
gradient through VSR were 3.4 (0.6) m/s and 48.1 (17.6) mm 
Hg, respectively.

survival analyses
At 30-day follow-up, 41 patients had died (Kaplan-Meier esti-
mate for 30-day mortality 80.4%, 95% CI (69 to 90); figure 2). 
Death occurred at a median of 3 days ((2; 4), mean 3.4 (3.2)) 
after VSR diagnosis. The baseline clinical (table 1) and echocar-
diographic (table 2) features were broadly similar among those 
who survived and those who did not. Of interest, patients who 
died were less likely to have received surgical repair (HRunad-

justed 0.07 (0.01 to 0.31), p<0.001), more likely to have been 
treated with mechanical ventilatory support (HRunadjusted 6.85 
(1.62 to 29.01), p=0.009) and to have a history of CVA (HRun-

adjusted 12.5 (1.40 to 111.83), p=0.024). Only nine patients with 
AMI with an apical VSR and one patient with AMI with a basal 
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Figure 2 Survival curve at 30-day follow-up.

Figure 3 Significant predictors of 30-day mortality. Plots of HR for 
30-day mortality according to age, previous CVA and surgical repair. The 
square indicates the point estimate, and the left and the right ends of 
the lines the 95% CI. CVA, cerebrovascular accident.

VSR underwent surgery. Of these, two patients (both with apical 
VSR) died perioperatively.

Predictors of 30-day mortality
Figure 3 displays the plots of adjusted HRs with 95% CI of those 
variables displaying a significant association with 30-day risk of 
death. The occurrence of death was more likely in patients with 
advanced age (HRadjusted per 1-year increase, 1.07, 95% CI (1.02 
to 1.13), p=0.004) and previous CVA (HRadjusted 52.2, 95% CI 
(3.98 to 685.06), p=0.003). Patients undergoing surgical repair 
of VSR showed significantly less likelihood of death (HRadjusted 
0.05, 95% CI (0.01 to 0.26), p<0.001). The values of AIC 
(275.5) and BIC (304.5) coefficients suggested no evidence of 
model overfitting.

dIsCussIOn
This is a cohort of contemporary patients with AMI with a 
confirmed diagnosis of VSR admitted to a tertiary centre in 
India. The following are the main findings: (1) VSR compli-
cating AMI is not rare in daily practice in India; (2) the 30-day 
mortality associated with this mechanical complication remains 
considerably high; and (3) advanced age, previous CVA and 
surgery influence the risk for 30-day mortality.

This is the largest series of patients with VSR complicating AMI 
accumulated in India, so far. In a previous report, Harikrishnan 
and coworkers9 followed up 28 patients with VSR complicating 
AMI referred to a tertiary centre 2–3 weeks after the diagnosis. 
The baseline features of these individuals were broadly compa-
rable with those of patients reported here, although they had a 
lower mortality risk as compared with participants of our study. 
This fact is attributable to a selection bias, since the previous 
study included only patients with AMI presenting late after VSR 
diagnosis. In addition, Harikrishnan and coworkers9 did not 
investigate the predictors of mortality, as we did.

While interpreting the study outcomes, certain points are 
noteworthy to remember. First, modern reperfusive strategies 
and more potent antiplatelet therapies have modified the epide-
miology of VSR complicating AMI3: in fact, the incidence of 
this complication has dramatically declined and is reported as 
high as 0.2% in recent primary PCI studies.12 In the current 
series, we found a slightly higher incidence of VSR complicating 
AMI (0.77%). This registry includes participants admitted to a 
tertiary medical centre, where patients have high disease severity. 
In addition, some patients with AMI were referred to our centre 
due to the diagnosis of VSR, a fact that could have inflated the 
observed incidence of this mechanical complication.

Second, necropsy studies of patients experiencing fatal AMI 
have consistently demonstrated that VSR occurs as a conse-
quence of a transmural infarction.13 In this respect, the reduc-
tion of ischaemia time among patients with AMI pursued in the 
last few decades in Western countries has generally reduced the 
incidence and shortened the time to diagnosis of VSR compli-
cating AMI.12 Indeed, recent data demonstrate that VSR compli-
cating AMI is diagnosed earlier (within 24 hours) as compared 
with historical cohorts (3–5 days).3 In the current report, 27.4% 
of the patients received reperfusive therapy, and the median time 
interval between AMI and VSR diagnosis was 3 days. There were 
no baseline differences between patients undergoing reperfusion 
and those who did not. The efforts in reducing delays, simpli-
fying access to hospitals and providing affordable treatments for 
patients with AMI should represent the main objectives of care 
practitioners in India, in order to lower the burden of morbidity 
and mortality associated with cardiovascular disease in this 
geographical area.14 Notwithstanding this, in patients with 
AMI developing VSR, prompt mechanical reperfusion does not 
reduce 30-day mortality.15 Consistently, in our analysis, we did 
not find a survival benefit associated with reperfusive therapy 
(HRadjusted 1.18, 95% CI (0.53 to 2.66), p=0.68).

Finally, we found that advanced age, previous CVA and 
surgical repair were effect modifiers of 30-day mortality risk in 
patients with AMI developing VSR. Advanced age and previous 
CVA may underline a higher comorbidity, which likely explains 
the statistical association of these variables with higher risk of 
death at 30 days observed in this report. Although a surgical 
repair is highly recommended for patients with AMI developing 
VSR regardless of the haemodynamic status, the timing of the 
surgical repair remains under consideration. In the current 
series, patients underwent surgery after a median time of 7 days 
and displayed 30-day mortality as high as 20%. Previous data 
show that in patients with AMI developing VSR, individuals 
undergoing surgical repair within 24 hours have the highest 
mortality (>60%), with a dramatic drop-off in those cases 
receiving surgery >7 days.6 16 In our registry, the timing at which 
patients underwent surgical repair may explain the reported 
favourable outcome, since a delayed surgery may have improved 
stability of the cardiac tissue and allowed a more effective repair 
of the VSR. In contrast, early surgery is usually performed on 



5Pradhan A, et al. Heart Asia 2018;10:e011062. doi:10.1136/heartasia-2018-011062

Original research

Key messages

What is already known about this subject?
 ► Ventricular septal rupture (VSR) complicating acute 
myocardial infarction carries high mortality even in the 
reperfusion era.

 ► Data on VSR in acute myocardial infarction from India are 
limited.

What does this study add?
 ► This study is the largest series of VSR complicating acute 
myocardial infarction from  the Indian subcontinent.

 ► The 30-day mortality of such patients was very high (80.4%).
 ► Only a quarter (27.4%) of these patients had received any 
form of reperfusion therapy.

 ► Advanced age, prior cerebrovascular events and surgical 
repair were found to be independent modifiers of 30-day 
mortality.

how might this impact on clinical practice?
 ► VSR continues to impose high mortality in patients with ST-
segment elevation myocardial infarction (STEMI).

 ► Surgical correction may lead to improved survival despite 
high perioperative mortality.

 ► All attempts should be directed for timely reperfusion of 
patients with STEMI.

individuals with haemodynamic instability; thus, the improved 
outcome with delayed surgery may represent a selection bias.17 

study limitations
This study presents some limitations. First, we studied a retro-
spective cohort, with the inherent limitations of this kind of 
analyses. Second, the diagnosis of VSR in patients with AMI 
was echocardiography-based and the possibility for missed diag-
noses should be considered. Third, this limited population of 
patients with AMI with a diagnosis of VSR has inadequate statis-
tical power and the number of statistically significant variables 
among groups was scarce. In this respect, we cannot ensure that 
all potential confounders have been considered. Fourth, among 
the entire cohort of patients with AMI admitted to our institu-
tion during the study period, data on the type of myocardial 
infarction  (with or without ST-segment elevation) and the time 
from symptom onset to reperfusive therapy in individuals with 
VSR complicating AMI were not routinely collected. Fifth, clin-
ical decisions on treatment were not controlled: a biased treat-
ment allocation cannot be completely excluded, although we 
did not record baseline differences among patients allocated to 
reperfusive or surgical therapies. Sixth, the techniques used for 
surgical repair were not systematically recorded in this study 
and a possible survival benefit associated with certain surgical 
(or percutaneous) techniques cannot be investigated in this 
context. Finally, all patients were enrolled at a single centre in 
India: ethnicity plays an important prognostic role and people 
belonging to South Asian countries are among those with the 
greater mortality and morbidity from coronary heart disease as 
compared with Western countries.18 In this respect, current find-
ings do not apply to other institutions or geographical areas.

COnClusIOns
In this retrospective cohort of patients with AMI admitted to 
a single tertiary centre in India, the occurrence of VSR was 

not rare and associated with considerable 30-day mortality. 
Advanced age, previous CVA and surgical repair influenced the 
risk for 30-day mortality.
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Analysis of anastomotic urethroplasty for pelvic fracture 
urethral distraction defect: Decadal experience from a 
high‑volume tertiary care center

Durgesh Kumar Saini, Rahul Janak Sinha, Ashok Kumar Sokhal, Vishwajeet Singh
Department of Urology, King George’s Medical University, Lucknow, Uttar Pradesh, India

Original Article

Context: Pelvic fracture urethral distraction defect (PFUDD) may be challenging for the treating urologist. 
Anastomotic urethroplasty is the established surgical procedure for the treatment of PFUDD. Few studies 
in literature focus purely on PFUDD, and majority of the studies include anterior urethral stricture as well. 
The period of these studies is relatively short. We conducted a retrospective analysis of patients who 
underwent primary or redo anastomotic urethroplasty for PFUDD over a period of 12 years at a tertiary 
care center in northern India.
Aims: The aim is to study anastomotic urethroplasty for pelvic fracture urethral distraction defect with 
regard to long-term success rate and complications.
Settings and Design: This was a retrospective study. Subjects and
Methods: This retrospective study was conducted in the Department of Urology, King George’s Medical 
University, Lucknow, India, from August 2004 to July 2016. All patients who underwent progressive perineal 
anastomotic repair of PFUDD were included in this study. Demographic findings, type of pelvic fracture, 
length of distraction defect as per retrograde urethrography (RUG) and micturating cystourethrography, 
any history of erectile dysfunction in the preoperative or postoperative phase, and urinary incontinence 
in postoperative phase were analyzed. Decision regarding catheter removal was taken after pericatheter 
RUG at 4 weeks. Follow-up was done at 3 and 6 months in postoperative period.
Results: A total of 226 anastomotic repairs were done in 221 patients. Of the 221 patients, 51 (23%) were 
redo urethroplasty. The mean age of patients was 27.6 years. The mean length of distraction defect was 
2.7 cm. The mean duration of hospital stay was 6 days. Primary urethroplasty was successful in 163 (93.14%) 
of 175 patients and redo urethroplasty in 44 (86.27%) of 51 patients. Out of 165 patients, 18 (10.9%) patients 
reported occasional incontinence while 6 (3.63%) patients reported mild incontinence.
Conclusions: Anastomotic urethroplasty is the definitive procedure for PFUDD. Our success rate for primary 
deferred anastomotic urethroplasty is 93.14% and for redo anastomotic urethroplasty is 86.27%.

Keywords: Pelvic fracture urethral distraction defect, pelvic trauma, perineal anastomotic urethroplasty, 
posterior urethral injury
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alternative repair (substitution urethroplasty) and who did 
not give consent to participate in the study, were excluded 
from the study.

The length of  defect was measured by a combined study 
of  retrograde urethrography (RUG) and micturating 
cystourethrography (MCU). Urethroscopy and antegrade 
cystourethroscopy through suprapubic tract were carried 
out in selected cases in whom delineation of  the posterior 
urethra was inadequate following MCU.

Case sheets and other patient‑related documents 
were reviewed. Findings related to clinical history, 
physical examination and investigations such as blood 
examination, RUG, MCU, ultrasonography, and x‑ray 
KUB (Kidney, ureter and bladder) were noted. If  the 
findings of  retrograde cystourethroscopy and antegrade 
cystourethroscopy mentioned in the case sheets, they were 
included in our study.

Postprocedural assessment and follow‑up
At our center, urethral catheter is removed if  contrast 
extravasation is not visualized on the pericatheteric 
RUG performed at 4 weeks following urethroplasty. If  
extravasation is seen, then catheter is kept for further 
2 weeks. The suprapubic catheter is removed after 
successful voiding trial, usually on the same day. Findings 
related to voiding trial are also noted.

At 3 months, clinical history (urinary incontinence, erectile 
dysfunction, and ejaculatory dysfunction), RUG, and 
uroflowmetry are recorded. At 6 months, the clinical history 
(urinary incontinence, erectile dysfunction, and ejaculatory 
dysfunction) and uroflowmetry findings are again recorded. 
Then, the patients were followed up every 6 months. 
If  there is any adverse event during follow‑up, it is also 
recorded. All these findings were included in our study.

Surgical technique
The standard operative protocol in our department is as 
follows:

Patients are placed in exaggerated lithotomy position; 
inverted Y incision is given over the midline of  the 
perineum. After the distal and proximal urethra is 
mobilized, sequential maneuvers are performed to achieve 
tension‑free anastomosis.

Circumferential urethral mobilization of the bulbar urethra
This maneuver is performed till the point of  obliteration 
proximally and the suspensory ligament of  the penis 
distally. Further distal mobilization may result in chordee. 

INTRODUCTION

PFUDD may be challenging for the treating urologist. 
PFUDD may be complicated by associated fracture of  
the bony pelvis and injuries to the pelvic and abdominal 
viscera.[1,2]

Anastomotic urethroplasty is the preferred surgical 
procedure for the treatment of  PFUDD and has been 
reported to have a success rate of  77%–95%.[3‑5] There 
has a significant evolution in the understanding of  the 
pathological anatomy and the surgical management of  
PFUDD.[6] Badenoch’s pull, through procedure described 
for stricture length <2 cm[6] in earlier series, is obsolete now. 
Transpubic anastomotic urethroplasty[7,8] or multistaged 
substitution urethroplasty[9,10] remains the procedure of  
choice.

When perineal access to the defect is difficult due to 
associated bladder neck abnormalities, periurethral 
cavities, rectal injuries, and bony abnormalities, then 
abdominoperineal repair remains the preferred approach; 
these cases are termed as complex PFUDD.[11,12]

In English literature, most of  the studies on PFUDD have 
heterogeneous data and include different types of  strictures. 
The period mentioned in these studies is relatively short. 
Ours is a retrospective analysis of  221 patients who 
underwent primary or redo urethroplasty for PFUDD over 
a period of  12 years.

India has one of  the highest rates of  road traffic accidents 
in the world due to various reasons including bad status 
of  roads, poor training of  drivers, old vehicles, and poor 
compliance to road safety.[13,14]

Our state has the largest share of  road traffic accidents in 
India. Since our center4 is the largest tertiary care center 
in the state, we cater to a large number of  accident victims 
and PFUDD patients. Herein, we present their data.

SUBJECTS AND METHODS

This retrospective study was conducted in Department 
of  Urology, King George’s Medical University, Lucknow, 
India, from August 2004 to July 2016. Ethical approval 
was taken from the institutional review board, and it 
was in accordance with the Declaration of  Helsinki. 
All patients who underwent progressive perineal 
anastomotic repair of  PFUDD were included in our 
study. Patients with bulbomembranous stricture due to 
other etiologies (inflammatory stricture, postprostatectomy 
stricture, and postirradiation stricture), who underwent 
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Following this curved urethral (Van Buren), sound is passed 
through the suprapubic cystostomy tract and negotiated 
into the posterior urethra through the bladder neck. 
Incision of  perineal scar is then performed in the midline 
until the tip of  the urethral sound is come across.[15]

Separation of the corporal bodies
Performance of  this maneuver gives additional 1.5–2.0 cm 
of  length. The separation is started at the level of  the 
crus and progressed distally for approximately 4–5 cm 
along a relatively avascular midline plane. A more intimate 
connection between the corporal bodies distally hinders 
further separation. After this maneuver, urethra lies 
between the separated corporal bodies, which helps to 
decrease the distance to anastomosis.

Inferior pubectomy
Sometimes, even after performing the above‑mentioned 
maneuvers, tension‑free anastomosis is still difficult to 
achieve. Additional 1–2 cm of  urethral length can be gained 
by inferior pubectomy. A wedge of  bone is excised from the 
inferior aspect of  the pubis after the dorsal vein is either 
ligated or displaced laterally. This is also helpful for better 
exposure of  anteriorly displaced prostate.

Supracrural rerouting
To perform this maneuver, a bony defect is created in pubic 
bone by further pubectomy and urethra is rerouted around 
the corporal body through this defect. It gives additional 
2 cm of  urethral length for the anastomosis.

Transpubic anastomosis
If  even after the above‑mentioned maneuvers, tension‑free 
anastomosis is not possible, a midline suprapubic incision 
is made up to the base of  the penis coursing over the pubic 
symphysis. Bladder is opened on anterior wall and prostatic 
urethra is identified. Dissection of  the anterior surface of  
pubic symphysis is performed and the suspensory ligament 
of  the penis is divided. For dissection on the posterior 
surface of  pubic symphysis, a plane is created below the 
periosteum to avoid scar tissue. Then, both pubic rami are 
excised with the help of  Gigli saw. Scar over the prostatic 
apex is resected until urethral sound can be passed. During 
this procedure, spatulation of  prostatic urethra is done on 
the anterior surface.

Regardless of  the maneuvers used (except transpubic 
anastomosis) to bridge the defect, the urethra is prepared 
by spatulation of  the distal urethral stump at the 12 o’clock 
position and the proximal urethra at the 6 o’clock (posterior) 
position to achieve an anastomosis of  at least 24Fr. The 
anastomosis is accomplished with 6 radially placed 3‑0 or 

4‑0 polyglycolic acid sutures. A corrugated drain is placed 
lateral to anastomosis in all patients. Postoperative urinary 
drainage is accomplished with a 16 Fr silicone urethral 
catheter in addition to a 12–18 Fr suprapubic catheter.

RESULTS

A total of  278 patients underwent perineal anastomotic 
urethroplasty for PFUDD, out of  which data for analysis 
were available for 221 patients. Deferred transperineal 
bulboprostatic end‑to‑end urethroplasty was performed 
in all the patients. One hundred and seventy‑five patients 
had a history of  primary end‑to‑end urethroplasty 
while 51 patients had a history of  redo end‑to‑end 
urethroplasty [Table 1]. Out of  these 51 patients, 46 had 
previous operations done at other hospitals and 5 cases 
underwent operation at our center.

The mean age of  patients was 27.6 years (ranges 
7–70 years); 10 (4.5%) patients had comorbidities including 
hypertension (4 patients), diabetes mellitus (5 patients), 
and coronary artery disease. Road traffic accident was the 
most common etiology and the most common associated 
injuries involved abdominal viscera. The mean follow‑up 
period was 34 months (range 5–110 months).

Pelvic radiographs taken at the time of  initial injury were 
available for 44 patients. Single ramus fracture was present 
in 14 patients, ipsilateral ischiopubic rami fracture in 
8 patients, fracture of  both ischiopubic rami with disruption 
of  ipsilateral sacrum or sacroiliac joint or ilium (Malgaigne’s 
fracture) in 6 patients, straddle fracture in 1 patient, and 
miscellaneous types of  fractures in 15 patients.

In 226 urethroplasties, corporal separation was done 
in 89 (39.38%), inferior pubectomy was performed in 
41 (18.14%), 1 patient required corporal rerouting, and 
3 patients underwent transpubic anastomotic urethroplasty. 
The mean time between injury and repair was 7 (range from 
3 to 51) months. The mean length of  distraction defect 
was 2.7 (range from 0.5 to 8) cm.

End‑to‑end anastomotic urethroplasty was successful 
in 163 (93.14%) of  175 patients in whom primary 
urethroplasty was done at our center. Redo urethroplasty 
was successful in 44 (86.27%) of  51 patients. All failures 

Table 1: Results of urethroplasty
Patient distribution Primary 

urethroplasty
Redo 

urethroplasty
Total

Number of cases 175 51 226
Success after urethroplasty 163 44 207
Failure after urethroplasty 12 7 19
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of  urethroplasty occurred in the 1st year. Of  the 12 failures 
in primary end‑to‑end urethroplasty, 3 were salvaged by 
direct vision internal urethrotomy (DVIU), 4 patients 
required DVIU with regular urethral dilatation, and 
5 patients were subjected to redo urethroplasty who are 
included in subsequent data of  redo urethroplasties. Of  
these 5 redo urethroplasties, 1 patient had failure to void 
and is on suprapubic cystostomy till the last follow‑up. 
After redo urethroplasty in rest of  46 patients, 6 had 
failure to void. Of  these 6 patients, 1 was salvaged with 
DVIU, 2 patients continue to require urethral dilatation, 1 
underwent Mitrofanoff  urinary diversion and is doing well 
in follow‑up, while 2 are still on suprapubic cystostomy and 
waiting for next surgical intervention. Overall 7 patients 
had failure after redo urethroplasty.

The mean duration of  hospital stay was 6 days. The mean 
duration of  urethral catheterization was 4.2 weeks.

Data on preoperative and postoperative erectile function 
were available in 180 patients. Preoperatively, 76 patients 
had an erection of  whom 27 had good erections while 
49 patients had partial erections and were unable to 
perform sexual intercourse. Of  these 49 patients, 9 had 
improvement in erection after urethroplasty. Thirteen 
patients of  27 having good erections in the preoperative 
phase reported diminished erection after urethroplasty.

Data on postoperative incontinence were available in 
165 patients. Eighteen (10.9%) patients reported occasional 
incontinence while 6 (3.63%) patients reported mild 
incontinence [Figure 1].

DISCUSSION

Over the last few decades due to better understanding 
of  pathophysiology of  PFUDD and better surgical 

techniques, there is an improvement in results of  
anastomotic urethroplasty. Most patients belong to young 
age group. In India, youngsters ride motorcycles due to 
financial reasons and are prone to pelvic injuries in road 
traffic accidents.

There is a controversy in the literature surrounding the 
appropriate timing of  surgery (delayed versus immediate) in 
the management of  PFUDD. Being a third world country, 
resources are not available for primary realignment. At our 
center, we perform deferred urethroplasty after referral from 
other centers. Usually, patients have suprapubic cystostomy 
in situ at the time of  referral. A patient with pelvic fracture 
has 10% chance of  having associated PFUDD.[1,2] Bleeding, 
fracture instability, and friability of  the edematous tissue are 
the major concerns during early repair. Early management 
includes urethral realignment or the use of  stenting 
catheter,[16,17] but the most common initial management is 
placement of  a suprapubic cystostomy at the time of  injury 
followed by deferred reconstruction.[18] Koraitim[19] reported 
a high rate of  impotence among patients undergoing primary 
realignment. Till date, no study in the English literature has 
prospectively assigned or randomized patients to primary 
versus delayed surgical management.

Fractures of  inferior and superior pubic rami are most 
commonly associated with PFUDD. In our study, 28 out 
of  44 cases were having the fractures of  either superior 
or inferior pubic rami [Table 2]. Similar results have been 
described in the literature by Aihara et al.[20] Other types of  
pelvic fractures which are associated with PFUDD include 
Malgaigne’s fracture, straddle fracture, pubic diastasis, and 
sacroiliac joints.[20] Approximately 50% of  pelvic fractures 
are mild to moderate in severity, with >90% having minor 
associated injuries.[21] The severity of  pelvic fracture has 
relationship with the severity of  associated urethral injuries 
as the severity of  pelvic fracture increases so does the 
chance of  PFUDD.[2] The most common reported cause 
of  pelvic fracture is road traffic accidents (68%–84%), and 
it is four times more likely to be associated with PFUDD 
than fall from height, the second most common cause seen 
in 6%–25% cases.[1,22‑25] Other etiologies of  pelvic fracture 
are slipping, attack by animals, and industrial accident.[26] 
Due to improvement in safety standards and automation 
of  machinery for industrial workers, industrial accidents 
have taken a back seat as etiologies for pelvic trauma and 
are rare nowadays.

Delayed endoscopic approach (cut‑to‑the‑light, stenting 
procedure, core‑through) does not remove fibrosis such 
as urethroplasty and results are poor. We do not perform 
delayed endoscopic management of  PFUDD.Figure 1: Flow chart of patients
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During deferred anastomotic urethroplasty, incomplete 
excision of  scar tissue results in postoperative scar 
contracture which is the most important cause recurrent 
stenosis. Extensive distal urethral mobilization may lead 
to ischemia, compromising the anastomosis. Less bleeding 
from the distal urethra is a sign of  ischemia. Conversely 
adequate mobilization of  distal urethra can be observed 
by seeing constant trickling of  blood. The high vascularity 
of  prostatic urethra usually gives excellent results in 
end‑to‑end anastomotic urethroplasty.

We considered urethroplasty to be successful if  the patient 
was voiding well and did not require any auxiliary procedure 
after urethroplasty. Our results are comparable to that 
mentioned in literature with success rate of  93.14% for 
primary urethroplasty and 86.27% for redo urethroplasty. 
Some studies have included one attempt of  DVIU or 
urethral dilation following PFUDD repair to define success 
with documented success rates of  77%–95%.[20‑23]

PFUDD repair by anastomotic urethroplasty is often 
complicated by urinary incontinence and erectile 
dysfunction. Continence after anastomotic urethroplasty 

for PFUDD is maintained by bladder neck and 
incontinence occurs only when the bladder neck 
function is impaired. Bladder neck injury may be the 
cause of  impaired function in most of  the cases, but 
sacral nerve injury or injury to pelvic plexus may also be 
the cause.[27] In our study, incontinence was considered 
as occasional when it occurred only with increased 
abdominal pressure and was present in 10.9% cases 
while mild incontinence was reported in 3.63% cases. 
The incidence of  urinary incontinence is approximately 
10% in the literature.[28,29]

Exact cause of  erectile dysfunction in PFUDD patient 
not known, but it can be of  vascular, neurogenic, or 
psychogenic origin.[30] In our study, 104 (57.77%) of  
180 patients had erectile dysfunction preoperatively, and 
in remaining 76 patients which had erections, 49 were 
having only partial erections and were not able to do sexual 
intercourse. Following urethroplasty, 9 of  49 patients 
improved whereas 13 of  27 patients had new onset 
erectile dysfunction following surgical repair. A study by 
Mundy reported 7% incidence of  erectile dysfunction after 
PFUDD repair[31] and another study has reported erectile 
dysfunction in only 2 of  155 patients.[32] However, many 
studies in recent literature show erectile dysfunction in 
18%–72% after anastomotic urethroplasty for PFUDD.[33‑36] 
This wide variation in incidence of  erectile dysfunction is 
due to different definitions of  erectile dysfunction used 
in different studies. In his study, Anger[33] defined erectile 
dysfunction using IIEF questionnaire and another study 
used brief  male sexual function inventory (BSFI) tool 
to define erectile dysfunction.[37] However, majority of  
studies have defined erectile dysfunction as inability to 
achieve erection sufficient enough to perform vaginal 
penetration.[34,36]

The strength of  our study is that we have included patients 
suffering from PFUDD and we have excluded other types 
of  stricture. We have included a large number of  patients 
in our study with long follow‑up period.

CONCLUSION

Deferred anastomotic urethroplasty results in satisfactory 
success rate over long term with minimal complications
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Table 2: Patient characteristics and clinical data
Characteristics Number of 

patients (%)

Age group
<20 75 (33.93)
20‑29 59 (26.69)
30‑39 37 (16.74)
40‑49 27 (12.21)
50‑59 9 (4.07)
>60 14 (6.33)
Mean±SD 27.6±14.6

Associated injuries
Abdominal viscera 36 (16.3)
Pelvic viscera 76 (34.7)
Extremities 24 (11)
Head 6 (3)
Thorax 5 (2.4)

Type of bone fracture
Single ramus 14 (31.8)
Ipsilateral rami 8 (18.18)
Malgaigne’s 6 (13.63)
Straddle 1 (2.2)
Other 15 (34.09)

Maneuvers
Mobilization of bulbar urethra 92 (40.70)
Mobilization of bulbar urethra + corporal separation 89 (39.38)
Mobilization of bulbar urethra + corporal separation 
+ inferior pubectomy

41 (18.14)

Mobilization of bulbar urethra + corporal separation 
+ inferior pubectomy + corporal re‑routing

1 (0.44)

Transpubic anastomotic urethroplasty 3 (1.32)
Mean time since injury in months (range) 7 (3–51)
Follow‑up in months, mean (range) 34 (6–110)
Length of stricture in cm, mean (range) 2.7 (0.5–8)
Mean duration of stay in days 6 (4–17)
Mean duration of catheterization in weeks 4.2 (4–6)

SD: Standard deviation
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Analysis of anastomotic urethroplasty for pelvic fracture 
urethral distraction defect: Decadal experience from a 
high‑volume tertiary care center

Durgesh Kumar Saini, Rahul Janak Sinha, Ashok Kumar Sokhal, Vishwajeet Singh
Department of Urology, King George’s Medical University, Lucknow, Uttar Pradesh, India

Original Article

Context: Pelvic fracture urethral distraction defect (PFUDD) may be challenging for the treating urologist. 
Anastomotic urethroplasty is the established surgical procedure for the treatment of PFUDD. Few studies 
in literature focus purely on PFUDD, and majority of the studies include anterior urethral stricture as well. 
The period of these studies is relatively short. We conducted a retrospective analysis of patients who 
underwent primary or redo anastomotic urethroplasty for PFUDD over a period of 12 years at a tertiary 
care center in northern India.
Aims: The aim is to study anastomotic urethroplasty for pelvic fracture urethral distraction defect with 
regard to long-term success rate and complications.
Settings and Design: This was a retrospective study. Subjects and
Methods: This retrospective study was conducted in the Department of Urology, King George’s Medical 
University, Lucknow, India, from August 2004 to July 2016. All patients who underwent progressive perineal 
anastomotic repair of PFUDD were included in this study. Demographic findings, type of pelvic fracture, 
length of distraction defect as per retrograde urethrography (RUG) and micturating cystourethrography, 
any history of erectile dysfunction in the preoperative or postoperative phase, and urinary incontinence 
in postoperative phase were analyzed. Decision regarding catheter removal was taken after pericatheter 
RUG at 4 weeks. Follow-up was done at 3 and 6 months in postoperative period.
Results: A total of 226 anastomotic repairs were done in 221 patients. Of the 221 patients, 51 (23%) were 
redo urethroplasty. The mean age of patients was 27.6 years. The mean length of distraction defect was 
2.7 cm. The mean duration of hospital stay was 6 days. Primary urethroplasty was successful in 163 (93.14%) 
of 175 patients and redo urethroplasty in 44 (86.27%) of 51 patients. Out of 165 patients, 18 (10.9%) patients 
reported occasional incontinence while 6 (3.63%) patients reported mild incontinence.
Conclusions: Anastomotic urethroplasty is the definitive procedure for PFUDD. Our success rate for primary 
deferred anastomotic urethroplasty is 93.14% and for redo anastomotic urethroplasty is 86.27%.

Keywords: Pelvic fracture urethral distraction defect, pelvic trauma, perineal anastomotic urethroplasty, 
posterior urethral injury
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alternative repair (substitution urethroplasty) and who did 
not give consent to participate in the study, were excluded 
from the study.

The length of  defect was measured by a combined study 
of  retrograde urethrography (RUG) and micturating 
cystourethrography (MCU). Urethroscopy and antegrade 
cystourethroscopy through suprapubic tract were carried 
out in selected cases in whom delineation of  the posterior 
urethra was inadequate following MCU.

Case sheets and other patient‑related documents 
were reviewed. Findings related to clinical history, 
physical examination and investigations such as blood 
examination, RUG, MCU, ultrasonography, and x‑ray 
KUB (Kidney, ureter and bladder) were noted. If  the 
findings of  retrograde cystourethroscopy and antegrade 
cystourethroscopy mentioned in the case sheets, they were 
included in our study.

Postprocedural assessment and follow‑up
At our center, urethral catheter is removed if  contrast 
extravasation is not visualized on the pericatheteric 
RUG performed at 4 weeks following urethroplasty. If  
extravasation is seen, then catheter is kept for further 
2 weeks. The suprapubic catheter is removed after 
successful voiding trial, usually on the same day. Findings 
related to voiding trial are also noted.

At 3 months, clinical history (urinary incontinence, erectile 
dysfunction, and ejaculatory dysfunction), RUG, and 
uroflowmetry are recorded. At 6 months, the clinical history 
(urinary incontinence, erectile dysfunction, and ejaculatory 
dysfunction) and uroflowmetry findings are again recorded. 
Then, the patients were followed up every 6 months. 
If  there is any adverse event during follow‑up, it is also 
recorded. All these findings were included in our study.

Surgical technique
The standard operative protocol in our department is as 
follows:

Patients are placed in exaggerated lithotomy position; 
inverted Y incision is given over the midline of  the 
perineum. After the distal and proximal urethra is 
mobilized, sequential maneuvers are performed to achieve 
tension‑free anastomosis.

Circumferential urethral mobilization of the bulbar urethra
This maneuver is performed till the point of  obliteration 
proximally and the suspensory ligament of  the penis 
distally. Further distal mobilization may result in chordee. 

INTRODUCTION

PFUDD may be challenging for the treating urologist. 
PFUDD may be complicated by associated fracture of  
the bony pelvis and injuries to the pelvic and abdominal 
viscera.[1,2]

Anastomotic urethroplasty is the preferred surgical 
procedure for the treatment of  PFUDD and has been 
reported to have a success rate of  77%–95%.[3‑5] There 
has a significant evolution in the understanding of  the 
pathological anatomy and the surgical management of  
PFUDD.[6] Badenoch’s pull, through procedure described 
for stricture length <2 cm[6] in earlier series, is obsolete now. 
Transpubic anastomotic urethroplasty[7,8] or multistaged 
substitution urethroplasty[9,10] remains the procedure of  
choice.

When perineal access to the defect is difficult due to 
associated bladder neck abnormalities, periurethral 
cavities, rectal injuries, and bony abnormalities, then 
abdominoperineal repair remains the preferred approach; 
these cases are termed as complex PFUDD.[11,12]

In English literature, most of  the studies on PFUDD have 
heterogeneous data and include different types of  strictures. 
The period mentioned in these studies is relatively short. 
Ours is a retrospective analysis of  221 patients who 
underwent primary or redo urethroplasty for PFUDD over 
a period of  12 years.

India has one of  the highest rates of  road traffic accidents 
in the world due to various reasons including bad status 
of  roads, poor training of  drivers, old vehicles, and poor 
compliance to road safety.[13,14]

Our state has the largest share of  road traffic accidents in 
India. Since our center4 is the largest tertiary care center 
in the state, we cater to a large number of  accident victims 
and PFUDD patients. Herein, we present their data.

SUBJECTS AND METHODS

This retrospective study was conducted in Department 
of  Urology, King George’s Medical University, Lucknow, 
India, from August 2004 to July 2016. Ethical approval 
was taken from the institutional review board, and it 
was in accordance with the Declaration of  Helsinki. 
All patients who underwent progressive perineal 
anastomotic repair of  PFUDD were included in our 
study. Patients with bulbomembranous stricture due to 
other etiologies (inflammatory stricture, postprostatectomy 
stricture, and postirradiation stricture), who underwent 
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Following this curved urethral (Van Buren), sound is passed 
through the suprapubic cystostomy tract and negotiated 
into the posterior urethra through the bladder neck. 
Incision of  perineal scar is then performed in the midline 
until the tip of  the urethral sound is come across.[15]

Separation of the corporal bodies
Performance of  this maneuver gives additional 1.5–2.0 cm 
of  length. The separation is started at the level of  the 
crus and progressed distally for approximately 4–5 cm 
along a relatively avascular midline plane. A more intimate 
connection between the corporal bodies distally hinders 
further separation. After this maneuver, urethra lies 
between the separated corporal bodies, which helps to 
decrease the distance to anastomosis.

Inferior pubectomy
Sometimes, even after performing the above‑mentioned 
maneuvers, tension‑free anastomosis is still difficult to 
achieve. Additional 1–2 cm of  urethral length can be gained 
by inferior pubectomy. A wedge of  bone is excised from the 
inferior aspect of  the pubis after the dorsal vein is either 
ligated or displaced laterally. This is also helpful for better 
exposure of  anteriorly displaced prostate.

Supracrural rerouting
To perform this maneuver, a bony defect is created in pubic 
bone by further pubectomy and urethra is rerouted around 
the corporal body through this defect. It gives additional 
2 cm of  urethral length for the anastomosis.

Transpubic anastomosis
If  even after the above‑mentioned maneuvers, tension‑free 
anastomosis is not possible, a midline suprapubic incision 
is made up to the base of  the penis coursing over the pubic 
symphysis. Bladder is opened on anterior wall and prostatic 
urethra is identified. Dissection of  the anterior surface of  
pubic symphysis is performed and the suspensory ligament 
of  the penis is divided. For dissection on the posterior 
surface of  pubic symphysis, a plane is created below the 
periosteum to avoid scar tissue. Then, both pubic rami are 
excised with the help of  Gigli saw. Scar over the prostatic 
apex is resected until urethral sound can be passed. During 
this procedure, spatulation of  prostatic urethra is done on 
the anterior surface.

Regardless of  the maneuvers used (except transpubic 
anastomosis) to bridge the defect, the urethra is prepared 
by spatulation of  the distal urethral stump at the 12 o’clock 
position and the proximal urethra at the 6 o’clock (posterior) 
position to achieve an anastomosis of  at least 24Fr. The 
anastomosis is accomplished with 6 radially placed 3‑0 or 

4‑0 polyglycolic acid sutures. A corrugated drain is placed 
lateral to anastomosis in all patients. Postoperative urinary 
drainage is accomplished with a 16 Fr silicone urethral 
catheter in addition to a 12–18 Fr suprapubic catheter.

RESULTS

A total of  278 patients underwent perineal anastomotic 
urethroplasty for PFUDD, out of  which data for analysis 
were available for 221 patients. Deferred transperineal 
bulboprostatic end‑to‑end urethroplasty was performed 
in all the patients. One hundred and seventy‑five patients 
had a history of  primary end‑to‑end urethroplasty 
while 51 patients had a history of  redo end‑to‑end 
urethroplasty [Table 1]. Out of  these 51 patients, 46 had 
previous operations done at other hospitals and 5 cases 
underwent operation at our center.

The mean age of  patients was 27.6 years (ranges 
7–70 years); 10 (4.5%) patients had comorbidities including 
hypertension (4 patients), diabetes mellitus (5 patients), 
and coronary artery disease. Road traffic accident was the 
most common etiology and the most common associated 
injuries involved abdominal viscera. The mean follow‑up 
period was 34 months (range 5–110 months).

Pelvic radiographs taken at the time of  initial injury were 
available for 44 patients. Single ramus fracture was present 
in 14 patients, ipsilateral ischiopubic rami fracture in 
8 patients, fracture of  both ischiopubic rami with disruption 
of  ipsilateral sacrum or sacroiliac joint or ilium (Malgaigne’s 
fracture) in 6 patients, straddle fracture in 1 patient, and 
miscellaneous types of  fractures in 15 patients.

In 226 urethroplasties, corporal separation was done 
in 89 (39.38%), inferior pubectomy was performed in 
41 (18.14%), 1 patient required corporal rerouting, and 
3 patients underwent transpubic anastomotic urethroplasty. 
The mean time between injury and repair was 7 (range from 
3 to 51) months. The mean length of  distraction defect 
was 2.7 (range from 0.5 to 8) cm.

End‑to‑end anastomotic urethroplasty was successful 
in 163 (93.14%) of  175 patients in whom primary 
urethroplasty was done at our center. Redo urethroplasty 
was successful in 44 (86.27%) of  51 patients. All failures 

Table 1: Results of urethroplasty
Patient distribution Primary 

urethroplasty
Redo 

urethroplasty
Total

Number of cases 175 51 226
Success after urethroplasty 163 44 207
Failure after urethroplasty 12 7 19



Saini, et al.: Retrospective analysis of anastomotic urethroplasty for pelvic fracture urethral distraction defect

80  Urology Annals | Volume 11 | Issue 1 | January-March 2019 

of  urethroplasty occurred in the 1st year. Of  the 12 failures 
in primary end‑to‑end urethroplasty, 3 were salvaged by 
direct vision internal urethrotomy (DVIU), 4 patients 
required DVIU with regular urethral dilatation, and 
5 patients were subjected to redo urethroplasty who are 
included in subsequent data of  redo urethroplasties. Of  
these 5 redo urethroplasties, 1 patient had failure to void 
and is on suprapubic cystostomy till the last follow‑up. 
After redo urethroplasty in rest of  46 patients, 6 had 
failure to void. Of  these 6 patients, 1 was salvaged with 
DVIU, 2 patients continue to require urethral dilatation, 1 
underwent Mitrofanoff  urinary diversion and is doing well 
in follow‑up, while 2 are still on suprapubic cystostomy and 
waiting for next surgical intervention. Overall 7 patients 
had failure after redo urethroplasty.

The mean duration of  hospital stay was 6 days. The mean 
duration of  urethral catheterization was 4.2 weeks.

Data on preoperative and postoperative erectile function 
were available in 180 patients. Preoperatively, 76 patients 
had an erection of  whom 27 had good erections while 
49 patients had partial erections and were unable to 
perform sexual intercourse. Of  these 49 patients, 9 had 
improvement in erection after urethroplasty. Thirteen 
patients of  27 having good erections in the preoperative 
phase reported diminished erection after urethroplasty.

Data on postoperative incontinence were available in 
165 patients. Eighteen (10.9%) patients reported occasional 
incontinence while 6 (3.63%) patients reported mild 
incontinence [Figure 1].

DISCUSSION

Over the last few decades due to better understanding 
of  pathophysiology of  PFUDD and better surgical 

techniques, there is an improvement in results of  
anastomotic urethroplasty. Most patients belong to young 
age group. In India, youngsters ride motorcycles due to 
financial reasons and are prone to pelvic injuries in road 
traffic accidents.

There is a controversy in the literature surrounding the 
appropriate timing of  surgery (delayed versus immediate) in 
the management of  PFUDD. Being a third world country, 
resources are not available for primary realignment. At our 
center, we perform deferred urethroplasty after referral from 
other centers. Usually, patients have suprapubic cystostomy 
in situ at the time of  referral. A patient with pelvic fracture 
has 10% chance of  having associated PFUDD.[1,2] Bleeding, 
fracture instability, and friability of  the edematous tissue are 
the major concerns during early repair. Early management 
includes urethral realignment or the use of  stenting 
catheter,[16,17] but the most common initial management is 
placement of  a suprapubic cystostomy at the time of  injury 
followed by deferred reconstruction.[18] Koraitim[19] reported 
a high rate of  impotence among patients undergoing primary 
realignment. Till date, no study in the English literature has 
prospectively assigned or randomized patients to primary 
versus delayed surgical management.

Fractures of  inferior and superior pubic rami are most 
commonly associated with PFUDD. In our study, 28 out 
of  44 cases were having the fractures of  either superior 
or inferior pubic rami [Table 2]. Similar results have been 
described in the literature by Aihara et al.[20] Other types of  
pelvic fractures which are associated with PFUDD include 
Malgaigne’s fracture, straddle fracture, pubic diastasis, and 
sacroiliac joints.[20] Approximately 50% of  pelvic fractures 
are mild to moderate in severity, with >90% having minor 
associated injuries.[21] The severity of  pelvic fracture has 
relationship with the severity of  associated urethral injuries 
as the severity of  pelvic fracture increases so does the 
chance of  PFUDD.[2] The most common reported cause 
of  pelvic fracture is road traffic accidents (68%–84%), and 
it is four times more likely to be associated with PFUDD 
than fall from height, the second most common cause seen 
in 6%–25% cases.[1,22‑25] Other etiologies of  pelvic fracture 
are slipping, attack by animals, and industrial accident.[26] 
Due to improvement in safety standards and automation 
of  machinery for industrial workers, industrial accidents 
have taken a back seat as etiologies for pelvic trauma and 
are rare nowadays.

Delayed endoscopic approach (cut‑to‑the‑light, stenting 
procedure, core‑through) does not remove fibrosis such 
as urethroplasty and results are poor. We do not perform 
delayed endoscopic management of  PFUDD.Figure 1: Flow chart of patients
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During deferred anastomotic urethroplasty, incomplete 
excision of  scar tissue results in postoperative scar 
contracture which is the most important cause recurrent 
stenosis. Extensive distal urethral mobilization may lead 
to ischemia, compromising the anastomosis. Less bleeding 
from the distal urethra is a sign of  ischemia. Conversely 
adequate mobilization of  distal urethra can be observed 
by seeing constant trickling of  blood. The high vascularity 
of  prostatic urethra usually gives excellent results in 
end‑to‑end anastomotic urethroplasty.

We considered urethroplasty to be successful if  the patient 
was voiding well and did not require any auxiliary procedure 
after urethroplasty. Our results are comparable to that 
mentioned in literature with success rate of  93.14% for 
primary urethroplasty and 86.27% for redo urethroplasty. 
Some studies have included one attempt of  DVIU or 
urethral dilation following PFUDD repair to define success 
with documented success rates of  77%–95%.[20‑23]

PFUDD repair by anastomotic urethroplasty is often 
complicated by urinary incontinence and erectile 
dysfunction. Continence after anastomotic urethroplasty 

for PFUDD is maintained by bladder neck and 
incontinence occurs only when the bladder neck 
function is impaired. Bladder neck injury may be the 
cause of  impaired function in most of  the cases, but 
sacral nerve injury or injury to pelvic plexus may also be 
the cause.[27] In our study, incontinence was considered 
as occasional when it occurred only with increased 
abdominal pressure and was present in 10.9% cases 
while mild incontinence was reported in 3.63% cases. 
The incidence of  urinary incontinence is approximately 
10% in the literature.[28,29]

Exact cause of  erectile dysfunction in PFUDD patient 
not known, but it can be of  vascular, neurogenic, or 
psychogenic origin.[30] In our study, 104 (57.77%) of  
180 patients had erectile dysfunction preoperatively, and 
in remaining 76 patients which had erections, 49 were 
having only partial erections and were not able to do sexual 
intercourse. Following urethroplasty, 9 of  49 patients 
improved whereas 13 of  27 patients had new onset 
erectile dysfunction following surgical repair. A study by 
Mundy reported 7% incidence of  erectile dysfunction after 
PFUDD repair[31] and another study has reported erectile 
dysfunction in only 2 of  155 patients.[32] However, many 
studies in recent literature show erectile dysfunction in 
18%–72% after anastomotic urethroplasty for PFUDD.[33‑36] 
This wide variation in incidence of  erectile dysfunction is 
due to different definitions of  erectile dysfunction used 
in different studies. In his study, Anger[33] defined erectile 
dysfunction using IIEF questionnaire and another study 
used brief  male sexual function inventory (BSFI) tool 
to define erectile dysfunction.[37] However, majority of  
studies have defined erectile dysfunction as inability to 
achieve erection sufficient enough to perform vaginal 
penetration.[34,36]

The strength of  our study is that we have included patients 
suffering from PFUDD and we have excluded other types 
of  stricture. We have included a large number of  patients 
in our study with long follow‑up period.

CONCLUSION

Deferred anastomotic urethroplasty results in satisfactory 
success rate over long term with minimal complications
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Table 2: Patient characteristics and clinical data
Characteristics Number of 

patients (%)

Age group
<20 75 (33.93)
20‑29 59 (26.69)
30‑39 37 (16.74)
40‑49 27 (12.21)
50‑59 9 (4.07)
>60 14 (6.33)
Mean±SD 27.6±14.6

Associated injuries
Abdominal viscera 36 (16.3)
Pelvic viscera 76 (34.7)
Extremities 24 (11)
Head 6 (3)
Thorax 5 (2.4)

Type of bone fracture
Single ramus 14 (31.8)
Ipsilateral rami 8 (18.18)
Malgaigne’s 6 (13.63)
Straddle 1 (2.2)
Other 15 (34.09)

Maneuvers
Mobilization of bulbar urethra 92 (40.70)
Mobilization of bulbar urethra + corporal separation 89 (39.38)
Mobilization of bulbar urethra + corporal separation 
+ inferior pubectomy

41 (18.14)

Mobilization of bulbar urethra + corporal separation 
+ inferior pubectomy + corporal re‑routing

1 (0.44)

Transpubic anastomotic urethroplasty 3 (1.32)
Mean time since injury in months (range) 7 (3–51)
Follow‑up in months, mean (range) 34 (6–110)
Length of stricture in cm, mean (range) 2.7 (0.5–8)
Mean duration of stay in days 6 (4–17)
Mean duration of catheterization in weeks 4.2 (4–6)

SD: Standard deviation
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AbsTrACT
Objective We sought to investigate the incidence and 
predictors of 30-day mortality associated with ventricular 
septal rupture (VSR) complicating acute myocardial 
infarction (AMI) in a cohort of patients admitted to a 
single centre in India.
Methods From October 2013 to February 2016, a total 
of 6560 patients with a diagnosis of AMI were admitted 
to our institution. Among these patients, those with a 
diagnosis of VSR were retrospectively included in this 
registry. Clinical and echocardiographic features were 
collected in all cases. The primary outcome was 30-day 
mortality. A Cox proportional hazard regression analysis 
explored the predictors of 30-day mortality.
results During the observation period, a total of 
51 consecutive patients (mean age 63.8 years (9.1); 
51.0% male, 41.2% were patients with diabetes) with 
a diagnosis of VSR complicating AMI were included. 
On echocardiography, left ventricular ejection fraction 
was 42.5% (6.5), and the most frequent location of 
VSR was apical (78.4%). Overall, 27.4% of the patients 
received reperfusive therapy (pharmacological, 23.5%; 
mechanical, 3.9%) and 19.6% of the patients underwent 
surgical repair. The mean time to surgery was 7.7 days 
(2.4). At 30-day follow-up, death occurred in 80.4% of 
patients. Advanced age (HR 1.07, 95% CI (1.02 to 1.13), 
p=0.004), previous cerebrovascular accident (HR 52.2, 
95% CI (3.98 to 685.06), p=0.003) and surgical repair 
(HR 0.05, 95% CI (0.01 to 0.26), p<0.001) were effect 
modifiers of the 30-day risk of death.
Conclusions In this retrospective cohort of patients 
with AMI, the occurrence of VSR was not rare and carried 
a considerable risk of 30-day mortality. Advanced age, 
previous cerebrovascular accident and surgical repair 
influenced the risk for  30-day mortality.

InTrOduCTIOn
Ventricular septal rupture (VSR) is a potentially 
fatal complication of acute myocardial infarction 
(AMI).1 2 In the era of prompt reperfusive therapies 
(either pharmacological or mechanical), the inci-
dence of VSR has considerably declined. However, 
the mortality among patients with AMI with VSR is 
reported as high as 80% even in contemporary series 
of patients with AMI undergoing primary percu-
taneous coronary intervention (PCI), and appears 
almost unchanged over the last few decades.3 

Independent predictors associated with the 
development of VSR in this setting are age, female 
gender, previous cerebrovascular accident (CVA), 

impaired renal function and chronic congestive 
heart disease.4 At the opposite, independent predic-
tors of survival among patients with AMI devel-
oping VSR are less studied. Surgical repair of VSR 
has an intuitive prognostic impact and is recom-
mended by guideline-writing authorities regardless 
of haemodynamic stability at the time of diagnosis.5 
However, the optimal timing of surgical repair is 
subject to ongoing debate.6 In addition, pending 
anatomical feasibility, percutaneous closure of 
VSR complicating AMI has attracted considerable 
interest as a valuable and less invasive, alternative 
procedure to surgery, although mortality remains 
high.7 8 

Data on VSR complicating AMI are limited in 
India.9 Against this background, the aim of the 
current report was twofold: first, to determine the 
incidence and 30-day mortality of VSR compli-
cating AMI in a contemporary series of Indians 
admitted to a tertiary medical centre; and second, 
to identify predictors of 30-day mortality.

MeThOds
Patient population and study protocol
From October 2013 to February 2016, all patients 
with AMI admitted to the Cardiology Department, 
King George's Medical University, Lucknow, Uttar 
Pradesh, India, received an echocardiographic 
screening on admission and during hospital stay. 
Those patients with a definitive diagnosis of VSR 
complicating AMI (ST-segment elevation myocar-
dial infarction) were retrospectively included in the 
present registry.

The presence of VSR was defined as a disruption 
in the ventricular septum with evidence of left-to-
right shunt by colour Doppler. The screening for 
VSR was performed via transthoracic echocardiog-
raphy, while transoesophageal echocardiography 
was performed in case of diagnostic ambiguity or 
planned surgical repair. The location of the rupture 
at the level of the septum was defined as basal, 
mid or apical. The maximum distance between 
margins, the peak velocity and the peak gradient 
were measured at the level of VSR by means of a 
point-by-point ruler and continuous-wave Doppler 
measurements, as appropriate. Patients with AMI 
with a confirmed diagnosis of VSR at any time 
during hospitalisation, as well as those trans-
ferred from a referral centre, were included in this 
registry. Left ventricular ejection fraction (LVEF) 
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Figure 1 Flow diagram of the study. AMI, acute myocardial infarction; 
VSR, ventricular septal rupture.

was calculated with the biplane Simpson’s method. The systolic 
pressure of the right ventricle (RV) was measured as a function 
of the peak velocity of regurgitation signal through the tricuspid 
valve by means of continuous-wave Doppler plus 10 mm Hg 
for the right atrial pressure, assuming an intermediate to high 
volume overload in all cases.

In all patients, standard in-hospital therapy consisted of 
aspirin and thienopyridines, as clinically indicated. The use of 
other cardioactive drugs (including inotropic agents), as well as 
the choice of mechanical circulatory or ventilatory support, was 
left to the discretion of the treating physician. Aspirin therapy 
was prescribed indefinitely.

Follow-up and data management
All patients underwent follow-up by means of clinical visit at the 
same hospital or telephone contact. In case of an adverse event 
at another centre, medical records or discharge letters from 
other institutions were obtained and systematically reviewed. 
General practitioners and referring physicians were contacted 
for additional information, if necessary. Relevant clinical data 
were collected, verified against source documentation and 
entered into a computer database. For the current analysis, data 
of all patients included in the registry were transferred without 
patient identifiers to the ISAResearch Center (Deutsches Herzz-
entrum München, Technische Universität München, Munich, 
Germany). The final data set was checked for completeness and 
consistency.

endpoints definitions
The primary endpoint of this report was all-cause death at 
30-day follow-up. Death was supposed to be cardiac unless a 
clear non-cardiac cause could be identified. Cardiac death was 

defined as any death due to recurrent myocardial infarction, 
low-output failure, arrhythmia, complications related to in-hos-
pital procedures and sudden cardiac death.10 

statistical analysis
Due to the small number of patients, categorical data are 
presented as proportions. Continuous data are presented as 
median (25th; 75th percentiles) and mean (SD). Baseline data 
were analysed in the overall cohort and expressed as unadjusted 
HRs with 95% CIs at 30-day follow-up. Kaplan-Meier method 
served to derive the 30-day mortality rate and plot the time-
to-event curve. Data for patients who did not experience the 
event of interest were censored at the time of the last follow-up 
visit. The total follow-up was defined as the time from VSR 
diagnosis until death, last follow-up date or 30 days, which-
ever came first. A Cox proportional hazard model (backward 
method, p value for addition to the model (0.20–0.30)) served 
to evaluate the extent to which patient-related characteristics 
influenced the 30-day probability of death. To exclude a linear 
association between predictors (collinearity), we estimated the 
variance inflation factor (a value >10 suggests collinearity) 
and inspected the correlation matrix of coefficients. The use 
of mechanical ventilatory support, the peak velocity of regur-
gitation signal through the tricuspid valve and the function of 
RV were not included in the final model due to collinearity. 
Finally, the following variables were retained in the Cox propor-
tional hazard model for the 30-day risk of death: male gender, 
age (as continuous variable), diabetes mellitus, smoking habit, 
arterial hypertension, previous CVA, anterior AMI, AMI with 
RV involvement, reperfusive therapy, mechanical circulatory 
support, surgical repair, LVEF (as continuous variable), VSR 
location and increased RV systolic pressure (severe). The risk of 
30-day mortality associated with these predictors was expressed 
as adjusted HR with 95% CI. A formal test for model overfit-
ting was performed calculating the Akaike’s information criteria 
(AIC) and Schwarz's Bayesian information criteria (BIC) coeffi-
cients11 using the estat ic command. All tests were two-tailed and 
a p value <0.05 indicated significance. Statistical analyses were 
performed with Stata V.11.2 statistical software.

resulTs
During the study period, a total of 6560 patients with a diagnosis 
of AMI were admitted to our institution. Among these patients, 
a total of 51 (0.77%) had a VSR confirmed on echocardiography 
and entered the analyses performed for the current report. The 
flow diagram of the study is depicted in figure 1.

Overall population
The baseline clinical characteristics matched a typical AMI 
population presenting VSR (table 1): the median age was 62.0 
years ((60; 70), mean 63.8 (9.1)), more than half of the partic-
ipants were men, roughly 40% were patients with diabetes 
and a fairly high proportion were active smokers. A history of 
AMI or CVA was present in 3.9% and 2.0% of patients, respec-
tively. Patients presented predominantly with anterior AMI, and 
complained of Killip class IV on admission in the majority of 
cases. A slight proportion of patients presented right ventricular 
infarction. The median time interval between AMI and VSR 
diagnosis was 3 days ((1; 6), mean 4.9 (5.5)). Overall, 86.3% 
of patients received mechanical ventilatory support, while few 
patients (3.9%) were managed with mechanical circulatory 
support (intra-aortic balloon pump). Approximately a quarter 
of the individuals had reperfusive therapy (pharmacological or 
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Table 1 Clinical features

Overall
(n=51)

hrunadjusted
(95% CI) P values

hradjusted
(95% CI) P values

Age, years 63.8 (9.1) 1.03 (0.99 to 1.07) 0.09 1.07 (1.02 to 1.13) 0.004

Male gender 51.0 0.70 (0.38 to 1.30) 0.26 0.87 (0.39 to 1.91) 0.73

Diabetes mellitus 41.2 0.95 (0.51 to 1.78) 0.89 0.57 (0.25 to 1.28) 0.17

Smoking habit 25.5 0.76 (0.37 to 1.55) 0.45 1.29 (0.53 to 3.11) 0.57

Tobacco chewer 23.5 0.95 (0.45 to 2.00) 0.89 – –

Arterial hypertension 41.2 1.05 (0.57 to 1.97) 0.86 0.76 (0.35 to 1.66) 0.50

Previous AMI 3.9 2.50 (0.58 to 10.81) 0.22 3.34 (0.58 to 19.11) 0.17

Previous CVA 2.0 12.5 (1.40 to 111.83) 0.024 52.23 (3.98 to 685.06) 0.003

Killip class on admission – –

  III 7.8 0.79 (0.24 to 2.56) 0.69 – –

  IV 51.0 1.33 (0.72 to 2.46) 0.36 – –

Anterior AMI 74.5 0.77 (0.39 to 1.52) 0.46 1.58 (0.35 to 7.24) 0.55

AMI with RV involvement 5.9 1.69 (0.51 to 5.85) 0.39 1.17 (0.22 to 6.20) 0.85

AMI to VSR diagnosis time, days 4.9 (5.5) 0.99 (0.95 to 1.05) 0.93 – –

Reperfusive therapy 27.4 1.34 (0.69 to 2.61) 0.38 1.18 (0.53 to 2.66) 0.68

  Lysis 23.5 1.37 (0.68 to 2.75) 0.37 – –

Mechanical ventilatory support 86.3 6.85 (1.62 to 29.01) 0.009 – –

Mechanical circulatory support 3.9 2.50 (0.58 to 10.81) 0.22 1.70 (0.34 to 8.45) 0.51

Inotropic agents 52.9 1.27 (0.68 to 2.37) 0.44 – –

Duration of inotropic agents, days 1.5 (1.7) 0.93 (0.78 to 1.09) 0.36 – –

Surgical repair 19.6 0.07 (0.01 to 0.31) <0.001 0.05 (0.01 to 0.26) <0.001

Time to surgery, days 7.7 (2.4) 0.83 (0.42 to 1.65) 0.60 – –

Data are mean (SD) or proportion, and unadjusted/adjusted HRs with 95% CI.
 AMI, acute myocardial infarction;  CVA, cerebrovascular accident;  RV, right ventricle;  VSR, ventricular septal rupture. 

Table 2 Echocardiographic features

Overall (n=51) hrunadjusted (95% CI) P values hradjusted (95% CI) P values

LVEF 42.5 (6.5) 0.98 (0.94 to 1.03) 0.58 0.96 (0.90 to 1.03) 0.27

VSR location

  Apical 78.4 0.74 (0.36 to 1.51) 0.41 0.34 (0.05 to 2.05) 0.24

VSR size, mm 9.5 (3.8) 0.96 (0.88 to 1.05) 0.40 – –

VSR peak velocity, m/s 3.4 (0.6) 1.17 (0.76 to 1.82) 0.46 – –

VSR peak gradient, mm Hg 48.1 (17.6) 1.00 (0.98 to 1.01) 0.72 – –

Increased RV systolic pressure – –

  Moderate (>35–55 mm Hg) 47.1 1.14 (0.62 to 2.11) 0.66 – –

  Severe (>55 mm Hg) 17.6 1.09 (0.50 to 2.37) 0.82 1.79 (0.66 to 4.86) 0.25

Data are mean (SD) or proportions, and unadjusted/adjusted HRs with 95% CI.
 LVEF, left ventricular ejection fraction;  RV, right ventricle;  VSR, ventricular septal rupture. 

mechanical) during hospital stay. Of note, the baseline features 
of those patients receiving reperfusive therapy were not signifi-
cantly different as compared with those of patients who did not. 
In two cases, VSR occurred after PCI. Of the patients, 19.6% 
underwent surgical repair of VSR after a median time of 7 days 
((6; 10), mean 7.7 (2.4)). There were two perioperative deaths 
among patients undergoing surgical repair. Notably, the base-
line features of those patients receiving surgical repair were not 
significantly different as compared with those of patients who 
did not.

On echocardiography (table 2), LVEF was moderately 
reduced. VSR was predominantly located at the apex level 
(78.4%), while mid and basal locations were the less frequent 
septal locations. All patients with a VSR involving the apex 
suffered from anterior AMI, while in patients presenting with 
inferior AMI, VSR involved the base in all cases but two, 
who presented with inferior AMI and apical VSR. The mean 

VSR size was 9.5 (3.8) mm, while the mean peak velocity and 
gradient through VSR were 3.4 (0.6) m/s and 48.1 (17.6) mm 
Hg, respectively.

survival analyses
At 30-day follow-up, 41 patients had died (Kaplan-Meier esti-
mate for 30-day mortality 80.4%, 95% CI (69 to 90); figure 2). 
Death occurred at a median of 3 days ((2; 4), mean 3.4 (3.2)) 
after VSR diagnosis. The baseline clinical (table 1) and echocar-
diographic (table 2) features were broadly similar among those 
who survived and those who did not. Of interest, patients who 
died were less likely to have received surgical repair (HRunad-

justed 0.07 (0.01 to 0.31), p<0.001), more likely to have been 
treated with mechanical ventilatory support (HRunadjusted 6.85 
(1.62 to 29.01), p=0.009) and to have a history of CVA (HRun-

adjusted 12.5 (1.40 to 111.83), p=0.024). Only nine patients with 
AMI with an apical VSR and one patient with AMI with a basal 
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Figure 2 Survival curve at 30-day follow-up.

Figure 3 Significant predictors of 30-day mortality. Plots of HR for 
30-day mortality according to age, previous CVA and surgical repair. The 
square indicates the point estimate, and the left and the right ends of 
the lines the 95% CI. CVA, cerebrovascular accident.

VSR underwent surgery. Of these, two patients (both with apical 
VSR) died perioperatively.

Predictors of 30-day mortality
Figure 3 displays the plots of adjusted HRs with 95% CI of those 
variables displaying a significant association with 30-day risk of 
death. The occurrence of death was more likely in patients with 
advanced age (HRadjusted per 1-year increase, 1.07, 95% CI (1.02 
to 1.13), p=0.004) and previous CVA (HRadjusted 52.2, 95% CI 
(3.98 to 685.06), p=0.003). Patients undergoing surgical repair 
of VSR showed significantly less likelihood of death (HRadjusted 
0.05, 95% CI (0.01 to 0.26), p<0.001). The values of AIC 
(275.5) and BIC (304.5) coefficients suggested no evidence of 
model overfitting.

dIsCussIOn
This is a cohort of contemporary patients with AMI with a 
confirmed diagnosis of VSR admitted to a tertiary centre in 
India. The following are the main findings: (1) VSR compli-
cating AMI is not rare in daily practice in India; (2) the 30-day 
mortality associated with this mechanical complication remains 
considerably high; and (3) advanced age, previous CVA and 
surgery influence the risk for 30-day mortality.

This is the largest series of patients with VSR complicating AMI 
accumulated in India, so far. In a previous report, Harikrishnan 
and coworkers9 followed up 28 patients with VSR complicating 
AMI referred to a tertiary centre 2–3 weeks after the diagnosis. 
The baseline features of these individuals were broadly compa-
rable with those of patients reported here, although they had a 
lower mortality risk as compared with participants of our study. 
This fact is attributable to a selection bias, since the previous 
study included only patients with AMI presenting late after VSR 
diagnosis. In addition, Harikrishnan and coworkers9 did not 
investigate the predictors of mortality, as we did.

While interpreting the study outcomes, certain points are 
noteworthy to remember. First, modern reperfusive strategies 
and more potent antiplatelet therapies have modified the epide-
miology of VSR complicating AMI3: in fact, the incidence of 
this complication has dramatically declined and is reported as 
high as 0.2% in recent primary PCI studies.12 In the current 
series, we found a slightly higher incidence of VSR complicating 
AMI (0.77%). This registry includes participants admitted to a 
tertiary medical centre, where patients have high disease severity. 
In addition, some patients with AMI were referred to our centre 
due to the diagnosis of VSR, a fact that could have inflated the 
observed incidence of this mechanical complication.

Second, necropsy studies of patients experiencing fatal AMI 
have consistently demonstrated that VSR occurs as a conse-
quence of a transmural infarction.13 In this respect, the reduc-
tion of ischaemia time among patients with AMI pursued in the 
last few decades in Western countries has generally reduced the 
incidence and shortened the time to diagnosis of VSR compli-
cating AMI.12 Indeed, recent data demonstrate that VSR compli-
cating AMI is diagnosed earlier (within 24 hours) as compared 
with historical cohorts (3–5 days).3 In the current report, 27.4% 
of the patients received reperfusive therapy, and the median time 
interval between AMI and VSR diagnosis was 3 days. There were 
no baseline differences between patients undergoing reperfusion 
and those who did not. The efforts in reducing delays, simpli-
fying access to hospitals and providing affordable treatments for 
patients with AMI should represent the main objectives of care 
practitioners in India, in order to lower the burden of morbidity 
and mortality associated with cardiovascular disease in this 
geographical area.14 Notwithstanding this, in patients with 
AMI developing VSR, prompt mechanical reperfusion does not 
reduce 30-day mortality.15 Consistently, in our analysis, we did 
not find a survival benefit associated with reperfusive therapy 
(HRadjusted 1.18, 95% CI (0.53 to 2.66), p=0.68).

Finally, we found that advanced age, previous CVA and 
surgical repair were effect modifiers of 30-day mortality risk in 
patients with AMI developing VSR. Advanced age and previous 
CVA may underline a higher comorbidity, which likely explains 
the statistical association of these variables with higher risk of 
death at 30 days observed in this report. Although a surgical 
repair is highly recommended for patients with AMI developing 
VSR regardless of the haemodynamic status, the timing of the 
surgical repair remains under consideration. In the current 
series, patients underwent surgery after a median time of 7 days 
and displayed 30-day mortality as high as 20%. Previous data 
show that in patients with AMI developing VSR, individuals 
undergoing surgical repair within 24 hours have the highest 
mortality (>60%), with a dramatic drop-off in those cases 
receiving surgery >7 days.6 16 In our registry, the timing at which 
patients underwent surgical repair may explain the reported 
favourable outcome, since a delayed surgery may have improved 
stability of the cardiac tissue and allowed a more effective repair 
of the VSR. In contrast, early surgery is usually performed on 
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Key messages

What is already known about this subject?
 ► Ventricular septal rupture (VSR) complicating acute 
myocardial infarction carries high mortality even in the 
reperfusion era.

 ► Data on VSR in acute myocardial infarction from India are 
limited.

What does this study add?
 ► This study is the largest series of VSR complicating acute 
myocardial infarction from  the Indian subcontinent.

 ► The 30-day mortality of such patients was very high (80.4%).
 ► Only a quarter (27.4%) of these patients had received any 
form of reperfusion therapy.

 ► Advanced age, prior cerebrovascular events and surgical 
repair were found to be independent modifiers of 30-day 
mortality.

how might this impact on clinical practice?
 ► VSR continues to impose high mortality in patients with ST-
segment elevation myocardial infarction (STEMI).

 ► Surgical correction may lead to improved survival despite 
high perioperative mortality.

 ► All attempts should be directed for timely reperfusion of 
patients with STEMI.

individuals with haemodynamic instability; thus, the improved 
outcome with delayed surgery may represent a selection bias.17 

study limitations
This study presents some limitations. First, we studied a retro-
spective cohort, with the inherent limitations of this kind of 
analyses. Second, the diagnosis of VSR in patients with AMI 
was echocardiography-based and the possibility for missed diag-
noses should be considered. Third, this limited population of 
patients with AMI with a diagnosis of VSR has inadequate statis-
tical power and the number of statistically significant variables 
among groups was scarce. In this respect, we cannot ensure that 
all potential confounders have been considered. Fourth, among 
the entire cohort of patients with AMI admitted to our institu-
tion during the study period, data on the type of myocardial 
infarction  (with or without ST-segment elevation) and the time 
from symptom onset to reperfusive therapy in individuals with 
VSR complicating AMI were not routinely collected. Fifth, clin-
ical decisions on treatment were not controlled: a biased treat-
ment allocation cannot be completely excluded, although we 
did not record baseline differences among patients allocated to 
reperfusive or surgical therapies. Sixth, the techniques used for 
surgical repair were not systematically recorded in this study 
and a possible survival benefit associated with certain surgical 
(or percutaneous) techniques cannot be investigated in this 
context. Finally, all patients were enrolled at a single centre in 
India: ethnicity plays an important prognostic role and people 
belonging to South Asian countries are among those with the 
greater mortality and morbidity from coronary heart disease as 
compared with Western countries.18 In this respect, current find-
ings do not apply to other institutions or geographical areas.

COnClusIOns
In this retrospective cohort of patients with AMI admitted to 
a single tertiary centre in India, the occurrence of VSR was 

not rare and associated with considerable 30-day mortality. 
Advanced age, previous CVA and surgical repair influenced the 
risk for 30-day mortality.
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Background Owing to the growing evidence that the pathophysiology of obstructive sleep apnoea (OSA) and metabolic

syndrome (MS) overlap considerably and both adversely impact cardiovascular health, we hypothesised

that the presence of OSA with MS additively and adversely affect the severity of coronary artery disease

(CAD). Exploration and understanding of this may have direct implications for the development of tar-

geted, preventive strategies for CAD. Thus, this prospective study was aimed to determine the prevalence of

‘Syndrome Z’ in patients of MS who present with an acute coronary event and to correlate it with the

angiographic severity of CAD in these patients.

Methods The present study was a single centre, cross sectional study conducted in a university teaching hospital. In a

span of 6 months, 922 patients with acute coronary syndromes (ACS) were screened for the study. Among

these, 861 patients had no evidence of MS. The remaining 61 patients who were diagnosed to have MS were

then subjected to an overnight sleep study. Only 58 had good sleep data so were included for further analysis.

Angiographic parameters in terms of number of vessels involved and culprit lesions were noted and correlated

with presence and absence of OSA and also with its severity based on the Apnoea/Hypopnoea Index (AHI).

Results The prevalence of OSA positivity in patients with MS who presented with ACS was 34.5% (n = 20). Most of

the patients in the OSA negative group (78.9%, n = 30) had disease limited to only one vessel while in the

OSA positive group only a minority (15%, n = 3) of patients had their disease limited to a single vessel

(p = 0.001). The number of lesions in the culprit vessel was also significantly less in the OSA negative group

compared to the OSA positive group. While in the OSA negative group 68.4% (n = 26) patients had a solitary

lesion, followed by two and three lesions in 15.8% (n = 6) of the patients each, multiple lesions were more

common in OSA positive patients, involving 80% of cases (45.0%, n = 9 with two lesions; 35.0%, n = 7 with

three lesions; only 20%, n = 4 had a solitary lesion).
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Conclusions Prevalence of ‘Syndrome Z’ is high in patients having MS presenting with ACS and it correlates with the

angiographic severity of CAD.

Keywords Coronary artery disease � Syndrome Z � Metabolic syndrome � Obstructive sleep apnoea
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Introduction
‘Syndrome Z’ is referred to as a combination of obstructive

sleep apnoea (OSA) and metabolic syndrome (MS). The

possible risk factor association of OSA for cardio-vascular

consequences was first hypothesised in the late 1990’s [1].

Understanding of risk factor clustering is of immense clini-

cal significance in order to avoid underestimation of the

severity of the situation and risk stratification. Metabolic

syndrome is one such cluster quartet of systemic hyperten-

sion, insulin resistance, hyperlipidaemia, and central obe-

sity identified by the epidemiologist for cardiovascular risk

prediction [2,3]. On the other hand OSA, which is defined as

sleep disorder characterised by recurrent episodes of nar-

rowing or collapse of pharyngeal airway during sleep

despite ongoing breathing efforts [4], is also demonstrated

to be a risk factor for cardiovascular consequences [5–7],

and is usually found in association with various compo-

nents of MS [8].

There is growing evidence that the pathophysiology of

OSA and MS overlap considerably and both of them

adversely impact cardiovascular health. In this study, we

hypothesised that the presence of OSA with MS additively

and adversely affects the severity of coronary artery disease

(CAD). Exploration and understanding of this fact may have

direct implications for the development of targeted preven-

tive strategies for CAD. Thus, this prospective study was

aimed to determine the prevalence of ‘Syndrome Z’ in

patients of MS who present with an acute coronary event

and to correlate it with the angiographic severity of CAD in

these patients.
Material and Methods
The present study was a single centre, cross sectional study

conducted over 6 months in a university teaching hospital of

North India. The study followed ethical guidelines of the

Institutional Review Board. Patients who presented to the

hospital with acute coronary syndrome (ACS) were screened

for MS using a detailed history (elicited through a pre-tested

questionnaire) and meticulous physical and biochemical

examination with particular reference to conventional coro-

nary risk factors. Comprehensive cardiovascular system

assessment was made in all patients and systematically

recorded in a predesigned proforma. Those patients with

ACS, who were found to have MS and were planned for

coronary angiography and/or angioplasty, were recruited

for the study. Patients with diabetes, on mechanical ventila-

tion, with cardiogenic shock and those at high risk for
Downloaded for Anonymous User (n/a) at King George's Medical U
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malignant ventricular arrhythmias were excluded. Metabolic

syndrome was defined according to the National Cholesterol

Education Program-Adult Treatment Panel III (NCEP-

ATPIII) criteria [9].

Written informed consent was obtained from all patients.

Further, all patients were then subjected to an overnight

sleep study using a level III portable polysomnography

diagnostic device (Embletta Gold, ResMED, Abingdon,

Oxfordshire, UK). The sleep study was done during hospital

stay and only those patients with good sleep study data of at

least 3 hours were finally included in the study. Manual

scoring of sleep tracing was done and events were scored in

accordance with principles laid down by American Acad-

emy of Sleep Medicine in 2007 and updated in 2012. For

OSA severity, classification according to the Apnoea/Hypo-

pnoea Index (AHI) was used; wherein AHI <5 events/hour

were taken as non OSA, and mild, moderate and severe

OSA were classified as AHI 5–15, 15–30 and �30 events/

hour respectively [4]. Overnight oxygen saturation (SaO2)

was recorded separately for each patient from the overall

sleep data. Lowest SaO2 during sleep as well as total time

SaO2 remained lower than 90% which was noted in all

patients.

‘Syndrome Z’ was defined as presence of both OSA (AHI

�5) and MS in the same patient. Angiographic results

obtained from OSA positive patients (i.e. Syndrome Z) were

compared with OSA negative ones. Angiographic severity of

CAD was expressed not only by the number of major epicar-

dial vessels involved but also by the number of lesions per

vessel involved. In calculating the number of lesions in the

culprit artery, the lesions were considered separate if they

were separated by a distance greater than three times the

vessel diameter. In different coronary artery lesions, severity

greater than 50% diameter stenosis was considered to be

significant to qualify as angiographically involved vessels.

Statistical Analysis
Multivariate logistic regression was used to assess the impact

of the presence of OSA on the extent and severity of CAD by

angiography. P-values less than 0.05 were considered to be

statistically significant. All the hypotheses were formulated

using two-tailed alternatives against each null hypothesis

(hypothesis of no difference). The entire data was statistically

analysed using Statistical Package for Social Sciences (SPSS

ver. 20.0, IBM Corporation, Armonk, NY, USA) for MS Win-

dows. The data on categorical variables was shown as per-

centage (%). The inter-group comparison of categorical

variables was done using the chi-square test or Fisher’s exact

probability test for 2 � 2 contingency table.
niversity from ClinicalKey.com by Elsevier on June 27, 
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Results
A total of 922 patients admitted with a diagnosis of ACS and

planned for coronary angiography and/or revascularisation

were screened for the study. Among them, in 861 (93.4%)

patients, there was no evidence of MS. Thus, the prevalence

of MS in our cohort of patients presenting with ACS was 6.6%

(n = 61). Out of those with MS, three patients had to be

excluded because of inconclusive sleep study data. After

an overnight sleep study data of at least 3 hours, 34.5%

(n = 20) had OSA and the rest 65.5% (n = 38) were found

to be OSA negative. Thus rendering an overall prevalence of

‘Syndrome Z’, in patients with ACS as 2.17% (Figure 1).

Of all the demographic parameters, AHI correlated posi-

tively in a statistically significant fashion only with weight

(Coefficient of correlation r = 0.271, p = 0.038) and body mass

index (BMI) (Coefficient of correlation r = 0.30, p = 0.02; Fig-

ure 2a & 2b).

The multivariate logistic regression analysis of indepen-

dent variables showed that Syndrome ‘Z’ (as compared to

MS alone), was not additionally correlated to any of the

conventional risk factors of CAD (Table 1).

In our study cohort, non-ST elevated myocardial infarction

(NSTEMI) was the most common indication for angiography

in both OSA positive (n = 11; 55%) as well as OSA negative

group (n = 22; 56.4%), followed by ST-elevated myocardial

infarction (STEMI) and unstable angina. With all the indica-

tions being statistically comparable in the two groups

(p < 0.59), on angiography, the most commonly involved

vessel was left anterior descending artery (OSA positive:

70%, n = 14; OSA negative: 21%, n = 53.8%) followed by right

coronary artery followed by left circumflex artery in both the

groups. Only one patient presented with a re-stenotic lesion,

in the OSA negative groups. The rest all were de-novo

lesions.
Non OSA +ve n = 38
(65.5%)

Inconclusive sleep study n = 3

MS
n = 61 (6.6%)

Non - MS
n = 861 (93.4%)

(excluded)

Patients screened for 
ACS due for
      n = 922 

OSA +ve n = 20 (34.5%)
SYNDROME ‘Z’

Figure 1 Distribution of patients recruited for the study.
Abbreviations: ACS, acute coronary syndrome; OSA,
obstructive sleep apnoea; MS, metabolic syndrome.
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A positive diagnosis of OSA correlated with severity of

underlying CAD expressed as the number of epicardial ves-

sels afflicted. Most of the patients with OSA negative status

(78.9%, n = 30) had disease limited to only one vessel while in

OSA positive group only a minority (15%, n = 3) of patients

had their disease limited to a single vessel (p = 0.001).

Obstructive sleep apnoea positive patients or patients having

‘Syndrome Z’ were more likely to have multiple vessel

involvement at the time of first diagnosis. Nearly half of

these patients (45%, n = 9) had disease in two vessels and

in 40% (n = 8) of cases the disease had involved all the three

vessels (Table 2a).

A high severity of disease burden expressed as vessels

with multiple versus single lesions was typical of patients

with coexistent OSA. While in the OSA negative group 68.4%

(n = 26) of patients had a solitary lesion, followed by two and

three lesions in 15.4% (n = 6) of the patients each, multiple

lesions were a more or less universal phenomenon in OSA

positive cases involving 80% of cases (45%, n = 9 with two

lesions; 35%, n = 7 with three lesions). Only a minority of four

patients had disease limited to one lesion with OSA positive

status (Table 2b).

The distribution of angiographic severity of CAD in rela-

tion to the number of vessels involved and the number of

culprit lesions and severity of OSA (mild, moderate, and

severe) is depicted in Tables 3a and 3b. There was a dose

response relationship between OSA severity and the pres-

ence of CAD. Interestingly, all patients with moderate and

severe OSA had either multivessel disease or multiple lesions

in their coronary arteries.

The patients in whom the SaO2 remained below 90% for a

longer period of time during sleep study had more propen-

sity for having triple vessel disease (32.7 vs 46.2 minutes in 1

vs. 3 vessel disease; p-value = 0.007) (Table 4).
Discussion
In the present study, the prevalence of ‘Syndrome Z’ among

patients presenting with ACS was found to be 2.17%. The

prevalence of ‘Syndrome Z’ or OSA positive status among

patients diagnosed to have MS was higher as compared to

its prevalence in population cited in the literature. In a

population based study from India, the prevalence of

‘Syndrome Z’ among the general population was found

to be 4.5% [10]. Among four different socioeconomic zones

from the capital city of India the prevalence was estimated

to be 19.9% [11]. Obstructive sleep apnoea independently

has been shown to be present in 46–66% of patients present-

ing with ACS [12,13]. In our study, we have included only

those patients who presented with ACS and had MS and

then tried to estimate the prevalence of ‘Syndrome Z’ in this

subset of the population and found it to be 34.5%. A pilot

study conducted in a teaching hospital in Singapore found

an extremely high association of OSA with MS conferring a

prevalence of 95.8% to Syndrome Z [14]. However, this

study had many confounding factors, like small sample
l University from ClinicalKey.com by Elsevier on June 27, 
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Figure 2 (a) Correlation of weight with AHI (Apnoea/Hypopnoea Index). (b) Correlation of BMI (body mass index) with
AHI.
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size, and a high dropout rate, thus these results must be

interpreted with caution. Though there have not been many

studies in India or elsewhere to determine the prevalence

of Syndrome Z, we still feel that the prevalence in our subset

of the population is much higher owing to the fact that all

our patients already had cardiovascular pathology and we

also had male preponderance (90%). The lower incidence of

‘Syndrome Z’ or OSA in women [15] can be explained by the

lack of testosterone, which mediates aggravation of sleep

disordered breathing, coupled with a protective effect of

female hormones. Smoking and alcoholism, two important
Downloaded for Anonymous User (n/a) at King George's Medical U
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risk factors, are also, on an average, presumably less com-

mon among women.

The analysis of variables revealed only one statistically

significant correlation, as the BMI increased so did the

AHI and subsequently the incidence of OSA or ‘Syndrome

Z’. Similar results have been reported in earlier studies too

[10,13].

According to the recent ‘‘European Guidelines on Cardio-

vascular Disease Prevention in Clinical Practice”, OSA is

considered a new cardiovascular risk factor [16]. Many stud-

ies have shown a positive correlation between OSA and CAD
niversity from ClinicalKey.com by Elsevier on June 27, 
. Copyright ©2022. Elsevier Inc. All rights reserved.



Table 1 The independent determinants of prevalence of OSA positivity (multivariate logistic regression analysis).

Risk factors (variables included in the model) Odds Ratio (OR) 95% CI for Odds Ratio P-value

Age Group (years) <50 1.000 – –

>50 2.245 0.473–10.643 0.309NS

Sex Female 1.000 – –

Male 1.079 0.119–9.758 0.946NS

Hypertension Absent 1.000 – –

Present 2.146 0.620–7.433 0.228NS

Neck Circumference (cm) <43.0 1.000 – –

>43.0 2.422 0.676–8.675 0.174NS

Smoking Status No 1.000 – –

Yes 2.461 0.543–11.159 0.243NS

Waist Circumference (cm) <102 (M), <90 (F) 1.000 – –

�102 (M), <90 (F) 1.197 0.226–6.349 0.832NS

S. Creatinine <1.2 mg/dL 1.000 – –

�1.2 mg/dL 1.600 0.255–10.055 0.616NS

Odds Ratio = 1: Reference Category. Dependent variable: OSA Positivity. NS: Statistically Non-Significant.

Abbreviation: OSA, obstructive sleep apnoea.

Table 2a The distribution of angiographic severity coronary artery disease according to OSA positivity.

OSA Negative (n = 38) OSA Positive (n = 21) P-value

No. of Vessels n % n %

1 30 78.9 3 14.3 0.001***

2 5 13.2 10 47.6

3 3 7.9 8 38.1

Total 38 100.0 21 100.0

Abbreviation: OSA, obstructive sleep apnoea.
*P-value by chi-Square test. P-value <0.05 is considered to be statistically significant.
***P-value <0.001 (Statistically Highly Significant).

Table 2b The distribution of angiographic severity coronary artery disease according to OSA positivity.

OSA Negative (n = 38) OSA Positive (n = 21) P-value

No. of Lesions n % n %

1 26 68.4 4 19.0 0.001***

2 6 15.8 9 42.9

3 6 15.8 8 38.1

Total 38 100.0 21 100.0

Abbreviation: OSA, obstructive sleep apnoea.

P-value by Chi-Square test. P-value < 0.05 is considered to be statistically significant.
***P-value <0.001 (Statistically Highly Significant).
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Table 3a The distribution of angiographic severity coronary artery disease according to severity of OSA positivity.

OSA Negative (n = 38) Mild OSA (n = 13) Moderate OSA (n = 5) Severe OSA (n = 2) P-value

No. of Vessels n % n % n % n %

1 30 78.9 3 21.4 0 0.0 0 0.0 0.001**

2 5 13.2 6 42.9 4 80.0 0 0.0

3 3 7.9 5 35.7 1 20.0 2 100.0

Total 38 100.0 14 100.0 5 100.0 2 100.0

Abbreviations: OSA, obstructive sleep apnoea.

P-value by Chi-Square test. P-value <0.05 is considered to be statistically significant.
**P-value <0.01 (Statistically Significant).

Table 3b The distribution of angiographic severity coronary artery disease according to severity of OSA positivity.

OSA Negative (n = 38) Mild OSA (n = 13) Moderate OSA (n = 5) Severe OSA (n = 2) P-value

No. of Lesions n % n % n % n %

1 26 68.4 4 28.6 0 0.0 0 0.0 0.002**

2 6 15.8 7 50.0 1 20.0 1 50.0

3 6 15.8 3 21.4 4 80.0 1 50.0

Total 38 100.0 14 100.0 5 100.0 2 100.0

Abbreviations: OSA, obstructive sleep apnoea.

P-value by Chi-Square test. P-value <0.05 is considered to be statistically significant.
**P-value <0.01 (Statistically Significant).

Table 4 The distribution of average time of SaO2
<90% according to angiographic severity of CAD
(No. of vessels).

Time SaO2 < 90% (Mins)**

No. of Vessels N Mean SD Median Min–Max

1 32 32.71 90.33 0.00 0.0–440.4

2 14 13.46 19.15 5.10 0.0–69.4

3 11 46.21 98.97 2.40 0.0–275.2

Abbreviations: CAD, coronary artery disease; SaO2, oxygen saturation.

P-value = 0.007**. P-value by Kruskal Wallis H test, p-value <0.05 is con-

sidered to be statistically significant.
**P-value <0.01 (xtatistically xignificant).

Correlation of Syndrome Z and Angiographic severity in ACS 1181
[17–20]. The novelty of the present study lies not only in the

fact that we have demonstrated an association of OSA with

MS (Syndrome Z) and CAD, but also in the observation that

angiographic severity of CAD was related to presence or

absence of OSA in cases with MS.

Baseline thrombolysis in myocardial infarction (TIMI) flow

did not show a significant correlation with AHI. Most cases in

the present study had a single vessel involved. The baseline

TIMI flow was good (i.e. 3) in most subjects. Only 25.4% cases
Downloaded for Anonymous User (n/a) at King George's Medical U
2022. For personal use only. No other uses without permission
had a baseline TIMI 0. We were able to reperfuse successfully

in all cases and achieve a TIMI of 3 post procedure in all of

them.

The majority of patients in our cohort had NSTEMI and the

most common vessel involved was the LAD artery in both

OSA positive and OSA negative groups followed by the RCA

though there was no statistically significant difference

between the two groups of subjects. There is no similar study

in the literature to compare our angiographic findings. Lee

et al. have studied the angiographic profile in patients with

OSA admitted for acute myocardial infarction and found the

left anterior descending artery as the most common culprit

lesion [13]. The relationship between MS and angiographic

severity of CAD has already been established [21–23]. How-

ever, to the best of our knowledge this is the first study which

prospectively evaluated the association of ‘Syndrome Z’ with

ACS and angiographic severity of CAD. These results defi-

nitely create a platform for large population-based studies to

link the association of ‘Syndrome Z’ and CAD in the general

population to direct implications for the development of

targeted preventive strategies for ACS. A study from Spain

that established OSA to be an independent risk factor for the

development of left ventricular diastolic abnormalities, also

demonstrated the role of nasal Continuous Positive Airway

Pressure (nCPAP) in improving these alterations by elimi-

nating apnoeic events. Thus, it is proposed that the chronic
niversity from ClinicalKey.com by Elsevier on June 27, 
. Copyright ©2022. Elsevier Inc. All rights reserved.
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application of CPAP could avoid the progression of diastolic

abnormalities, and indeed, it might reverse these alterations,

at least in the initial stages before severe structural changes

can be developed [24]. A meta-analysis of 10 randomised

controlled trials also supports the notion that CPAP may

improve the LVEF among patients with OSA [25].

The results of this study seem to render a new direction for

the development of prevention and management strategies

for patients with ACS in the presence of MS. However, these

need to be interpreted with caution as the study was con-

ducted in a focussed group of patients presenting at a tertiary

care referral centre setting with a mostly high-risk case pop-

ulation. The other limitations of our study were small sample

size, preponderance of male subjects in the study cohort, and

short duration of study.
Conclusion
Prevalence of syndrome ‘Z’ is much higher in patients having

MS presenting with ACS and the presence of Syndrome ‘Z’

correlates with the angiographic severity of CAD in this

clinical setting. Clinicians should keep a high index of sus-

picion for Syndrome ‘Z’ while managing patients with ACS.
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DesCripTion
A 45-year-old woman with diabetes was referred 
to us with history of pain in her right flank asso-
ciated with fever since the past 15 days. She had 
initially presented to a local practitioner who had 
prescribed her antibiotics and analgesics, but got 
no respite. On local examination, she was found 
to have fullness and tenderness in her right flank. 
Her routine blood/urine investigations showed 
hyperglycaemia, leucocytosis, pyuria and keton-
uria. Her ultrasonography showed an enlarged 
right kidney with coarse echoes within the renal 
parenchyma with perinephric air and fluid collec-
tion. We performed an ultrasound-guided right 
percutaneous nephrostomy (PCN) and pigtail 
catheter placement in the perinephric collection. 
Her pigtail catheter drained bilious fluid which on 
analysis revealed the presence of bile salts. The 
urine culture and the cultures of fluids obtained 
from the PCN and pigtail catheter revealed growth 
of Escherichia coli, while the blood culture was 
sterile. The patient underwent contrast-enhanced 
CT of the abdomen with oral contrast which 
revealed presence of concomitant emphysema-
tous pyelonephritis (EP) and a duodenal fistula 
communicating with the right perinephric space 
(figure 1). The patient was managed in conjunc-
tion with an endocrinologist and a surgical 
gastroenterologist. Hyperlycaemic control was 
achieved and a feeding jejunostomy was fash-
ioned. The patient was administered intravenous 
piperacillin and tazobactam during her stay in 
the hospital and oral levofloxacin for 10 days 

postdischarge as per her culture reports. After the 
patient's general condition improved, open repair 
of the duodenal perforation was performed. The 
PCN tubes and the pigtail catheters were eventu-
ally removed once the pigtail catheter drained less 
than 20 mL per 24 hours.

EP constitutes an emergency with a male-to-fe-
male ratio of 6:1. EP is an acute necrotic infection 
of the kidney which results in the formation of 
gas within the renal parenchyma, the collecting 
system, the perinephric tissues, and rarely the 
spermatic cord and the scrotum.1 2 Duodenal 
perforation allows for potential direct commu-
nication between the right anterior pararenal 
space and the right perirenal space due to variable 
insertion of the right anterior renal fascia onto the 
lateral wall of the descending duodenum rather 
than always on the periaortocaval connective 
tissues. Therefore, the presence of air in the right 
perirenal space should alert the radiologist to the 
possibility of duodenal perforation.3 Although 
there are reports in the literature where one of 
these conditions mimics the other due to similar 
radiographic pictures, we present a rarity where 
both these conditions are coexisting in the same 
patient.

Learning points

 ► Emphysematous  pyelonephritis and duodenal 
perforation are both important causes of air 
in the right perirenal space. While they may 
mimic each other due to similar radiographic 
appearance, the presence of one of these 
conditions should not make us ignore the 
possibility of the concomitant presence of the 
other.

 ► When, in a patient with primary renal 
pathology, the clinical picture of the patient is 
suggestive of duodenal perforation, we should 
strongly consider the administration of oral 
contrast while obtaining a contrast-enhanced 
CT scan of the patient.

 ► The presence of bile in the perinephric drain of 
a patient should set the alarm bells of duodenal 
perforation ringing in our ears.

Contributors SM conceived the case report. SM and VJS were 
major contributors towards writing the manuscript. RJS, SP and VJS 
treated the patient and also interpreted the patient data. SM and 
SP were involved in the review. All authors read and approved the 
final manuscript.

Figure 1 Images showing the extravasation of oral 
contrast via the duodenal perforation into the right 
anterior perirenal space (arrow), in both plain (upper two 
images) and intravenous contrast-enhanced (lower two 
images) CT images. The presence of nephrostomy tube 
and pigtail catheter in the right renal collecting system 
and right renal perinephric space can also be noted.
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DesCripTion
A 45-year-old woman with diabetes was referred 
to us with history of pain in her right flank asso-
ciated with fever since the past 15 days. She had 
initially presented to a local practitioner who had 
prescribed her antibiotics and analgesics, but got 
no respite. On local examination, she was found 
to have fullness and tenderness in her right flank. 
Her routine blood/urine investigations showed 
hyperglycaemia, leucocytosis, pyuria and keton-
uria. Her ultrasonography showed an enlarged 
right kidney with coarse echoes within the renal 
parenchyma with perinephric air and fluid collec-
tion. We performed an ultrasound-guided right 
percutaneous nephrostomy (PCN) and pigtail 
catheter placement in the perinephric collection. 
Her pigtail catheter drained bilious fluid which on 
analysis revealed the presence of bile salts. The 
urine culture and the cultures of fluids obtained 
from the PCN and pigtail catheter revealed growth 
of Escherichia coli, while the blood culture was 
sterile. The patient underwent contrast-enhanced 
CT of the abdomen with oral contrast which 
revealed presence of concomitant emphysema-
tous pyelonephritis (EP) and a duodenal fistula 
communicating with the right perinephric space 
(figure 1). The patient was managed in conjunc-
tion with an endocrinologist and a surgical 
gastroenterologist. Hyperlycaemic control was 
achieved and a feeding jejunostomy was fash-
ioned. The patient was administered intravenous 
piperacillin and tazobactam during her stay in 
the hospital and oral levofloxacin for 10 days 

postdischarge as per her culture reports. After the 
patient's general condition improved, open repair 
of the duodenal perforation was performed. The 
PCN tubes and the pigtail catheters were eventu-
ally removed once the pigtail catheter drained less 
than 20 mL per 24 hours.

EP constitutes an emergency with a male-to-fe-
male ratio of 6:1. EP is an acute necrotic infection 
of the kidney which results in the formation of 
gas within the renal parenchyma, the collecting 
system, the perinephric tissues, and rarely the 
spermatic cord and the scrotum.1 2 Duodenal 
perforation allows for potential direct commu-
nication between the right anterior pararenal 
space and the right perirenal space due to variable 
insertion of the right anterior renal fascia onto the 
lateral wall of the descending duodenum rather 
than always on the periaortocaval connective 
tissues. Therefore, the presence of air in the right 
perirenal space should alert the radiologist to the 
possibility of duodenal perforation.3 Although 
there are reports in the literature where one of 
these conditions mimics the other due to similar 
radiographic pictures, we present a rarity where 
both these conditions are coexisting in the same 
patient.

Learning points

 ► Emphysematous  pyelonephritis and duodenal 
perforation are both important causes of air 
in the right perirenal space. While they may 
mimic each other due to similar radiographic 
appearance, the presence of one of these 
conditions should not make us ignore the 
possibility of the concomitant presence of the 
other.

 ► When, in a patient with primary renal 
pathology, the clinical picture of the patient is 
suggestive of duodenal perforation, we should 
strongly consider the administration of oral 
contrast while obtaining a contrast-enhanced 
CT scan of the patient.

 ► The presence of bile in the perinephric drain of 
a patient should set the alarm bells of duodenal 
perforation ringing in our ears.

Contributors SM conceived the case report. SM and VJS were 
major contributors towards writing the manuscript. RJS, SP and VJS 
treated the patient and also interpreted the patient data. SM and 
SP were involved in the review. All authors read and approved the 
final manuscript.

Figure 1 Images showing the extravasation of oral 
contrast via the duodenal perforation into the right 
anterior perirenal space (arrow), in both plain (upper two 
images) and intravenous contrast-enhanced (lower two 
images) CT images. The presence of nephrostomy tube 
and pigtail catheter in the right renal collecting system 
and right renal perinephric space can also be noted.
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Background Owing to the growing evidence that the pathophysiology of obstructive sleep apnoea (OSA) and metabolic

syndrome (MS) overlap considerably and both adversely impact cardiovascular health, we hypothesised

that the presence of OSA with MS additively and adversely affect the severity of coronary artery disease

(CAD). Exploration and understanding of this may have direct implications for the development of tar-

geted, preventive strategies for CAD. Thus, this prospective study was aimed to determine the prevalence of

‘Syndrome Z’ in patients of MS who present with an acute coronary event and to correlate it with the

angiographic severity of CAD in these patients.

Methods The present study was a single centre, cross sectional study conducted in a university teaching hospital. In a

span of 6 months, 922 patients with acute coronary syndromes (ACS) were screened for the study. Among

these, 861 patients had no evidence of MS. The remaining 61 patients who were diagnosed to have MS were

then subjected to an overnight sleep study. Only 58 had good sleep data so were included for further analysis.

Angiographic parameters in terms of number of vessels involved and culprit lesions were noted and correlated

with presence and absence of OSA and also with its severity based on the Apnoea/Hypopnoea Index (AHI).

Results The prevalence of OSA positivity in patients with MS who presented with ACS was 34.5% (n = 20). Most of

the patients in the OSA negative group (78.9%, n = 30) had disease limited to only one vessel while in the

OSA positive group only a minority (15%, n = 3) of patients had their disease limited to a single vessel

(p = 0.001). The number of lesions in the culprit vessel was also significantly less in the OSA negative group

compared to the OSA positive group. While in the OSA negative group 68.4% (n = 26) patients had a solitary

lesion, followed by two and three lesions in 15.8% (n = 6) of the patients each, multiple lesions were more

common in OSA positive patients, involving 80% of cases (45.0%, n = 9 with two lesions; 35.0%, n = 7 with

three lesions; only 20%, n = 4 had a solitary lesion).
© 2018 Published by Elsevier B.V. on behalf of Australian and New Zealand Society of Cardiac and Thoracic Surgeons (ANZSCTS) and the Cardiac Society of Australia

and New Zealand (CSANZ).
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Conclusions Prevalence of ‘Syndrome Z’ is high in patients having MS presenting with ACS and it correlates with the

angiographic severity of CAD.

Keywords Coronary artery disease � Syndrome Z � Metabolic syndrome � Obstructive sleep apnoea
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Introduction
‘Syndrome Z’ is referred to as a combination of obstructive

sleep apnoea (OSA) and metabolic syndrome (MS). The

possible risk factor association of OSA for cardio-vascular

consequences was first hypothesised in the late 1990’s [1].

Understanding of risk factor clustering is of immense clini-

cal significance in order to avoid underestimation of the

severity of the situation and risk stratification. Metabolic

syndrome is one such cluster quartet of systemic hyperten-

sion, insulin resistance, hyperlipidaemia, and central obe-

sity identified by the epidemiologist for cardiovascular risk

prediction [2,3]. On the other hand OSA, which is defined as

sleep disorder characterised by recurrent episodes of nar-

rowing or collapse of pharyngeal airway during sleep

despite ongoing breathing efforts [4], is also demonstrated

to be a risk factor for cardiovascular consequences [5–7],

and is usually found in association with various compo-

nents of MS [8].

There is growing evidence that the pathophysiology of

OSA and MS overlap considerably and both of them

adversely impact cardiovascular health. In this study, we

hypothesised that the presence of OSA with MS additively

and adversely affects the severity of coronary artery disease

(CAD). Exploration and understanding of this fact may have

direct implications for the development of targeted preven-

tive strategies for CAD. Thus, this prospective study was

aimed to determine the prevalence of ‘Syndrome Z’ in

patients of MS who present with an acute coronary event

and to correlate it with the angiographic severity of CAD in

these patients.
Material and Methods
The present study was a single centre, cross sectional study

conducted over 6 months in a university teaching hospital of

North India. The study followed ethical guidelines of the

Institutional Review Board. Patients who presented to the

hospital with acute coronary syndrome (ACS) were screened

for MS using a detailed history (elicited through a pre-tested

questionnaire) and meticulous physical and biochemical

examination with particular reference to conventional coro-

nary risk factors. Comprehensive cardiovascular system

assessment was made in all patients and systematically

recorded in a predesigned proforma. Those patients with

ACS, who were found to have MS and were planned for

coronary angiography and/or angioplasty, were recruited

for the study. Patients with diabetes, on mechanical ventila-

tion, with cardiogenic shock and those at high risk for
Downloaded for Anonymous User (n/a) at King George's Medical U
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malignant ventricular arrhythmias were excluded. Metabolic

syndrome was defined according to the National Cholesterol

Education Program-Adult Treatment Panel III (NCEP-

ATPIII) criteria [9].

Written informed consent was obtained from all patients.

Further, all patients were then subjected to an overnight

sleep study using a level III portable polysomnography

diagnostic device (Embletta Gold, ResMED, Abingdon,

Oxfordshire, UK). The sleep study was done during hospital

stay and only those patients with good sleep study data of at

least 3 hours were finally included in the study. Manual

scoring of sleep tracing was done and events were scored in

accordance with principles laid down by American Acad-

emy of Sleep Medicine in 2007 and updated in 2012. For

OSA severity, classification according to the Apnoea/Hypo-

pnoea Index (AHI) was used; wherein AHI <5 events/hour

were taken as non OSA, and mild, moderate and severe

OSA were classified as AHI 5–15, 15–30 and �30 events/

hour respectively [4]. Overnight oxygen saturation (SaO2)

was recorded separately for each patient from the overall

sleep data. Lowest SaO2 during sleep as well as total time

SaO2 remained lower than 90% which was noted in all

patients.

‘Syndrome Z’ was defined as presence of both OSA (AHI

�5) and MS in the same patient. Angiographic results

obtained from OSA positive patients (i.e. Syndrome Z) were

compared with OSA negative ones. Angiographic severity of

CAD was expressed not only by the number of major epicar-

dial vessels involved but also by the number of lesions per

vessel involved. In calculating the number of lesions in the

culprit artery, the lesions were considered separate if they

were separated by a distance greater than three times the

vessel diameter. In different coronary artery lesions, severity

greater than 50% diameter stenosis was considered to be

significant to qualify as angiographically involved vessels.

Statistical Analysis
Multivariate logistic regression was used to assess the impact

of the presence of OSA on the extent and severity of CAD by

angiography. P-values less than 0.05 were considered to be

statistically significant. All the hypotheses were formulated

using two-tailed alternatives against each null hypothesis

(hypothesis of no difference). The entire data was statistically

analysed using Statistical Package for Social Sciences (SPSS

ver. 20.0, IBM Corporation, Armonk, NY, USA) for MS Win-

dows. The data on categorical variables was shown as per-

centage (%). The inter-group comparison of categorical

variables was done using the chi-square test or Fisher’s exact

probability test for 2 � 2 contingency table.
niversity from ClinicalKey.com by Elsevier on June 27, 
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Results
A total of 922 patients admitted with a diagnosis of ACS and

planned for coronary angiography and/or revascularisation

were screened for the study. Among them, in 861 (93.4%)

patients, there was no evidence of MS. Thus, the prevalence

of MS in our cohort of patients presenting with ACS was 6.6%

(n = 61). Out of those with MS, three patients had to be

excluded because of inconclusive sleep study data. After

an overnight sleep study data of at least 3 hours, 34.5%

(n = 20) had OSA and the rest 65.5% (n = 38) were found

to be OSA negative. Thus rendering an overall prevalence of

‘Syndrome Z’, in patients with ACS as 2.17% (Figure 1).

Of all the demographic parameters, AHI correlated posi-

tively in a statistically significant fashion only with weight

(Coefficient of correlation r = 0.271, p = 0.038) and body mass

index (BMI) (Coefficient of correlation r = 0.30, p = 0.02; Fig-

ure 2a & 2b).

The multivariate logistic regression analysis of indepen-

dent variables showed that Syndrome ‘Z’ (as compared to

MS alone), was not additionally correlated to any of the

conventional risk factors of CAD (Table 1).

In our study cohort, non-ST elevated myocardial infarction

(NSTEMI) was the most common indication for angiography

in both OSA positive (n = 11; 55%) as well as OSA negative

group (n = 22; 56.4%), followed by ST-elevated myocardial

infarction (STEMI) and unstable angina. With all the indica-

tions being statistically comparable in the two groups

(p < 0.59), on angiography, the most commonly involved

vessel was left anterior descending artery (OSA positive:

70%, n = 14; OSA negative: 21%, n = 53.8%) followed by right

coronary artery followed by left circumflex artery in both the

groups. Only one patient presented with a re-stenotic lesion,

in the OSA negative groups. The rest all were de-novo

lesions.
Non OSA +ve n = 38
(65.5%)

Inconclusive sleep study n = 3

MS
n = 61 (6.6%)

Non - MS
n = 861 (93.4%)

(excluded)

Patients screened for 
ACS due for
      n = 922 

OSA +ve n = 20 (34.5%)
SYNDROME ‘Z’

Figure 1 Distribution of patients recruited for the study.
Abbreviations: ACS, acute coronary syndrome; OSA,
obstructive sleep apnoea; MS, metabolic syndrome.
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A positive diagnosis of OSA correlated with severity of

underlying CAD expressed as the number of epicardial ves-

sels afflicted. Most of the patients with OSA negative status

(78.9%, n = 30) had disease limited to only one vessel while in

OSA positive group only a minority (15%, n = 3) of patients

had their disease limited to a single vessel (p = 0.001).

Obstructive sleep apnoea positive patients or patients having

‘Syndrome Z’ were more likely to have multiple vessel

involvement at the time of first diagnosis. Nearly half of

these patients (45%, n = 9) had disease in two vessels and

in 40% (n = 8) of cases the disease had involved all the three

vessels (Table 2a).

A high severity of disease burden expressed as vessels

with multiple versus single lesions was typical of patients

with coexistent OSA. While in the OSA negative group 68.4%

(n = 26) of patients had a solitary lesion, followed by two and

three lesions in 15.4% (n = 6) of the patients each, multiple

lesions were a more or less universal phenomenon in OSA

positive cases involving 80% of cases (45%, n = 9 with two

lesions; 35%, n = 7 with three lesions). Only a minority of four

patients had disease limited to one lesion with OSA positive

status (Table 2b).

The distribution of angiographic severity of CAD in rela-

tion to the number of vessels involved and the number of

culprit lesions and severity of OSA (mild, moderate, and

severe) is depicted in Tables 3a and 3b. There was a dose

response relationship between OSA severity and the pres-

ence of CAD. Interestingly, all patients with moderate and

severe OSA had either multivessel disease or multiple lesions

in their coronary arteries.

The patients in whom the SaO2 remained below 90% for a

longer period of time during sleep study had more propen-

sity for having triple vessel disease (32.7 vs 46.2 minutes in 1

vs. 3 vessel disease; p-value = 0.007) (Table 4).
Discussion
In the present study, the prevalence of ‘Syndrome Z’ among

patients presenting with ACS was found to be 2.17%. The

prevalence of ‘Syndrome Z’ or OSA positive status among

patients diagnosed to have MS was higher as compared to

its prevalence in population cited in the literature. In a

population based study from India, the prevalence of

‘Syndrome Z’ among the general population was found

to be 4.5% [10]. Among four different socioeconomic zones

from the capital city of India the prevalence was estimated

to be 19.9% [11]. Obstructive sleep apnoea independently

has been shown to be present in 46–66% of patients present-

ing with ACS [12,13]. In our study, we have included only

those patients who presented with ACS and had MS and

then tried to estimate the prevalence of ‘Syndrome Z’ in this

subset of the population and found it to be 34.5%. A pilot

study conducted in a teaching hospital in Singapore found

an extremely high association of OSA with MS conferring a

prevalence of 95.8% to Syndrome Z [14]. However, this

study had many confounding factors, like small sample
l University from ClinicalKey.com by Elsevier on June 27, 
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Figure 2 (a) Correlation of weight with AHI (Apnoea/Hypopnoea Index). (b) Correlation of BMI (body mass index) with
AHI.
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size, and a high dropout rate, thus these results must be

interpreted with caution. Though there have not been many

studies in India or elsewhere to determine the prevalence

of Syndrome Z, we still feel that the prevalence in our subset

of the population is much higher owing to the fact that all

our patients already had cardiovascular pathology and we

also had male preponderance (90%). The lower incidence of

‘Syndrome Z’ or OSA in women [15] can be explained by the

lack of testosterone, which mediates aggravation of sleep

disordered breathing, coupled with a protective effect of

female hormones. Smoking and alcoholism, two important
Downloaded for Anonymous User (n/a) at King George's Medical U
2022. For personal use only. No other uses without permission
risk factors, are also, on an average, presumably less com-

mon among women.

The analysis of variables revealed only one statistically

significant correlation, as the BMI increased so did the

AHI and subsequently the incidence of OSA or ‘Syndrome

Z’. Similar results have been reported in earlier studies too

[10,13].

According to the recent ‘‘European Guidelines on Cardio-

vascular Disease Prevention in Clinical Practice”, OSA is

considered a new cardiovascular risk factor [16]. Many stud-

ies have shown a positive correlation between OSA and CAD
niversity from ClinicalKey.com by Elsevier on June 27, 
. Copyright ©2022. Elsevier Inc. All rights reserved.



Table 1 The independent determinants of prevalence of OSA positivity (multivariate logistic regression analysis).

Risk factors (variables included in the model) Odds Ratio (OR) 95% CI for Odds Ratio P-value

Age Group (years) <50 1.000 – –

>50 2.245 0.473–10.643 0.309NS

Sex Female 1.000 – –

Male 1.079 0.119–9.758 0.946NS

Hypertension Absent 1.000 – –

Present 2.146 0.620–7.433 0.228NS

Neck Circumference (cm) <43.0 1.000 – –

>43.0 2.422 0.676–8.675 0.174NS

Smoking Status No 1.000 – –

Yes 2.461 0.543–11.159 0.243NS

Waist Circumference (cm) <102 (M), <90 (F) 1.000 – –

�102 (M), <90 (F) 1.197 0.226–6.349 0.832NS

S. Creatinine <1.2 mg/dL 1.000 – –

�1.2 mg/dL 1.600 0.255–10.055 0.616NS

Odds Ratio = 1: Reference Category. Dependent variable: OSA Positivity. NS: Statistically Non-Significant.

Abbreviation: OSA, obstructive sleep apnoea.

Table 2a The distribution of angiographic severity coronary artery disease according to OSA positivity.

OSA Negative (n = 38) OSA Positive (n = 21) P-value

No. of Vessels n % n %

1 30 78.9 3 14.3 0.001***

2 5 13.2 10 47.6

3 3 7.9 8 38.1

Total 38 100.0 21 100.0

Abbreviation: OSA, obstructive sleep apnoea.
*P-value by chi-Square test. P-value <0.05 is considered to be statistically significant.
***P-value <0.001 (Statistically Highly Significant).

Table 2b The distribution of angiographic severity coronary artery disease according to OSA positivity.

OSA Negative (n = 38) OSA Positive (n = 21) P-value

No. of Lesions n % n %

1 26 68.4 4 19.0 0.001***

2 6 15.8 9 42.9

3 6 15.8 8 38.1

Total 38 100.0 21 100.0

Abbreviation: OSA, obstructive sleep apnoea.

P-value by Chi-Square test. P-value < 0.05 is considered to be statistically significant.
***P-value <0.001 (Statistically Highly Significant).
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Table 3a The distribution of angiographic severity coronary artery disease according to severity of OSA positivity.

OSA Negative (n = 38) Mild OSA (n = 13) Moderate OSA (n = 5) Severe OSA (n = 2) P-value

No. of Vessels n % n % n % n %

1 30 78.9 3 21.4 0 0.0 0 0.0 0.001**

2 5 13.2 6 42.9 4 80.0 0 0.0

3 3 7.9 5 35.7 1 20.0 2 100.0

Total 38 100.0 14 100.0 5 100.0 2 100.0

Abbreviations: OSA, obstructive sleep apnoea.

P-value by Chi-Square test. P-value <0.05 is considered to be statistically significant.
**P-value <0.01 (Statistically Significant).

Table 3b The distribution of angiographic severity coronary artery disease according to severity of OSA positivity.

OSA Negative (n = 38) Mild OSA (n = 13) Moderate OSA (n = 5) Severe OSA (n = 2) P-value

No. of Lesions n % n % n % n %

1 26 68.4 4 28.6 0 0.0 0 0.0 0.002**

2 6 15.8 7 50.0 1 20.0 1 50.0

3 6 15.8 3 21.4 4 80.0 1 50.0

Total 38 100.0 14 100.0 5 100.0 2 100.0

Abbreviations: OSA, obstructive sleep apnoea.

P-value by Chi-Square test. P-value <0.05 is considered to be statistically significant.
**P-value <0.01 (Statistically Significant).

Table 4 The distribution of average time of SaO2
<90% according to angiographic severity of CAD
(No. of vessels).

Time SaO2 < 90% (Mins)**

No. of Vessels N Mean SD Median Min–Max

1 32 32.71 90.33 0.00 0.0–440.4

2 14 13.46 19.15 5.10 0.0–69.4

3 11 46.21 98.97 2.40 0.0–275.2

Abbreviations: CAD, coronary artery disease; SaO2, oxygen saturation.

P-value = 0.007**. P-value by Kruskal Wallis H test, p-value <0.05 is con-

sidered to be statistically significant.
**P-value <0.01 (xtatistically xignificant).

Correlation of Syndrome Z and Angiographic severity in ACS 1181
[17–20]. The novelty of the present study lies not only in the

fact that we have demonstrated an association of OSA with

MS (Syndrome Z) and CAD, but also in the observation that

angiographic severity of CAD was related to presence or

absence of OSA in cases with MS.

Baseline thrombolysis in myocardial infarction (TIMI) flow

did not show a significant correlation with AHI. Most cases in

the present study had a single vessel involved. The baseline

TIMI flow was good (i.e. 3) in most subjects. Only 25.4% cases
Downloaded for Anonymous User (n/a) at King George's Medical U
2022. For personal use only. No other uses without permission
had a baseline TIMI 0. We were able to reperfuse successfully

in all cases and achieve a TIMI of 3 post procedure in all of

them.

The majority of patients in our cohort had NSTEMI and the

most common vessel involved was the LAD artery in both

OSA positive and OSA negative groups followed by the RCA

though there was no statistically significant difference

between the two groups of subjects. There is no similar study

in the literature to compare our angiographic findings. Lee

et al. have studied the angiographic profile in patients with

OSA admitted for acute myocardial infarction and found the

left anterior descending artery as the most common culprit

lesion [13]. The relationship between MS and angiographic

severity of CAD has already been established [21–23]. How-

ever, to the best of our knowledge this is the first study which

prospectively evaluated the association of ‘Syndrome Z’ with

ACS and angiographic severity of CAD. These results defi-

nitely create a platform for large population-based studies to

link the association of ‘Syndrome Z’ and CAD in the general

population to direct implications for the development of

targeted preventive strategies for ACS. A study from Spain

that established OSA to be an independent risk factor for the

development of left ventricular diastolic abnormalities, also

demonstrated the role of nasal Continuous Positive Airway

Pressure (nCPAP) in improving these alterations by elimi-

nating apnoeic events. Thus, it is proposed that the chronic
niversity from ClinicalKey.com by Elsevier on June 27, 
. Copyright ©2022. Elsevier Inc. All rights reserved.
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application of CPAP could avoid the progression of diastolic

abnormalities, and indeed, it might reverse these alterations,

at least in the initial stages before severe structural changes

can be developed [24]. A meta-analysis of 10 randomised

controlled trials also supports the notion that CPAP may

improve the LVEF among patients with OSA [25].

The results of this study seem to render a new direction for

the development of prevention and management strategies

for patients with ACS in the presence of MS. However, these

need to be interpreted with caution as the study was con-

ducted in a focussed group of patients presenting at a tertiary

care referral centre setting with a mostly high-risk case pop-

ulation. The other limitations of our study were small sample

size, preponderance of male subjects in the study cohort, and

short duration of study.
Conclusion
Prevalence of syndrome ‘Z’ is much higher in patients having

MS presenting with ACS and the presence of Syndrome ‘Z’

correlates with the angiographic severity of CAD in this

clinical setting. Clinicians should keep a high index of sus-

picion for Syndrome ‘Z’ while managing patients with ACS.
Acknowledgement
Prof Ronald Lee C-H National University Heart Center.

Singapore.
References
[1] Wilcox I, McNamara SG, Collins FL, Grunstein RR, Sullivan CE. ‘‘Syn-

drome Z”: the interaction of sleep apnoea, vascular risk factors and heart

disease. Thorax 1998;53 Suppl 3:S25–8.

[2] Reaven GM. Role of insulin resistance in human disease (syndrome X): an

expanded definition. Annu Rev Med 1993;44:121–31.

[3] Third report of the National Cholesterol Education Program (NCEP).

Expert Panel on Detection, Evaluation, and Treatment of High Blood

Cholesterol in Adults (Adult Treatment Panel III) final report. Circulation

2002;106(25):3143–421.

[4] Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R, Ramar

K, et al. Clinical practice guideline for diagnostic testing for adult

obstructive sleep apnea: an American academy of sleep medicine clinical

practice guideline. J Clin Sleep Med 2017;13(3):479–504.

[5] Budhiraja R, Budhiraja P, Quan SF. Sleep-disordered breathing and

cardiovascular disorders. Respir Care 2010;55(10):1322–32. discussion

1330–1332.

[6] Lee C-H, Sethi R, Li R, Ho H-H, Hein T, Jim M-H, et al. Obstructive sleep

apnea and cardiovascular events after percutaneous coronary interven-

tion. Circulation 2016;133(21):2008–17.

[7] Koo C-Y, de la Torre AS, Loo G, Torre MS, Zhang J, Duran-Cantolla J,

et al. Effects of ethnicity on the prevalence of obstructive sleep apnoea in

patients with acute coronary syndrome: a pooled analysis of the ISAACC

trial and sleep and stent study. Heart Lung Circ 2017;26(5):486–94.
Downloaded for Anonymous User (n/a) at King George's Medica
2022. For personal use only. No other uses without permissio
[8] Lam JCM, Mak JCW, Ip MSM. Obesity, obstructive sleep apnoea and

metabolic syndrome. Respirol Carlton Vic 2012;17(2):223–36.

[9] Mertens I, Van Gaal LF. New International Diabetes Federation (IDF)

and National Cholesterol Education Program Adult Treatment panel

III (NCEP-ATPIII) criteria and the involvement of hemostasis and fibri-

nolysis in the metabolic syndrome. J Thromb Haemost 2006;4(5):

1164–6.

[10] Sharma SK, Reddy EV, Sharma A, Kadhiravan T, Mishra HK, Sreenivas

V, et al. Prevalence and risk factors of syndrome Z in urban Indians. Sleep

Med 2010;11(6):562–8.

[11] Sharma SK, Sreenivas V. Are metabolic syndrome, obstructive sleep

apnoea & syndrome Z sequential?—a hypothesis. Indian J Med Res

2010;131:455–8.

[12] Nakashima H, Kurobe M, Minami K, Furudono S, Uchida Y, Amenomori

K, et al. Effects of moderate-to-severe obstructive sleep apnea on the

clinical manifestations of plaque vulnerability and the progression of

coronary atherosclerosis in patients with acute coronary syndrome. Eur

Heart J Acute Cardiovasc Care 2015;4(1):75–84.

[13] Lee C-H, Khoo S-M, Tai B-C, Chong EY, Lau C, Than Y, et al. Obstructive

sleep apnea in patients admitted for acute myocardial infarction. Preva-

lence, predictors, and effect on microvascular perfusion. Chest 2009;135

(6):1488–95.

[14] Venkateswaran S, Shankar P. The prevalence of syndrome Z (the inter-

action of obstructive sleep apnoea with the metabolic syndrome) in a

teaching hospital in Singapore. Postgrad Med J 2007;83(979):329–31.

[15] Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence

of sleep-disordered breathing among middle-aged adults. N Engl J Med

1993;328(17):1230–5.

[16] Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, et al.

European Guidelines on cardiovascular disease prevention in clinical

practice (version 2012). The Fifth Joint Task Force of the European Society

of Cardiology and Other Societies on Cardiovascular Disease Prevention

in Clinical Practice (constituted by representatives of nine societies and

by invited experts). Eur Heart J 2012;33(13):1635–701.

[17] Javadi HR, Jalilolghadr S, Yazdi Z, Rezaie Majd Z. Correlation between

obstructive sleep apnea syndrome and cardiac disease severity. Cardi-

ovasc Psychiatry Neurol 2014;2014:631380.

[18] Hiestand DM, Britz P, Goldman M, Phillips B. Prevalence of symptoms

and risk of sleep apnea in the US population: results from the national

sleep foundation sleep in America 2005 poll. Chest 2006;130(September

(3)):780–6.

[19] De Torres-Alba F, Gemma D, Armada-Romero E, Rey-Blas JR, López-de-
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ABSTRACT
Objective: Assessment of results of repairing vesicovaginal fistula (VVF) with or without the use of inter-
position flaps.

Material and methods: This prospective randomized study was conducted between January 2012 to De-
cember 2017 in the Department of Urology, King George’s Medical University, Lucknow, India. Obstetric 
and gynecological simple fistula of ≤4 cm were included for evaluation. Those with complex or complicated 
fistula or fistula due to malignancy were excluded. Patients were divided into two groups (group 1 and group 
2) depending upon route of repair i.e., transvaginal or transabdominal, respectively, as per the characteristics 
and location of the fistula. These two groups of patients were randomized into two subgroups (1A, 1B and 
2A, 2B) based on the inclusion or omission of the interposition flap during fistula repair. Perioperative and 
postoperative parameters (blood loss, mean operating time, hospital stay, and requirement of analgesics) and 
success rates of fistula repair were compared. All complications that occurred in the postoperative period 
till the last follow-up appointment were recorded. The Clavien-Dindo Classification was used to stratify the 
complications.

Results: Fifty-seven patients underwent transvaginal repair in group 1 (29 with Martius flap: group 1A; 
28 without Martius flap: group 1B), while 69 patients underwent transabdominal repair in group 2 (35 with 
interposition flap: group 2A; 34 without flap: group 2B). Blood loss, mean operating time, hospital stay, and 
the requirement of analgesics were comparable between each subgroup-1A versus 1B and 2A versus 2B, 
respectively. The overall success rate of repair across all groups was 96.04% (121/126). The success rate was 
93.1% in transvaginal repair with Martius flap versus 96.43% in transvaginal repair with no flap (p=1.0). 
Success rate was 97.1% in transabdominal repair with an omental flap versus 97.06% in without an omental 
flap (p=1.0). Mean follow-up period was 39.6 months (range: 6-68 months). Out of 29 patients with Martius 
flap interposition, 9 (31.03%) of them reported a significantly reduced sensation on the labia majora. Of 
these 9 patients, 5 reported numbness while the remaining 4 experienced pain as compared to the patients 
in subgroup IB, who did not report any altered sensation in the labia. (p=0.0019).

Conclusion: The success rates are similar in simple VVF repair (fistula size less than 4 cm) irrespective of 
the use of interposition flaps. However, overall morbidities following repair with the interposition flap are 
higher when compared with repair without interposition flap, either by the transvaginal or by the transab-
dominal route.

Keywords: Omentum; martius flap; vesicovaginal fistula repair.

Introduction

The interposition flap is traditionally used in 
transabdominal and transvaginal repair of vesi-
covaginal fistula (VVF). The purpose of using 
this flap is to prevent the apposition of suture 
lines, to increase the success rate of fistula re-
pair, and decrease postoperative dyspareunia.
[1] The overall success rate of simple VVF re-

pair varies from 90% to 95%.[1,2] In cases with 
complex and complicated fistula, interposition 
flaps are almost always required to prevent 
recurrence, but for simple VVF repair, there 
are non-randomized studies that have shown 
similar results, irrespective of the use of the in-
terposition flap.[3-5] Till date, to the best of our 
knowledge, there is no prospective, English-
language, randomized study in the scientific 
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literature that compares the success rate and postoperative mor-
bidities following simple VVF repair, with or without the use of 
interposition flap. 

The present study was executed as a prospective randomized a 
study with primary objective of comparing the success rates of 
simple VVF (size of fistula ≤4 m) repair with or without the use 
of interposition flap. Our study also compares the postoperative 
morbidities in both the subgroups.

Material and methods

This study was conducted at a tertiary care apex hospital in 
Northern India between January 2012 and December 2017. 
Ethical approval was obtained from institutional ethical review 
board (DRC/38/Uro/KGMU) and the practices are in accor-
dance with the Declaration of Helsinki. The Consort diagram for 
randomization is depicted in the Figure 1. A total of 2114 female 
patients with all types of urinary incontinence attended the Urol-
ogy outpatient department during the study period. Out of these, 
149 patients were diagnosed with VVF. A total of 18 patients did 
not fulfill the selection criteria, and 5 did not give consent for 
randomization, so they were excluded from this study. Finally, 
126 patients were randomized following their verbal and written 
informed consent. Inclusion criteria were fistula size of 4 cm or 
less and number of fistulae as 2 or less (defined as simple VVF). 
Those with complex or complicated fistula or fistula due to ma-
lignancy were excluded from this study. A complex fistula was 
defined as fistula greater than 4 cm with or without the involve-
ment of the continence mechanism, having multiple openings 
(>2), and with history of previous failed repair or vesico-cervi-
co-vaginal fistula.[5] A complicated fistula was defined as fistula 
greater than 6 cm, with an associated bladder stone or reduced 
bladder capacity, complete loss of the urethral function, and as-
sociated uretero-vaginal fistula or post-radiation fistula.[5] 

Cystoscopy was performed to determine the site, size, and 
number of fistulae along with the assessment of bladder mucosa 
around the fistulous opening. Examination using a vaginal 
speculum was done to assess the vaginal capacity and mucosal 
integrity. Depending upon the route of repair, patients were 
divided into two groups (group 1 and group 2), i.e., transvaginal 
or transabdominal, respectively, as per the characteristics of the 
fistula and associated findings. 

Transvaginal route was preferred where vaginal architecture 
allowed adequate exposure of the fistula (2 fingers inserted 
easily in vagina), with single fistula, ureteric orifices at least 1 
cm away from the edge of fistula, and no concurrent abdominal 
pathology. If two fistulae were present adjacent to each other 
with a thin intervening septum, they were converted into a sin-
gle fistula by excising the septum and were repaired through the 

transvaginal route. Transabdominal route was preferred if there 
were two fistulae lying apart, ureteric orifices were at the edge 
of fistula requiring reimplantation (within 5 mm from the edge 
of fistula), vaginal architecture was hindering adequate expo-
sure, and concurrent pelvic and abdominal pathology required 
intervention during the same operation. 

These two groups were randomized further into two subgroups 
(1A, 1B and 2A, 2B), based on the use or absence of the interpo-
sition flap. The randomization was performed using a computer-
generated randomization chart. The subgroups were as follows:

Subgroup 1A-Transvaginal repair with Martius flap interposition, 
Subgroup 1B-Transvaginal repair without Martius flap interposition, 
Subgroup 2A-Transabdominal repair with an interposition flap, 
Subgroup 2B-Transabdominal repair without an interposition flap.

Data were recorded on a pre-designed proforma. The parameters 
evaluated were age, an antecedent event leading to fistula for-
mation, educational status, parity, duration of incontinence, and 
the size, location, and number of fistulae present. Perioperative 
and postoperative parameters (blood loss, mean operating time, 
hospital stay, requirement of analgesics) were also recorded. 
Patients were followed-up for 3 weeks, 3 months, 6 months, 
and annually thereafter. All complications that occurred in the 
postoperative period till their last follow-up were recorded; the 
Clavien-Dindo Classification was used to stratify the complica-
tions.[6] Sexual intercourse was advised to be safe after 3 months 
from the date of the surgery. Dyspareunia was defined as diffi-
cult or painful sexual intercourse after 3 months of fistula repair.

Surgical technique

Transvaginal repair with or without Martius flap
Following cystoscopy, the ureteric orifices were catheterized 
with 5 French (F) ureteric catheters if they were close to the 
fistula to prevent inadvertent intraoperative injury. Another 6F 
ureteric catheter was brought out of the vagina (over a guide-
wire) following insertion through the fistulous tract. The 18F 
Suprapubic Foley catheter (SPC) and 16F per urethral Foley 
catheters (PUC) were placed. Gentle traction was placed on 
the 6F ureteric catheter (within the fistula tract) to view the 
margins of the comparatively higher-placed fistula. The fistula 
was incised circumferentially with a margin of approximately 
0.5-1.0 cm, and a plane was created by performing sharp dissec-
tion between the urinary bladder and the vagina. Full-thickness 
closure of bladder wall was performed with interrupted 3-0 
polygalactin sutures. The perivesical fascia was closed with 
interrupted 3-0 polygalactin sutures. 

In group 1A patients, the Martius flap was harvested from 
the labia majora and tunneled under the vaginal mucosa to be 
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fixed as an interposition flap over the bladder’s suture line. The 
vaginal incision was closed in a single layer with interrupted 
3-0 polyglactin sutures. The incision on labia majora was closed 
in 2 layers with absorbable sutures after insertion of a Penrose 
drain, which was removed after 48 hours.

Transabdominal repair with or without interposition flap
Transabdominal repair was performed by the O’Conor tech-
nique.[7] Urinary bladder was exposed via the transperitoneal 
route through the midline via an infraumbilical or Pfannenstiel 
incision. The bladder was bivalved from the anterior wall 
(including the dome) to the fistulous site. Bilateral ureteric 
orifices were identified, and 5F soft silastic tubes were inserted 
within them. A plane was created between the bladder and the 
vagina after sharp encircling of the fistula. The vaginal opening 
was closed in single layer with interrupted stitches using 3-0 
polygalactin sutures, while the urinary bladder was closed in 
two layers in a continuous manner with the same suture. The 
18F SPC and 16F PUC were inserted. Following urinary blad-
der closure, the urinary bladder was gently distended to check 
for watertight closure; if there was any leak at any point, an 
additional suture was applied at that site. The omentum flap 
was fixed over the vaginal suture line as an interposition flap 
in group 2A.

The patients were discharged after 3-7 days with postoperative 
advice regarding the intake of anticholinergics (Tolterodine 
2 mg, twice a day), antibiotics (prophylactic dose), and stool 
softeners. Continuous urinary drainage was maintained for three 
weeks with SPC and PUC in situ. A voiding trial was given at 3 
weeks. Failure of VVF repair was defined as urine leakage per 
vagina either before or after catheter removal. The patients in 
whom the procedure failed were called after 3 months for reas-
sessment and repeat fistula repair.

Statistical analysis
The unpaired t-test was used to compare continuous data. 
Fischer’s exact test was used to analyze categorical data using 
Graph Pad Prism version 6.00 for Windows software (Graph 
Pad Software, La Jolla California USA). Statistical significance 
was defined as a p-value of <0.05.

Results

Please refer to the Consort chart (Figure 1) for a comprehen-
sive view of the results. A total of 126 patients were subjected 
to surgical VVF repair. Transvaginal repair was performed in 
57 patients, i.e., group 1 (29 with Martius flap=group 1A; 28 
without flap=group 1B), while 69 patients underwent transab-
dominal repair, i.e., group 2 (35 with interposition flap=group 
2A; 34 without flap=group 2B). The reasons for transabdominal 
approach were as follows. The number of fistulae was more than 

one (n=12), ureteric orifices at the edge of the fistula required 
ureteric reimplantation (n=14), vaginal architecture hindered 
adequate exposure (n=19), concurrent abdominal surgery, such 
as bilateral fallopian tube ligation (n=9), oophrectomy (n=11), 
hysterectomy (n=4), and ventral hernia repair (n=4). The base-
line demographic parameters are summarized in Table 1. The 
abovementioned associated causes were mostly present in com-
bination with another condition or set of conditions. 

The perioperative and postoperative parameters are summa-
rized in Table 2. The amount of blood loss, mean operating 
time, hospital stay, and the requirement of analgesics were 
comparable between subgroup 1A versus 1B and 2A versus 
2B. The overall success rate of fistula repair across all the 
groups was 96.04% (121/126). The success rate was 93.1% 
(n=27/29) in transvaginal repair with Martius flap versus 
96.34% (n=27/28) in transvaginal repair without flap (p=1.0). 
Successful repair was 97.1% (n=34/35) in transabdominal 
repair with interposition flap versus 97.06% (33/34) in those 
without flap (p=1.0). 

The mean follow-up period was 39.6 months (range: 6-68 
months). The Clavien-Dindo classification was used to strati-
fy perioperative and postoperative complications (Table 3).[6] 
Out of 29 patients, 9 (31.03%) underwent repair with Martius 
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Figure 1. Consort diagram



flap interposition. They reported significantly reduced sensa-
tion at labia majora; 5 of these 9 cases had numbness, while 
the other 4 experienced pain at the labia majora. In compari-

son, none of the patients in group IB (without Martius flap 
interposition) reported any pain or altered sensation in the 
labia majora (p=0.0019).
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Table 1. Comparison of baseline parameters
  Subgroup 1A Subgroup 1B p Subgroup 2A Subgroup 2B
 Variables (n=29) (n=28)  (n=35) (n=34) p

Age in years (mean+SD) 34.35±8.22 32.15±7.61 0.30 35.7±6.60 34.85±7.21 0.61 

Education (n)       

Uneducated 12 09 0.89 15 12 0.62 

Educated 17 19  20 22  

Parity (n)       

Up to 2 16 19 0.41 16 19 0.47 

More than 2 13 09  19 15  

Antecedent event (n)       

Obstructed labor 12 15  11 13 0.83 

Vaginal hysterectomy 09 05 0.63 08 06 

Abdominal hysterectomy 05 04  08 10  

Laparoscopic hysterectomy 03 04  07 05  

Duration of incontinence (n)       

<12 months 12 15 0.43 20 18 0.81 

>12 months 17 13  15 16

Size of fistula (cm) 2.7+1.7 3.2+1.5 0.24 2.9+1.4 3.1+1.2 0.53 

Location of fistula (n) 

Trigonal 18 17 1.0 18 16 0.81 

Supratrigonal 11 11  17 18  

Number of fistula (n) 

One 29 28 - 25 24 1.0 

Two 0 0  10 10  

Flap used (n) 

Martius flap 29 - -  - -

Omental flap - - - 35 - -

Table 2. Comparison of perioperative and postoperative parameters
 Sub-group 1A Sub-group 1B  Sub-group 2A  Sub-group 2B 
Parameters (n=29) (n=28) p (n=35) (n=34) p

Blood loss (mL) (mean+SD) 141.3±42.7 122.3 ± 38.3 0.08 217±50.2 198.3± 46.3 0.11

Mean operative time (min) (mean+SD) 117±27.3 102.3±32.3 0.07 168±29.4 154±36.3 0.08

Hospital stay (days) (mean+SD) 6.7±3.4 6.2±3.2 0.06 9.3±2.6 9.8±4.1 0.54

Requirement of analgesics

Mean tramadol hydrochloride (mg)  229±36 218±34 0.24 354±40 339±23 0.06 
(mean+SD) 

Success (n) 27/29 27/28 1.0 34/35 33/34 1.0



Discussion

Vesicovaginal fistula occurs due to complications following 
obstructed labor and/or gynecological procedures. Transvaginal 
and transabdominal route of repair depends mainly on the etiol-
ogy of the fistula, associated pathology, vaginal architecture, 
and the preference of the operating surgeon.[8] Transabdominal 
route is preferred in patients with large defects or fistulae 
involving the ureters, in those with concurrent abdominal or 
pelvic pathology, or where the vaginal architecture hinders 
adequate exposure.[9,10] Transvaginal route is preferred where 
vaginal space is adequate or in those with a comparatively low-
lying VVF. 

Various interposition flaps have been described in the literature. 
These include omentum, peritoneum, tinea epiploica, labial, and 
rarely myocutaneous or gracilis muscle flaps.[10-14] Of these the 
omentum is the most commonly preferred interposition flap in 
transabdominal repair, while the labial fibro-fatty flap (Martius 
flap) is the most common interposition flap for transvaginal 
repair.

In our study, the success rate of VVF repair via transvaginal 
route did not differ whether the interposition (Martius) flap was 
used or not (93.1% vs. 96.43%, p=1.0). Similar results were also 
observed by Browning et al.[15] in 413 cases of obstetric fistula 
repair; 207 patients underwent repair with Martius flap interpo-
sition with a success rate of 96.6% vs. 99% (203/206) (p=0.18). 
Pshak et al.[16] reported a 100% success rate in 49 patients who 
underwent transvaginal repair without interposition flap.

Contrary to the abovementioned studies, Rangnekar et al.[17] 
reported superior outcomes of transvaginal repair using the 
Martius flap as compared to regular anatomic repair. The failed 
cases in this study were mainly patients who had multiple and 
recurrent fistulae.

The major drawback of the abovementioned studies is their retro-
spective nature. Based on the findings of these studies, it can be 
concluded that the interposition flap can be omitted in transvaginal 
repair of simple VVF, however, this has never been proved in a 
prospective randomized study, which is a better scientific method 
to prove the superiority of one surgical technique over another.
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Table 3. Perioperative and postoperative complications according to the Clavien-Dindo grading of surgical complications
Complications Subgroup 1A Subgroup 1B p Subgroup 2A Subgroup 2B p

Clavien grade I 

Vaginal bleeding (n) 2 1 1.0 0 0 -

Abdominal pain (n) 1 2 0.61 3 0 0.24

Constipation (n) 3 2 1.0 4 3 1.0

Pelvic collection (n) 0 0 - 2 1 1.0

Clavien grade II 

Urinary tract infection 2 1 1.0 3 2 1.0

Irritative voiding symptoms 5 4 1.0 5 3 0.71

Temporary paralytic ileus (n) 0 0 -- 2 0 0.49

Seroma or hematoma at Martius

Flap harvest site (n) 2 0 0.49 - - -

Suprapubic catheter issue 2 3 1.0 4 3 1.0

Distortion of labia majora (n) 2 0 0.49 - - -

Numbness or pain at Martius flap  9 0 0.0019 - -  
harvest site (n) -

Dyspareunia (n) 1 2 1.0 0 0 -

Urinary incontinence (urge or stress) 3 2 1.0 1 2 1.0

Clavien grade III 

Failure (n) 2 1 1.0 1 1 1.0

Note: Each individual patient may have more than one complication



Harvesting the Martius flap leads to complications like seroma, 
hematoma, numbness, pain, or labial distortion, which can be 
avoided by repairing the wound without using the Martius flap. 
In subgroup 1A, seroma or hematoma formation at Martius flap 
harvest site occurred in 6.9% of patients (n=2/29); both these 
patients showed distortion of the labia majora.

In our experience, complete hemostasis at the site of harvest 
along with insertion of a Penrose drain may decrease the risk 
of seroma, hematoma, and labial distortion. However, these 
complications can only be completely averted by omitting the 
Martius flap altogether.

Although rare, Martius flap interposition may lead to pain at the 
harvest site. Further, the clitoris has rich sensory nerve supply 
that may get damaged during flap harvest leading to persistent 
pain. In this study, 17.24% (n=5/29) of patients had numbness, 
and 13.8% (n=4/29) of patients had pain at the Martius flap har-
vest site in subgroup 1A. These complications can be prevented 
by omitting the Martius flap.

Martius flap interposition may lessen scarring because of the 
vascularity of the flap and enhanced lymphatic drainage at the 
site of fistula repair. This subsequently caused less vaginal dis-
comfort or dyspareunia. In our study, dyspareunia was present 
in 3.45% of patients (n=1/29) in subgroup 1A and in 6.9% of 
patients (n=2/29) in subgroup 1B. Rangnekar et al.[17] in their 
series of 38 patients who underwent successful fistula repair, 
reported dyspareunia in 6 out of 18 patients (33%) who did not 
receive a Martius flap, and no dyspareunia in 20 patients with 
Martius flap interposition. Therefore, one of the advantages of 
Martius flap interposition is to reduce postoperative morbidity. 
Mean blood loss and operative time were comparatively higher 
in the Martius flap interposition group but were statistically 
insignificant (141.3±42.7 versus 120.3±38.3 ml; 117±27.3 ver-
sus 101.3±32.3 minutes, respectively). 

In transabdominal repair, the omentum remains the first choice 
for placing an interposition flap. In 1967, Turner-Warwick 
et al.[18] described the principles of omental flap mobiliza-
tion based on the right gastroepiploic artery emerging from 
the greater curvature of the stomach. Omentum has excellent 
vascularity and when it is placed between the bladder and the 
vagina, it prevents contact between the two suture lines. For 
this reason, omentum flaps are used in malignant, complex, and 
complicated fistulae. However, in cases of a simple fistula, one 
can safely omit interposition flap since the surrounding tissues 
are well-vascularized and healthy. There were two failures out 
of 69 patients in both subgroups in transabdominal repair (2A 
and 2B). Postoperative abdominal pain and temporary ileus 
were present in 8.6% (n=3/35) and 5.7% (n=2/35) of patients in 
subgroup 2A but were completely absent in patients in subgroup 

2B. The probable reason for pain could be increased gut motility 
following enteral feed, which in turn increased omental motil-
ity, leading to tension on the fixed omental flap at the vaginal 
suture line. This phenomenon may be prevented by omitting 
flap interposition. Mean blood loss and operating time were 
comparatively higher if the omental flap was used, although this 
was not statistically significant (217±50.2 versus 198.3±46.3 
mL; 168±29.4 versus 154±36.3 minutes, respectively). Evans 
et al.[19] reported a 100% success rate with the interposition flap 
in a transabdominal approach for both benign and malignant 
fistula, 63% success rate without interposition flap in benign 
fistula, and 67% success rate without interposition flap in malig-
nant fistula. In this study, the low success rate of benign fistula 
repair was probably due to the history of previous failed repairs 
in 21% of patients. 

To the best of our knowledge, our study is the first English-
language, prospective, randomized study in the scientific litera-
ture that compares the success rate and complications of simple 
VVF repair either by transvaginal or transabdominal route, with 
or without the use of interposition flap.

In conclusion, the success rates are similar in simple VVF 
repair, irrespective of the use of the interposition flap. However, 
the overall morbidity following repair with an interposition flap 
is higher as compared to the repair without interposition flap, 
either by transvaginal or transabdominal route.
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ABSTRACT
Objective: Assessment of results of repairing vesicovaginal fistula (VVF) with or without the use of inter-
position flaps.

Material and methods: This prospective randomized study was conducted between January 2012 to De-
cember 2017 in the Department of Urology, King George’s Medical University, Lucknow, India. Obstetric 
and gynecological simple fistula of ≤4 cm were included for evaluation. Those with complex or complicated 
fistula or fistula due to malignancy were excluded. Patients were divided into two groups (group 1 and group 
2) depending upon route of repair i.e., transvaginal or transabdominal, respectively, as per the characteristics 
and location of the fistula. These two groups of patients were randomized into two subgroups (1A, 1B and 
2A, 2B) based on the inclusion or omission of the interposition flap during fistula repair. Perioperative and 
postoperative parameters (blood loss, mean operating time, hospital stay, and requirement of analgesics) and 
success rates of fistula repair were compared. All complications that occurred in the postoperative period 
till the last follow-up appointment were recorded. The Clavien-Dindo Classification was used to stratify the 
complications.

Results: Fifty-seven patients underwent transvaginal repair in group 1 (29 with Martius flap: group 1A; 
28 without Martius flap: group 1B), while 69 patients underwent transabdominal repair in group 2 (35 with 
interposition flap: group 2A; 34 without flap: group 2B). Blood loss, mean operating time, hospital stay, and 
the requirement of analgesics were comparable between each subgroup-1A versus 1B and 2A versus 2B, 
respectively. The overall success rate of repair across all groups was 96.04% (121/126). The success rate was 
93.1% in transvaginal repair with Martius flap versus 96.43% in transvaginal repair with no flap (p=1.0). 
Success rate was 97.1% in transabdominal repair with an omental flap versus 97.06% in without an omental 
flap (p=1.0). Mean follow-up period was 39.6 months (range: 6-68 months). Out of 29 patients with Martius 
flap interposition, 9 (31.03%) of them reported a significantly reduced sensation on the labia majora. Of 
these 9 patients, 5 reported numbness while the remaining 4 experienced pain as compared to the patients 
in subgroup IB, who did not report any altered sensation in the labia. (p=0.0019).

Conclusion: The success rates are similar in simple VVF repair (fistula size less than 4 cm) irrespective of 
the use of interposition flaps. However, overall morbidities following repair with the interposition flap are 
higher when compared with repair without interposition flap, either by the transvaginal or by the transab-
dominal route.

Keywords: Omentum; martius flap; vesicovaginal fistula repair.

Introduction

The interposition flap is traditionally used in 
transabdominal and transvaginal repair of vesi-
covaginal fistula (VVF). The purpose of using 
this flap is to prevent the apposition of suture 
lines, to increase the success rate of fistula re-
pair, and decrease postoperative dyspareunia.
[1] The overall success rate of simple VVF re-

pair varies from 90% to 95%.[1,2] In cases with 
complex and complicated fistula, interposition 
flaps are almost always required to prevent 
recurrence, but for simple VVF repair, there 
are non-randomized studies that have shown 
similar results, irrespective of the use of the in-
terposition flap.[3-5] Till date, to the best of our 
knowledge, there is no prospective, English-
language, randomized study in the scientific 
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literature that compares the success rate and postoperative mor-
bidities following simple VVF repair, with or without the use of 
interposition flap. 

The present study was executed as a prospective randomized a 
study with primary objective of comparing the success rates of 
simple VVF (size of fistula ≤4 m) repair with or without the use 
of interposition flap. Our study also compares the postoperative 
morbidities in both the subgroups.

Material and methods

This study was conducted at a tertiary care apex hospital in 
Northern India between January 2012 and December 2017. 
Ethical approval was obtained from institutional ethical review 
board (DRC/38/Uro/KGMU) and the practices are in accor-
dance with the Declaration of Helsinki. The Consort diagram for 
randomization is depicted in the Figure 1. A total of 2114 female 
patients with all types of urinary incontinence attended the Urol-
ogy outpatient department during the study period. Out of these, 
149 patients were diagnosed with VVF. A total of 18 patients did 
not fulfill the selection criteria, and 5 did not give consent for 
randomization, so they were excluded from this study. Finally, 
126 patients were randomized following their verbal and written 
informed consent. Inclusion criteria were fistula size of 4 cm or 
less and number of fistulae as 2 or less (defined as simple VVF). 
Those with complex or complicated fistula or fistula due to ma-
lignancy were excluded from this study. A complex fistula was 
defined as fistula greater than 4 cm with or without the involve-
ment of the continence mechanism, having multiple openings 
(>2), and with history of previous failed repair or vesico-cervi-
co-vaginal fistula.[5] A complicated fistula was defined as fistula 
greater than 6 cm, with an associated bladder stone or reduced 
bladder capacity, complete loss of the urethral function, and as-
sociated uretero-vaginal fistula or post-radiation fistula.[5] 

Cystoscopy was performed to determine the site, size, and 
number of fistulae along with the assessment of bladder mucosa 
around the fistulous opening. Examination using a vaginal 
speculum was done to assess the vaginal capacity and mucosal 
integrity. Depending upon the route of repair, patients were 
divided into two groups (group 1 and group 2), i.e., transvaginal 
or transabdominal, respectively, as per the characteristics of the 
fistula and associated findings. 

Transvaginal route was preferred where vaginal architecture 
allowed adequate exposure of the fistula (2 fingers inserted 
easily in vagina), with single fistula, ureteric orifices at least 1 
cm away from the edge of fistula, and no concurrent abdominal 
pathology. If two fistulae were present adjacent to each other 
with a thin intervening septum, they were converted into a sin-
gle fistula by excising the septum and were repaired through the 

transvaginal route. Transabdominal route was preferred if there 
were two fistulae lying apart, ureteric orifices were at the edge 
of fistula requiring reimplantation (within 5 mm from the edge 
of fistula), vaginal architecture was hindering adequate expo-
sure, and concurrent pelvic and abdominal pathology required 
intervention during the same operation. 

These two groups were randomized further into two subgroups 
(1A, 1B and 2A, 2B), based on the use or absence of the interpo-
sition flap. The randomization was performed using a computer-
generated randomization chart. The subgroups were as follows:

Subgroup 1A-Transvaginal repair with Martius flap interposition, 
Subgroup 1B-Transvaginal repair without Martius flap interposition, 
Subgroup 2A-Transabdominal repair with an interposition flap, 
Subgroup 2B-Transabdominal repair without an interposition flap.

Data were recorded on a pre-designed proforma. The parameters 
evaluated were age, an antecedent event leading to fistula for-
mation, educational status, parity, duration of incontinence, and 
the size, location, and number of fistulae present. Perioperative 
and postoperative parameters (blood loss, mean operating time, 
hospital stay, requirement of analgesics) were also recorded. 
Patients were followed-up for 3 weeks, 3 months, 6 months, 
and annually thereafter. All complications that occurred in the 
postoperative period till their last follow-up were recorded; the 
Clavien-Dindo Classification was used to stratify the complica-
tions.[6] Sexual intercourse was advised to be safe after 3 months 
from the date of the surgery. Dyspareunia was defined as diffi-
cult or painful sexual intercourse after 3 months of fistula repair.

Surgical technique

Transvaginal repair with or without Martius flap
Following cystoscopy, the ureteric orifices were catheterized 
with 5 French (F) ureteric catheters if they were close to the 
fistula to prevent inadvertent intraoperative injury. Another 6F 
ureteric catheter was brought out of the vagina (over a guide-
wire) following insertion through the fistulous tract. The 18F 
Suprapubic Foley catheter (SPC) and 16F per urethral Foley 
catheters (PUC) were placed. Gentle traction was placed on 
the 6F ureteric catheter (within the fistula tract) to view the 
margins of the comparatively higher-placed fistula. The fistula 
was incised circumferentially with a margin of approximately 
0.5-1.0 cm, and a plane was created by performing sharp dissec-
tion between the urinary bladder and the vagina. Full-thickness 
closure of bladder wall was performed with interrupted 3-0 
polygalactin sutures. The perivesical fascia was closed with 
interrupted 3-0 polygalactin sutures. 

In group 1A patients, the Martius flap was harvested from 
the labia majora and tunneled under the vaginal mucosa to be 
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fixed as an interposition flap over the bladder’s suture line. The 
vaginal incision was closed in a single layer with interrupted 
3-0 polyglactin sutures. The incision on labia majora was closed 
in 2 layers with absorbable sutures after insertion of a Penrose 
drain, which was removed after 48 hours.

Transabdominal repair with or without interposition flap
Transabdominal repair was performed by the O’Conor tech-
nique.[7] Urinary bladder was exposed via the transperitoneal 
route through the midline via an infraumbilical or Pfannenstiel 
incision. The bladder was bivalved from the anterior wall 
(including the dome) to the fistulous site. Bilateral ureteric 
orifices were identified, and 5F soft silastic tubes were inserted 
within them. A plane was created between the bladder and the 
vagina after sharp encircling of the fistula. The vaginal opening 
was closed in single layer with interrupted stitches using 3-0 
polygalactin sutures, while the urinary bladder was closed in 
two layers in a continuous manner with the same suture. The 
18F SPC and 16F PUC were inserted. Following urinary blad-
der closure, the urinary bladder was gently distended to check 
for watertight closure; if there was any leak at any point, an 
additional suture was applied at that site. The omentum flap 
was fixed over the vaginal suture line as an interposition flap 
in group 2A.

The patients were discharged after 3-7 days with postoperative 
advice regarding the intake of anticholinergics (Tolterodine 
2 mg, twice a day), antibiotics (prophylactic dose), and stool 
softeners. Continuous urinary drainage was maintained for three 
weeks with SPC and PUC in situ. A voiding trial was given at 3 
weeks. Failure of VVF repair was defined as urine leakage per 
vagina either before or after catheter removal. The patients in 
whom the procedure failed were called after 3 months for reas-
sessment and repeat fistula repair.

Statistical analysis
The unpaired t-test was used to compare continuous data. 
Fischer’s exact test was used to analyze categorical data using 
Graph Pad Prism version 6.00 for Windows software (Graph 
Pad Software, La Jolla California USA). Statistical significance 
was defined as a p-value of <0.05.

Results

Please refer to the Consort chart (Figure 1) for a comprehen-
sive view of the results. A total of 126 patients were subjected 
to surgical VVF repair. Transvaginal repair was performed in 
57 patients, i.e., group 1 (29 with Martius flap=group 1A; 28 
without flap=group 1B), while 69 patients underwent transab-
dominal repair, i.e., group 2 (35 with interposition flap=group 
2A; 34 without flap=group 2B). The reasons for transabdominal 
approach were as follows. The number of fistulae was more than 

one (n=12), ureteric orifices at the edge of the fistula required 
ureteric reimplantation (n=14), vaginal architecture hindered 
adequate exposure (n=19), concurrent abdominal surgery, such 
as bilateral fallopian tube ligation (n=9), oophrectomy (n=11), 
hysterectomy (n=4), and ventral hernia repair (n=4). The base-
line demographic parameters are summarized in Table 1. The 
abovementioned associated causes were mostly present in com-
bination with another condition or set of conditions. 

The perioperative and postoperative parameters are summa-
rized in Table 2. The amount of blood loss, mean operating 
time, hospital stay, and the requirement of analgesics were 
comparable between subgroup 1A versus 1B and 2A versus 
2B. The overall success rate of fistula repair across all the 
groups was 96.04% (121/126). The success rate was 93.1% 
(n=27/29) in transvaginal repair with Martius flap versus 
96.34% (n=27/28) in transvaginal repair without flap (p=1.0). 
Successful repair was 97.1% (n=34/35) in transabdominal 
repair with interposition flap versus 97.06% (33/34) in those 
without flap (p=1.0). 

The mean follow-up period was 39.6 months (range: 6-68 
months). The Clavien-Dindo classification was used to strati-
fy perioperative and postoperative complications (Table 3).[6] 
Out of 29 patients, 9 (31.03%) underwent repair with Martius 
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Figure 1. Consort diagram



flap interposition. They reported significantly reduced sensa-
tion at labia majora; 5 of these 9 cases had numbness, while 
the other 4 experienced pain at the labia majora. In compari-

son, none of the patients in group IB (without Martius flap 
interposition) reported any pain or altered sensation in the 
labia majora (p=0.0019).

380
Turk J Urol 2019; 45(5): 377-83

DOI:10.5152/tud.2019.85233

Table 1. Comparison of baseline parameters
  Subgroup 1A Subgroup 1B p Subgroup 2A Subgroup 2B
 Variables (n=29) (n=28)  (n=35) (n=34) p

Age in years (mean+SD) 34.35±8.22 32.15±7.61 0.30 35.7±6.60 34.85±7.21 0.61 

Education (n)       

Uneducated 12 09 0.89 15 12 0.62 

Educated 17 19  20 22  

Parity (n)       

Up to 2 16 19 0.41 16 19 0.47 

More than 2 13 09  19 15  

Antecedent event (n)       

Obstructed labor 12 15  11 13 0.83 

Vaginal hysterectomy 09 05 0.63 08 06 

Abdominal hysterectomy 05 04  08 10  

Laparoscopic hysterectomy 03 04  07 05  

Duration of incontinence (n)       

<12 months 12 15 0.43 20 18 0.81 

>12 months 17 13  15 16

Size of fistula (cm) 2.7+1.7 3.2+1.5 0.24 2.9+1.4 3.1+1.2 0.53 

Location of fistula (n) 

Trigonal 18 17 1.0 18 16 0.81 

Supratrigonal 11 11  17 18  

Number of fistula (n) 

One 29 28 - 25 24 1.0 

Two 0 0  10 10  

Flap used (n) 

Martius flap 29 - -  - -

Omental flap - - - 35 - -

Table 2. Comparison of perioperative and postoperative parameters
 Sub-group 1A Sub-group 1B  Sub-group 2A  Sub-group 2B 
Parameters (n=29) (n=28) p (n=35) (n=34) p

Blood loss (mL) (mean+SD) 141.3±42.7 122.3 ± 38.3 0.08 217±50.2 198.3± 46.3 0.11

Mean operative time (min) (mean+SD) 117±27.3 102.3±32.3 0.07 168±29.4 154±36.3 0.08

Hospital stay (days) (mean+SD) 6.7±3.4 6.2±3.2 0.06 9.3±2.6 9.8±4.1 0.54

Requirement of analgesics

Mean tramadol hydrochloride (mg)  229±36 218±34 0.24 354±40 339±23 0.06 
(mean+SD) 

Success (n) 27/29 27/28 1.0 34/35 33/34 1.0



Discussion

Vesicovaginal fistula occurs due to complications following 
obstructed labor and/or gynecological procedures. Transvaginal 
and transabdominal route of repair depends mainly on the etiol-
ogy of the fistula, associated pathology, vaginal architecture, 
and the preference of the operating surgeon.[8] Transabdominal 
route is preferred in patients with large defects or fistulae 
involving the ureters, in those with concurrent abdominal or 
pelvic pathology, or where the vaginal architecture hinders 
adequate exposure.[9,10] Transvaginal route is preferred where 
vaginal space is adequate or in those with a comparatively low-
lying VVF. 

Various interposition flaps have been described in the literature. 
These include omentum, peritoneum, tinea epiploica, labial, and 
rarely myocutaneous or gracilis muscle flaps.[10-14] Of these the 
omentum is the most commonly preferred interposition flap in 
transabdominal repair, while the labial fibro-fatty flap (Martius 
flap) is the most common interposition flap for transvaginal 
repair.

In our study, the success rate of VVF repair via transvaginal 
route did not differ whether the interposition (Martius) flap was 
used or not (93.1% vs. 96.43%, p=1.0). Similar results were also 
observed by Browning et al.[15] in 413 cases of obstetric fistula 
repair; 207 patients underwent repair with Martius flap interpo-
sition with a success rate of 96.6% vs. 99% (203/206) (p=0.18). 
Pshak et al.[16] reported a 100% success rate in 49 patients who 
underwent transvaginal repair without interposition flap.

Contrary to the abovementioned studies, Rangnekar et al.[17] 
reported superior outcomes of transvaginal repair using the 
Martius flap as compared to regular anatomic repair. The failed 
cases in this study were mainly patients who had multiple and 
recurrent fistulae.

The major drawback of the abovementioned studies is their retro-
spective nature. Based on the findings of these studies, it can be 
concluded that the interposition flap can be omitted in transvaginal 
repair of simple VVF, however, this has never been proved in a 
prospective randomized study, which is a better scientific method 
to prove the superiority of one surgical technique over another.
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Table 3. Perioperative and postoperative complications according to the Clavien-Dindo grading of surgical complications
Complications Subgroup 1A Subgroup 1B p Subgroup 2A Subgroup 2B p

Clavien grade I 

Vaginal bleeding (n) 2 1 1.0 0 0 -

Abdominal pain (n) 1 2 0.61 3 0 0.24

Constipation (n) 3 2 1.0 4 3 1.0

Pelvic collection (n) 0 0 - 2 1 1.0

Clavien grade II 

Urinary tract infection 2 1 1.0 3 2 1.0

Irritative voiding symptoms 5 4 1.0 5 3 0.71

Temporary paralytic ileus (n) 0 0 -- 2 0 0.49

Seroma or hematoma at Martius

Flap harvest site (n) 2 0 0.49 - - -

Suprapubic catheter issue 2 3 1.0 4 3 1.0

Distortion of labia majora (n) 2 0 0.49 - - -

Numbness or pain at Martius flap  9 0 0.0019 - -  
harvest site (n) -

Dyspareunia (n) 1 2 1.0 0 0 -

Urinary incontinence (urge or stress) 3 2 1.0 1 2 1.0

Clavien grade III 

Failure (n) 2 1 1.0 1 1 1.0

Note: Each individual patient may have more than one complication



Harvesting the Martius flap leads to complications like seroma, 
hematoma, numbness, pain, or labial distortion, which can be 
avoided by repairing the wound without using the Martius flap. 
In subgroup 1A, seroma or hematoma formation at Martius flap 
harvest site occurred in 6.9% of patients (n=2/29); both these 
patients showed distortion of the labia majora.

In our experience, complete hemostasis at the site of harvest 
along with insertion of a Penrose drain may decrease the risk 
of seroma, hematoma, and labial distortion. However, these 
complications can only be completely averted by omitting the 
Martius flap altogether.

Although rare, Martius flap interposition may lead to pain at the 
harvest site. Further, the clitoris has rich sensory nerve supply 
that may get damaged during flap harvest leading to persistent 
pain. In this study, 17.24% (n=5/29) of patients had numbness, 
and 13.8% (n=4/29) of patients had pain at the Martius flap har-
vest site in subgroup 1A. These complications can be prevented 
by omitting the Martius flap.

Martius flap interposition may lessen scarring because of the 
vascularity of the flap and enhanced lymphatic drainage at the 
site of fistula repair. This subsequently caused less vaginal dis-
comfort or dyspareunia. In our study, dyspareunia was present 
in 3.45% of patients (n=1/29) in subgroup 1A and in 6.9% of 
patients (n=2/29) in subgroup 1B. Rangnekar et al.[17] in their 
series of 38 patients who underwent successful fistula repair, 
reported dyspareunia in 6 out of 18 patients (33%) who did not 
receive a Martius flap, and no dyspareunia in 20 patients with 
Martius flap interposition. Therefore, one of the advantages of 
Martius flap interposition is to reduce postoperative morbidity. 
Mean blood loss and operative time were comparatively higher 
in the Martius flap interposition group but were statistically 
insignificant (141.3±42.7 versus 120.3±38.3 ml; 117±27.3 ver-
sus 101.3±32.3 minutes, respectively). 

In transabdominal repair, the omentum remains the first choice 
for placing an interposition flap. In 1967, Turner-Warwick 
et al.[18] described the principles of omental flap mobiliza-
tion based on the right gastroepiploic artery emerging from 
the greater curvature of the stomach. Omentum has excellent 
vascularity and when it is placed between the bladder and the 
vagina, it prevents contact between the two suture lines. For 
this reason, omentum flaps are used in malignant, complex, and 
complicated fistulae. However, in cases of a simple fistula, one 
can safely omit interposition flap since the surrounding tissues 
are well-vascularized and healthy. There were two failures out 
of 69 patients in both subgroups in transabdominal repair (2A 
and 2B). Postoperative abdominal pain and temporary ileus 
were present in 8.6% (n=3/35) and 5.7% (n=2/35) of patients in 
subgroup 2A but were completely absent in patients in subgroup 

2B. The probable reason for pain could be increased gut motility 
following enteral feed, which in turn increased omental motil-
ity, leading to tension on the fixed omental flap at the vaginal 
suture line. This phenomenon may be prevented by omitting 
flap interposition. Mean blood loss and operating time were 
comparatively higher if the omental flap was used, although this 
was not statistically significant (217±50.2 versus 198.3±46.3 
mL; 168±29.4 versus 154±36.3 minutes, respectively). Evans 
et al.[19] reported a 100% success rate with the interposition flap 
in a transabdominal approach for both benign and malignant 
fistula, 63% success rate without interposition flap in benign 
fistula, and 67% success rate without interposition flap in malig-
nant fistula. In this study, the low success rate of benign fistula 
repair was probably due to the history of previous failed repairs 
in 21% of patients. 

To the best of our knowledge, our study is the first English-
language, prospective, randomized study in the scientific litera-
ture that compares the success rate and complications of simple 
VVF repair either by transvaginal or transabdominal route, with 
or without the use of interposition flap.

In conclusion, the success rates are similar in simple VVF 
repair, irrespective of the use of the interposition flap. However, 
the overall morbidity following repair with an interposition flap 
is higher as compared to the repair without interposition flap, 
either by transvaginal or transabdominal route.
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Preface

The very essence of cardiovascular medicine is the recognition of
early heart failure.

Sir Thomas Lewis 1933
Heart failure (HF) is emerging as an important public health

problem in India. With the dual burden of traditional diseases like
rheumatic heart diseases and the rising burden of new-age
diseases like coronary artery disease, the burden of HF in India, is
likely to be enormous. Also the varying geographic and ethnic
diversity poses a great challenge to the management of HF in our
country.

Since our resources are limited and the vast majority of the
population spend out-of-pocket for treatment, it is an important
responsibility of the cardiologists and all concerned stakeholders to
providethebestavailabletherapeuticoptionsinanaffordablemanner,
based on the latest available medical knowledge and practice.

It is in this context that Cardiological Society of India (CSI)
decided to bring together a group of experts in HF in India, to
develop and publish the ‘Position Statement on management of HF
in India’. The purpose of this statement is to provide a single
document for the whole country which provides the latest
available data both from India and the rest of the world. We also
have tried to gather data on conditions specific and relevant to the
Indian context like rheumatic heart disease, aortoarteritis and
endomyocardial fibrosis.

This position statement is recommendatory in nature and
carries no statutory status.
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1. Preamble, epidemiology and evaluation

1.1. Preamble

Heart failure (HF) affects about 26 million people worldwide1

and its management poses significant strain on healthcare
resources of a country. Ageing population, increasing prevalence
of cardiac risk factors and improved survival of patients with acute
cardiovascular diseases have resulted in HF becoming a major
public health problem, across the world. Improving awareness
about the condition, lifestyle modification, early detection,
treatment and monitoring are necessary to keep this public health
menace in check. A number of guidelines, mostly Western, are
available for management of patients with this condition but their
uniform implementation may be difficult across all countries
because of differences in infrastructure and local practices.
Therefore, there is a need for region specific and country-specific
guidelines which could more appropriately address such issues.

1.1.1. Magnitude of the problem
There is paucity of data on heart failure burden in India because

of the absence of disease surveillance systems in India. HF is not an
exception. We have indicators to assume that the incidence and
prevalence rates of heart failure are rising due to epidemiological
and health transitions. Huffman and Prabhakar in their projections,
based on disease-specific estimates projected that a conservative
estimate of the prevalence of heart failure in India due to coronary
heart disease, hypertension, obesity, diabetes and rheumatic heart
University from ClinicalKey.com by Elsevier on June 27, 
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disease is in the range from 1.3 to 4.6 million, with an annual
incidence of 0.4–1.8 million.2 Patients with heart failure are
younger than in the high income countries, with a mean average
age of around 60 years at presentation. They also have a high in-
hospital mortality and one year mortality, which are significantly
higher than that in the high income countries.3

1.1.2. Challenges of management of heart failure in India
The challenge is to make quality healthcare services accessible

and affordable to a socioeconomically and linguistically diverse
population of more than 1.3 billion4 spread over 3.287 million km2,
with inadequate infrastructure to deliver services and lack of strict
quality control measures. At the 2001 census, 72% of the
population lives in villages which are poorly accessible by roads,
making delivery of healthcare difficult. Only basic health care
facilities are available at most of the primary health centres, which
are often understaffed and their services overstretched. Most of the
tertiary healthcare resources are concentrated in the large cities
and that too mostly in the big Metropolis. This inequality in
healthcare distribution is a major impediment for implementation
of universal health care in India.

Government of India has cleared the National Health Policy
2017, which promises to increase public health spending to 2.5% of
GDP.5 This is still lower than the government spending in countries
such as UK (7.9%), US (8.2%) and Japan (9.6%).6 Private health care
runs parallel with government funded health service, but is
expensive and therefore affordability is an issue. As high as 86% of
rural population and 82% of urban population are not covered
under any insurance scheme whether public or private, to support
health expenditure.7 A study on microeconomics of cardiovascular
disease (CVD) in India showed that 79% people have to resort to
“distress financing” forcing them to borrow or sell assets when
faced with an acute episode of acute coronary syndrome (ACS) or
stroke.8

In such circumstances, healthcare rationing becomes inevita-
ble. In the private sector, where services come at a premium, it is
solely based on the affordability of the patient while in the public
sector, which is meant for the masses, it depends on the budgetary
allocation for health. We realize that there is a need to move from
the ‘ability to pay’ based rationing to ‘need based rationing’.
Therefore, whilst issuing a position statement, recommendations
for the more expensive treatments need to be judged against the
strength of their indications.

One of the striking features of India’s health care sector is the
variation in range of quality in available services. Apart from
infrastructural constraints, low level of provider’s knowledge, large
gaps between providers’ knowledge and the care provided, and
poor governance in the healthcare system could be the reasons for
poor quality of services.9 Efforts to improve the quality of care are
particularly challenged by the lack of reliable data on quality and
by technical difficulties in measuring quality.10 Moreover, the low
overall literacy level (72%) limits awareness and resists adoption of
changes.11

1.1.3. The need for a position statement
There are many reasons why region specific guidelines in the

management of heart failure are necessary. Most of the western
guidelines that we follow have been validated for Caucasians.
Unfortunately we do not have the wealth of data to confirm the
applicability of these guidelines to Indians. Where the strength of
evidence is high, the class of indication is unlikely to vary to suit
the economic constraints. On the other hand, where the evidence is
relatively weak, the cost-effectiveness need to be considered in
resource constrained settings. Device therapy in heart failure in the
Indian context is a perfect example.
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1.1.4. Objective
An expert committee was constituted by Cardiological Society

of India (CSI) for formulating the position statement on heart
failure. The objective was to provide a consensus statement on
heart failure management that could be applied across the country
and offer practical suggestions to the problems specific to the
country.

1.1.5. Limitations
Lack of adequate data on heart failure in India, remains the main

limitation of developing specific guidelines. Moreover, the purpose
of this position statement is recommendatory in nature and carries
no statutory status.

1.2. Epidemiology of heart failure (HF)

Heart Failure (HF) is one of the leading cause of hospitalization
in the High Income Countries (HIC), representing 1% to 2% of the
total hospital admissions.1 HF is a disease associated with
significant mortality, which is higher than many common cancers
like breast or colon. It is also associated with high morbidity, and
accounts for a significant share in the healthcare expenditures in
the developed world.11

Though we have good data on the epidemiology of HF from the
HIC, data from the low and middle income countries (LMIC) is very
limited and most of them are projections based on western data or
based on risk factor levels.2,12,13

The 2017 Heart Disease and Stroke update14 reports that 6.1
million Americans �20 years of age have HF based on the NHANES
data.15 Projected figures estimate that the prevalence of HF in US
will increase by 46% from 2012 to 2030 and the estimated medical
costs related to HF will increase almost by 127% to $69.7 billion in
2030.15

Some hospital based data on HF has recently emerged from
India,3,16, but there is no significant data on the HF burden in the
community. A preliminary estimate on the community-level
prevalence of HF in the adult population in India is about 1%.12

We have certain projections and estimates on HF from India and
South Asia.2,17 Based on these estimates (where US prevalence data
is extrapolated to Indian population), the prevalence of HF in India
is estimated to be 22.7 million.17

When we try to project the burden of HF in India, we have to
give consideration to the presence of risk factors of HF. Prevalence
of HF is likely to be proportionate to the risk factor levels in the
society. India is said to be having the “double burden”. On one side
there is rise in prevalence of conditions like hypertension, diabetes,
and coronary artery disease and on the other side, there is
persistence of “traditional ” like rheumatic heart disease.17 There
are also specific conditions which are unique to India, like
aortoarterits, endomyocardial fibrosis, untreated congenital heart
disease, high prevalence of chronic obstructive pulmonary disease
(COPD) due to high biomass fuel use which can contribute to the
burden of HF.

1.2.1. HF burden � how India is different?
The age at presentation with HF is dependent upon the level of

epidemiological transition of that country. In the Trivandrum Heart
Failure Registry (THFR) from India,16 the patients with HF were 10
years younger (mean age 61 years) compared to their western
counterparts. In the INTER-CHF study, the mean age among Indians
were 56 years, while the patients from sub-Saharan Africa were
even younger at 53 years.18 By contrast, the mean age at
presentation was 72 years in USA19 and the European data – the
mean age was 70 years.20 The Kerala ACS registry also showed the
presentation of ACS was at a younger age in India.21
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Fig. 1. Difference in the age distribution of patients with HF from India versus United States3,19.
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The age distribution of the patients presenting with HF is also
different. (Fig. 1) This data indicates that the burden of HF is in the
younger population at productive ages in India. The gender ratio is
also different in India compared to US and Africa. Male to female
ratio is almost equal proportions in US and Africa, while in India
this ratio is 70:30.16

The etiology of HF in India is also different from the west. The
INTERCHF data shows that CAD is the most common etiology of HF
in Asia (48%), while in the Trivandrum Registry IHD accounted for
71%. Table 1 shows the various etiologies in patients from the
Trivandrum registry and the INTER-CHF registry.18 RHD accounts
for 8–10% of the burden in India, but it is not a significant problem
in the west.19

The risk factor prevalence in patients with HF is also different
from the west. Type 2 Diabetes(T2DM) is much more prevalent
among Indians than westerners as per the Trivandrum Registry.3

The prognosis of HF in Indians is worse than the Western
population. The in-hospital mortality of 8.4% in THFR is much
higher than 4% in the ADHERE registry of USA. But the thirty-day
mortality is similar at 30% in both US and Indian populations. The
Inter CHF study shows that the one year mortality of in-patients
with HF is much higher in India and Africa, about 37% and 60%
respectively.22

Coming to the management of HF, an important issue is the
level of evidence based care. In the Trivandrum registry, it was
found that only 25% of the population received guideline directed
medical therapy – GDMT (i.e. a combination of BB + ACEI + Aldo-
sterone blockers in HF r EF), and those who did not receive GDMT
had higher mortality. This points towards need for quality
improvement programs. Fig. 2 summarizes the salient features
of HF epidemiology in India.
Table 1
Differences in etiology of Heart failure among large studies form Asia (INTERCHF)
and India (Trivandrum HF registry).

ASIA(INTERCHF)18 Trivandrum Registry16

ISCHEMIC 48 71
HYPERTENSIVE 14.1 2
DCM 11 15
Rheumatic HD 10 8
ENDOCRINE/METABOLIC 5
VALVULAR �NONRHEUMATIC 3 2.5
Idiopathic/hypertrophic 2
CHD 1 1.3
Peripartum Cardiomyopathy 0.25
Right heart failure 1.5

Notes: DCM- dilated cardiomyopathy, RHD- rheumatic heart disease, CHD-
Congenital heart disease.
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1.3. Heart failure � definition and types

Heart failure (HF) is a term easily understood, but is difficult to
define. Numerous definitions of HF are proposed with only a few
definitions having widespread acceptance.23 One of the classical
definitions says “HF is a pathophysiological state in which an
abnormality of cardiac function is responsible for the failure of the
heart to pump blood at a rate commensurate with the require-
ments of the metabolizing tissues or does so only at elevated filling
pressures”.24 The American College of Cardiology (ACC)/Ameri-
can Heart Association (AHA) guidelines25 define “HF as a
complex clinical syndrome that results from any structural or
functional impairment of ventricular filling or ejection of blood”.
The ESC guidelines26 define HF as “a clinical syndrome
characterized by typical symptoms (e.g. breathlessness, ankle
swelling and fatigue) that may be accompanied by signs (e.g.
elevated jugular venous pressure, pulmonary crackles and
peripheral oedema) caused by a structural and/or functional
cardiac abnormality, resulting in a reduced cardiac output and/or
elevated intra cardiac pressures at rest or during stress”. A more
detailed analysis of various definitions of HF may be found
elsewhere.23

1.3.1. Stages of HF
All the current definitions of HF are restricted to manifest stages

with apparent clinical symptoms and signs. However, vast majority
of patients have asymptomatic structural or functional cardiac
abnormalities like left ventricular (LV) hypertrophy, LV systolic or
diastolic dysfunction, and valve diseases which are well known
precursors of HF. It is important to recognize and treat them as
established HF has poor prognosis. So, control of these HF
Fig. 2. Heart failure Epidemiology – How India is different?.
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Table 2
ACC/AHA Stages of HF.

Stages Definitions Examples

Stage A At high risk for HF but without structural heart disease or symptoms of HF Risk factors for HF like hypertension
Stage B Structural heart disease but without signs or symptoms of HF LV dysfunction, LV hypertrophy
Stage C Structural heart disease with prior or current symptoms of HF Most forms of chronic HF
Stage D Refractory HF requiring specialized interventions Advanced/end stage HF
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precursor conditions may prevent or delay progression to overt HF.
In recognition of the importance of the predisposing conditions in
the causation of HF, the ACC/AHA25 recognizes 4 stages of HF
(Table 2). Stage C & D are the clinically recognizable forms, while
stage A & B are the pre-HF forms. HF may be further classified by
underlying etiology, ejection fraction, time course and severity.

1.3.2. Types of heart failure

1.3.2.1. Underlying etiology. A critical component of HF diagnosis is
defining the aetiology for HF. Most commonly, LV systolic and/or
diastolic dysfunction is the frequent cause of HF across the
world. In India, RHD remain one of the common causes of HF.27

Additionally, pericardial, endocardial, heart rhythm and
conduction abnormalities, structural heart defects, and
metabolic and systemic conditions may also cause HF. More
than one aetiology may contribute to the development and
progression of HF in some cases.

1.3.2.2. Heart failure with preserved,mid-range and reduced ejection
fraction (Table 3). LVEF remains central to the characterization of
HF, despite the shortcomings. Traditionally, HF is classified as HF
with reduced EF (HFrEF) and HF with preserved EF (HFpEF). HFrEF
is typically defined as LVEF <40% and HFpEF typically considered as
LVEF �50%. This distinction is very important as both these forms
have different underlying etiologies, risk profiles, demographics,
and co-morbidities .

The recent ESC guidelines26 realize that patients of HF with
LVEF in the range of 40–49% represent a ‘grey area’, and have
introduced a new term ‘HF with midrange EF (HFmrEF)’. Patients
with HFmrEF are likely to have mild systolic dysfunction with
variable amount diastolic dysfunction. In some of the HFrEF
patients, the LVEF may improve with treatment or spontaneously
and may be in HFmrEF or HFpEF. However, their prognosis and
outcomes may be different. Hence, ACC guidelines categories these
patients into HFrEF ‘improved’.

HFrEF is easier to diagnose and manage with evidence based
guidelines as compared to HFpEF. Most often patients with HFpEF
have normal sized LV with EF > 50%, but with an increased LV wall
thickness and/or increased left atrial (LA) size on echocardiography
along with an evidence of impaired LV filling, hence was referred as
diastolic HF. Earlier classification of HF as systolic HF and diastolic
HF was simple, but was realised to be less accurate. Most patients
with systolic HF also have measurable abnormalities of diastolic
function and most patients with diastolic HF also have subtle
abnormalities of systolic function using advanced methods of LV
systolic function assessment. Moreover, not all patients of HFpEF
have measurable abnormalities of diastolic function on echocardi-
ography. Hence, the terms HFrEF and HFpEF are preferred over
systolic and diastolic HF.
Table 3
Definitions for Heart failure with preserved, mid-range and reduced EF.26

HFrEF (HF with reduced EF) LVEF � 40%
HFpEF (HF with preserved EF) LVEF � 50%
HFmrEF (HF with mid-range EF) LVEF 41–49%
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1.3.2.3. Terminology related to the time course of heart
failure. Chronic HF and acute decompensated HF (ADHF) are
the two most well recognized forms of HF with distinctly varying
mortality, morbidity and outcomes. Most of the patients have
chronic HF with an insidious onset of symptoms/signs. Acute
decompensated HF is the preferred term for patients presenting
acutely with HF, which can be defined as ‘the sudden or gradual
onset of the signs or symptoms of heart failure requiring
unplanned office visits, emergency room visits, or
hospitalization’.28 It may be due to a de novo acute onset HF or
due to decompensation in a patient with chronic stable HF.

A de novo ADHF may present with an acute or subacute onset.
Some conditions like myocardial infarction, myocarditis and acute
infective endocarditis are associated with an acute HF with onset
within minutes to hours. Dilated cardiomyopathy, infective
endocarditis and acute rheumatic fever are classical examples of
HF with subacute onset within days to a few weeks. Some of these
conditions may resolve completely with or without specific
therapy. However, a significant proportion of patients end up
having chronic forms of HF. Any worsening of HF in a patient with
chronic stable HF also leads to ADHF. Such decompensation of
chronic HF is the most common cause of ADHF leading to
hospitalization and increased mortality.28

Most of the current guidelines25,26,29 describe an asymptomatic
patient with reduced LVEF who never exhibited typical signs and
symptoms of HF as having ‘asymptomatic LV systolic dysfunction’.
However, such patients are at increased risk of mortality and future
morbidity and some deaths may occur even before the patient
exhibits first signs or symptom of HF. Some of these asymptomatic
LV dysfunction patients may have raised biomarkers. It may be
prudent to include a category of ‘asymptomatic HF’ (Stage C, NYHA
class I). This identity is also important in a transiently symptomatic
patient who became asymptomatic on treatment. Then, HF term
may no longer be restricted to patients with manifest signs and
symptoms.

1.3.2.4. Terminology related to the symptomatic severity of heart
failure. New York Heart Association (NYHA) functional
classification (Table 4) remains the most widely used to assess
symptomatic severity and exercise tolerance in HF.30 However,
NYHA classification has several limitations. The symptom stages
are clearly related survival, yet they correlate poorly with measures
of LV function. Moreover, mildly symptomatic patients may also
have an increased risk of hospitalization and death.

Patients having a severe form of cardiac dysfunction presenting
with severe symptoms and recurrent decompensation is referred
as having ‘advanced HF’. Patients with ‘end-stage HF’ character-
istically have advanced structural heart disease with symptoms of
heart failure at rest or upon minimal physical exertion, despite
maximal evidence-based treatment. Patients who are continually
symptomatic despite maximum tolerated medical therapy are also
referred as having ‘refractory HF’.

1.3.2.5. Other commonly used classification terms in HF. Some of the
commonly used terms in HF like stable HF, compensated HF, and
congestive HF needs further elaboration. Many or all of these
previously defined terms may be accurately applied to the same
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 4
NYHA classification and definitions.30

Class Description

I No limitation of physical activity. Ordinary physical activity does not
cause symptoms of HF.

II Slight limitation of physical activity. Comfortable at rest, but ordinary
physical activity results in symptoms of HF.

III Marked limitation of physical activity. Comfortable at rest, but less
than ordinary activity causes symptoms of HF.

IV Unable to carry on any physical activity without symptoms of HF, or
symptoms of HF at rest.
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patient with HF at different times, depending upon their stage of
illness. ESC defines stable/compensated HF as “a treated patient
with symptoms and signs that have remained generally unchanged
for at least 1 month”. Congestive HF is a term used for patients of
acute or chronic HF presenting with evidence of volume overload.
Congestive HF (CHF) or congestive cardiac failure (CCF) are
common terms used in India for chronic HF presenting with
clinical signs, but are not specific and are better avoided.

All the components essential for making a complete diagnosis
HF are summarized in Fig. 3.

1.4. Pathophysiology of heart failure

Heart failure results due to loss of functional myocardial cells
(ischemia, myocarditis, cardio myopathies) and also due to extra-
myocardial diseases (valvular heart diseases, pericardial diseases,
systemic hypertension). On a long run, the extra-myocardial
disease processes can also affect the myocardial function by posing
pressure and volume overload.

Heart failure due to any etiology is characterised by changes in
vascular function, fluid volume and neuro-hormonal status, which
serve initially to restore the balance, but are considered to be
detrimental over a long term.

1.4.1. Hemodynamic alterations in HF

1.4.1.1. Acute decompensated heart failure. Decrease in cardiac
output hikes up the sympathetic nervous tone and inhibit
parasympathetic system which attempt to maintain perfusion by
Fig. 3. Components of chronic HF Diagnosis.
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increasing peripheral vascular resistance and stimulating the
contractile reserve of the remaining myocardium. Vasoconstriction
helps to increase the preload and filling pressures. The sarcomere
overlap progressively decreases with distension of the chambers and
beyond the point of optimal stretch, the volume of blood ejected
declines, further worsening the stroke volume and increasing the
filling pressures. Salt and fluid retention by kidneys sets in and
attempts to increase the preload and tissue perfusion.

1.4.1.2. Chronic heart failure. The variable recovery of the
myocardium along with elevated filling pressures enables gradual
improvement in cardiac output, thus stabilising the patient. The
elevated chamber volume attempts to improve the forward output,
but increases the wall stress by the law of Laplace. This stimulates
hypertrophy by laying down of sarcomeres in series with
lengthening of the myofibres, thereby acting as a counter-measure
to decrease the wall stress. Progressive volume overload and/or loss
of contractile elements as in myocardial diseases result in gradual
loss of efficacy, increased myocardial oxygen demand, sub
endocardial ischemia and worsening heart failure.

1.4.2. Basis of compensatory mechanisms in heart failure
A series of systemic compensatory mechanisms are initiated

once cardiac injury occurs (Fig. 4). These mechanisms attempt to
maintain the cardiac output by affecting the myocardium and
vasculature. The adaptive changes in myocardium are collectively
termed ventricular remodelling. While the compensatory mecha-
nisms in patients with heart failure with reduced ejection fraction
have been documented well, the understanding of pathophysio-
logical processes involved in patients suffering from heart failure
with preserved ejection fraction is in an evolving stage.

1.4.3. Ventricular remodelling (Fig. 5)
The term ventricular remodelling encompasses the complex

alterations in the ventricle in response to various mechanical,
neurohormonal, and immunological stressors on the heart,
resulting in alterations in volume, wall thickness and/or shape
(). Though initially considered to be protective, adaptive hypertro-
phic changes over a long term have adverse consequences.
Consequent to identification of adaptive mechanisms at molecular
and biochemical level, the process has been redefined as “genomic
expression resulting in molecular, cellular and interstitial changes
that are manifested clinically as changes in size, shape and function
of the heart after cardiac injury.”31

1.4.4. Pathophysiology of HFPEF
In normal hearts, LV pressure rapidly decreases after systole,

facilitating rapid filling in diastole with low filling pressures. This is
aided by active suctioning effect of left ventricle generated by
intraventricular gradients, longitudinal motion of mitral annulus,
untwisting of LV during early diastole and elastic recoil of the
ventricle after the end of the systole. These are impaired in patients
with HFPEF resulting in decreased rate of pressure decay in LV
during isovolumic relaxation phase, progressive.

Initially these may be manifest during exercise only. There is
progressive increase in the reliance on atrial systole for ventricular
filling, with worsening left atrial hypertension and its consequen-
ces, pulmonary venous congestion, pulmonary arterial hyperten-
sion and right heart failure. Contractile dysfunction often coexists,
not severe enough to depress ejection fraction in resting state. This
may become more apparent during exercise.

1.5. Clinical evaluation of heart failure patients

Clinical evaluation is one of the most vital parts of management
of patients with heart failure. The purpose of clinical evaluation is
University from ClinicalKey.com by Elsevier on June 27, 
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Fig. 4. Various compensatory mechanisms initiated in Heart failure.
ANS – autonomic nervous system; ACE – angiotensin converting enzyme; ADH – antidiuretic hormone, CO – cardiac output; ET – endothelin; NE – norepinephrine; NFkB –

nuclear factor kappa beta; NO – nitric oxide; RAAS – renin angiotensin aldosterone system; ROS – reactive oxygen species; SNS – sympathetic nervous system; VC –

vasoconstriction
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to diagnose heart failure, derive etiological clues, and assess the
severity of the condition while taking care to exclude other causes
of dyspnea or edema. Clinical evaluation also assesses response of
these patients to therapy.

1.5.1. History
Clinical evaluation should start with a good history which will

give insights into the etiology of heart failure, the precipitating
factors, and the disease severity.
Downloaded for Anonymous User (n/a) at King George's Medic
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Most common symptoms of HF are dyspnea, symptoms related to
fluid retention, palpitation and fatigue (Table 5). Dyspnea initially may
be exertional, but can worsen to present as paroxysmal nocturnal
dyspnea(PND)ororthopneaordyspneaatrest.Palpitationscanbedue
to tachycardia, dilated heart or can be due to arrhythmias like atrial
fibrillation or ventricular arrhythmias.

Fatigue is due to low cardiac output. Low cardiac output can also
manifest as reduced urine output and also lethargy and mental
slowing.
al University from ClinicalKey.com by Elsevier on June 27, 
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Fig. 5. Molecular and pathological changes seen during ventricular remodelling.
GPCR – G protein coupled receptor; MHC – myosin heavy chain; MMP – matrix metalloproteinase; SERCA – Sarcoplasmic Reticulum Calcium – Adenosine triphosphatase

Table 5
Typical symptoms and signs of Heart Failure.

Symptoms Signs

Dyspnea Elevated jugular venous pressure
PND Hepatojugular reflux
Orthopnea Third heart sound
Fatigue Laterally shifted cardiac apical impulse
Palpitations Dependent edema
Dependent edema Basal crepitations
Cachexia Tender hepatomegaly
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Fluid retention commonly manifest as dependent edema,
ascites or pleural effusion. Gastrointestinal symptoms such as
anorexia, early satiety and weight loss are common in patients
with HF and are due to visceral congestion. Cardiac cachexia is
associated with adverse prognosis. Change in body weight is also
very important. Rapid weight gain and development of peripheral
edema or ascites suggests volume overload while weight loss
during treatment indicates a good therapeutic response and is
helpful in establishing the diagnosis of heart failure

One should also elicit history which will give clues to the
etiology of HF. History of rheumatic fever in the past, history of
myocardial infarction (MI), presence of risk factors like hyperten-
sion or diabetes mellitus, history of a recent viral infection,
pregnancy, history of habituation to alcohol intake, history of
cancer chemotherapy, all can give clues to the etiology.

Recent or frequent prior hospitalizations for HF is associated
with adverse prognosis.

It is necessary to assess the compliance to life style, dietary
restrictions and physical activity. It is also very important to assess
the compliance to drug therapy as it is known to affect the
prognosis in HF.

At the same time, one should enquire also about medications
that may exacerbate HF (eg NSAIDs) since discontinuation of such
medications may represent a therapeutic opportunity.

1.5.2. Physical examination (Table 5)
Physical examination compliments the history and will give

clues to the etiology of heart failure. It can confirm the diagnosis of
HF and also assess the severity of HF.

General examination can give clues to the etiology, for example
evidence of chronic alcohol intake can point towards alcoholic
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cardiomyopathy. Presence of mucosal pallor indicating anemia,
can point towards a precipitating factor.

Height, weight and body mass Index (BMI) should be recorded.
Periodic weight monitoring is vital in the management of HF.

Blood pressure (supine and upright) should always be recorded.
We should always look for postural changes in blood pressure and
heart rate. These will give clues to volume depletion or excess
vasodilation from medications. Sinus tachycardia, low blood
pressure and reduced pulse pressure indicates a low cardiac
output. A pulsus alternans may indicate depressed cardiac
function.

One should look for signs of fluid overload in the form of
peripheral edema or ascites or pleural effusion. Recent weight gain
is a clue.

JVP at rest and following abdominal compression (hepatoju-
gular reflux) is extremely useful part of physical examination to
identify systemic congestion.

The most important and specific sign of HF is cardiac
enlargement. Size and location of point of maximal impulse
University from ClinicalKey.com by Elsevier on June 27, 
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should be looked for and documented. Presence of right ventricular
heave suggests significant right ventricular dysfunction and/or
pulmonary hypertension

Presence of third heart sound (S3) indicates adverse prognosis
in HFrEF and is sometimes the only distinct finding in asymptom-
atic heart failure patients. Pansystolic murmur of mitral regurgi-
tation may be audible and should be carefully looked for. Other
murmurs due to valvular heart disease will give clues to the
etiology.

Respiratory rate, rales and presence of pleural effusion should
be assessed. It is important to remember that in advanced chronic
HF, rales are often absent despite major pulmonary congestion and
hence their absence should not eliminate the possibility of heart
failure.

Hepatomegaly may be looked for carefully. It indicates venous
congestion and can be used to serially monitor the patients.
Presence of ascites indicates advanced right heart failure.

1.5.3. Electrocardiogram
ECG is one of the most crucial diagnostic tools in evaluation of

patients with HF. A 12 lead ECG is recommended in all patients
who are suspected of having HF. Occasionally we may need right
sided leads or leads V7 or V8. ECG. Though the ECG may be
abnormal in most of the patients, a normal ECG will not rule out
HF.

Pre-existing or development of bundle branch block (BBB) is a
poor prognostic factor in patients with heart failure. Left bundle
branch block (LBBB) prevalence is as high as 25% in patients with
chronic heart failure. LBBB causes deterioration of the mechanical
function of the left ventricle secondary to asynchronous
myocardial activation, which sequentially trigger ventricular
remodelling and bad prognosis. Right bundle branch block (RBBB)
has been shown in studies to be associated with worse prognosis
in patients with chronic heart failure compared to patients with
no BBB.

Non-sustained ventricular tachycardia (NSVT) is common
among patients with dilated cardiomyopathy with reported
prevalence of 30–80%. Though common, the prognostic signifi-
cance of NSVT as an independent risk factor in heart failure is
questionable. Signal averaged ECG and heart rate variability
studies have conflicting evidence as a predictor of mortality in
dilated cardiomyopathy.

Utility of ECG in HF
1. CAD – Presence of Q waves or loss of R waves or ST segment shift

indicates presence of CAD.
2. Arrhythmias can give clues to the etiology – eg. Atrial

Fibrillation, bradycardia.
3. ECG can give clues towards electrolyte imbalance
4. ECG – can provide Prognostic information – Eg. Presence of

ventricular arrhythmias.
5. It can give clues to chamber enlargement – LVH, RVH, LAE

What to assess in ECG in patients with HF?
Heart rate, PR interval, QRS duration, QT interval, pathological Q

waves, evidence of left atrial/right atrial overload, left ventricular/
right ventricular hypertrophy, bundle branch block, atrial and
ventricular arrhythmias.

CHEST X Ray
As part of the initial assessment of patients with HF Chest X-ray

(CXR) stills remains an important diagnostic tool. CXR gives two
important clues to HF, presence of cardiomegaly and presence
pulmonary congestion, both are very specific to the diagnosis of HF.

What to look for in CXR in HF:

1. Cardio-thoracic ratio
2. Pulmonary congestion
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3. Specific cardiac chamber enlargement
4. Pleural effusion
5. Other abnormalities – Lung parenchymal abnormalities, Calci-

fication eg. Pericardial

1.6. Echocardiography

1.6.1. Echocardiography
Echocardiography is the critical diagnostic tool in patients with

suspected heart failure, where it provides functional and structural
information. With the wide availability of echocardiography, it has
emerged as the most important tool in the diagnosis, assessment of
prognosis and in follow up of patients with HF.

1.6.2. Assessment of structural heart disease
A basic Echocardiographic examination of M-mode, two-

dimensional echocardiography, colour Doppler, pulse Doppler
and continuous wave Doppler should be performed in all patients
with suspected heart failure.

Echocardiography gives the diagnosis, confirms the etiology
and assesses the severity, which helps in deciding the type of
treatment required.25,26,32–34

Echocardiography provides insights into all stages (A,B,C and D)
of heart failure.32,33,35

1.6.3. Assessment of systolic and diastolic function
Two-dimensional echocardiography is the mainstay for the

assessment of LV systolic function which includes LV imaging in
parasternal long axis view, parasternal short axis views and apical
views.35 LV measurements should be done from two-dimensional
echocardiography, and the assessment of LV volume by modified
biplane Simpson’s method is the most widely accepted method.
Area–length method may be used when biplane Simpson method
is technically not feasible. Care should be taken to get the correct
apical views with visualization of the LV apex and clear
identification of the endocardium. In patients with poor image
quality, contrast opacification of LV will help to better delineate the
endocardium.

M-mode echocardiography should not be used for LV
quantification and it should be done from two-dimensional
echocardiography. Cube method and Quinones method should
not be used for measurement of LV volumes and ejection fraction.
Three-dimensional echocardiography when available should be
used for measuring LV volume and ejection fraction. LV
myocardium is divided into 16 or 17 segments and visualized
in parasternal long axis, parasternal short axis and apical views
according to the coronary blood supply. Wall motion abnormali-
ties should be described using this nomenclature with wall
motion scoring index.

Assessment of LV diastolic function is an equally important
requirement of echocardiography.37 Diastolic dysfunction can be
identified by doing a left atrial outflow Doppler sampling between
the tips of anterior and posterior mitral leaflets, tissue Doppler
from septal and lateral mitral annulus, pulmonary vein velocity,
left atrial volume measurement and identification of presence or
absence of pulmonary hypertension. Left atrial volume provides
incremental information about the severity and chronicity of
diastolic dysfunction and is an important prognostic indicator in
various groups of heart diseases. Right atrial volume measurement
and RV diastolic dysfunction has limited value and not recom-
mended in routine echo.

The LV diastolic dysfunction can be graded into type I abnormal
relaxation pattern, type II pseudo normal pattern and type III
restrictive pattern and Type IV irreversible restrictive pattern
(Table 6).
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Table 6
Echocardiographic criteria for assessing grades of Left ventricular diastolic dysfunction.37

Diastolic Dysfunction

Normal Grade I Grade II Grade III

Mitral E/A �0.8 �0.8 >0.8 to <2 >2
Average E/e ’ ratio <10 <10 10–14 >14
Peak TR velocity (m/s) <2.8 <2.8 >2.8 >2.8
LA volume index <34 ml/m2 Normal or increased >34 ml/m2 >34 ml/m2

Table 7
Echocardiographic criteria for assessing severity of right ventricular function.

RV Function

Normal Mildly abnormal Moderately abnormal severely abnormal

RV Diastolic Area (cm2) 11–28 29–32 33–37 �38
RV Fractional Area change (%) 32–60 25–31 18–24 �17
TAPSE 1.5–2.0 1.3–1.5 1.0–1.2 <1.0
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1.6.4. Assessment of right ventricular function and pulmonary
hypertension

The importance of RV function and RV haemodynamics is being
increasingly recognized in the management of HF. Assessment of
RV function and hemodynamics is very important to decide about
the management of patients, which includes both medical and
surgical methods of treatment.32,33 This information can be
obtained from two-dimensional and Doppler echocardiography
which is considered now as the non-invasive Swan-Ganz catheter.
Pulmonary artery systolic pressure, diastolic pressure and mean
pressure can be calculated from tricuspid and pulmonary
regurgitation. Right atrial pressure is mainly assessed by using
the inferior vena cava dimension and its changes with respiration.
RV function can be assessed by surrogate parameters like, TAPSE
(Tricuspid annular plane systolic excursion), Tricuspid annular
tissue Doppler velocity, RV fractional area change and RV
myocardial performance index (Table 7). RV volumes and ejection
fraction can be obtained by three-dimensional echocardiography,
but it has not come into routine clinical practice yet. Cardiac
magnetic resonance imaging (CMRI) is still the gold standard for
measuring the RV volumes and ejection fraction.

1.6.5. Tissue d Doppler imaging
Tissue Doppler imaging (TDI) gives information about regional

and global function.32 Tissue Doppler of LV is sampled from mitral
annulus and from basal and mid-ventricular myocardial segments.
Its use is limited since it’s a Doppler based technique and can only
be used in apical views. TDI is mainly useful for diastolic function
assessment and in the measurement of LV filling pressures (E/e’). It
is also useful in assessing LV and RV function by calculation of
myocardial performance index since the parameters can be
measured in the same heartbeat. Conventional echocardiography
plays an important role post CRT for assessing LV function, severity
of mitral regurgitation (MR) and adjusting the atrio-ventricular
and inter-ventricular delays after CRT.
Table 8
Definition of abnormal global longitudinal strain &clinical situations for it’s use.

Abnormal if more than �16% (Normal Range �15.9% to �22.1%)
It is being used to monitor specific clinical conditions to detect sub clinical LV dysfu
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1.6.6. Speckle tracking echocardiography
TDI and speckle tracking echocardiography (STE) has helped us

to understand LV myocardial mechanics32,33,35 Peak global
longitudinal strain (GLS) of LV by STE has come into clinical use,
the normal value being �18% to �22%. GLS value of above �16%
indicates LV systolic dysfunction (Table 8). Regional peak
longitudinal strain pattern of LV myocardial segments can be
shown as a Bull’s eye diagram with colour coding and numerical
values. This may be useful to identify affected segments in various
disease conditions. It has also been shown to be useful in
identification of areas of fibrosis in patients with dilated and
hypertrophic cardiomyopathy. In amyloidosis, it gives a typical
pattern of apical sparing with marked decrease of strain in basal
and mid myocardial LV segments, the typical “cherry on top of ice
cream” appearance.

In patients with HFpEF, even though LV ejection fraction is in
the normal range, strain is decreased indicating subclinical LV
systolic dysfunction. Strain can also be used to identify sub clinical
LV dysfunction after cancer chemotherapy. 25% decrease in GLS
compared to the basal values identifies myocardial systolic
dysfunction. GLS can also be used to predict early LV systolic
dysfunction before ejection fraction decreases in patients with
mitral and aortic regurgitation, aortic stenosis, left ventricular
hypertrophy due to systemic hypertension, hypertrophic and
restrictive cardiomyopathy. Both TDI and STE have shown some
utility in assessing patients after cardiac transplant, especially
patients who are likely to develop rejection

1.6.7. Three-dimensional echocardiography
Trans-thoracic real time three-dimensional echocardiography

(RT3DE)38 provides accurate LV volume and ejection fraction
because the volume is measured by counting the number of voxels
present in the LV cast. It is superior since, there is no geometrical
assumption and hence no mathematical formula is involved,
provided the LV is not foreshortened and LV apex is always
Global Longitudinal Strain

nction
-Cancer induced chemotherapy
-Aortic stenosis
-May have a role in cardiac amyloid & Hypertrophic cardiomyopathy
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included. RT3DE LV volume correlates well with the gold standard
of LV volume by CMR imaging.

1.6.8. Contrast echocardiography
Contrast echocardiography using commercially available con-

trast agents is useful for LV opacification. Contrast delineates LV
endocardium and facilitates more accurate estimation of LV
volume and ejection fraction. Contrast echocardiography can be
combined with stress echocardiography for identification of wall
motion abnormalities with treadmill stress and dobutamine stress
echocardiography. It is also useful for identification of thrombus,
aneurysm, non-compaction, viable myocardium and apical hyper-
trophic cardiomyopathy.

1.6.9. Stress echocardiography
Stress Echocardiography may be combined with physical

exercise like treadmill test or pharmacological stress like dobut-
amine stress echocardiography (DSE). Stress echocardiography can
be used to identify wall motion abnormalities developing after
myocardial ischemia. DSE is useful to identify the biphasic
response which indicates viability of myocardium. Stress echocar-
diography can also be used in patients with asymptomatic and low
flow low gradient aortic stenosis. It is also useful in patients with
mitral and aortic regurgitation. Stress echocardiography is not
recommended for the diagnosis of pulmonary hypertension. In
patients with significant dyspnoea with normal resting LV diastolic
pressure, diastolic stress test may identify patients with abnormal
diastolic dysfunction where an increase in LV end diastolic
pressure produces dyspnoea.

1.7. Biomarkers in heart failure

1.7.1. Introduction
Although heart failure (HF) remains a fundamentally clinical

diagnosis, substantial advances in the understanding of the
underlying biology and pathophysiology of this syndrome has
led to a greater interest in objective means to quantify its presence,
severity, and potential future progression. Among the most
intensively studied tools to achieve these goals are circulating
biomarkers.

Various remodelling and neurohormonal activation pathways
exist whose activity may be leveraged for biological monitoring.
(Table 9)

Among the biomarkers, plasma concentration of natriuretic
peptides (NPs) is the most commonly used initial diagnostic test in
India. It may be used, when and where feasible, particularly when
echocardiography is not immediately available Patients with
normal plasma NP concentrations are very less likely to have
HF. The upper limits of normal levels of NPs in the acute and non-
acute settings are discussed below.

So, the use of assay of BNP and NT pro-BNP, is recommended to
rule-out HF. However, other biomarkers discussed here, may be
Table 9
Biomarkers of HF.

Myocardial Injury Neurohormonal Activatio

Myocyte Stretch
NT-proBNP, BNP, MR-proANP

Arginine Vasopressin
System
Arginine vasopressin

Oxidative Stress
Myeloperoxidase, oxidized low-density lipoproteins,
MR-proADM

Renin Angiotensin Syst
Renin, angiotensin II,
aldosterone

Myocardial Injury
Troponin T, troponin I

Sympathetic Nervous
System
Norepinephrine,
Chromogranin A
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used in tertiary care and specialized HF clinic for select group of
patients.

1.7.2. Natriuretic peptides
The natriuretic peptides represent the gold standard for

biomarkers in HF. The signs and symptoms of HF are non-specific,
and many patients who are suspected to have HF referred for
echocardiography, finally turned to have no significant cardiac
abnormality. In the developing world, like India, where the
availability of echocardiography is limited, an alternative approach
to diagnosis is to measure the blood concentration of NPs in HF.36

Many major studies have examined the threshold levels that
can be used as a cut-off to exclude the diagnosis of HF for the two
most commonly used natriuretic peptides, B-type natriuretic
peptide (BNP) and N-terminal pro B-type natriuretic peptide (NT-
proBNP).39–41 Different cut-off values have been proposed for
patients presenting with acute decompensated heart failure
(ADHF) and those patients presenting with a more gradual onset
of symptoms.

For patients presenting with acute decompensated HF, the ideal
exclusion cut-off point is proposed to be 300 pg/mL for NT-proBNP
and 100 pg/mL for BNP.42 For patients presenting with chronic
heart failure, the optimum exclusion cut-off point is 125 pg/mL for
NT-proBNP and 35 pg/mL for BNP. The sensitivity and specificity of
BNP and NT-proBNP for the diagnosis of HF are lower in non-acute
settings.39–41

The blood levels of these biomarkers, BNP and NT-proBNP come
down with treatment of chronic HF, and it correlates with
improved clinical outcomes. Thus, the strategy of using BNP or
NT-proBNP “guided” therapy versus standard care without
natriuretic peptide measurement was compared to find out
whether guided therapy renders superior achievement of guide-
line-directed medical therapy (GDMT) in patients with HF.
However, such RCTs have yielded inconsistent results as we
discuss below.

These trials comparing the two strategies, which gave mixed
results differ primarily in their study populations, with successful
trials enrolling relatively younger patients and only those having
HFrEF. In addition, the positive “guided trials” aimed at a lower
natriuretic peptide goal and/or a substantial reduction in
natriuretic peptides during treatment.43 Although most trials
examining the strategy of biomarker “guided” management of
patients with HF were small and underpowered, two comprehen-
sive meta-analyses have concluded that BNP guided therapy
reduces all-cause mortality in patients with chronic HF as
compared to usual clinical care44,45 especially in patients <75 years
of age. The increase in survival could be attributed to the increased
achievement of GDMT. In some cases, as we occasionally encounter
in our clinical practice, BNP or NT-proBNP levels may not be easily
modifiable. If the BNP or NT-proBNP value does not fall after
aggressive HF care, we know that the risk for death or re-
hospitalization for HF is significantly higher. On the contrary, some
n Remodelling

Hypertrophy/Fibrosis
Matrix metalloproteinases, collagen propeptides, galectin 3, soluble ST2

em Apoptosis
GDF-15

Inflammation
C-reactive protein, tumor necrosis factor α, Fas, interleukins, osteoprotegerin,
adiponectin
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patients with advanced HF have normal NP levels or have falsely
low NP levels because of obesity or they have HFpEF.

There are many cardiac and non-cardiac causes which can
elevate NP levels that may weaken the diagnostic utility in HF.
Atrial fibrillation, age and renal failure are the most important
factors which can affect the interpretation of NP measurements.
On the other hand, plasma NP levels may be disproportionally low
in obese patients, which have to be considered when we interpret
NP values.

Treatment with ARNI and monitoring with Natriuretic peptides-
Sacubitril/valsartan (ARNI) increases levels of circulating BNP, so
BNP is not useful for monitoring the prognosis of these patients
who are on ARNI. NT-proBNP is still useful as changes in the levels
of this biomarker reflect the reduced pre-proBNP secretion as a
result of reduction in the ventricular wall stress in response to HF
treatment.

1.7.3. Biomarkers of myocardial injury: cardiac troponin T or I
Higher levels of circulating cardiac troponin are found in

patients with HF, without any evidence of myocardial ischemia and
frequently in those without underlying CAD. This suggests the
presence of ongoing myocyte injury or necrosis in these patients
with HF. In chronic HF, elevation of cardiac troponin levels is
associated with impaired hemodynamics, progressive LV dysfunc-
tion, and increased mortality rates. The data is similar in patients
with acute decompensated HF also, where elevated cardiac
troponin levels are associated with higher clinical adverse events
and mortality. Data also shows that decrease in troponin levels
over time while on treatment is associated with a better prognosis
than persistent elevation in patients with chronic or ADHF. In India
CAD contributes to the majority of HF burden hence, the
measurement of troponin I or T should be routine in patients
presenting with acutely decompensated HF syndromes. Inflam-
matory CMP should be considered if troponins are elevated.

The other biomarkers which are being evaluated in HF and their
pathophysiological mechanism is given in Table 10. None of these
biomarkers have consistently shown usefulness like BNPs.

1.8. Non-Invasive imaging other than echocardiography

Echocardiography remains the cornerstone of HF evaluation,
however, other non-invasive imaging techniques magnetic reso-
nance imaging, FDG PET as well as nuclear imaging plays an
important role in specific situations.

An overview of the potential role of these imaging techniques
are discussed below.

1.8.1. Ischemic heart disease

1.8.1.1. Viability assessment. Patients with severe left lentricular
dysfunction are known to improve after revascularization,
suggesting the presence of viable myocardium.46 Viability
assessment can be done by many imaging techniques such as
18F-FDG PET-CT, Cardiac MRI, SPECT-CT imaging, and dobutamine
stress echocardiography. Thallium201 (Tl-201) imaging is an
established procedure for the detection of viable myocardium
Table 10
Novel Biomarkers.

Biomarker 

1 Mid-regional pro adrenomedullin (MR-pro ADM) 

2 Copeptin 

3 Soluble ST-2 (Soluble suppression of Tumorigenicity �2) 

4 Galectin-3 (Gal �3) 

5 Kidney Injury Molecule-1 
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and various protocols like stress-redistribution, rest-delayed, rest-
reinjection are used for this purpose.

For the last several years many studies have come up which
tested for viability with Technetium (Tc) agents. Tc agents have the
advantage of superior imaging characteristics of 99mTc and hence
this allows more doses to be given, along with reduced tissue
attenuation of Tc-agents.47 Though initial studies have revealed
that Tc labelled tracers are less accurate than Tl-201 for detection of
viable myocardium,48 recent studies have shown that using
nitroglycerin and 99mTc-myocardial agents, it is possible to
achieve comparable sensitivity and specificity for myocardial
viability detection as with the use of Tl-201.49,50

F-18 Fluorodeoxyglucose (FDG) Positron Emission Tomography-
Computed Tomography scan (PET-CT) is also one of the commonly
used investigation for accurate assessment of viable myocardium.

FDG PET requires proper patient preparation. Depending on
blood glucose level, glucose load or intravenous insulin as per
sliding scale has to be administered according to standard protocol.
If the patient’s blood glucose level is more than 140 mg/mL, they
have to rescheduled after control of blood glucose levels.

1.8.1.2. Inflammatory myocardial disease. Sarcoidosis is a
multisystem granulomatous disease of unknown etiology. The
current diagnostic criteria for cardiac sarcoidosis includes
gadolinium-enhanced MRI which was added as a minor
criterion for the clinical diagnosis.

Imaging using 18F-FDG PET, in conjunctionwith perfusion imaging
to assess fibro granulomatous replacement of the myocardium in
sarcoidosis is found to have high sensitivity and specificity.

In general, PET/CT imaging for cardiac sarcoid disease should be
considered in patients having second or third-degree atrioventric-
ular block of unknown etiology in patients <55 years of age and
when non-ischemic, monomorphic ventricular tachycardia man-
ifests. In particular, an early identification of cardiac sarcoid
involvement with PET/CT imaging may be crucial to install
immunosuppressive therapy and thereby prevent the develop-
ment of severe cardiomyopathy and heart failure symptoms.51

1.8.1.3. Radionuclide ventriculography. With the advent and
routine use of gated myocardial perfusion studies (MPS) and
highly improved cardiac computed tomography and magnetic
resonance imaging, a number of previous applications of
radionuclide ventriculography using MUGA(Multigated
acquisition) or ERNA(equilibrium radionuclide angiography)
have almost gone into oblivion or add little to the practical
management of cardiac patients at present.52,53

1.8.2. Role of cardiac magnetic resonance imaging (CMR) in evaluation
of patients with heart failure

Over the last two decades Cardiac Magnetic Resonance (CMR)
imaging has established itself as the imaging of choice especially in
patients with limited echo windows or right ventricular pathology.

CMR is excellent in providing accurate anatomical and
functional data without exposure to ionising radiation. It is also
recognised as the gold standard modality in assessment of left
ventricular ejection fraction (LVEF).55
Pathophysiological pathway

Sympathetic nervous system activation
Arginine-vasopressin system activation
Cardiac Fibrosis – Considered as a marker of long term prognosis.
Cardiac Fibrosis
Indicates renal involvement in HF
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CMR is unique in its ability to characterise myocardial
morphology using T1/T2/T2*(star) mapping wherein relaxation
times of different myocardial pathologies can be used to establish a
diagnosis without the use of contrast. Delayed enhancement (DE)
imaging is also unique for CMR wherein imaging is performed 10–
15 min after giving contrast. Abnormal tissue enhances more than
normal myocardium and is depicted as bright region in the
background of normal dark myocardium. CMR can characterize
underlying cause of heart failure based on the pattern and location
of enhancement/scar/interstitial fibrosis with DE imaging.

1.8.3. Ischemic heart disease
CMR can help in making important decisions with regards to

revascularisation and guiding further therapy by selecting patients
who would benefit from surgical or interventional revascularisa-
tion. CMR can assess myocardial viability and potential to recover
by using various markers- wall motion abnormality, myocardial
thinning, delayed enhancement imaging for transmurality of
infarction and by assessing contractile reserve.

Myocardial segments with wall motion abnormalities and no/
mild (<25%) scar have good likelihood of functional recovery
following revascularisation. Segments with more than 75% hyper
enhancement have been shown to have little or no potential for
functional recovery following revascularisation.54 Transmurality of
scar is the second most important predictor of functional recovery.
Scar volume by CMR, also predicts survival and all-cause mortality
independent of the left ventricle ejection fraction.55–57 Viability and
potential recovery of myocardium post revascularisation can also be
assessed with the use of low dose Dobutamine stress by establishing
myocardial contractile reserve. Flow reserve can also be determined
with CMR using vasodilator stress and establishing the functional
significance of indeterminate coronary artery stenosis.

CMR clearly depicts the transition zone and represents the gold
standard for patient selection for aneurysmectomy.58

1.8.4. Non-Ischemic myocardial disease

1.8.4.1. Dilated cardiomyopathy (DCM). Presence of mid-
myocardial delayed gadolinium enhancement suggests fibrosis
and is associated with higher incidence of arrhythmia, adverse
events, hospitalisation and mortality.59 CMR also provided
accurate assessment of LV and RV volumes, mass and systolic
function. It is also very useful in ruling out common other mimics
of DCM, especially ischemic cardiomyopathy in older patients.

1.8.4.2. Myocarditis. Presence of global/regional dysfunction,
myocardial oedema and contrast enhancement in mid
myocardial/subepicardial distribution are commonly seen
imaging findings in myocarditis. Parvovirus B19 myocarditis
produces lateral wall enhancement and recovery within a few
months, but herpesvirus-6 myocarditis produces septal
enhancement and rapid progression to cardiac failure.60

1.8.4.3. Granulomatous cardiomyopathy. Two most common
causes of granulomatous cardiomyopathy are sarcoidosis and
tuberculosis. CMR can accurately demonstrate myocardial edema
and/or fibrosis along with evidence of extra cardiac involvement of
sarcoidosis. Noncaseating granulomas in cardiac sarcoidosis may
involve the LV free wall, basal ventricular septum, right ventricle,
papillary muscles, right and left atria. The clinical manifestations
depend on the site and extent of these granulomas. Also, LGE
imaging can act as a guide to decide the site of endomyocardial
biopsy. In spite of extensive myocardial involvement, pericardial
involvement is uncommon and asymptomatic. Presence of
mediastinal adenopathy may be seen and provides an accessible
site for biopsy for histopathological confirmation.61,62
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Myocardial tuberculosis is considered an uncommon clinical
entity and is only infrequently diagnosed ante-mortem. Patholog-
ically, there are three patterns of involvement:

� Miliary tuberculosis, with the heart being just one of the many
organs involved
� Diffuse infiltrating interstitial disease.
� Caseating nodular disease (tuberculoma).

The miliary form is by far the commonest; tuberculomas are
much rarer. The lesions may involve the atria, the ventricles, or the
interventricular septum and may lead to heart block. It may also
present as intracavitory mass lesion, commonly within the atria.
Mediastinal adenopathy and pericardial involvement with peri-
cardial effusion and pericarditis are common imaging findings.63,64

1.8.5. Non-ischemic myocardial disease

1.8.5.1. Hypertrophic cardiomyopathy: HCM. CMR will accurately
depict various phenotypes of HCM- symmetrical, asymmetrical,
apical, mid cavity etc. The apical variety and RV involvement is
often difficult to diagnose on echocardiography due to poor echo
window and CMR is useful. Typical pattern of LGE in HCM is
midwall patchy or punctate hyper enhancement in a thickened
myocardium in a noncoronary distribution.65

Two common types of HCM progression to the burned-out
phase are seen at imaging: a dilated form where the LV is most
commonly affected and a restrictive pattern where atrial dilatation
is the most prominent morphologic finding. Both patterns of
progression lead to heart failure, which is commonly unresponsive
to available therapies and ultimately necessitates cardiac trans-
plant.

CMR allows effective assessment of septal thickness, quantifi-
cation of ejection fraction and identification of fibrosis. Cardiac MR
imaging can also demonstrate morphologic abnormalities of the
mitral valve apparatus and papillary muscles, which are important
contributors to development of sub aortic gradients and LVOT
obstruction. CMR also can accurately quantify the amount of mitral
regurgitation, which can help in deciding surgical management.
Since the most devastating complication of HCM is SCD, cardiac MR
imaging allows prediction of which patients require ICD implan-
tation.66

1.8.5.2. Iron overload cardiomyopathy. Heart failure due to iron
overload is the most common cause of death in patients with
thalassaemia major worldwide.

Iron assessment by T2* relies on the measurement of T2*
relaxation from gradient echo (GRE) sequences. T2* values in the
mid-septum have been calibrated to myocardial tissue iron levels
in [Fe] milligrams per gram dry weight and indicate a strong
inverse linear relationship.67

T2* monitoring is now internationally recommended in the
annual monitoring of transfusion-dependent patients at risk of
developing myocardial iron loading. In this way, T2* imaging of
cardiac iron loading has progressed from a research technique to a
clinically validated tool and has transformed clinical outcomes in
β-thalassaemia major.68

1.8.5.3. Arrhythmogenic right ventricular cardiomyopathy
(ARVC). ARVC is characterised by fibro fatty infiltration of the
right or both ventricles. Recently published international task force
guidelines emphasise assessment of regional wall motion
abnormality and RV volumes and ejection fraction.69 CMR can
contribute to one major or one minor criteria towards the diagnosis
of ARVC according to the Task Force. LV involvement can also be
accurately demonstrated by CMR.
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1.8.5.4. Cardiac amyloidosis. Cardiac amyloidosis is characterized
by thickened myocardium, atria, and interatrial septum, with
diminished systolic function and biatrial enlargement. Delayed
enhancement is typically global subendocardial progressing to
transmural, but can also occasionally be patchy.70 A unique feature
of cardiac amyloidosis is the alteration of T1 kinetics of gadolinium
distribution, with nulling of the myocardium before the blood pool
due to diffuse amyloid infiltration, resulting in higher gadolinium
uptake and T1 shortening

1.8.5.5. Left ventricular non-compaction. This is characterised by
prominent trabeculations in the LV cavity with deep inter-
trabecular recesses. Patients present with heart failure,
arrhythmias or embolic events. There is lack of consensus in
diagnostic criteria for LV non-compaction especially due to overlap
with DCM and apical HCM. Both CMR and echo can depict
hypertrabeculated myocardium but CMR can depict biventricular
anatomy/function, can exclude other anomalies and also
demonstrate fibrosis.71

1.9. Invasive evaluation of heart failure

Vast majority of patients with HF can be evaluated using non-
invasive modalities like echocardiography and CMR. But we have to
resort to invasive techniques occasionally as we discuss below.

1.9.1. Indications for invasive testing in heart failure
a) To resolve diagnostic uncertainties in patients with inconclu-

sive clinical findings.
b) For evaluation of pulmonary vascular disease.
c) To look for coronary anatomy when ischemia is suspected as a

cause of heart failure
d) To assess for suitability for advanced therapies in chronic heart

failure like work-up for cardiac transplant

1.9.2. Modalities for invasive assessment of heart failure
Invasive evaluation of heart failure (HF) can be discussed under

the following headings- Right heart catheterization (RHC),
Coronary arteriography, Endomyocardial biopsy and Implantable
hemodynamic monitoring devices.

A. Role of RHC in heart failure �
There is no role of routine RHC in management of heart

failure72 as most therapies in treatment of HF are based on
either symptomatic improvement or survival benefit rather than
their effect on hemodynamic variables. Routine use of pulmo-
nary artery catheter insertion to manage heart failure was not
found to improve morbidity and mortality in landmark ESCAPE
trial.72 Thus, it is no longer recommended to use right heart
catheterization routinely in every patient.26,27 Hemodynamic
monitoring can be considered in patients with clinically
indeterminate volume status and those refractory to initial
therapy.

The Subset of patients, which might get benefit from RHC
include �
1. Patients with persistent severe symptoms despite optimum

medical therapy.
2. Dependence on intravenous inotropic infusion after initial

clinical improvement.
3. Patients with cardiogenic shock requiring vasopressor therapy

and being considered for mechanical circulatory support.
4. Patients being evaluated for heart transplantation

B. Role of Coronary arteriography
Those with previous history of angina and CAD and who are

considered suitable for potential coronary revascularization
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should preferably have an invasive coronary angiogram in order
to establish the diagnosis of CAD and its severity. In view of the
high prevalence of CAD in young population in India, it is better to
err on the side of doing a CAG rather than not doing it.

Patients with malignant arrhythmia and survivors of sudden
cardiac death are candidates for coronary angiogram. Those who
have recent worsening of symptoms of CAD also earn a coronary
angiogram even if prior angiograms are unremarkable.

1.10. C. Endomyocardial biopsy -

Given the limited diagnostic yield, routine use of Endomyo-
cardial biopsy (EMB) is not indicated. It should be considered only
when a specific diagnosis is being suspected, that is likely to impact
the therapy. Endomyocardial biopsy should not be performed in
the routine evaluation of HF.

Adult and pediatric patients who present with the sudden
onset of severe left ventricular failure within 2 weeks of a
distinct viral illness and who have typical lymphocytic
myocarditis on EMB have an excellent prognosis. Therapy with
combinations of immunosuppressive agents has been associated
with improved outcome in giant cell myocarditis and necrotiz-
ing eosinophilic myocarditis. EMB can be helpful in identifying
those patients. (Cooper et al. European Heart Journal (2007) 28,
3076–3093).

EMB is useful for
1. Rapidly progressive heart failure that worsens despite optimum

medical therapy:
a Unexplained new-onset heart failure (HF) of less than two
weeks.

b Unexplained new-onset HF of two weeks with a dilated left
ventricle and new ventricular arrhythmias or heart block.

2. Suspected cardiac rejection after heart transplantation
3. Suspected myocardial infiltrative disorder

Important considerations while planning EMB -
1. Anticipated yield of the procedure as well as the risk of sampling

error and procedure related complications.
2. The availability of effective therapy for the diagnosis that is

obtained.
3. EMB is recommended in when the unique prognostic and

diagnostic value of the information gained is likely to outweigh
the procedural risk.

4. Facilities and personal who can interpret the biopsy specimens.

1.10.1. Role of implantable hemodynamic monitoring devices in heart
failure

Newer devices permit the measurement of ambulatory
hemodynamics with implantable monitors. These devices include
RV leads that measure intrathoracic impedance and pressure,
wireless pulmonary artery pressure monitors, and left atrial
pressure sensors. These devices are based on the principle that rise
in LV filling pressure commonly occurs days before symptoms,
changes in weight, or hospitalization. However currently there is
no established role of these devices in heart failure management.
The commonly available devices are the Chronicle device
(Medtronic, Inc., Minneapolis), and CardioMEMSTM device.

1.11. Diagnostic evaluation: evaluation protocol for heart failure suited
to India �

1.11.1. Introduction
The patients of heart failure require a detailed evaluation for

etiology, prognostication, and assessment of treatable co-morbid-
ities that can improve outcomes in these patients.
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1.11.2. Evaluation in patients with HF
After a detailed clinical evaluation, all patients suspected of

having HF should have an ECG, Chest X-Ray and an echocardio-
gram as discussed. We will be able to diagnose and prognosticate
most of the patients with these three investigations. But we need
further evaluation in a sub-group of patients, one group where we
could not reach a diagnosis and the other group where we need to
further quantify or qualify the disease or the associated co-
morbidities.

Some of the patients need advanced imaging modalities like
CMR, cardiac CT or invasive cardiac catheterization. Few patients
need to be referred to other sub-specialties for evaluation.
Examples include thyroid dysfunction related cardiomyopathy,
hemochromatosis, sarcoidosis and amyloidosis. Holter monitoring
may be required in patients suspected of having tachycardiomy-
opathy. Obstructive sleep apnea is a common co-morbidity
encountered with HF and that needs evaluation and prompt
treatment.

A proposed algorithm for the work-up of patients and follow-up
is given below.

HEARTFAILURE–PROPOSED INVESTIGATION PROTOCOL
FIRST LEVEL–FOR ALL PATIENTS

1. Height and Weight – at each visit
2. Heart rate, Supine and standing BP(at each visit)
3. Chest X Ray and ECG(Initial visit and to be reviewed

periodically)
4. Echocardiogram-(Initial visit and to be reviewed periodically)
5. Holter – (If atrial fibrillaion or ventricular arrhythmias are

suspected or suspected tachycardiomyopathy)
6. Complete blood count
7. ESR
8. Serum BNP or NT Pro-BNP(to be repeated as and when

required)
9. LFT (Liver function tests) – S bilirubin, SGPT

10. RFT (Renal function test) – Creatinine with serum electrolytes
to be repeated as required

11. Virology- HIV/HBsAg/AntiHCV antibody
12. Thyroid profile – Screening with TSH levels.
13. 6 min walk test(ambulant patients)

SECOND LEVEL INVESTIGATIONS- IN SELECTED CASES
1. Cardiac Cath[Right atrial mean pressure, Pulmonary Capillary

Wedge, pulmonary artery -PA(systolic/diastolic /mean), Left
ventricular end-diastolic pressure (LVEDP), pulmonary vascular
resistance (PVR), Coronary angiogram, Coronary venogram, left
and right ventricular (LV and RV) angiogram as required

2. Cardiac MRI(with hepatic screening for hemochromatosis)

SECOND LEVEL WORKUP- AS PER PHENOTYPE ON Echocar-
diography.

Expansion of Short forms. HRCT – High Resolution computed
Tomography, S.ACE – Serum Angiotensin converting enzyme, S.Ca
– Serum calcium, S.Ph – Serum Phosphorus, ASO Titer –

Antistreptolysin O Titer, S.Ca – Serum calcium.
DCM HCM RCM

Family screening Family
screening

S Ferritin S. Ferritin
Echo–dyssynchrony
Viral Titres (Coxsackie/Enterovirus)
If conduction abnormality/VT: Sarcoidosis to
be ruled out-
S.Ca /S.Ph /HRCT Chest / S.ACE

If conduction abn/
VT: Sarcoid-
S.Ca/S.P/
HRCTchest/S.ACE

If ECG/Echo suggestive: Amyloid workup-
Abdominal Fat pad Biopsy

If ECG/Echo
suggestive:
Amyloid
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(Continued)

DCM HCM RCM

workup-
Abdominal Fat pad
Biopsy

Pediatric age: ASO titre

2. Management of heart failure

2.1. Non-pharmacological management

Nonpharmacological management occupies an important place
in heart failure therapy. However, most of the recommendations
are based on consensus expert opinion or are derived from limited
trial data.

2.1.1. Sodium restriction
Increased salt consumption is one of the most important causes

of worsening of heart failure.73,74 Dietary sodium restriction results
in reduction in dose of diuretic which helps in reducing plasma
renin activity and improves overall outcome.75 Observational data
suggest an association between dietary sodium intake with fluid
retention and risk of hospitalization.76,77 Other studies have
reported worsening neurohormonal profile with sodium restric-
tion in heart failure.78 Majority of the studies have been performed
in patients with HFrEF except one which has been performed on
HFpEF.79 These data have been mostly obtained from a predomi-
nantly white population and hence may not be fully extrapolated
to the Indian context. The scenario has been further complicated by
the results shown by 2 randomized control trials that lower
sodium intake is associated with worse outcome in patients with
HFrEF.80,81

American Heart Association and the United States Department
of Agriculture (USDA) recommend sodium intake of 2.3 gm
(equivalent to 5.7 gm of common salt) per day for the general
population, and 1.5 gm for those with hypertension, blacks and
middle-aged and older people.82 In India it is reasonable to limit
daily sodium intake to 2–3 gm. In severe cases of heart failure
sodium intake may be restricted to 500 mg/day83

2.1.2. Obesity
Obesity has generally been defined as body mass index (BMI)

�30 kg/m2. For Asian Indians 25 kg/m2 is accepted as the upper
level of normal BMI. However, HF patients with BMI between
30-35 kg/m2 have lower mortality and hospitalization rates as
compared to those with BMI in normal range.84 It has been
shown that overweight (25–29.9 kg/m2) and obese patient with
heart failure have better survival than patients with ideal body
weight (BMI 18.5 to 24.9 kg/m2).85,86 Low BMI (<18.5 kg/m2)
subjects with HF appear to have the highest mortality. Reasons
for this “obesity paradox” remain unexplained. Until further
data are available, caloric restriction as part of the treatment of
the severely obese patient with HF and weight stabilization or
reduction in overweight and mildly obese patients seem
reasonable.

2.1.3. Fluid intake
Fluid restriction is indicated in setting of symptomatic

hyponatraemia whether or not it is caused by pharmacological
therapy. In the outpatient setting, fluid restriction generally is
indicated for advanced HF refractory to high doses of oral diuretic
agents. Most HF management programs monitor patient volume
status reliably and effectively by measuring daily morning weight.
al University from ClinicalKey.com by Elsevier on June 27, 
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Non-adherence with dietary sodium restriction or pharmacologi-
cal therapy for HF, use of non-steroidal anti-inflammatory agents
and glitazones and excessive high fluid intake (>6 l per day) are the
usual causes of diuretic refractoriness.

2.1.4. Nutritional management
Cardiac cachexia is associated with stimulation of cytokines,

tumor necrotic factor-α and chronic low cardiac output state.
Special nutritional recommendations have been made regarding
frequency and size of meal to ensure high energy diet. There is no
evidence for use of anabolic steroids.

Multivitamin and mineral supplementation, especially thiamine,
may be recommended as all patients, who are on diuretic therapy, are
usually deficient of essential vitamins and minerals.87,88

Naturoceutical products including ma huang, ephedrine
metabolites, hawthorne or imported Chinese herbs are contra-
indicated in HF.89

2.1.5. Lifestyle modification
The diagnosis of HF and its prognosis usually provoke anxiety.

Relaxation techniques like meditation and yoga may improve
patient daily functioning.90

Standard heart failure therapy may worsen sexual dysfunction
leading to discontinuation of HF therapy and deterioration of HF
symptoms. Phsophodiesterase – 5 inhibitors can be safely used in
compensated HF patient but not with nitrates.

The reversal of ventricular remodelling and normalization of
left ventricular ejection fraction after cessation of alcohol
consumption are established facts.91,92

2.1.6. Exercise rehabilitation
Several studies have reported that physical conditioning by

exercise training improves functional aerobic capacity, health
related quality of life and hospitalization rate in patients with HF.
One large randomized controlled trial has reported a modest but
non-significant reduction in primary composite outcome of all –

cause mortality or all – cause hospitalization.93,94 In a recent
Cochrane review on exercise training which included 33 trials with
4740 patients with HF (majority HFrEF), it was reported that there
was trend of reduction in mortality.94 Regular aerobic exercise and
inspiratory muscle training programs are recommended.

2.1.7. Other therapies

2.1.7.1. Continuous positive airway pressure. Sleep disorders are
highly prevalent in HF patients. It is therefore recommended that
LOW PER
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formal sleep evaluation should be undertaken in patients who
remain symptomatic despite optimal HF therapy. It has been
shown that use of continuous positive airway pressure (CPAP)
reduces edema, daytime muscle sympathetic nerve activity,
systolic blood pressure, frequency of ventricular premature
beats during sleep and improves LV function.95–97 A Canadian
trial found that patients randomized to CPAP had increased LVEF,
improved nocturnal oxygenation and improved 6 min walk
distance but no survival benefit was reported.98 However, CPAP
may be harmful in presence of central sleep apnoea.

2.1.7.2. Supplemental O2. Oxygen supplementation is a useful
adjunct in hospitalized HF patients during acute decompensation.
Resting or exertional hypoxemia due to pulmonary congestion
requires increased dose of diuretic agent rather than supplemental
O2 therapy.

2.1.7.3. Vaccination. Polysaccharide and conjugated
pneumococcal vaccine every 5 years and influenza vaccination
every year are recommended in all HF patients who do not have
any known contradictions.573

2.2. Pharmacological management of acute HF

2.2.1. Aims of management
� Identification of the hemodynamic profile of patient (by
assessing the volume status and adequacy of systemic perfu-
sion),
� Identification of the precipitating factor,
� Relieving symptoms,
� Directly improving short- and long-term outcomes,
� Initiation and optimization of long-term therapies.

The central hemodynamic components of decompensated
heart failure are the elevation of filling pressures and the reduction
of cardiac output. The assessment of these hemodynamic profiles
helps to direct the pharmacotherapy.99 Profile B, “warm and wet,”
with congestion and adequate perfusion is the most common type.
(Figs. 6 and 7)

2.2.2. Optimizing volume status
The rate of diuresis should achieve desirable volume status

without causing a rapid reduction in intravascular volume, which
may result in symptomatic hypotension or renal dysfunction.
Diuretics are the mainstay of therapy in acute decompensated
heart failure to decrease volume overload. To date, diuretics have
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not improved survival in HF patients. Current guidelines recom-
mend intravenously administered diuretics as first line therapy for
volume overload.100 Loop diuretics are initial diuretics of choice.
DOSE Trial randomized diuretic administered as continuous
infusion or twice daily intravenous bolus. The co primary
endpoints, patient global assessment of symptoms and mean
change in serum creatinine at 72 h, were not significantly different
between treatment groups. High dose bolus injection may cause
vestibular toxicity. For secondary endpoints, higher doses were
associated with significantly improved net urine output, weight
Table 11
Use of Diuretics for correction fluid overload.101

Diuretic naïve: Furosemide 20–40 mg iv bolus.
Previously taking diuretic: Furosemide 2.5 x previous dose 

function, low albumin or SBP <90 mm Hg).
If inadequate diuresis consider:
� Increasing iv dose or
� Switching to continuous iv infusion or
� Add diuretic with different mechanism (e.g. metolazone, hy

Table 12
Comparison of commonly used Diuretics available for management of HF.

Furosemide Bumetanide 

Mechanism of action Loop Diuretic Loop Diuretic 

Bioavailability 40%–70% 80%–95% 

Dose Equivalents PO: 40 mg. IV:20 mg 1 mg 

Usual oral dosing 40–80 mg once or twice daily,
max 600 mg/d

1–2 mg once or twice dail
max 10 mg/d

Usual intravenous bolus
dosing

Diuretic naïve: 40–80 mg q8–
24 h

Diuretic naïve:0.5–1 mg
q8–24 h

Diuretic PTA: Diuretic PTA: 

1–2.5 x PO dose PTA*. 1-2.5 x PO dose PTA* 

May repeat in 2–3 h. Max
600 mg/d

May repeat in 2–3 h. Max
10 mg/d

Usual intravenous
continuous infusion
dosing

40–80 mg IVB load, then 5–
10 mg/h.max 40 mg/hr

1–2 mg IVB load,then 0.5–
2 mg/h.max 2 mg/hr

Duration of action 4–6 h 6–8 h 

IVB = intravenous bolus, PO = oral,PTA = prior to admission.
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loss, and dyspnea balanced by worsening renal function.101

(Tables 11 and 12)
In patients who are refractory to high dose loop diuretics,

combining a loop diuretic with a distal tubule acting agent such as
oral metolazone or intravenous chlorthiazide produces a syner-
gistic diuretic effect. Inotropic therapy should generally be
reserved for patients with evidence of low cardiac output.
Administration of low dose dopamine to enhance diuresis has
been abandoned. Results from the DAD II suggested no difference
between high-dose furosemide, low-dose furosemide, and low-
(max 180 mg) (1–2 x previous dose if declining renal

drochlorthiazide, chlorthalidone)

Torsemide Metolazone Chlorothiazide

Loop Diuretic Thiazide-like
diuretic

Thiazide diuretic

80%–90% 65% N/A
20 mg N/A N/A

y, 20–40 mg once or twice daily,
max200 mg/d

2.5–5 mg once
daily, max 10 mg/d

N/A

Diuretic naïve: 10–20 mg q8–
24 h

N/A 250mg–500 mg q12–
24 h,max 2 gm/day

Diuretic PTA:
1-2.5 x PO dose PTA*
May repeat in 2–3 h. Max
200 mg/d
20–40 mg IVB load,then 5–
20 mg/h.max 20 mg/hour

N/A N/A

12–16 h 12–24 h 6–12 h

al University from ClinicalKey.com by Elsevier on June 27, 
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dose furosemide plus dopamine, on mortality or readmission for
ADHF.102

The EVEREST Trial randomized 4133 patients with ADHF (LVEF
�40%) to tolvaptan or placebo.103 The primary outcome was
significantly improved with tolvaptan; however, this benefit was
driven primarily by reduction in weight loss.

Ultrafiltration reduces pulmonary artery pressure and increases
diuresis. Complications of ultrafiltration include those associated
with central venous access and intravascular depletion. Beneficial
effect on weight loss as compared to diuretics is not full proof.
Plasma creatinine increases more than with diuretics.104,105

At present the role of ultrafiltration is restricted to diuretic
resistant cases and dyselectrolytemia.

2.2.3. Vasodilators
Intravenous vasodilators often provide rapid symptom resolu-

tion, especially in patients with acute pulmonary edema or severe
hypertension. Vasodilators should be avoided in patients with
reduced filling pressures or symptomatic hypotension. But there is
little evidence for improved outcome. Nitroglycerin exhibits
primarily venodilation at low doses and mild arterial vasodilation
at higher doses; thus, it is the preferred agent for preload
reduction.106

Nitroprusside is a balanced arterial and venous vasodilator
which results in augmentation of cardiac output and reduction in
filling pressure with greater reduction in pulmonary artery
pressure, systemic vascular resistance, and blood pressure. It is
used primarily in patients with high systemic vascular resistance
and often requires invasive hemodynamic monitoring. The
primary disadvantages of nitroprusside are hypotension, tachy-
phylaxis and risk of cyanide and thiocyanate accumulation. In
patients with substantial hepatic or renal impairment, this agent
should be avoided or dose and duration of therapy should be
minimized.

Nesiritide or human B-type natriuretic peptide produces dose-
dependent venous and arterial vasodilation with increase in
cardiac output and natriuresis. This agent should be used for
selected patients (Table 13).107–109

2.2.4. Inotropic agents
Dobutamine stimulates β-adrenergic receptors with little

effect on α-adrenergic receptors, so that contractility is increased
with peripheral and pulmonary vasodilation. It is started at a high
dose and de-escalated to the lowest dosage to maintain the
desired effect. Patients receiving chronic maintenance infusions
generally exhibit tachyphylaxis and require increasing dosages
over time.
Table 13
Vasodilators for management of acute heart failure.

Nitroglycerin Nitroprussid

Mechanism Increase NO synthesis and cGMP Increase NO 

Clinical effects Vasodilator
(venous arterial)

Vasodilator
(venous = art

Indication Warm & wet.
Cold & Wet.
HTN Crises.
ACS

Warm & wet
Cold & Wet.
HTN Crises

Usual dosing 10-30mcg/min and titrate by 10–20 mcg/min
every 10–20 min to max 200 mcg/kg/min

0.1-0.2mcg/k
kg/min every

Onset.
Half-life

1–5 min
1–4 min

1 min
10 min

Elimination Inactive metabolites in urine
(no renal/hepatic adjustment)

Cyanide (hep

ACS = acute coronary syndrome.cGMP = cyclic guanosine monophosphate.HTN = hyperte
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Dopamine stimulates β-receptors, α-receptors and dopaminer-
gic receptors that cause vasodilation in renal and peripheral
vasculature. At dosages of 3 mg/kg/min or less, dopamine is
predominantly vasodilatory. Alpha-adrenergic stimulation domi-
nates when dopamine doses reach 5 mg/kg/min, or when other
vasopressors are given. When blood pressure support is the initial
need, dopamine should be started at a dosage of at least 4 mg/kg/
min. Similarly, when patients are weaned from the use of
dopamine as a pressor agent, it may be necessary to discontinue
it once a dosage of 3 mg/kg/min is reached.

Milrinone is a phosphodiesterase-III inhibitor that blocks
degradation of cAMP. Milrinone is the drug of choice in patients
receiving chronic beta-blocker therapy because its inotropic effects
don’t involve stimulation of beta-receptors. In patients with
cardiogenic shock on beta blockers, initial noradrenaline followed
by milrinone is recommended.110–113

Epinephrine and Norepinephrine provide significant additional
inotropic and blood pressure support for short-term life-saving
intervention. Both norepinephrine and epinephrine stimulate type
1β-adrenergic receptors and α-adrenergic receptors, increasing
contractility, heart rate, and peripheral vascular resistance, while
promoting cardiac arrhythmias and ischemia. These should not be
administered except in true emergency situations.

Vasopressin is used increasingly to potentiate the effects of
catecholamines in patients who remain severely hypotensive
despite high-dose pressor support.114,115 Vasopressin has been
used for days, in doses of 0.05 to over 0.1 U/min. Although
vasopressin is considered an antidiuretic hormone, its use in
critical settings is sometimes associated with profound water
diuresis that reverses after discontinuation of the drug. (Table 14)

Levosimendan sensitises troponin C to calcium thereby
improving myocardial contractility and haemodynamics. Levosi-
mendan also has vasodilatory and anti-ischaemic properties.116–118

Levosimendan is currently used in cardiogenic shock in combina-
tion with other vasopressors and over dobutamine only if reversal
of beta-blockers is needed to improve the hypo perfusion.

2.2.5. Ventilatory support
Supplemental oxygen and assisted ventilation should be

reserved for patients with hypoxaemia. In the very few studies
that have systematically examined effects of increasing FiO2,
oxygen supplementation causes a fall in cardiac output and
increases in SVR and cardiac filling pressures. In a study by Gray
et al., 1069 patients with AHF admitted with cardiogenic
pulmonary oedema and arterial pH of less than 7.35 were
randomised to standard oxygen therapy, continuous positive
airway pressure (CPAP), or non-invasive intermittent positive
e Nesiritide

synthesis and cGMP Activate guanylate cyclase-linked NP
receptor A to increase cGMP

erial)
Vasodilator
(venous = arterial)

. Warm & wet.
Cold & Wet

g/min and titrate by 0.1-0.2 mcg/
 10–20 min to max 2 mcg/kg/min

0.1mcg/kg/min and titrate by 0.005 mcg/kg/
min every 3 h. to max 0.03 mcg/kg/min
15–30 min
20 min

atic). Thiocynate (renal) NP receptor C
(no renal/hepatic adjustment)

nsive.NO = nitric oxide.NP = natriuretic peptide.
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Table 14
Hemodynamic effects of ionotropic agents.

CO PCWP SVR MAP HR

Dobutamine """ #/ → # #/ → "/ →
Dopamine- moderate "" "/ → "/ → "" "
Dopamine- high " " """ "" ""
Milrinone "" # ## #/ → "/ →
Levosimendan """ ## ## # "
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pressure ventilation (NIPPV). Compared to standard oxygen
therapy, non-invasive ventilation (CPAP or NIPPV) did not alter
7- and 30-day mortality, but did lead to greater reduction in
dyspnoea, heart rate, and hypercapnia118. A subsequent meta-
analyses on the use of non-invasive positive pressure ventilation
(NIPPV) showed a reduction in hospital mortality compared to
standard treatment.119 This is not suitable for mentally obtunded
patients.

Apart from above measures the guideline directed therapies
being taken by patient for heart failure before decompensation
also needs to be titrated according to need. (Table 15)

2.3. Pharmacotherapy of heart failure with reduced ejection
fraction (HFREF)

The major goals of treatment in patients with HFrEF are to
improve symptomatic status and functional capacity, prevent
recurrent hospitalizations and reduce mortality. This section
discusses the pharmacotherapy of HFrEF, Stage C with special
focus on:

A. Renin-Angiotensin System (RAS) inhibition
A1. ACE Inhibitors (ACEI)
A2. Angiotensin receptor blockers (ARB’s)
A3. Is a combination of ACEI/ARB recommended for HFrEF?
B. Angiotensin receptor-Neprilysin inhibitors (ARNI)
C. Beta-blockers

a. What first: ACEI or beta-blocker or simultaneous
initiation of both?
Table 15
Optimizing therapies for chronic heart failure during acute decompensation.

Medication Transition in Hospital 

Diuretics Continue or augment(if indicated).unless signs/symptoms of dehyd

Beta blockers
and ARBs

Continue unless decompensation due to recent addition or dose inc
case reduce dose) Discontinue if significant hypotension,bradycard
cardiogenic shock

ACE inhibitors
and ARBs

Continue. unless hypotension or acutely worsening renal function 

MRAs Continue unless K >5.5 CrCI <30 ml/min 

Digoxin Continue unless acutely worsening renal function. Significant brad
<45bpm), Or signs/symptoms of toxicity
Note:half-life = 36 h if normal renal function (minimum of 5–7 days 

state post initiation or dose change)

Hydralazine +
Isosorbide
dinitrate

Continue unless significant hypotension 

ACE = angiotensin converting enzyme, ARBs = angiotensin receptor blockers, BP = blood
K+ = potassium, MRAs = mineralocorticoid receptor antagonists, O2 = oxygen,RR = respira
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D. Mineralocorticoid receptor antagonists (MRA’s)
E. Diuretics
F. Ivabradine
G. Digoxin
H. Hydralazine and Isosorbide di nitrate
I. Diuretics
J. Pharmaco-economic aspects of HF in India
K. Summary
A 1 RAS Inhibition (RAS) with ACEI

� Therapy with ACEI leads to symptomatic improvement, reduced
hospitalization and significantly reduces adverse outcomes in
patients with HFrEF. Various randomized controlled trials (RCTs)
have established the role of ACE inhibition in patients across the
spectrum of HF (mild, moderate and severe HF) in those with and
without coronary artery disease.120–125 Meta-analysis of previ-
ous ACEI trials have reported lower all-cause mortality (odds
ratio [OR], 0.77 P < 0.001) as well as lower mortality and HF
hospitalization (OR, 0.65 P < .001) in those receiving ACEI.126 All
ACEI’s are reported to reduce the combined end point of
mortality and hospitalization for HF, suggesting a “class effect”
with no significant differences among the available ACEI in their
effects on symptoms.
� Clinical Use:
� ACEI should be started at low doses (listed in Table 16) and
titrated upward (as tolerated) to doses shown to reduce the
risk of cardiovascular events in clinical trials. Dose adjust-
ments may be made at 1–2 weekly intervals. In case maximal
doses are not tolerated, the immediate lower doses should be
tried.
� Caution should be exercised in patients with low systemic
blood pressure, renal insufficiency (serum creatinine
SCr > 2.5 mg/dl), and elevated serum potassium (>5.0 mEq/
L). Careful monitoring of serum potassium and S Cr is
imperative; renal function and electrolytes should be mea-
sured at initiation and with each dose adjustment. Although a
slight increase in SCr often occurs after initiation of ACEI, an
exact threshold for discontinuing therapy has not been
Monitoring

ration Daily weight (standing)
Strict intake and output
Vital signs(BP,HR,RR,O2 saturation) including orthostatic BP,HR
BUN. Serum creatinine Serum potassium and magnesium

rease (in which
ia, or overt

BP and HR including orthostatic BP, HR

BP and HR including orthostatic BP,HR
Strict intake and output
BUN. Serum creatinine
Serum potassium
BP and HR including orthostatic BP,HR
Strict intake and output
BUN. Serum creatinine
Serum potassium

ycardia (HR

to reach steady

HR
Serum Creatinine
Serum potassium, magnesium, and calcium
Serum digoxin concentration (at least 6 h post dose) if not
recently obtained, change in renal function, or addition/removal
of interacting medication
BP and HR including orthostatic BP. HR

 pressure, BUN = blood urea nitrogen, CrCI = creatinine clearance, HR = heart rate,
tory rate.
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Table 16
Commonly Used drugs in HFrEF and their dose schedules.

ACE inhibitors Initiating dose Maximum dose

Captopril 6.25 mg 3 times 50 mg 3 times
Enalapril 2.5 mg twice 10 to 20 mg twice
Lisinopril 2.5 to 5 mg once 20 to 40 mg once
Perindopril 2 mg once 8 to 16 mg once
Ramipril 1.25 to 2.5 mg once 10 mg once
ARBs
Losartan 25 to 50 mg once 50 to 150 mg once
Valsartan 20 to 40 mg twice 160 mg twice
ARNI: Sacubitril/valsartan 49/51 mg sacubitril/valsartan bd OR

lower dose 24/26 mg BID)
97/103 mg BID (sacubitril/valsartan)

Beta blockers
Bisoprolol 1.25 mg once 10 mg once
Carvedilol 3.125 mg twice 50 mg twice
Carvedilol CR 10 mg once 80 mg once
Metoprolol succinate extended release 12.5 to 25 mg once 200 mg once
Aldosterone antagonists
Spironolactone 12.5 to 25.0 mg once 25 mg once or twice
Eplerenone 25 mg once 50 mg once
Ivabradine 5 mg bd 7.5 mg bd
Loop diuretics
Bumetanide 0.5 to 1.0 mg od/bd 10 mg
Furosemide 20 to 40 mg od/bd 600 mg
Torsemide 10 to 20 mg od 200 mg
Thiazide diuretics
Chlorothiazide 250 to 500 mg od/bd 1000 mg
Chlorthalidone 12.5 to 25.0 mg od 100 mg
Hydrochlorothiazide 25 mg od/bd 200 mg
Indapamide 2.5 mg od 5 mg
Metolazone 2.5 mg od 20 mg
Potassium-sparing diuretics
Spironolactone 12.5 to 25.0 mg od 50–100 mg
Eplerenone 25 mg od 50 mg od
Triamterene 50 to 75 mg bd 200 mg
Amiloride 5 mg od 20 mg
Hydralazine/isosorbide dinitrate
Fixed-dose combination

37.5 mg hydralazine/20 mg
isosorbide dinitrate tid

75 mg hydralazine/40 mg isosorbide
dinitrate 3 times daily

Digoxin 0.125 mg 0.25 mg (serum level < 1.0 ng/mL)
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established. Up to 50% increase in SCr and increase in
potassium not >5.5 mEq/L is generally considered acceptable.
� Important side effects in patients with HF relate to hypotension
and azotemia. However both arewell tolerated and asymptomatic
hypotension does not usually require lowering the dose or drug
discontinuation. The azotemia is frequently due to the relative
volume-depletion accentuated by concomitant diuretics and is
therefore often improved by reduction in diuretic dose. Other side
effects include cough in 15–30% (a higher incidence has been
reported amongst Indians as compared to Western cohort)127 and
angioedema (which may occur in <1% of patients) the latter often
necessitating drug withdrawal. It is important to distinguish the
ACEI induced cough from that due to pulmonary congestion from
worsening HF or cough due to bronchospasm induced by
concomitant beta blocker use. In occasional cases, if the cough
significantly impacts the patient’s quality of life, a change to an
ARB, is needed.
� ACEI should not be administered to pregnant patients or those
planning to become pregnant.
� An abrupt withdrawal of ACEI can often precipitate clinical
deterioration and should be avoided.

� Recommendations: All patients with prior or current symptoms
of HFrEF regardless of etiology, should be started on an ACEI,
unless there is a contraindication.

A 2 RAS Inhibition with ARB’s

� Angiotensin-receptor blockers offer an alternative approach to
the inhibition of the RAS. and are known to produce favourable
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hemodynamic, neurohormonal, and clinical effects as substanti-
ated in different RCT’s.128–132

� Analysis of trials in which ARBs were compared with placebo
without background ACEI therapy, confirmed a benefit of ARBs in
reducing mortality and hospitalization although this was only a
non-significant trend.133 Direct comparison with ACEI did not
however reveal any superiority of ARB’s in reducing either
mortality or hospitalization135

� In patients of chronic HF on ACEI and also receiving beta-
blockers, no significant effect of ARB’s on mortality or combined
endpoint of mortality and morbidity was reported.134

� In one of themore recent meta-analysis of ACE/ARB’s in HF byTaiet al.
(n = 47,662 patients), ACEI reduced all-cause mortality by 11% and
cardiovascular mortality by 14%. In contrast, ARBs had no beneficial
effect on reducing all-cause or cardiovascular mortality.135

� Hence, based on current evidence, ACEI/beta-blockers should be
considered as first-line therapy to limit morbidity and mortality
outcomes in patients with HF and there is no additional benefit of
adding ARB’s in patients taking both ACEI and beta-blockers, and
tolerating them well.
� Clinical Use:
� ARBs also need to be started at low doses and gradually titrated
upward (see Table 1), and all attempts should be made to use
doses that have been shown to reduce cardiovascular events in
RCT’s. Titration is generally achieved by doubling the doses
every few days; it is important to monitor renal function at
initiation and with any dose titration.
� Similar to the recommendations for ACEI, ARBs should be given
with caution to patients with low blood pressure, azotemia or
University from ClinicalKey.com by Elsevier on June 27, 
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elevated serum potassium. Unlike ACEI, ARBs do not inhibit
kininase and are hence associated with a lower incidence of
cough.
� Although ARBs are a good alternative for patients with ACEI-
induced angioedema, patients may also develop angioedema
with ARBs and hence these drugs are best avoided in patients
with ACEI induced angioedema.

� Recommendations: Patients with prior or current symptoms of
chronic HFrEF who are intolerant to ACEI (due to cough) are
candidates for ARB’s.

A3 Combination of ACEI and ARB:

� Combination therapy with ARBs and ACEI has no added total
mortality benefit in chronic HFrEF. Rather, this increases the side
effects and should be avoided.

B RAS Inhibition with ARNI’s: A deeper understanding of the
role of natriuretic peptides in HF led to the development of the
combination drug ARNI containing an ARB (valsartan) and a
neprilysin inhibitor (sacubitril). The PARADIGM-HF trial demon-
strated that sacubitril/valsartan (200 mg twice daily, with the ARB
component equivalent to valsartan 160 mg) was superior to ACEI
(viz. enalapril target dose 10 mg bd) in patients with HFrEF.136

� Clinical Use: In patients already on ACEI, it is important to
discontinue these 48 h prior to initiating sacubitril/valsartan to
avoid the risk of angioedema.
� The usual starting dose is 49 mg/51 mg bd with attempt to
double to target dose of 97 mg/103 mg bd at 2–4 weeks as
tolerated by the patient. In ACEI/ARB naïve patients, the
starting dose is lower (24/26 mg bd with a slower titration
schedule; double every 3–4 weeks).
� Although the PARADIGM-HF trial enrolled patients with high
baseline BNP/NT-proBNP, it is not mandatory to estimate these
biomarkers prior to initiation of ARNI. It is however important
to remember that since BNP levels are elevated in patients
receiving sacubitril/valsartan (due to neprilysin inhibition),
NT-proBNP should be used if biomarker estimation is
contemplated for monitoring treatment and assessing HF
severity.
� Do not initiate therapy with ARNI if baseline serum potassium
level is >5.4 mmol/L, SBP <100 mmHg or there is past history
of angioedema.
� In patients with mild renal impairment (eGFR 60–90 ml/min/
1.73 m2), no dose adjustment is required. In patients with
moderate (eGFR 30–60) and severe renal impairment (eGFR
<30), caution should be exercised and consider starting dose of
24 mg/26 mg bd, with subsequent slow titration, assuming
there is no deterioration in renal function. The drug should be
avoided in patients with end stage renal disease.
� In patients with mild hepatic impairment, no dose adjustment
is required. In patients with moderate hepatic impairment, a
lower starting dose (as above) should be used. The drug should
not be used in patients with severe hepatic impairment,
cirrhosis or cholestasis.
� Potential adverse effects include cough, dizziness, angioe-
dema, hypotension, renal impairment and hyperkalaemia. If
after initiating sacubitril valsartan, there is symptomatic
hypotension, SBP <95 mm Hg, hyperkalaemia or renal
dysfunction, adjust other medications (eg diuretics) or
temporarily down-titrate or discontinue sacubitril/valsartan.

� Recommendations: In all patients with chronic symptomatic
HFrEF, ACEI (or ARB) and beta-blockers remain the first line
agents. In patients who remain symptomatic despite optimal
therapy with an ACEI, beta blocker and MRA, consider
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replacement of ACEI with ARNI. In patients who are tolerating
ACEI (or ARB) well, replacement by ARNI may be considered on
an individualized basis.

B Beta-blockers: Adding beta-blockers to standard treatment in
patients with HF has demonstrated significant risk reduction of up
to 30–40% in cardiovascular death, sudden death, hospitalization
for worsening HF.137–139 Based on these data, beta-blockers are
now accepted as a standard pharmacological treatment along with
ACEI in the management of chronic HFrEF. Three types of beta-
blockers (bisoprolol and metoprolol succinate extended release
which selectively block beta-1–receptors; and carvedilol, which
blocks alpha-1–, beta-1–, and beta-2–receptors) are recommended
for use in patients with HFrEF.

� Clinical Use:
� Initiation of beta-blockers should only be done once the
patient is stable and euvolemic (i.e., no pulmonary congestion
and no more than minimal edema). In patients with fluid
retention, beta-blockers should not be prescribed without
diuretics, since exacerbation of volume overload can occur
following initiation of beta-blocker therapy. Worsening HF
symptoms with a beta-blocker should not be a reason to avoid
them permanently.
� Beta blockers can be safely started pre-discharge even in
patients hospitalized for HF, provided patients do not require
intravenous inotropic therapy for HF. Even when symptoms are
mild or have improved with other therapies, beta-blockers are
imperative and their initiation should not be delayed.
� Beta-blockers should be introduced in lowest possible doses
and titrated gradually with periodic assessment of heart rate,
blood pressure, and clinical status. The usual recommended
schedule is doubling of the dose at 2-week intervals in
ambulatory patients until the target dose is reached or the
maximally tolerated dose is achieved. Patients should be
counselled to monitor weight and report weight gain or
worsening signs/symptoms of HF following initiation or up-
titration of therapy. If patients are unable to tolerate target
doses, lower doses should still be given, in view of the
mortality benefit across all dose ranges.
� Common adverse effects of beta-blockers include fluid
retention, bradycardia, hypotension, conduction disturbances
and fatigue. Exacerbation of fluid retention or worsening HF
usually responds to intensification of conventional therapy (eg.
diuretics) and does not necessitate permanent drug with-
drawal. Effects of beta-blockers on heart rate and conduction
when asymptomatic require no treatment, while in symptom-
atic cases reduction in dose or stoppage may be needed. It is
important to remember that abrupt discontinuation should be
avoided due to increased mortality risk.
� The risk of hypotension can be minimized by administering the
beta blocker and ACEI at different times. Most patients with
chronic obstructive pulmonary disease tolerate beta-blockers
well, although they should not be initiated in those with active
bronchospasm. These patients tolerate beta-1 selective agents
(metoprolol and bisoprolol) better than carvedilol, which is
non-selective. However, beta receptor selectivity is often lost
at higher doses which are used in patients with HF.

� Recommendations: Use of any one of the three mentioned beta-
blockers is recommended for all patients with current or prior
symptoms of HFrEF in absence of contraindications.

C1 What first: ACEI or beta-blocker? There is uniform
agreement that beta-blockers and ACEIs are complementary,
and can be initiated together as soon as the diagnosis of HFrEF is
made. When initiating ACEIs (or ARBs) and beta-blockers, clinical
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judgment should be exercised as to which drug to start first,
although they can be started concurrently, unless there is a contra-
indication to do so. For example, beta-blockers may be preferable
in HF patients with angina or underlying arrhythmias while ACEI
may be useful in those with diabetes or chronic kidney disease. In
stable patients, it is reasonable to add beta-blockers before full
target doses of either ACEI or ARBs are reached. In patients with
relevant concerns (eg: hypotension), it is recommended that the
patient should receive a lower dose of a combination of an ACEI (or
ARB) and beta-blocker, rather than either drug as monotherapy,
highlighting the importance of a synergistic effect among these
drugs.

C Mineralocorticoid receptor antagonists (MRA’s): Additive RAS
blockade in HF patients by adding a MRA (spironolactone,
eplerenone) has demonstrated � 20-25% reduction in cardiovas-
cular mortality in patients taking a background of standard therapy
(ACEI/ARB’s and/or beta-blocker).140–142 A recent meta-analysis
(14 trials, n = 1575 patients) reported a mean improvement in LVEF
of 3.2% and significant improvement in NYHA class following
treatment with MRA’s in patients with HFrEF.143 The difference
between eplerenone and spironolactone is not the effectiveness of
anti-mineralocorticoid activity but the selectivity of aldosterone
receptor antagonism (spironolactone is a non-selective blocker
while eplerenone is a selective blocker).

� Clinical Use:
� Baseline SCr should be <2.5 mg/dL (males) and <2.0 mg/dL
(females), eGFR >30 mL/min/1.73 m2), and potassium should
be less than 5.0 mEq/L, prior to drug initiation. It is important
to measure renal function and electrolytes at initiation, after
2–3 days, 1 week later and at regular intervals thereafter (eg. at
least monthly for the first 3 months and every 3 months
thereafter). For those with concerns of renal dysfunction or
hyperkalemia, an initial regimen of every-other-day dosing is
advised.
� Patients on MRA’s should avoid potassium supplementation,
NSAID’s and foods rich in potassium. The major risk associated
with use of MRA’s is hyperkalemia (reported incidence 2–5%).
Appx 10% of male patients may develop breast tenderness or
gynaecomastia with spironolactone and in these patients
eplerenone is a useful alternative.

� Recommendations: Patients of HFrEF (NYHA II–IV, LVEF <35%)
who remain symptomatic on optimal tolerated doses of an
ACEI (or ARB) and beta-blocker should be offered addition of
either spironolactone or eplerenone. MRA’s may also be used
following an acute MI in patients who have LVEF <40% who
develop symptoms of HF or who have a history of diabetes
mellitus. Triple combination of an ACEI, ARB and MRA’s should
be avoided.

D Diuretics: While diuretics improve fluid retention, symptoms
and exercise tolerance, no significant mortality reduction is
reported in patients with HFrEF. Loop diuretics which act at the
loop of Henle (eg. bumetanide, furosemide, and torsemide) are the
preferred agents for most patients with HFrEF due to their potency
and rapidity of action. In those with gut edema, torsemide is
preferred over furosemide. The usual dosing schedule is twice daily
with the second dose being administered in the late afternoon to
minimize nocturnal dieresis. Thiazide diuretics (hydrochlorothia-
zide, chlorothiazide, metolazone) and potassium-sparing agents
(eg, spironolactone) act at the distal portion of the tubule.
Thiazides are weaker diuretics when used alone, and are often
considered for patients with milder degree of fluid retention,
especially in those with underlying hypertension. Except for
metolazone, thiazide-like diuretics are less effective when creati-
nine clearance (CrCl) is <30 ml/min.
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� Clinical use:
� In an out-patient setting, diuretic therapy should be initiated at
low doses, with incremental dosing till urine output increases
and there is a weight reduction (usually in the range of 0.5–
1.0 kg/day). Further dose adjustments (along with dietary
sodium restriction) may subsequently be needed to maintain
target weight and sustained dieresis, with a final aim to
eliminate clinical evidence of fluid retention.
� The aim of maintenance diuretic therapy is to achieve and
maintain euvolemia with the lowest possible dose and stable
patients may be trained to self-adjust their diuretic dose based
on monitoring of signs/symptoms of congestion and weight
charting. Patients who exhibit resistance (poor diuresis despite
high doses of oral diuretics), often respond to intravenous
administration (including the use of continuous infusions) or
combination of different classes of diuretics (eg, metolazone or
a MRA with a loop diuretic).
� Usual side effects of therapy include fluid and electrolyte
depletion, hypotension and azotemia. These effects are
exaggerated when diuretics are used in high doses or in
combinations.

� Recommendations: Diuretics should be used in patients with
HFrEF who have evidence of fluid retention. They are usually
combined with an ACEI (or ARB’s), beta blocker, and MRA’s.

E Ivabradine: This is a selective inhibitor of the If current in the
sinoatrial node, and provides heart rate reduction with neutral
effects on BP and cardiac conduction. Studies have demonstrated
the efficacy of ivabradine in reducing the endpoint of cardiovas-
cular death or HF hospitalization in patients with HFrEF, primarily
driven by a reduction in HF hospitalization.144,145

� Clinical Use:
� Usual initiating and maintenance doses are listed in Table 1.
Dose adjustments can be made every 5–7 days or over 2 weeks
to a maximum dose of 7.5 mg bd (according to heart rate
response, to a target rate of < 60 bpm). If resting heart rate is
< 50 bpm or patients develop symptoms related to bradycar-
dia, the dose may be reduced to 2�5 mg bd. Side effects include
bradycardia, development of AF and rarely torsade’s. Visual
symptoms (phosphenes) are by far the most common side
effect, especially in those on 7.5 mg bd.

� Recommendations: Ivabradine should be considered in symp-
tomatic HF patients who are in sinus rhythm and have a resting
heart rate �70 bpm despite treatment with maximally tolerated
doses of beta-blocker, ACE-I (or ARB), and an MRA. It should also
be considered for patients unable to tolerate a beta-blocker or
those who have contra-indications for a beta-blocker. It should
not be used as substitute for beta-blockers.

F Digoxin: Digoxin reduces hospitalization due to HF but does
not improve survival in patients with HFrEF.146–148 Benefits are
reported irrespective of rhythm (sinus rhythm or AF), etiology of
HF (ischemic or non-ischemic) or with/without ACEI.

� Clinical Use:
� Typical initiation doses are 0.125 to 0.25 mg daily; lower doses
should be used in elderly (>70 years), females, renal dysfunc-
tion and those with lean body mass. In most cases of HF, there
is no need to use loading doses of digoxin to initiate therapy.
Maintenance dose is 125–250 mcg per day with one or two
days of drug holiday each week; in patients with renal
impairment, digoxin is given as half doses or alternate daily.
� Usual adverse effects include arrhythmias (especially ectopic
and re-entrant tachycardias with AV block), gastrointestinal
symptoms (eg, anorexia, nausea, and vomiting), and
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neurological complaints (eg, visual disturbances, disorienta-
tion, and confusion).
� Concomitant use of propafenone, verapamil, quinidine and
amiodarone can increase serum digoxin levels and increase the
likelihood of digoxin toxicity.

� Recommendations: Digoxin is beneficial in patients with HFrEF
to reduce HF hospitalizations. Digoxin is generally used as add-
on therapy in persistently symptomatic patients, despite optimal
medical therapy. In patients of HFrEF and AF, beta blockers
(rather than digoxin) are usually more effective for rate control,
especially during exercise.

G Hydralazine and isosorbide di nitrate: The rationale of this
combination is that both preload and afterload are reduced while
hydralazine also prevents nitrate tolerance obviating the need for a
nitrate-free interval. Although previous trials have demonstrated
benefit of this vasodilator combination better efficacy is reported
in African American patients.149–152

� Clinical Use:
� Therapy should be started at low doses (12.5–25 mg hydral-
azine and 10–20 mg isosorbide di nitrate tid) and titrated every
1–2 weeks (or every 1–2 days in hospitalized patients
according to tolerability). The target dose is 225 mg of
hydralazine hydrochloride and 120 mg of isosorbide di nitrate
daily.
� Side effects include headache, dizziness, and non-specific
gastrointestinal complaints; patient compliance is also an
issue because of the large number of tablets required and
thrice a day dosing.

� Recommendations: Although recommended for African Amer-
icans patients, it remains to be investigated whether this benefit
is evident in patients of other racial or ethnic origins. It may be
used in patients with HF who remain symptomatic despite
optimal therapy with ACEI and beta blockers or those who are
not candidates for ACEI (or ARB’s).

H Pharmaco-economic aspects of HF in India

� Economics of HF care: The impact of HF has resulted in huge
economic burden on health care across the world. The overall
global economic cost of HF in 2012 was estimated at $108 billion
per annum.153 Costs incurred in HF care include:
� Direct costs: expenditure on hospital and physician services,
drugs, follow-up etc.
� Indirect costs: due to lost productivity, sickness benefit and
welfare support.

While in high-income countries, direct costs are 2 times more
predominant than the indirect costs, in middle and low-income
countries like India, indirect costs outweigh direct costs by nearly 9
times. Pharmacotherapy of HF is very resource consuming and the
developed world spends a substantial part of its health budget to
manage these patients. In terms of overall contribution to global HF
spending, USA ranks at the top, accounting for 28.4% of global costs
while South Asia accounts for 1.1%, ranking below Europe (6.83%),
Oceania (2.65%) and Latin America (1.46%). This is due to different
epidemiological and etiological landscape of HF and variations in
health infrastructure across the world. India with an overall GDP of
1,841,717 $ million (of which 3.9% is spent on health) had an
estimated HF cost of �1186 $ million (direct costs: 80 $ million,
indirect cost 1105 $ million) in 2012.153

� Gross under-usage of guideline-directed medical therapy
(GDMT) in India: There is only scant data on use of GDMT in
patients with HFrEF in India. In-hospital data from the
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Trivandrum Heart Failure Registry reported use of GDMT in only
19% and 25% of in-patients with HF (n = 1205) during hospital
admission and at hospital discharge, respectively.3 The Practice
Innovation and Clinical Excellence (PINNACLE) India Quality
Improvement Program (PIQIP) is a registry for cardiovascular
quality improvement in India supported by the ACC Foundation.
Amongst 15,870 out-patients with HF, this registry observed use
of ACEIs/ARBs, beta-blockers, and both in only 33.5%, 34.9%, and
29.6% respectively.154 Hence despite a huge clinical burden of HF,
prescription and use of GDMT is poor in India. Large patient
numbers, sub-optimal doctor-patient ratios, poor accessibility to
health care and affordability of the population are important
reasons for this.

In developing economies like India with limited healthcare
provision and social welfare, where majority of the people meet
medical expenses on their own (OOP: out-of-pocket health
spending), HF has wide reaching economic implications at the
individual, societal and national levels. The following measures can
be useful in providing cost-effective HF care to Indian patients:

Dedicated HF services with defined national protocols to
diagnose, investigate and mange patients with HF.

Structured telephonic support programs run by trained nurses
to advise patients about simple measures like weight monitoring
and adjusting fluid intake have been found to be useful in reducing
recurrent hospital admissions and limiting health care costs.

Focus on early identification of non-responders to reduce
morbidity and mortality of HF.

Closer networking with the industry and government to
facilitate availability of quality-controlled generic medicines for
HF in order to bring down the cost of therapy is necessary.

Similar to the lines for treating coronary artery disease, further
research needs to be done in developing “Polypills” for patients
with chronic HF incorporating various low cost generic ingre-
dients.

Summary of pharmacotherapy for HFrEF: vide Fig. 8

Other drugs
a. Oral anticoagulants should be prescribed in patients with

chronic HF with permanent/persistent/paroxysmal AF, addi-
tional risk factors for stroke or those with intracardiac
thrombus. The choice of the agent (vitamin K antagonist or
newer oral anticoagulants) should be individualized.

b. There is no role of adjunctive statin therapy in HF in the absence
of other indications for their use

c. Long-term intravenous infusion of positive inotropic drugs is
potentially harmful for patients with HFrEF, except as palliative
therapy for those with end-stage HF who cannot be stabilized
with standard medical treatment.

d. Amongst calcium channel blockers, verapamil and diltiazem are
contraindicated in patients with HFrEF because of their negative
inotropic effects. Newer generation agents (felodipine and
amlodipine) may be used safely in patients with HFrEF and
associated refractory angina or hypertension not responding to
guideline recommended HF therapies.

e. With the exception of amiodarone and dofetilide, most Class I
and Class III antiarrhythmic drugs should be avoided in patients
with HFrEF.

2.4. Management of heart failure with preserved ejection fraction

The Trivandrum HF Registry (THER) reported a prevalence of
26% for HFpEF in a patient population whose mean age was 61.2
years.155 In another study from AIIMS comprising of rural
population in Northern India, overall prevalence of heart failure
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was 1.2/1000 and two-thirds had HFpEF and all of them had
uncontrolled hypertension.12

Non-cardiac comorbidities such as chronic kidney disease,
anaemia, malignancy and thyroid dysfunction are common in
HFpEF; chronic kidney disease in particular may play a dual role in
that it contributes to extracardiac volume overload and the
development of the cardiorenal syndrome.156,157 Obesity is a
predictor for HFpEF but not for HFrEF.158,159

Diagnostic Criteria for HFPEF(Fig. 9)

� Presence of symptoms and signs typical of heart failure
� A preserved ejection fraction (LVEF � 50%)
� Elevated levels of natriuretic peptides

UBNP level �35 pg/mL
UNT-proBNP level �125 pg/mL

� Objective evidence of other cardiac structural or functional
alteration

Ueither left ventricular hypertrophy (increased left
ventricular mass index) or left atrial enlargement

Udiastolic dysfunction on echo (increased E/e’ or
decreased e’) or cardiac catheterization (increased LVEFP or PCWP,
particularly with exercise)
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2.4.1. Treatment
Principles of Management in Patients with HFPEF

A. . Avoid tachycardia:
Use digoxin or beta-blockers in patients with atrial fibrillation

B. Control Blood Pressure:
ACE inhibitors, angiotensin receptor blockers and mineralocor-
ticoid receptor antagonists may be of greatest benefit due to the
physiological benefits seen in HFREF; further studies are
required

C. Treat comorbid conditions:
Optimise cardiac and non-cardiac conditions (commonly atrial
fibrillation, pulmonary disease, anaemia and obesity)

D. Relieve congestion with diuretics Judicious use of loop diuretic
with careful monitoring of renal function

E. Encourage Exercise Training:
Improves exercise capacity and physical function

2.4.2. Fluid retention
Diuretics are necessary to overcome Total blood volume (TBV)

expansion and congestion in both forms of HF. Torsemide, in
contrast to furosemide, may have additional positive effects on
collagen metabolism by inhibition of procollagen type I (PIP).161

The vasopressin antagonist tolvaptan can be effective in severe
cases accompanied by hyponatraemia.162
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2.4.3. Atrial contraction
Patients with HFpEF tolerate atrial fibrillation poorly, especially

when ventricular heart rate is high.163 Restoration of sinus rhythm
may improve clinical symptoms. If this is not possible, ventricular
rate should be lowered using beta-blockers or heart rate lowering
calcium antagonists.164

2.4.4. RAAS blockade
One study of perindopril in HFpEF has shown benefits on HF

hospitalisation within the first year, but did not achieve its primary
endpoint.165 Two large trials have examined the role of angiotensin
receptor blockade in patients with HFpEF. I-PRESERVE showed no
impact of irbesartan on death, hospitalisation or quality of life.166

CHARM-Preserved demonstrated a modest impact of candesartan
on hospitalization in HFpEF, but it included patients with an
ejection fraction down to 40%.167

Spironolactone was neutral regarding mortality and hospitali-
zation.168

Angiotensin receptor neprilysin inhibition is under investiga-
tion in patients with HFpEF in the ongoing PARAGON trial.136,169
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2.4.5. Heart rate modification
Diastole is shortened during tachycardia, and a reduction in heart

ratewould bepresumedtoimprovesymptomsinpatientswith  HFpEF.
Trials of beta blockers have been negative in this regard.170,171 Trials of
heart rate modification with ivabradine have shown early positive
results, but not consistently across all studies.172,173

2.4.6. Device therapy
To offset left atrial pressure, an inter atrial shunt can be inserted

percutaneously, with recent trial results suggesting significant
improvements in quality of life and functional capacity.174 Early trials
targeted to offset chronotropic incompetence and improve dyssyn-
chrony with atrial pacing, with larger trials yet to be completed.175

2.5. Device therapy in the management of heart failure patients in
India

2.5.1. Introduction
Unlike western countries where heart failure is predominantly

a disease of the elderly, in India it affects a younger age group. The
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actual burden of the problem is unknown but as per projections
there are at least 8–10 million patients with HF in India with a
prevalence of about 1% adult population with a high in-hospital
mortality rate of 30.8% and with high post-discharge 6 month re-
hospitalization and mortality rates of 40% and 26%, respectively.2,3

Many patients remain symptomatic despite guideline-directed
medical therapy (GDMT).

Device therapy in heart failure includes the implantable
cardioverter defibrillator (ICD) and cardiac resynchronization
therapy (CRT). Beyond improving the quality of life and reducing
the morbidity, CRT has also shown mortality benefit in selected
patients. However, the cost burden it imparts to a developing
economy remains its Achilles heel. Also many patients who
currently fall within the guidelines were not represented in the
clinical trials. The morbidity associated with ICD implant is also
overlooked and the cost-benefit analyses are exaggerated in favour
of ICD implant. The optimal use of this therapy will require better
risk stratification methods or lowering of initial device cost. Hence
we need to develop our own guidelines for device based therapy in
HF in a resource limited setting taking into account ethnic, socio-
economic and geological factors.

2.5.2. Device therapy in HF- does it save more lives and is it cost
effective?

Randomized trials have demonstrated the efficacy of ICD
therapy in the reduction of subsequent death among patients who
have been resuscitated from a cardiac arrest.176–178 Meta-analyses
of secondary prevention trials for ICD showed that the relative risk
reduction of death with the ICD was 28% which was secondary to
reduction in arrhythmic death to around 50%. Though this sounds
impressive, relative reductions can be misleading; dissection of the
results showed extension of life by a mean of only 4�4 months by
the ICD over a follow-up period of 6 years.179 The absolute
mortality reduction of 7.9% (number needed to treat = 13) by
prophylactic ICDs should be compared with a 6.1% reduction
afforded by ACE inhibitors, 4.4% by beta-blockers, 2.3% by
aldosterone antagonists in patients with LV systolic dysfunction
at intermediate-term follow-up.

DINAMIT and CABG Patch trials clearly showed no mortality
advantage of ICD therapy in primary prevention in HF patients with
severe LV dysfunction.180,181 But other primary prevention ICD
trials, most notably MADIT II and SCD-HeFT, have shown that
prophylactic implantation of an ICD significantly reduced overall
mortality.182,183 Interestingly MADIT II trial was prematurely
terminated after 20 months follow up because prophylactic ICD
reduced all-cause mortality (14.2% vs.19.8%; P = 0.016; NNT = 18). A
post-hoc analysis demonstrated that the mortality reduction
appeared to be entirely attributed to a reduction in SCD (3.8%
vs. 10.0%; P < 0.01). A major limitation of two major primary
prevention trials, MUSTT and MADIT studies is that many subjects
did not receive what is now considered standard medical therapy.
In particular, only 8% of patients in the control group in the MADIT
trial received beta blockers compared to 26% of patients in the ICD
group at the one-month follow-up. Similarly, in the MUSTT trial,
only 29% of the EPS guided therapy group was prescribed beta-
blockers.184

In the primary prevention setting ICD implantation has a cost-
effectiveness ratio @ $100,000 (@ Rs 70 lakhs!) per QALY gained.185

CRT-P therapy in class III/IV HF patients with EF<0.35 and wide
QRS>150 ms has been shown to reduce mortality by 10% (absolute
risk reduction) in comparison to only medical therapy in CARE-HF
trial therapy.186 CRT-D implantation in such patients has shown to
have mortality benefit over and above CRT-P therapy by 6%.187 In
spite of its substantial benefits, CRT is underutilised even in
developed countries like US and Europe. The number of CRT
implants increased from 13,000 to 55,000 per year from 2002 to
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2005 in the USA; after 2005 the number of implants did not
increase.188 Hence even the developed nation citizens are finding it
difficult to adopt such a promising but costly therapy. The situation
is obviously worse in developing countries like India.

2.5.3. The actual Indian scenario
In a major survey of cardiac implantable electronic devices

(CIED) in India,189 ICDs and CRT-P/D accounted for 10% each out of
the total devices implanted. Surprisingly the indication for ICD
implantation was almost equal for primary and secondary
prevention and single chamber ICD was most commonly
implanted (65%). Coronary artery disease was the etiology in
59% of patients with ICD implants. CRT pacemakers were
implanted mostly in patients with NYHA III/IV (82%), left
ventricular ejection fraction <0.35 (88%) with CRT-P being most
commonly used (57%). In another Indian study on pacemaker and
complex CIED,190 among the total patients who underwent
implants, CRT and ICD accounted for 14%.

Hence, when this is projected to the HF population in India with
prevalence around 8 million, device therapy in HF is still in its
infancy in terms of its usage. The main hindrances for optimal use
of CIED in HF patients include cost, understanding of the disease
from patient and physician perspective, risk involved with
implantation procedure, availability of experienced implanters
in many areas and the need for long term follow up and
management.

2.5.4. Ethnicity- does it matter?
Even within Asian population considerable ethnic differences

prevail which was illustrated in a HF outcome study in Singapore,191

with Indians and Malays incurring a worse prognosis than ethnic
Chinese. The greater burden of diabetes and atherosclerotic vascular
disease in Indians may explain their worse outcome. When the
MADIT-IIcriteriawere appliedto a Japanese cohort,patients whowere
eligible but did not undergo ICD implantation showed significantly
lower risk of SCD and even better overall survival than the historical
Western MADIT-II population.192 In contrast, when applied to a
Chinese cohort, those satisfying the MADIT-II criteriawere found to be
at similar risk of SCD compared with the original Western MADIT-II
population.193

Thus, previous Asian studies have been criticized for their small
sample sizes, possible selection bias, and retrospective nature.
However, they clearly demonstrate the ambiguity regarding the
risk of SCD among Asian patients. Hence these data clearly explains
that CIED for primary prevention may not be that encouraging in
our setting especially in the background of a strained health care
economy.

2.5.5. Proposed Indian consensus recommendation

2.5.5.1. ICD therapy for heart failure.
i) Secondary prevention:

ICD implantation is strongly recommended in patients with a
history of hemodynamically significant sustained ventricular
arrhythmia or resuscitated sudden cardiac arrest survivor in the
absence of a reversible medical cause and a minimum life
expectancy of more than 2 years. This is in cohesion with the
western guidelines and where the benefit of ICD is expected to
be the most. Hence appropriate patients falling under this
category should undergo ICD therapy. In the case of financial
constraints refurbished devices may be strongly considered
which have shown equal efficacy and safety rates as compared
to the newer devices.190,194 Patients in terminal HF with
multiple co-morbidities or stage IV HF without enrolment in
any heart transplantation programs should be refrained from
ICD implantation.
University from ClinicalKey.com by Elsevier on June 27, 
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ii) Primary prevention:
ICD therapy is suggested for primary prevention of sudden
cardiac death to reduce total mortality in selected patients
with:
� Non-ischemic dilated cardiomyopathy or ischemic heart
disease at least 40 days post-MI, with LVEF of <0.35 and
NYHA Class II or III symptoms, or <0.3 with NYHA Class I.
� With one additional risk factor such as: Frequent ventricular
premature complexes or non-sustained ventricular tachycar-
dia on Holter monitoring.
These are recommendations for primary prevention in
Western guidelines195 but for a country like India, these
should be individualized and financial resources of the
patient and the government reimbursement also needs to
be factored in. In clinical practice, not all patients in this
subset are getting ICD implants. We think for Indian patients,
ICD for primary prevention should be individualized. This
needs one-to-one discussion with patient and relatives before
undergoing ICD for primary prevention. On the other hand,
we feel that it is also not mandatory to implant ICD if the
finance of the patient is constrained. This is especially valid
when the cardiologist or the electrophysiologist feels the risk
of SCD is not considerable.
In borderline cases, ICD implantation should not be based
only on scientific trial data. This typically includes
1. Patients with CAD and LV dysfunction with EF 0.35 to
0.40:
Aggressive anti-ischemic therapy including revascularization
is recommended whenever necessary. Holter monitoring is
advised to check for complex ventricular ectopy and an
electrophysiological study (EPS) may be indicated in case of
presence of other risk markers
2. Patients with CAD, LVEF <0.35 with NSVT or complex
ventricular ectopy:
EP study to determine inducibility of VT can be strongly
considered before embarking on to ICD therapy in such
patients. If sustained VT is inducible, the patient should
receive an ICD. Before implantation of the ICD, it should be
ensured that the patient has not had a recent MI (within 1
month) or revascularization procedure within 3 months
� Patients with CAD, LVEF <0.30 and no ambient ventricular
ectopy should not be advised an ICD indiscriminately. Further
risk stratification in this group should be based on clinical
(NYHA class, QRS width and morphology) and electrophysio-
logical risk markers on EP study, non-invasive risk markers
such as heart rate variability, micro T wave alternans, signal
averaged ECG changes etc.

We recommend an ICD not be prophylactically implanted in

1. NYHA Class IV HF patients who are not expected to improve
with any further therapy and who are not candidates for cardiac
transplant or mechanical circulatory support

2. Patients with CAD, poor LV function and recurrent hospital-
izations for heart failure should probably not receive an ICD in
the absence of a heart failure program/cardiac resynchroniza-
tion therapy. Survival in these patients is poor due to competing
risk of pump failure death and significant longevity will not be
achieved by addressing arrhythmic risk alone.

3. HF patients with EF 0.35 to 0.40 and in some patients even with
EF <0.35 without any high-risk features for SCD.

2.5.6. ICD � single chamber or dual chamber
Unless there is a definite current or future risk of bradycardia

needing pacing, a single chamber ICD should be preferred for
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prevention of sudden cardiac death. This is relevant for Indian
population as dual chamber ICDs are significantly more expensive,
with less battery life and hence lower warranty period.

2.5.7. Current recommendation for CRT therapy- an Indian perspective

2.5.7.1. Proposed consensus statement. Though the present ACC/
AHA guidelines195 recommend CRT even for class I patients with all
appropriate criteria, in the Indian scenario that might be
overenthusiastic. We would rather advise to plan mostly for
Class III/ambulatory class IV patients, though no bar on Class II
patients as per present guidelines, if feasible.

Indications for Cardiac Resynchronization Therapy
� CRT is indicated for patients who have LVEF of <0.35, in sinus
rhythm, LBBB with a QRS duration of 150 ms or greater, and
NYHA Class III, or select ambulatory IV patients after exhausted
or failed maximal guideline directed medical therapy (GDMT)
and without extensive scar burden.
� CRT can be considered for patients who have LVEF of <0.35, in
sinus rhythm, LBBB with a QRS duration of 120–150 ms with
echocardiographic evidence of dyssynchrony and NYHA Class III,
or select ambulatory IV patients after exhausted or failed
maximal GDMT and without extensive scar burden.
� CRT can be considered for patients who have LVEF of <0.35, in
sinus rhythm, a non-LBBB pattern with a QRS duration of 150 ms
or greater, NYHA class II symptoms on GDMT and echocardio-
graphic evidence of dyssynchrony.
� CRTcan be considered in patients with AF and LVEF of <0.35 if the
patient requires ventricular pacing or otherwise meets CRT
criteria. Cardioversion of AF should be attempted aggressively in
these patients before or after CRT.
� CRT can be considered for patients who have LVEF of <0.35 and
are undergoing placement of a new or replacement pacemaker
implantation with anticipated requirement for significant
(>50%) ventricular pacing

CRT is not indicated for patients
1. Whose co-morbidities limit expected survival to <1 year
2. HF patients with non-LBBB Pattern with a QRS duration of

<150 ms
3. HF patients with QRS duration <120 ms and only echo evidence

of dyssynchrony

When CRT is implanted in younger patients, without co-morbid
illnesses, the risk of ventricular arrhythmias should be carefully
assessed and CRT-D should be considered in patients at high-risk.

2.5.8. Long term follow up of device therapy in HF
Following up HF patients with device implantation incur

additional expenditure in the case of device explantation, lead
extractions and pulse generator replacement. A recent study has
demonstrated when ICD patients are followed up, almost 26% of
the patients no longer met guideline-driven indications for an ICD
at the time of generator replacement and an additional 34% had not
received any appropriate ICD therapies. Patients with an initial
LVEF of 0.30-0.35 were less likely to meet indications for ICD
therapy at the time of replacement. Patients without ICD
indications subsequently received appropriate ICD therapies at a
significantly lower rate than patients with indications (2.8% vs.
10.7% annually, p < 0.001). If ICD were not replaced in these
patients without ICD indications in the first place, the cost savings
would be $1.6 million.196

2.5.9. Myocardial scar and response to CRT therapy
Myocardial scar burden in patients with ischemic cardiomyop-

athy is an important determinant of response to CRT. A large
al University from ClinicalKey.com by Elsevier on June 27, 
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myocardial scar burden assessed by either single-photon emission
computed tomography imaging or magnetic resonance imaging
(MRI) is associated with a poor response to CRT and a poor
prognosis. The association between higher scar burden and poor
CRT response may partially explain why patients with non-
ischemic cardiomyopathy tend to respond better to CRT than those
with ischemic cardiomyopathy. The location of scarring in
reference to the LV lead has been shown to be an important
factor for the success of CRT. A lead with its tip placed in a scar
region is unlikely to pace the left ventricle effectively, if at all

2.5.10. Summary and conclusions
Device therapy is a boon for HF patients as it has got absolute

mortality benefit in addition to reduction in HF admissions and
improving the quality of life. It should be considered only after
exhausting aggressive GDMT. ICD in HF patients is appropriate in
secondary prevention of SCD. The role of ICD for prophylactic
reduction of arrhythmic deaths in all HF patients with EF < 0.35 is
debatable especially in our setting inspite of established western
data in the same regard.

CRT therapy is beneficial in i) HF patients with EF <0.35 and in
class III, ambulatory class IV and selected class II patients, sinus
rhythm, LBBB >150 ms or ii) LBBB of 120–150 ms with echocar-
diographic evidence of dyssynchrony and with expected survival to
be at least 2 years.

End stage decompensated HF patients may be refrained from
device therapy due to poor prognosis. But when such patients are
enrolled into a heart transplant program which is becoming a
reality in India then device therapy can be considered after
stabilisation in selected patients. In the needy poor HF patients
with appropriate indications for device therapy, refurbished
devices can be considered which has shown good efficacy and
safety profile compared to new device implants in Indian
population. For cost consideration we often only think about the
first implantation; the cost of delayed complications and generator
replacement should also be considered.

2.6. Device therapy in heart failure: ventricular assist devices and
other circulatory support systems

Both the incidence and prevalence of end-stage heart failure is
increasing alarmingly in India.197 Optimum medical management
and interventional therapy has rapidly improved in the last decade.
However, there still are about 1–5% of patients in end stage heart
failure who need higher support. Prognosis for advanced heart
failure is poor worldwide197 and especially so in India; the life
expectancy for majority of patients being 6 months to 1 year. The
availability of donor organ hearts and the current surgical
infrastructure in our country is woefully short to tackle the
current need for heart transplantation. The modality of mechanical
circulatory support was introduced in India about 20 years back;
but has gained popularity only in last 5 years. Availability of this
improving technology is a significant advance that improves
survival and quality of life significantly in patients with advanced
heart failure.198 The following review briefly outlines the current
status of assist device therapy specially keeping the Indian
scenario in context.

2.6.1. Lvads � basic definition, working and when to use
Ventricular assist devices are pump-flow devices that can

temporarily or permanently support a patient’s circulatory system
to bolster the function of an end-stage/failing heart. The goal is to
divert blood away from the failing ventricle, give rest to the
ventricle and maintain adequate cardiac output meanwhile.199

Main components � The LVADs have an inflow connection to
the left ventricle, a pump that produces continuous (current
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generation devices) blood flow bypassing the ventricle and an
outflow tube graft that is connected to the aorta. All these 3
components rest inside the pericardial cavity. There is an electrical
driveline that exits from the iliac fossa and connects the pump to
an external rechargeable battery. The computerized settings of the
pump can be altered with a controller unit and a monitor to
optimize pump output with minimal power consumption.

There are well-defined subsets of clinical situations where
LVADs are currently used.200

1. As Bridge to transplant (BTT) – For ESHF patients who are wait-
listed for heart transplant.

2. As Destination therapy (DT) – For patients who cannot be given
the option of heart transplantation because of currently listed
contraindication. Increasing number of LVAD implantations are
DT implants in current clinical practice.

3. As Bridge to decision (BTD)/Bridge to candidacy – Some
patients are too sick at the time of admission to hospital and
their candidacy for heart transplantation is not established. For
them, a period of support with LVAD triages the best course of
action to be followed for them. This forms a small group of
implants.

4. Bridge to recovery (BTR) – In patients with severe acute
myocarditis but with possibility of myocardial recovery, VADs
help to tide over the crisis period with significant unloading of
the supported ventricle. Rarely used in our country.

2.6.2. Commonly used devices in India
Heartmate II, Heart mate III and the Heart ware VADs are in

current use.

2.6.3. Indications and contraindications
Broad philosophy of LVAD implantation (Based on European

Society of Cardiology and American Heart Association guidelines)
for patients in ESHF201,202 –

Group 1 patients (BTT indication) – Patient suitable for heart
transplant; waiting for donor heart. These patients are on
transplant waiting list, have met all institutional criteria for heart
transplantation and are significantly symptomatic (Stage D or
NYHA Class IV). These patients have low peak VO2 (<14 ml/kg/
min), are inotrope dependent, may have starting end-organ
damage due to chronic low cardiac output, may be CRT non-
responders, need increasing diuretics or have intolerance to dilator
medicines). In these patients, LVAD is to be implanted (Class I
indication) to

– Improve symptoms
– Reduce PVRI
– Reduce episodes of heart failure hospitalizations
– Reduce risk of death in waiting period before transplant

Group 2 patients, (DT indications) – LVAD implantation is an
option in patients deemed NOT SUITABLE for heart transplant due
to

� Above cutoff age limit
� Diabetes
� Significant pulmonary hypertension
� Established renal dysfunction
� Recent malignancy

This subset constitutes the destination therapy group of
indications.

Patients having ESHF and being considered for device implan-
tation should undergo complete multidisciplinary team evaluation
University from ClinicalKey.com by Elsevier on June 27, 
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Table 17
Classification, Clinical Profile and Management strategies of patients based on INTERMACS study.206

S.
No

INTERMACS
Profile

Clinical picture and description Treatment strategy advised

1. Profile I Crash and burn. Patient with acute severe hypotension, cardiovascular crash, on
very heavy inotropic support. Prognosis poor

Short term circulatory/ECMO support. Long term VAD not
advisable because patient prognosis unclear

2 Profile 2 Progressive decline; sliding fast inspite of significant dose of inotropes Similar strategy as in INTERMACS
3 Profile 3 Stable but dependent on continuous intravenous inotropes (dependent stability) Most suitable candidate for LVAD
4 Profile 4 Resting symptoms of congestion at rest or during daily activities on oral therapy at

home
LVAD is a good option

5 Profile 5 Patient comfortable at rest and in activities of daily living; but dyspneic on any
other activity (exertion intolerant)

VAD is an option to be carefully considered. May be watched
closely

6 Profile 6 Exertion limited � Patient gets fatigued AFTER the first few minutes of any
meaningful activity (exertion intolerant)

Optimize medical therapy, ICD

7 Profile 7 Patient Advanced NYHA Class III. Patient lives comfortably with self-imposed
restriction on meaningful activity (placeholder)

Medicines, ICD for the time being. LVAD Use is controversial.
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to determine their ejection fraction, reversibility of medical
condition, presence of other life-limiting comorbidities and latest
heart failure status (NYHA Class). This evaluation should be done
by a multidisciplinary team of cardiac surgeon, cardiologists,
nephrologist, hepatologist, physiotherapists, psychiatry personnel,
nurse care providers social worker, rehabilitation physician among
others.203 Patients should also be classified into one of the
established INTERMACS profiles (Table 17, Ref. [206]); because
different levels of INTERMACS profile merit different treatment
strategies based on available worldwide clinical practice evi-
dence.204

2.6.4. CONTRAINDICATIONS TO VADs
In Indian set up, the following group of patients should NOT be

considered for VAD implantation198

1. Patients with irreversible renal or hepatic disease
2. Established severe RV dysfunction
3. History of/possible future noncompliance to prescribed med-

icines
4. Debilitating neurological disease with deficits
5. Poor self-motivation, inadequate family support, poor English-

reading ability
6. Inadequate understanding of basic concepts of alarms, charging

and hygiene
7. Poor geographical access to a well-equipped tertiary health care

center
8. Patient from remote areas where availability of electricity 24 	 7

is suspect
9. Surgical situations – (relative contraindication) Congenital heart

anomalies, small ventricles, multiple reoperations, morbid
obesity

2.6.5. Cost implications in India
The high cost is essentially due to the cost of the device.
Heartmate II INR 40–60lakhs
Heartware INR 60–80 lakhs
Heartmate III INR 90–100 lakhs

2.6.6. Preoperative evaluation
Suitability of a patient for LVAD implantation is to be decided

after thorough investigations.198 These include �
Routine blood investigations (Hemogram, liver and

kidney profile, HbA1C)
Cultures � Blood, Axilla, groin, nasal swab
Pulmonary function assessment
Neurological assessment
Psychological assessment
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Nutritional assessment
Chest CT scan (Ascending aorta calcification, redo

surgery, Congenital anomalies)
Echo assessment for RV function, aortic regurgitation,

mitral and Tricuspid valves, ASD Assessment for cardiac arrhyth-
mias and peripheral vascular disease

Exclude undetected malignancy

2.6.7. Technique of implantation and early postoperative
management203

Appropriate cannulas (large intravenous, peripheral arterial
and pulmonary arterial lines) are placed for complete hemody-
namic monitoring. Broad spectrum antibiotic is given covering
gram – positive and gram-negative bacteria. Midline sternotomy
incision is given. Pericardium is opened. Aorta and Right atrium are
cannulated and cardiopulmonary bypass is instituted. VAD sewing
ring is sewn on the LV apex. LV apex is incised and the pump is
connected to the outflow graft securely. The outflow graft is
sutured to the ascending aorta. The driveline is tunneled out
through the right iliac fossa. TEE guidance is used to check inflow
lie (parallel to IVS) and adequacy of de airing. The desired pump
flow at shifting is 2800 rpms and acceptable cardiac index is 2.2 l/
min/m2 or more.

If moderate or more TR is present, tricuspid annuloplasty is to
be added. If a PFO is present, that must be closed. Only severe
mitral regurgitation needs to be corrected. More than mild aortic
regurgitation should be addressed usually by performing bio-
prosthetic aortic valve replacement.203

Aspirin therapy is initiated in first 24 h. Warfarin is started after
24 h; heparin cover is removed after 48–72 h.

During the convalescence period, patient and family members
are educated about alarms, wound precautions, device complica-
tions and safety measures including travel advisory.203

2.6.8. Outcomes, common complications and management
(indianperspective)

Compared to optimum medical management alone for ESHF IV
(12–15% survival), the survival with LVADs has improved to 65–
85%.205 In addition, there is a significant and perceptible increase
in the quality of life in these patients, their activity levels, feeling of
wellbeing and psychological makeup all improve. Some patients
who initially were ineligible become transplant eligible after a
significant rest to the LV and consequent reduction in PVRI.206

Good data on common post implant problems is available even
for the latest continuous flow devices based on detailed follow-
up205 of more than 18000 VADs worldwide. With rapidly
enhancing technology, the efficiency of VAD pumps is increasing
and device sizes are decreasing. However, VAD implants are still
associated with significant morbidity. In India, the total number of
al University from ClinicalKey.com by Elsevier on June 27, 
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VADs implanted till date is less than 100. However, the follow up
indicates a similar set of problems as seen worldwide.

2.6.9. VAD thrombosis
It is a usually insidious but a devastating complication and is life

threatening. Most patient deaths after VAD implants (especially
previous generation VADs) are due to this. Blood clot develops
usually within the pump or in inflow/outflow conduits. Reports
have indicated approximately 8% thrombosis rate with Heartmate
II model.207 The newer models are supposedly less thrombosis
prone; however, mid – long term follow-up is awaited.

VAD thrombosis may present in various ways including
increase in watts consumed, lower flow rates, vague discomfort
and anorexia, giddiness or even sudden fatal cardiogenic shock.
Routine antiplatelet and anticoagulation are mandatory after VAD
implant and here patient compliance with medicines becomes of
utmost importance. INR ratio is to be maintained as per the device
implanted; usual desirable INR ratio is 2.0–3.0.203

Diagnosis includes assay of lactate dehydrogenase (LDH),
indirect bilirubin levels and plasma free hemoglobin levels,
assessment of monitor parameters including previous log files.

Management – Immediate admission in critical care, start with
intravenous heparin and thrombolytic therapy (if no contraindi-
cation) with tirofiban or r-TPA. If thrombolysis is not successful
after a reasonable trial, pump replacement is the preferred
option.203

2.6.10. Right ventricular failure
This occurs very frequently, in almost 20-50% patients203

following LVAD implantation; either immediately post-op or after
variable periods of upto 2 years (patients present as recurrent heart
failure). It may cause significantly reduced cardiac output
(cardiogenic shock) because the output of the LVAD pump is
preload (RV output) dependent. Milrinone, Dobutamine, Sildenafil,
optimal preload and RVAD insertion are the management options.
Inotrope weaning is to be attempted with daily echocardiography
and strict VAD parameter – monitoring.203

2.6.11. Gastrointestinal bleeding
Incidence is 20–30% and both upper and lower GI bleeds are

common.203 The causative factor is development of arteriovenous
malformations and gastric stress ulcers. Other important factors
responsible are consumption of von Willebrand factor and platelet
dysfunction due to high shear stress to blood elements in the
pump.

Management involves identification of site of bleeding, alter-
ation of antiplatelet and anticoagulation regimes and supportive
measures.

Infection
Driveline infections at the site of exit in iliac fossa are common

(15-20%). These cause morbidity and even death (20% deaths).
Common organisms cultured are Staphylococcus/Pseudomonas or
fungi.203 Common presentation is fever, lethargy and wound
discharge. Management consists of hospitalization, daily dressings,
sensitivity specific antibiotics and management of septic compli-
cations.

2.6.12. Neurological deficits
Strokes may present acutely within 30 days of device implant

or over long term.208 Ischemic, hemorrhagic strokes or TIAs are
all possible. Newer generation devices show similar rates of TIAs
and strokes. Clot emboli, atherosclerotic debris from aorta or
infective vegetations from outflow conduits are possible causes
of stroke.

Neurologist’s examination OINR estimation and CT evaluation
are first line of management. Optimization of anticoagulation
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status, radiologic intervention for thrombotic strokes and control-
ling recurrent emboli from potential source are the principles in
management.

2.6.13. Outpatient management guidelines for lvad patients
Management of VAD patients, especially of DT group over

long term (5–15 years even) involves multidisciplinary vigilant
approach and is challenging. At least weekly follow up is advised
and all-important parameters are assessed at each visit. (Pump
flow parameters, Blood investigations, INR, Hemolysis markers,
cardiologist and cardiac surgeon’s assessment, psychological
and nutritional assessment etc.). CT scans may be needed to
determine problems like outflow graft kinking or obstruction at
aortic anastomosis. Role of allied medical staff like physio-
therapists, counsellors, heart failure nurses is crucial. After 2
months of discharge, longer intervals between follow up visits
are acceptable.

Before discharge, a physician/VAD coordinator nurse should
inspect the living quarters of the patient and ensure that the
premises are device friendly and safe. During OPD visits, the
patient should be accompanied by a constant family member/
associate so that he/she may be explained all nuances of
registering alterations in VAD parameters and patient behavior;
thus, building up his fluency with device management. Even the
primary care physician of the patient should be trained to detect
device parameter alterations and pump malfunction. There
should be a 24 h open communication line between the patient
and atleast 3 members of the VAD implantation team to rapidly
advise (trouble shooting device malfunction) in case of any
sudden deterioration.

2.6.14. Temporary support systems
Critical cardiogenic shock in patients with acute or chronic

heart failure does not merit DT LVAD in all cases. These situations
(INTERMACS profiles 1 and 2) are good indications for use of
temporary mechanical support systems like portable ECMO
(example Centrimag/Cardiohelp/Hemovent) or Impella devices.
This allows partial recovery of critical end-organs, efficient
stabilization of hemodynamics and neurological assessment.

They may also be used to provide RV support (cardiogenic shock
due to acute RV failure) The duration of support accorded may vary
from 6 h to 30 days.209 Some clinical situations for their use
include-

� Acute RV failure following LVAD implant,
� Failure to wean off CPB following heart transplant operation,
� Cardiogenic shock following cardiotomy operation,
� Transferring patients from one centre by surface or air,
� Bridge to decision (whether a patient is a candidate for heart
transplant)

2.6.15. Summary
For increasing number of patients with ESHF stage IV,

mechanical circulatory support devices are the best option. The
number of VAD implants all over the world are constantly
increasing. Follow up data convincingly show remarkably good
quality of life, reversal of end-organ damage and increased
survival.210

Constant vigilance, robust followup and awareness about
possible device complications is essential for successful VAD
programs. The low numbers of device implants in India are related
to lack of health insurance and steep costs of the available devices.
Other factors like proximity to a tertiary care centre and education
level of patients also limit candidacy of patients for VAD
implantation in India.
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2.7. Management of heart failure: role of surgical
revascularisation and other surgeries

Despite enormous strides made in pharmacotherapy, a large
number of patients reach end stage HF and 30–40% dies, refractory
to any form of medical therapy, especially if associated with
structural heart disease. Fortunately a variety of surgical proce-
dures (Fig. 10) are now available to address these advanced HF
patients.211

2.7.1. CABG in heart failure
There is a great paucity of data of myocardial revascularization

in LV dysfunction with land mark studies like the European
Surgical Study, VA Cooperative Study, CASS Study, MASS II,
Courage, and ISCHAEMIA all excluding patients with severe LV
dysfunction. Even SYNTAX Trial had LVEF <30% in 2% of patients
and in FREEDOM Trial, barely 2.5% of patients had LVEF <30%.

The landmark STICH I failed to demonstrate any benefit of CABG
over medical therapy in five year primary end points, there were
some benefits in five years secondary end points, of cardiovascular
mortality (28% vs 33%, p-0.05), composite of cardiovascular
hospitalization plus mortality (58% vs 68%, p < 0.001) and
composite of repeat revascularization plus mortality (39 Vs 55%,
p < 0.001). However, the ten year follow up showed unequivocal
superiority of CABG. The STICH Extension (STICHES) trial showed
improvement even in primary end point of all-cause mortality with
number needed to treat (NNT) to save one life of 14, which was
highly significant. These improved results of CABG were magnified
with increasing severity of CAD (better results in triple vessel CAD)
and were attenuated with increasing age.212

With judicious use of Intra-Aortic Balloon Pump (IABP) and
careful patient selection, as also with improvement in intra and
post-operative care, results of CABG in this subset of patients have
been gratifying. Salutary results of Off Pump-CABG in patients with
significant LV dysfunction and HF in Indian context were
demonstrated.213–215

Though presence of hibernating or stunned myocardium
contributing to viability improves long term survival,216 the STICH
Trial has conclusively shown that if the distal targets are suitable
for bypass, then viability demonstration is not a pre-requisite for
myocardial revascularization.217 However, both European and
Fig. 10. Surgical Strategie
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ACC/AHA guidelines218 give Class IIa recommendation to viability
testing in moderate to severe ischaemic LV systolic dysfunction.

Besides direct myocardial viability assessment using Dobut-
amine Stress Echocardiography (DSE), PET, Magnetic Resonance
Imaging (MRI) or Single Photon Emission Computed Tomography
(SPECT), such other parameters like ventricular wall thickness
>8 mm219 and good sized distal coronary targets are reliable
indicators of short and long term survival. Insertion of IABP,
incomplete revascularization, wall motion scores on DSE and post
operative low cardiac output syndrome are significant predictors
of adverse outcomes after CABG in patients with impaired LV
systolic function.220 Recently, Global longitudinal strain, systolic
dys-synchrony index and septal-lateral delay have been validated
as echocardiographic predictors of early adverse outcomes of CABG
in patients with severe LV dysfunction as also biomarkers.29,221

2.7.2. Ischaemic mitral regurgitation
Various pathogenetic mechanisms leading to MR in ischaemic

cardiomyopathy may be annular dilatation, tethering of posterior
mitral leaflet due to apical and lateral displacement of the papillary
muscle and LV dys-synchrony.

The debate of repair/replacement in ischaemic MR has not been
sorted out, with Acker et al222 finding repair not durable and
therefore recommending replacement for ischemic MR.211 Proba-
bly percutaneous therapies like mitra clip may be the way forward
and are being investigated in the RESHAPE-HF trial in Europe and
COAPT Trial in USA.

2.7.3. LV aneurysm
Over 5000 patients in small trials and registries demonstrated

that reduction of LV volume through SVR improved LVEF and
ventricular function.223–227 Even neuro-hormonal responses to LV
reconstruction were salutary with a 34% fall in Norepinephrine
levels, 64.7% fall in plasma Renin activity, 68.3% in Angiotensin2
and 46.3% reduction in BNP levels.228 However, Society of Thoracic
Surgeons national database propounded a contrarian view point
with 30 days mortality of 9.3% and no benefit of SVR in these
patients.

STICH 2 Trial229 too failed in terms of primary outcomes and
though there was reduction in mean LV end systolic volume index
(LVESVI) of 19% in CABG + SVR versus only 6% in CABG (p-0.001),
s in Heart Failure213.
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there was no improvement in angina class, HF class, six minute
walk test or all cause death and hospitalization from cardiac
causes.

Various postulations as to why STICH failed are wrong patient
selection, SVR induced reduced diastolic distensibility, short axis
remodelling in non viable segments after SVR, no pre-operative
core lab analysis,230 inadequate reduction in the LV size,231

inadequate experience of the surgeons and the centres.
However, in a retrospective subgroup analysis of core lab

measures, Oh et al232 found that SVR results were good if LVESVI
was <60 ml/m2 and LVEF was >33%.

The basic principles of LV aneurysm surgery include233:

1. Relief of ischaemia by concomitant CABG
2. Reduction of LV volume
3. Restoration of ventricular geometry
4. MV intervention to reduce LV volume overload

2.7.4. Stem cells and gene based therapies
These therapies failed to keep the initial promise. Even patient-

derived bio-artificial myocardium, through bioengineering of
human myocardium on native extra cellular matrix, may provide
functional support to a failing LV.234

Thymosin Beta 4, a protein, has been tried to reactivate the
myocardial cells’ embryonic developmental potential and for
vascular regeneration235 with the aim of stimulating angiogenesis
and myogenesis. Some studies demonstrated them to be safe and
effective.

2.8. Status of cardiac transplantation in India

Heart Transplantation in India as a planned procedure started in
1994 once the National Organ Transplant act was passed by
Parliament. Computerized Transplant registries like TRANSTAN
(Tamil Nadu), KNOS (Kerala) and jeevandhan (Andhra Pradesh),
started functioning regularly from 2008 onwards.236

2.8.1. Intermacs grading –

Interagency Registry for mechanical assisted circulatory support
(INTERMACS) is a very Sophisticated Grading used to assess prognosis
and sickness level of patients with advanced Heart failure. This is also
widely used to select patients who need Mechanical assist before
Heart Transplants or Implantable VAD’s.237 If Patient is in INTERMACS
grade 3 or less, he is in cardiogenic shock oradvanced Heart failure and
may need Mechanical assist (Temporary) or permanent LV Assist
device as a Bridge to eventual Heart Transplantation. INTERMACS
grades more than 3 can be stabilized on Drugs before taking up for
Heart Transplantation.

2.8.2. High risk factors for heart transplant
PVR more than 6 Wood units (Prior to vasodilator Challenge)
Creatinine Clearance less than 40 ml/min
Hepatitis C seropositivity
Age less than 1 year
Panel reactive Antibodies (PRA) more than 40%
Diagnosis of congenital heart disease
Interfaces score of 2 and less
Multiple previous operations.

2.8.3. Classical indications of heart transplant
� Impaired Left or Right Ventricular Systolic Function (LVEF less
than 30%) with significant Breathlessness (NYHA Class 3–4) after
Optimal combined medical therapy or CRT device
� Evidence of Poor prognosis like Vo2 max less than 14 ml/kg/m2
or NT pro BNP more than 1000 units’ pg/ml
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� Recurrent Heart failure episodes more than 2 per 6 months
� Intractable Ventricular arrhythmias related to Ventricular
dysfunction
� Survival Chances less than 80% at one year by Established
Gradings Like Seattle Heart Survival scores and Ventricular
dysfunction
� Late Stage Congenital heart disease with Ventricular dysfunction
or Failed Congenital Heart Surgery like Failed Fontans operation
� Late stage Hypertrophic cardiomyopathy or restrictive Cardio-
myopathy
� Severe Pulmonary Hypertension with RV dysfunction
� Altered Renal or hepatic function secondary to ventricular
dysfunction.
� Age less than 70 years

2.8.4. Absolute contraindications
� Age More than 75, Biologically unfit or Frail
� Advanced malignancies
� HIV/AIDS
� Severe Renal dysfunction (candidate for Combined heart Kidney
transplant)
� Moderate Liver Cirrhosis
� HIGH RISK CRITERIA FOR DONORS:
� Donor Age more than 50 years
� On multiple Inotropes
� History of Cardiac arrest
� Presence of significant degree of ventricular dysfunction not
improving with optimization of Metabolic factors and Inotropes
� female Donors to male recipients
� Donor Body weight lower than 20% of recipient weight
� Donor weight more than twice recipients weight, especially in
paediatric transplants

2.8.5. Distinctive clinical features in indian patients
Indian Patients typically present quite late for heart Transplant

especially in INTERMACS grades 3 or less, higher creatinine levels
more than 2.5, jaundice and other parameters of altered Liver
dysfunction, with Increased Frailty Index and poorer Nutritional
Status Compared to their western counterparts. Also the Pulmo-
nary vascular resistance (PVR) tends to be higher in Indian patients
with end stage Heart failure, Needing special vasodilator drug
testing protocols and Special pre and perioperative Drugs regimens
to Combat higher Pulmonary vascular resistance (PVR) after
HTx.238,239

2.8.6. Common infections detected in indian patients
In a series of 164 patients from Chennai � 5 patients had

significant CMV Infection from a period of 4 weeks to 1 year after
transplant, 3 patients had overwhelming sepsis in the ICU in the
first few days after transplant, 2 had pneumonia 3–5 months after
transplant, one had severe form of lymph node and GI tuberculosis,
2 had mild candida infection of GI tract. Rest were infection free
after they were strictly counselled to follow an infection avoidance
life style and periodic monitoring for life threatening infections
like CMV.

2.8.7. Surveillance endomyocardial biopsies
Surveillance Endomyocardial (EM) biopsies are routinely

advocated every month in the first year after heart Transplant in
the Unites States. Since Cost of EM biopsies is prohibitively high
and recalling patients from far flung areas is difficult, it is prudent
to limit the EM Biopsies to two in the first Year – one at one month
and another at one year after Heart Transplant. This policy does not
see to impact survival or rejection rates. In a series of 164 cases
University from ClinicalKey.com by Elsevier on June 27, 
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clinical and biopsy proved rejection rates have remained very low
(only 8 clinical or biopsy proved rejection in 164 in a 3 year
period).240,241

Extra care is taken during The EM biopsy to make the procedure
Low risk by adopting all precautions like using a 6 F Mullins Sheath
to introduce the 5 F bioptome and using ECHO guidance to place
the Sheath oriented towards the septum. In the 130 EM Biopsy
procedures done there were no cases of pericardial tamponade and
only 2 cases of increased or new tricuspid regurgitation. The EM
Biopsy samples are sent for both cell mediate rejection (CMR)
analysis and antibody mediated rejection (AMR) analysis.

2.8.8. Immunological matching before heart transplant
The Immunological Matching prior to Heart Transplant Involves

the Following process:

1. ABO Blood group Match
2. To Check Quantitative Anti- HLA Pre-Formed Antibodies (PRA)
3. Complement dependent Cytotoxic assay (CDC assay) between

Donor Serum and recipient Lymphocytes.
4. So no HLA Typing or HLA cross March is done as a routine.

2.8.9. Preservation and transport of donor organ
The present standard of care for preservation and transport of

the donor organ involves cross clamp and introduction of
crystalloid long duration cardioplegia using solutions like htk –

custodial solution.
Then the Donor Heart is transported in ice cold saline at

temperatures of 1–4 � centigrade. This cold ischemic non-beating
heart survives of anaerobic energy generation but at low levels of
metabolism. Since there is loss of tissue ATP levels along with cold
injury during transportation. The maximum tolerated cold
ischemic time is 4 h – from donor body to removal of cross clamp
in recipient.242

2.8.10. Organ care systems (OCS) and normothermic donor organ
transport

Transmedics Inc has now introduced a Normothermic, Beating
heart, Ex-Vivo Organ care system for Donor Heart Transport –

which can extend the Ex Vivo Warm ischemic time upto 8–9 h after
explanting the Organ.243

2.8.11. Non-biopsy markers for rejection surveillance
1. Single Antigen Anti HLA Class 1 or 2 Antibody – Useful in

Diagnosis of Antibody mediated rejection – Available in India
(SRL Labs Gurgaon)

2. Donor Derived Cell Free DNA – Extremely useful one point blood
test for early diagnosis of rejection – Available In USA, Under
development in India

3. Cylex (Immuknow) test – Activated ATP levels in Lymphocytes –

levels less than
4. 120 unit Suggest over immunesuppression. More than 180 –

Under immune suppression
5. ALLOMAP – gene Expression Analysis 15/19 gene panel for

rejection surveillance– Available in USA (CAREDx labs).

2.8.12. F. Future directions
In a Large but developing country like India with total

Population of 1310 Million and Area of 3.2 million Square kms
and limited resources, The Logistics of Creating a Nationwide
Cadaveric Organ procurement and Sharing network is Extremely
Challenging and daunting by any Criteria.

Hence given the fact that total heart transplants in the country,
going by the availability of cadaveric organs will be in the range of
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only maximum 150–200 per year for the next 2 years, there is
bound to be a huge gap between demand from dying patients with
heart failure (approximately 2.5 million end stage heart failure
patients per year) ands upply of cadaveric organs (Only 150–200
per year).

Also to facilitate Inter Hospital learning Huge Collaborative
efforts need to be put in Place between Advanced Heart Transplant
centers and Preliminary Heart Transplant programs. Such efforts
need to Assisted By National cardiac bodies like Cardiological
society of India (CSI), Indian association of cardiac surgeons
(IACTS), Heart failure societies and the Newly Planned Indian
Society for heart Lung Transplantation.

International Collaboration for improving various special areas
of heart transplant is the need of the hour. Such collaborations with
International Experts can be in the Form of visiting fellowships,
Travel Grants and Annual Conferences or workshops

The other area where more government help is urgently
required is for long distance organ transport for the harvested
cadaveric organ. Because interstate transport of vital organ like
heart with cold ischemic time of 4 h is extremely difficult and
expensive (air charter costs above 5 lakh INR), regular Heart
Transplants from distances over 200 Kms will need State aid for
unaffordable patients. Also the introduction of the new Normo-
thermic Organ transport systems (Transmedics, OCS system)
would ensure safe long distance transport of hearts in South Asia.

2.8.13. Conclusion
Heart Transplantation as a standard of care Therapy for end

stage Heart Failure has become established in India. The
international guidelines for heart transplantation are also now
widely known and now being implemented in various Indian
centres. Safe Immune suppression and anti-infective measures
have also allowed long term survival of Indian patients. But an
Indian Heart Transplant registry and long-term data on survival of
heart transplants are need of the hour for the country.

3. HF situations specific to India

3.1. Acute rheumatic fever

Acute rheumatic fever (ARF) is the result of an autoimmune
response to pharyngitis caused by infection with the beta
haemolytic group A Streptococcus (GAS), Streptococcus pyogenes.
The carditis of ARF results in valvular regurgitation with the
potential for secondary HF failure. ARF still occurs at a relatively
younger age in India, affecting children as young as 3 years. The
incidence of carditis is also higher during an episode of ARF.

3.1.1. Mechanism of heart failure in acute rheumatic fever
Heart failure had earlier been thought to be due to rheumatic

myocarditis as a part of pancarditis of ARF. However, echocardiog-
raphy has always shown severe valvular regurgitation with almost
normal ventricular function in a vast majority of patients
presenting with HF244 and HF gets ameliorated with successful
valve surgery.245,246 Absence of myocarditis is further supported by
normal levels of MB fraction of creatinine kinase (CK-MB), troponin
I and T and myoglobin.247,248 Radionuclide studies and myocardial
biopsy have also failed to confirm the presence of myocardi-
tis.249,250 Hence, congestive HF in ARF is due to an acute mitral and/
or aortic regurgitation but not due to myocarditis per se.

3.1.2. Management of heart failure in acute rheumatic fever
The diagnosis of ARF is made using clinical criteria (the Jones

Criteria).251 Echocardiography is recommended in all patients and
subclinical carditis is taken as a major criterion. It shows presence
of variable degree of mitral and/or aortic regurgitation and a near
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 18
Echocardiographic changes in acute Rheumatic Fever.252

Valvular regurgitation (WHO/WHF suggested)
Regurgitant jet >1 cm in length
Regurgitant jet seen in at least two planes
Mosaic color jet with a peak velocity > 2.5 m/s
Jet persists throughout systole (mitral valve) and diastole (aortic

valve)
Valve stenosis � pre-existing with recurrence of ARF
Leaflet

Prolapse
Coaptation defect
Thickening
Focal or irregular
Diffuse thickening of AML
Age specific cut offs; >3 mm
Reduced mobility
Excess leaflet motion
Nodules

Annular dilatation
Chordal elongation/rupture
Increased echogenicity of subvalvular apparatus
Pericardial effusion
Ventricular dilatation and dysfunction (almost always with significant
regurgitation)
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normal LV function. Focal nodular changes at the tips and bodies of
the leaflets, mainly in the mitral valve, and with associated annular
dilation has been described for the first time from India. The
common echocardiographic changes in ARF is summarized in
Table 18.

The mainstay of treatment includes diuretics and vasodilators.
Intravenous (IV) furosemide may be required initially. ACEi such as
captopril, enalapril, Ramipril should be used with diuretics in
relatively stable patients with significant valvular regurgitation
and/or left ventricular dysfunction.253 Patients presenting in NYHA
class III or IV with severe valvular regurgitation and HF,
intravenous infusion of vasodilators is preferred over ACEi. Other
measures to control HF include treatment of arrhythmias, if
present, bed rest and fluid restriction. Role of digoxin and
betablockers is not clear and are best avoided.

Anti-inflammatory drugs, either corticosteroids or salicylates,
are the mainstay of therapy and are effective in suppressing the
acute signs of inflammation. Corticosteroids have shown a
prompter action than salicylates, and can be lifesaving in severe
presentations of carditis. Corticosteroids have been widely used in
moderate to severe carditis including those in HF as these drugs
dramatically reduce inflammatory markers of ARF. Though fever
Table 19
Management of Acute Rheumatic Fever.

Drug/Situation 

HF
Frusemide 

ACE inhibitors 

Nitroglycerine 

Nitroprusside 

Anti-inflammatory
Severe carditis 

Moderate carditis 

Eradication of streptococcal infection
Penicillin V (oral) 

Benzathine penicillin G (deep IM injection) Given after sensitivity test 

Erythromycin ethyl succinate (oral) 
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and acute phase reactants show rapid decline but there is no
evidence that the anti-inflammatory therapy affects the frequency
or severity of the valvar lesions, or prevents the cardiac sequels in
the chronic phase.254,255

When comparing salicylates and corticosteroids, no treatment
has been shown definitely to be superior. Despite this, corticoste-
roids are frequently used to treat severe carditis around the
world.256 The initial dose of prednisone is given for 2 to 3 weeks
depending on the severity of the carditis. After this period, a
gradual tapering is required. The drug should be slowly withdrawn,
decreasing by one-fifth each week, which means a total duration of
the treatment of about 8 to 12 weeks, coinciding with the duration
of the acute episode. Rebounds are sometimes associated with
rapid withdrawal of corticosteroids. Some authors have recom-
mended an overlapping therapy with the aim to prevent rebounds,
with the introduction of salicylates as the dose of corticosteroids is
reduced. The advantage of the use of high doses of methylpred-
nisolone as an alternative treatment remains controversial. It has
most frequently been administered as a lifesaving therapy for
those with severe carditis. Likewise use of intravenous gamma
globulin has not shown superiority over other anti-inflammatory
agents in patients with carditis.257,258 Table 19 summarizes the
doses of various drugs used for carditis and other major
manifestations of ARF.

3.1.2.1. Eradication of the Group A streptococcal infection. The most
reliable drug is intramuscular benzathine penicillin (BPG) as a
single dose or a full 10 days course of oral penicillin or amoxicillin.
Cefadroxyl (oral), and Cephalexin are also useful.

In all patients, eradication should be followed by long term
secondary prophylaxis to prevent recurrences.

3.1.3. Role of valve interventions for control of HF
Most patients can be stabilized with HF failure treatment.

Wherever possible, cardiac surgery is best delayed until the active
inflammation has settled, since the valve repair during active
carditis is associated with higher failure rates and less durabili-
ty.259 Valve surgery during ARF may be required in select cases.
Even in such cases valve repair is to be preferred over valve
replacement, especially in younger patients.260 Those with a flail
leaflet due to chordae tendinae rupture may present with acute
pulmonary edema due to a rapid rise in left atrial pressure.
Emergency surgery in such cases is life saving.261 Even balloon
mitral valvotomy may be done in selected patients with Indian
studies reporting a similar acute success rate as compared to that
reported in a large series in children.262,263 Thus, valve
Dose

IV 1 mg/kg/dose, 2–4 times a day. Then, oral1–3 mg/kg/day in 2 divided doses.
Enalapril � 0.1-0.5 mg/kg/dose twice a day, start at a smaller dose.
0.5mcg/kg/min IV, up-titrated, maximum of 10mcg/kg/min.
0.5mcg/kg/min IV infusion. Gradually titrated to a maximum of 10mcg/kg/min.

Prednisone 2 mg/kg/day once daily, maximum dose 80 mg/day
Prednisone 1–2 mg/kg/day once dailyor
Aspirin 75–100 mg/day divided into 4 doses

Children: 250 mg TID for 10 days
Adults: 500 mg BD for 10 days
For those >27 kg: 12 lakh units
For those <27 kg: 6 lakh units
Children: 20 mg/kg/dose
(max: 800 mg) BD for 10 days
Adults: 800 mg BD for 10 days
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Table 20
Salient features of Acute Rheumatic Fever.

RF and RHD continue to be an undesirable burden in India
RF occurs at a young age resulting in significant morbidity as well as mortality in adolescents and young adults
HF in ARF occurs due to significant valvular regurgitation, with normal or near normal ventricular function
Early recognition and treatment is of paramount importance as patients may improve or even completely recovery
Treatment consists of HF therapy, eradication of streptococcal infection and anti-inflammatory therapy
Urgent valve surgery should be considered in active phase for those who do not stabilize on medical therapy
All patients should be put on secondary prophylaxis to prevent recurrence of ARF.

Table 21
Management of HF in RHD.

Common Measures
� Diuretics � all patients with dyspnea and clinical HF
� Atrial Fibrillation
� Rate control
� Digoxin (if HF present)
� Beta blockers (reduces both resting/exercise heart rates)
� CCB � Verapamil/Diltiazem
� Amiodarone in selected cases

� Oral anticoagulation � Vitamin K antagonists preferred to NOACS
� Secondary prevention
� Recommended in all patients aged <40 years
� Benzathine penicillin
� 1.2 MU every 21 days (if patient weighs >27 kg)
� 0.6 MU every 14 days (if patient weighs <27 kg)

� Penicillin V 250 mg BD (in states where injectable Penicillin not used)
� Erythromycin 250 mg BD (if penicillin allergy is present)

Specific Therapies for Valve Lesions
� Mitral stenosis
� Increase filling time � Betablokcer/Ivabradine276

� Balloon mitral valvoplasty
� OMC/MVR (if not suitable for BMV)

� Valve Regurgitation
� ACE Inhibitors (ARB if ACEi not tolerated)
� Valve repair in MR if possible
� Valve replacement

� Tricuspid valve disease
� TV repair

HF � Heart failure, CCB � Calcium channel blockers, NOACS � Novel oral
anticoagulants, MU � million units, BMV � balloon mitral valvoplasty, OMC � open
mitral commissurotomy, MVR � mitral valve regurgitation, ACE � Angiotensin
converting enzyme, ARB � Angiotensin receptor blocker, MR � mitral regurgitation,
TV � Tricuspid valve.
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interventions/surgery during active carditis should also be
considered in cases with gross valvular lesions where HF is not
improving despite best medical treatment.

The salient features of ARF in our country are detailed in
Table 20.

3.2. Rheumatic heart disease

Rheumatic heart disease (RHD) is the most common acquired
heart disease in children and young adults in many developing
countries including India. At least 33 million people are estimated
to be currently affected by RHD264 with a significant number of
them requiring repeated hospitalization for HF. Surgery is often
required to repair or replace heart valves, the cost of which is very
high and a drain on the limited health resources of poor countries.

3.2.1. Epidemiology of RHD
The burden of RHD remains high in India with 1.3 crore cases of

RHD estimated in 2015, which is nearly one third of all cases of RHD in
theglobally. Indiaalsoaccounts for thehighestnumberofRHD-related
deaths (1.2 lakh deaths in 2015).265 These despite a seemingly
significant fall in the point prevalence of cases of RHD reported from
school surveys in the same region over different time periods.266

Recently, one of the largest echocardiographic school survey from 4
states reported a prevalence of 7.7/1000 children,267 which is also
lower than the prevalence previously reported from other echocar-
diographic surveys from India.268,269 One of the reasons for the high
burden of RHD with reducing prevalence rate in India could be the
increase in the population at risk of RHD.27

3.2.2. RHD & HF
RHD remains one of common causes of HF in India. The

proportion of RHD among HF is higher in lesser developed states
and government hospitals. For instance, a study from secondary
care hospital in central India reported RHD to be responsible for
more than half of all admissions for ADHF. However, the proportion
of RHD among HF patients was only 8–10% in the other major
registries {AFAR &TVMN Registries}. For this publication, the
hospital admissions of RHD a 3 months period were analyzed at a
major tertiary care hospital. Among the 515, RHD patients
admitted, 212 patients were admitted to ICU. Most common
indication for admission was HF (78%) and 7.2% expired despite the
best treatment {personal communication Dr Vijayalakshmi}.

Two large hospital-based echocardiographic studies from India
have shown the contemporary distribution of valve lesions in
RHD.270,271 Mitral valve is the most common valve involved. Most
common lesion in patients aged <18 years is mitral regurgitation
(MR) and in patients above 18 years is mitral stenosis (MS).270,272

Multivalvular involvement was seen in a third of all cases. Among
the combination lesions, MS and MR was the commonest followed
by MS and AR.271 Females seem to have severe disease and needing
more interventions.272

3.2.3. Diagnosis
Diagnosis of HF in RHD can be at times challenging.

Traditionally, the term HF is used in a patient with RHD with
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the presence of congestive symptoms. However, any patient with
dyspnea with severe valve involvement may be construed to have
HF. Heart failure in RHD and in other primary valve diseases may
not easily fit in the scheme of HFrEF and HFpEF. Even though
biomarkers are shown to be elevated in patients with RHD,273 they
are rarely used in routine practice.

Chest radiograph may show chamber enlargement, pulmonary
venous hypertension and pulmonary arterial hypertension. ECG
may show evidence of chamber enlargement and abnormalities of
rhythm. Echocardiogram is the mainstay in diagnosis and planning
therapy. Echocardiogram is a useful tool to assess the ventricular
function and underlying structural abnormality. It is a valuable tool
in measuring LV volumes, assessment of severity of regurgitation
and stenosis, understand hemodynamics and estimate pulmonary
artery pressures.

3.2.4. Management of HF in RHD (Table 21)
Management is to improve symptoms and enhance survival.

Diuretics are important in relieving symptoms. The therapy for
RHD related HF is summarized in Table below. The pharmacother-
apy of HF related to RHD is different than those recommended for
HFrEF. The principles of treatment for valve disease in RHD are
similar to those recommended for other valve diseases.274,275
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 22
Major studies of Infective endocarditis from India;* Native valve disease (not RHD).

Chandigarh
1981–1991278

Lucknow
1992–2001279

New Delhi
2004–2006280

Vellore
2005–2015281

Ahmedabad
2011–13282

Western Series
2000–06283

N 186 198 104 172 75 2781
Mean age (years) 25.0 27.6 23.5 41.8 27.5 57.9
% Male 71.5 73.4 71.1 78.4 69.3 68.0
RHD related (%) 42% 46.9% 29.8%* 40.6% 41.3% 3%
Culture positive (%) 47% 67.7% 41% 83.7% 40% 90%
Surgery (%) 1% 23.1% 15% 15.7% 16% 48.4%
In hospital mortality (%) 25% 21% 26% 24% 29% 18%
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3.2.5. Infective endocarditis
India has a dual burden of infective endocarditis (IE); modern IE

like dialysis and medical care related IE is being increasing
recognized yet, the traditional Oslerian IE involving previous RHD
is still widely prevalent.277 The major studies of IE from India are
compared to a Western series in the Table 22 below.

Infective endocarditis in India has several unique features and
are summarized in Table 23 below.

It is recommended to make special efforts to increase culture
positivity, adhere to guidelines of IE in choosing pharmacotherapy
and perform early surgery when indicated. Current guidelines
recommend IE prophylaxis for a limited group of patients with
heart disease.284 In India, it is also recommended to extend IE
prophylaxis to all patients with severe valve disease as the
outcome of IE in India is also suboptimal.

3.2.6. Ischemic cardiomyopathy
Ischemic cardiomyopathy is defined as onset of LV Systolic

dysfunction which results from significant CAD.285 The incidence of
HF, after an ischemic insult steadily increases with time after an
index event ranging from around 10% after 2 years to more than 40%
after 6.5 years.286 Ischemic cardiomyopathy results from loss of
cardiac myocytes leading to adverse remodelling of heart secondary
to ischemic insult resulting in LV systolic dysfunction.287

3.2.7. Indian data
A prospective study on ADHF in Indian patients288 from a

tertiary care center revealed that ischemic cardiomyopathy was
the leading cause for HF (53.9%) and the mean age of presentation
was 53 years. “CREATEECLA study289” which enrolled 8060 Indian
patients out of a total of 20,201 participants, reported a prevalence
of HF at 30 days of 17%. Late and suboptimal reperfusion therapy in
STEMI in India may lead to more patients ending up with HF. IA
cross-sectional study involving 120 patients with STEMI reported a
prevalence of HF at 30 days of 11%.290 Thus, the data from various
studies from India suggest that ischemic cardiomyopathy occurs
more commonly and at an earlier age compared to western
population. Additionally, the burden of this problem is quite high.

3.2.8. Diagnostic approach to ischemic cardiomyopathy
Coronary angiogram is the gold standard investigation in

establishing diagnosis of significant CAD in a patient presenting
Table 23
Salient features of IE in India.

� IE occurs among younger patients in India
� RHD is the most common predisposing heart lesion
� Culture positivity rate is lower
� Streptococcus species still the dominant organism
� Surgery is less often performed
� Outcomes are suboptimal
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with HFrEF. Coronary angiogram should always be done in patients
with previous MI or >40 years of age for establishing the diagnosis
of CAD. Stress echocardiography/nuclear studies with exercise or
dobutamine will assess stress-induced ischemia and will give vital
information regarding need for future revascularization. Positron
emission tomography (PET) is regarded as the gold standard test
for assessment of myocardial metabolism and viability. CMRI helps
in assessing viable myocardium and differentiating it from scared
myocardium.291,292 Among the biomarkers, hs-troponin and BNP
are good predicators for diagnosing and guiding therapy in
ischemic cardiomyopathy. High sensitive troponin levels are
directly proportional to the amount of myocardium under
jeopardy. The various non-invasive methods for evaluating HF
are discussed in previous sections.

3.2.9. Management
Patients with ischemic cardiomyopathy should be treated with

optimal medication sticking to guidelines of HF. The pharmaco-
logical therapy, devices including ICD, CRT have the same
indications in ischemic cardiomyopathy as eluded to in previous
sections. Patients with ischemic heart disease also need additional
anti platelet drugs and Statins in appropriate doses.

3.2.10. Coronary artery revascularization
Revascularization of dysfunctional but viable myocardium may

lead to reverse LV remodelling and confer prognostic benefits in
patients with post ischemic HF. About 20 to 50 percent or more of
chronic ischemic LV dysfunction patients have significant viable
myocardium to improve LV function following revascularisa-
tion.216,293,294 Several studies have shown that LVEF improved
significantly (i.e. >5%) after revascularization in more than 60% of
patients (range, 38–88%).295–306 However, in the substudy of
STITCH trial, presence of myocardial viability was associated with
reduced mortality but did not predict a benefit from revasculari-
zation, which raises the question of whether viability assessment is
needed prior to surgical revascularization. The merits and demerits
of coronary revascularization with CABG are discussed in detail in
previous sections.

Data are limited on the relative efficacy of PCI in patients with
ischemic cardiomyopathy. An on-going trial, estimated to be
completed in 2019, is comparing the effects of PCI with medical
therapy alone in patients with HF.307 The best available observa-
tional data comparing PCI with CABG in HF comes from the New
York State registries among 2126 propensity score matched
patients.294 At a median follow-up of 2.9 years, there was no
significant difference in death between contemporary PCI and
CABG. PCI was associated with a greater risk of MI and need for
repeat revascularization, but a significantly lower risk of stroke as
compared with CABG. Patients with ischemic cardiomyopathy, as
well as patients with an LVEF <35 percent in the nonrandomized
AWESOME registry, there was no difference in mortality with CABG
or PCI.307
University from ClinicalKey.com by Elsevier on June 27, 
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Despite lack of randomized controlled trials, PCI may be
performed in selected patients with CAD and HFrEF (in the
absence of angina) with a coronary anatomy suitable for PCI, if
the benefits of PCI are likely to outweigh the risks as assessed by
a heart team.

3.3. Dilated cardiomyopathy in Indian patients

Dilated Cardiomyopathy (DCM) is a genetic disorder and is
characterized by ventricular dilatation, impaired systolic
function, reduced myocardial contractility with LVEF less than
40% that is not caused by ischemic or valvular heart disease.
DCM is next to ischemia among the causes of HFrEF from the
reported studies in India. DCM was seen in 13% of study
population in a series of chronic HF and 19% in a series of ADHF
patients.3

Some studies indicate that 30–35% of idiopathic DCM may have
a positive family history.308 Most of the familial DCMs have an
autosomal dominant inheritance, but autosomal recessive, X-
linked and mitochondrial inheritance are also noted in some
cases.309

Diagnosis: A through clinical history, general physical and
cardiovascular examination, relevant investigations and imaging
modalities are cornerstone for diagnosis of DCM. A thorough
evaluation for reversible causes is needed (table below). These
conditions are extremely rare, yet a positive diagnosis and
treatment may result in complete recovery of LV function
(Table 24).

Treatment: There is no specific therapy for DCM. All the proven
Non-pharmacological & pharmacological therapies of HFrEF are
indicated in all patients with DCM. Indication for devices are the
same as in HFrEF. However, for primary prevention of SCD in DCM,
this position statement recommends ICD in only those DCM
patients with LVEF <30% with family history of SCD (as discussed in
earlier sections).

3.4. Non-specific aorto arteritis

Non-Specific Aorto Arteritis (NSAA) commonly known as
Takayasu arteritis (TA) is a chronic inflammatory panarteritis
Table 24
Curable causes of DCM like echocardiographic picture.

� Obstructions
� Low gradient AS
� Coarctation of aorta
� Aortoarteritis � Aorta/renal artery narrowing

� Electrophysiological
� Tachycardiomyopathy
� Dyssynchrony � WPW syndrome
� Complete heart block

� Metabolic/Endocrine
� Hypocalcemia
� Vitamin D deficiency
� Hyperthyroidism
� Hypopituitarism
� Deficiency of Carnitine/thiamine/magnesium or Selenium

(Keshan disease)
� Coronary artery abnormalities
� ALCAPA/ARCAPA
� Kawasaki disease

� Inflammatory diseases
� Myocarditis
� Cardiac Sarcoidosis

� Others
� Peripartum CMP
� Drug/toxin induced
� Alcoholic CMP
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affecting large vessels, predominantly the aorta and its main
branches. Vessel inflammation leads to wall thickening, fibrosis,
stenosis, dilatation, aneurysm formation and thrombus
formation.310–312 Women are affected in 80 to 90 percent of cases,
with an age of onset between 10 and 40 years.313 The onset may be
earlier in childhood but rare in infancy.314,315

There appears to be a wide variation in the prevalence of TA in
different geographical regions of the world. Takayasu arteritis is
most commonly seen in Japan, South East Asia, India, and
Mexico.316–319

The female: male ratio has lot of variation ranging from 9: 1 in
Japan to 1.3: 1 in India.320,321 It is the commonest cause of
renovascular hypertension in Asian children.315 Its long term
prognosis is studies in few series and the mortality ranges from 3 to
15%.322–324

Clinical manifestations range from asymptomatic disease
found as a result of diminished or impalpable pulses or bruits, to
more serious neurological or cardiac emergencies. The common
symptoms are constitutional symptoms, carotidynia, arthral-
gias, absent or weak peripheral pulses, limb claudication,
gastrointestinal symptoms, skin lesions, symptoms because of
involvement of pulmonary arteries or coronary arteries and
neurological symptoms. Sometimes patient present as hyper-
tension, angina, heart failure, cerebrovascular events, retinopa-
thy, glomerulonephritis, renal failure, cardiomyopathy, aortic
regurgitation, pulmonary artery hypertension or aneurysm
rupture.

Angiographic manifestations is very heterogeneous in different
geographical areas with predilection for stenotic versus dilative
and thoracic versus abdominal aortic involvement in different
geographic locations.325–330

In Indian series, most common clinical presentation was
claudication (74%) followed by musculoskeletal symptoms (48%),
fatigue (46%), weight loss (22%), headache (22%), visual dis-
turbances (16%), syncope (10%). Dyspnea was present in (20%) of
the cases. Absent or diminished pulses were present in 80–82%,
hypertension in 61 � 75%, congestive cardiac failure in 8–38% and
claudication in 13–74% of the cases.329–332

3.4.1. Diagnosis of TA
No well-defined criteria for the clinical diagnosis of TA were

available till Ishikawa proposed his criteria in 1988.333 The
American College of Rheumatology (ACR) classification criteria
were basically developed to distinguish one form of vasculitis from
another.334 Sharma et al., 1995 proposed Modified diagnostic
criteria for Takayasu arteritis.335 Classification according to
angiographic findings of TA was also proposed. This classification
was on the basis of the distribution of lesions detected by
angiography.332

Heart failure (HF) in TA
This is not a very uncommon presentation in India, especially in

children. Up to 60% children can present with heart failure.314

Common Causes of heart failure in TA are

� Hypertension,
� Renal Artery Stenosis,
� Myocarditis,
� Aortic Regurgitation,
� Mitral Regurgitation,
� Pulmonary Artery Involvement,
� Coronary Artery Involvement,
� Aortic Stenosis (Thoracic, Abdominal).

TA can rarely present as postpartum cardiomyopathy,336 Acute
Myocardial Infarction with Left Ventricular Failure,337 Ruptured
Right Sinus of Valsalva Aneurysms.338
al University from ClinicalKey.com by Elsevier on June 27, 
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3.4.2. Treatment
The primary objectives of treatment include the control of

disease activity by drug therapy, pharmacologic control of blood
pressure (BP), supportive management and revascularization
(surgical or endovascular) of the symptomatic ischemic territory.

The disease activity can be assessed by clinical, biochemical, or
radiological markers.339 Presence of new vascular signs and
symptoms like bruits, absent pulses, blood pressure differences
in limbs. Raised ESR and CRP levels, Increased IMT in USG, moving
bright spots and linear flow of microbubbles within the vascular
lesions with carotid contrast enhanced ultrasonography, Enhance-
ment of the thickened aortic wall in CT Angiography, vessel wall
thickness, oedema, and contrast enhancement in MRA, 18-F-FDG-
PET uptake in wall of large vessels, PET might be able to distinguish
vessel thickening that is due to active inflammation from that due
to scar formation.

Treatment should aim to control disease activity, preserve
vascular competence with minimal long-term side effects.

Beside standard treatment of HF these patients may benefit
from immunosuppressive therapy which has shown promise in
short term and long term in patient with myocarditis.340,341

Steroids are the mainstay of treatment for TA. Approximately
half of the patients respond to steroids. The dose should be
adjusted according to the age and constitution of the patient. As
soon as clinical and laboratory findings showed continue
improvement for 2 weeks, the dose should be tapered gradually.
The typical maintenance dose is 5 to 10 mg/day. Regular
assessment of disease activity and progression should be
performed. Complete glucocorticoid therapy withdrawal should
be attempted as soon as possible.

The patient who does not show satisfactory response to steroid
or resistant or having adverse drug reaction with steroid can be
treated with cytotoxic drugs like cyclophosphamide, azathioprine,
mycophenolate mofetil and methotrexate.342–344

Tocilizumab (IL-6 receptor inhibitor),345,346 Etanercept (Anti-
tumor necrosis factor)347 and Rituximab (a chimeric IgG1 antibody
that binds to CD20 expressed on the surface of B cells)348 has
shown promising results.

Surgical treatment is challenging due to the diffuse nature of
the disease and involvement of adjacent aortic walls. It has a high
incidence of anastomotic aneurysm formation (12 to 14%) and graft
failure (20 to 40%) over time.349–351 In case of focal stenotic lesions
percutaneous procedure can be performed with good long term
results, however stenting all lesions is debatable if good result can
be achieved by plane balloon angioplasty.352–355

Any intervention in acute setting and in patients with severe
signs and symptoms should be performed after a sedimentation
rate of <30 mm/h and CRP of <1.0 mg/dL have been achieved with
treatment, until it is an emergency and patient cannot be stabilized
on medication. If aortic regurgitation is severe and need aortic
valve replacement both mechanical and bio prosthesis valve can be
Table 25
Salient features of takayasu arteritis in India.

� Takayasu arteritis is rare, affects mainly women, and is most commonly seen in Japa
decade of life.

� Its clinical Manifestations range from asymptomatic disease, to catastrophic comp
� Disease symptoms, signs varies between different populations.
� Hart failure is common in Indian patients especially in children.
� Hypertension remain the commonest cause of heart failure.
� Treatment should aim to control heart failure with standard therapy for heart failu

minimal long term side effects.
� Inactive disease carries a good prognosis and these patients should not be put at r
� Majority of the patients treated with steroids will respond, but steroid unresponsi
� Surgical intervention and percutaneous intervention in selected patient should be 
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given. Need for Aortic root replacement depend on the size of aorta
but in some cases when inflammation cannot be controlled,
affected vessels should be replaced with a valve conduit (Bentall
surgery) even with our root dilatation.356,357

Some patient who has severe pulmonary artery hypertension
due pulmonary artery stenosis pericardial patch angioplasty or
reconstruction with vascular prostheses should be performed.
When angina pain and Significant coronary stenosis are present,
coronary revascularization can be performed with good long term
results.358,359

Heart failure because of renal artery stenosis (RAS), respond
very well with either percutaneous intervention or surgical
treatment. However vascular surgery is associated with high
prevalence of graft occlusion.360,361 The favored treatment for RAS
in TA, particularly for inactive lesions, is percutaneous trans-
luminal angioplasty (PTA).362 Percutaneous intervention of aorta
in TA is associated with some technical problem but has good short
and long term results (Table 25).362–366

3.5. Peripartum cardiomyopathy

Initially recognized in the 19th century by Virchow, heart failure
following pregnancy was formally described by Hull and Hafkesbr-
ing in the 1930s.The term “peripartum cardiomyopathy” (PPCM)
was coined by Demakis et al. in the seminal publication of 1971.
PPCM presents as unexplained left ventricular systolic dysfunction
towards the end of pregnancy or early postpartum period in
previously healthy women.

3.5.1. Etiology and pathogenesis
The etiology and pathogenesis of the illness still remain unclear.

Since it is a diagnosis of exclusion, clinical heterogeneity is
inherent to any patient population of this disease. The most
common risk factors are summarized in Table 26. In view of the
similar clinical, echocardiographic and nonspecific histological
features, considerable interest revolves around a common basis for
dilated cardiomyopathy (DCM) and PPCM. The prevalence of PPCM
in familial DCM is about 6% and a family history of DCM is elicited
in 10% of PPCM patients.

3.5.2. Diagnosis
The current clinical definition of PPCM includes 4 criteria

Table 27.367

The commonest symptom of heart failure, dyspnea, is
predominantly physiological in pregnancy (60%) with PPCM
accounting for only 0.23% of cases presenting with dyspnea.
Antepartum presentation of PPCM is seen in only 10%.Cardiome-
galy may not be present as PPCM can occur without LV
dilatation.96% of the patients have an abnormal ECG. A risk score
of �2, developed by scoring 1 for each of the three ECG
disturbances (tachycardia, ST–T-wave abnormalities and QRS
n, South East Asia, India, and Mexico, where it usually presents in the 2nd or 3rd

lications.

re and also to control disease activity and preserve vascular competence, with

isk by treatment that is more harmful than the disease itself
ve patients respond to methotrexate; mycophenolate mofetil or aziothiprim.
performed whenever it is needed and can be very useful.
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Table 26
Common Risk factors for development of Peri partum cardiomyopathy.

Twin pregnancy
Preeclampsia
Advanced maternal age
Multiparity
Long term oral tocolytic therapy with β-agonists
PPCM in previous pregnancy

Table 27
Clinical criteria used for definition of PPCM.a

Development of HF in the last month of pregnancy or within 5 months after
delivery

LV systolic dysfunction (LV EF <45% by echocardiography)
No identifiable cause for HF
No recognized heart disease before the last month of pregnancy

a All four criteria must be fulfilled to diagnose PPCM thus preventing
overdiagnosis as well as excluding cases of preexisting DCM.
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duration), had a sensitivity of 85.2%, specificity of 64.9%, negative
predictive value of 86.2% for potentially predicting PPCM.

3.5.3. Prognosis
A mortality rate of 5–10% is found in PPCM and about 4% of

cardiac transplantations in the US are performed for PPCM.A
Danish study found a MACE of 14.8% with 3.3% mortality, 8.2%
mechanical circulatory support requirement and/or heart trans-
plantation and 4.9% persistent severe heart failure. The concept of
PPCM as a unique entity distinct from DCM is strengthened by a
significantly worse prognosis for DCM compared to PPCM both at 1
and 3 year follow up. After 1 year, the HF readmission rate did not
significantly differ between the two diseases, suggesting that HF
medications should be aggressively instituted in patients with
PPCM.

3.5.4. Indian data
Various Indian series published are summarized in Table 28

3.5.5. Management of ppcm
The non-pharmacological management of stable patients of

PPCM includes salt and fluid restriction and restricted physical
Table 28
Summary of major studies of Peripartum cardiomyopathy from India.

Study Follow up (yrs) Mean Age (years) Presenting Featu

Elkayam et al368

(n = 123)
NA 31 
 6 Mean LVEF � 29 

TK Mishra et al369

(n = 56)
6.1 31
 5 Mean LVEF �31%

Patil et al370

(n = 65)
7.5 27.5 Mean LVEF- 21%

Mean PA
pressure = 37 mm

PGIMER study371

(n-38)
NA NA Mean gestational

35 weeks

M. Tergestina et al372

(n = 8760)
6 months 23.8 Mean LVEF �31.4

Sion Hospital373

(n = 22)
6 weeks 26.8 Mean LVEF �25.3

Hubli Study374

(n = 24)
6 months 29 Mean Parity- 2.1

87% presented in
partum preiod

Gujrat Study375 4 years NA 55% � NYHA clas
50% � LVEF < 30

Nagpur study376

(n = 11)
81% multipara 
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activity. ACEI and ARBs are contraindicated in pregnancy and are
substituted by a combination of hydralazine and nitrates.
Benazepril, captopril and Enalapril are safe in lactating women.
In spite of an increased risk of fetal growth restriction, β blockers
are recommended in all stable patients for at least 6 months
following diagnosis with Metoprolol Succinate the preferred agent.
Diuretics in the form of thiazides or frusemide are indicated in
patients with pulmonary congestion but they may lead to placental
hypoperfusion. Spironolactone should be avoided in pregnancy.
Digoxin is an add-on drug in patients with low EF and persistent
symptoms. Both pregnancy as well as PPCM are prothrombotic
conditions.

Bromocriptine, a dopamine antagonist, inhibits prolactin
secretion and has been tried in addition to conventional
therapy.377 In the retrospective non-randomized German PPCM
Registry, treatment with beta-blockers, ACE inhibitors, and
Bromocriptine (2.5 mg twice daily for 2 weeks followed by
2.5 mg per day for 6 weeks) was associated with favorable
outcomes. The effectiveness of this drug is greater in patients
whose symptoms onset occurred before delivery or in the first
month postpartum. The suppression of lactation by bromocriptine
res Outcomes


 11% � Complete Recovery of EF in 54%
� Mortality in 9%

 
 7.2 � LVEF improved to 43% 
 8%
� 16% reconceived out of which 55% died during pregnancy and 23%

during follow up

Hg

� Breathlessness, palpitation and cough at presentation in all.
� 50% complained of hemoptysis. 50% had pedal edema and 25% gave

history of syncope.

 age � � Maternal mortality was 16%, all of whom presented with NYHA class IV
symptoms.

� Poor obstetric outcome manifested as 8 stillbirths, 40% prematurity and
a mean birth weight of 2 kg

% � 80% of patients had significantly improved LVEF (mean 50.5% at 6
months).

� Low EF <30% at baseline significantly correlated with poor recovery

% 1 patient (4.8%) showed an improvement in LVEF to >60% and 1 died.

 post
� 25% succumbed in the first week after diagnosis.
� 83% of the survivors recovered completely and the rest had residual LV

dysfunction after 6 months.

s III/IV
%.

� 80% required ICU admission
� Maternal mortality was impressively low (5.5%).
� Preterm delivery occurred in 50% and stillborn in a substantial 17%

� 18% developed persistent cardiomyopathy
� Clinical recovery occurred in 37% but LVEF improved in 27%.
� Maternal mortality was a substantial 27%.
� 6 out of 11 babies had IUGR. 2 intrauterine and 1 neonatal death was

reported
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is of crucial importance to the newborn especially in developing
countries where there may be no practically feasible alternative.
Bromocriptine may be considered in patient of PPCM over and
above conventional therapy.

Delivery should be conducted in a specialized care setting
under multidisciplinary supervision. Mode of delivery is dictated
by hemodynamic status as well as obstetric indications. In patients
with stable hemodynamics, vaginal delivery is preferred due to less
blood loss, less thromboembolism and faster recovery. Moreover,
regional anesthesia is not associated with depression of LV
function. With unstable hemodynamics, Cesarian section is
recommended preferably under spinal anesthesia.

3.5.6. Subsequent pregnancy
There is a substantial risk of relapse of PPCM in subsequent

pregnancies with its attendant risks. A multi-centric study of 34
patients found a relapse rate of 56% with 12% mortality. A reduced
LVEF before next pregnancy is associated with higher mortality and
lower rate of full recovery on follow-up. Addition of Bromocriptine
to standard HF therapy after delivery resulted in better outcome in
subsequent pregnancy. Counseling regarding contraception is
imperative and as exemplified by the fact that 1 in 4 PPCM
patients are sexually active and not using contraception.

3.6. Diabetic cardiomyopathy

Diabetes is rapidly emerging as an epidemic in the modern era,
affecting about 300 million people worldwide, and the number is
likely to cross 450 million by 2030.378 India, sometimes referred to
as “the diabetic capital” was estimated to have about 69.2 million
people living with diabetes in 2015, overall prevalence being
8.7%.379 Diabetes may affect the heart in three different ways:378

coronary artery disease due to accelerated atherosclerosis;379

cardiac autonomic neuropathy and380 diabetic cardiomyopathy, a
relatively newly recognized entity.

Diabetic cardiomyopathy is defined as “a distinct entity
characterized by the presence of abnormal myocardial perfor-
mance or structure in the absence of epicardial coronary artery
disease, hypertension, and significant valvular disease”.381 Hence,
diabetic cardiomyopathy affects the myocyte at the cellular levels,
culminating in structural and functional abnormalities in the heart.

3.6.1. Prevalence
Exact prevalence is not known, as a diagnostic criterion for this

entity does not exist. Studies have shown that after adjusting for
other conventional cardiovascular risk factors, heart failure is 2–3
times more common among diabetics.382 According to a study by
Bertoni et al., the prevalence of diabetic cardiomyopathy was 12%
and reached 22% in people aged greater than 64 years.383

Prevalence of diastolic dysfunction, thought to be an early marker
of diabetic cardiomyopathy, was about 30% in some studies, and up
to 60% in others.384,385

Indian studies till date, have focused on prevalence of diastolic
dysfunction in diabetes. The estimated prevalence ranges from 30
to more than 70% of all diabetic patients.
Fig. 11. Choice of Antidiabetic agen
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3.6.2. Risk factors
Diabetic cardiomyopathy can occur in both type 1 and type 2

diabetes. Studies have shown female sex, poor glycemic control,
High BMI, advanced age, use of insulin, proteinuria, coexistence of
retinopathy and nephropathy to be risk factors associated with
development of heart failure/cardiomyopathy in diabetic
patients.386,387

However, none of the above is a well-established risk factor for
the condition.

3.6.3. Management:-
Standard therapy for HF is applicable to Diabetic Cardiomyop-

athy however a good glycemic control and choice of Oral
Hypoglycemic Agents also have a bearing on the progression
and outcomes of HF

� Lifestyle modification: Smoking cessation, exercise, healthy food
habits and weight reduction can be helpful.
� Glycemic control: Adequate glycemic control might be helpful to
retard the progression of diabetic cardiomyopathy in early
stages. Metformin has been found to be particularly helpful, as it
provides mortality benefit, and also can up regulate cardiomyo-
cyte autophagy, which contributes to prevention of diabetic
cardiomyopathy in animal models.388 (Fig. 11,371) Incretin-based
therapies (DPP4 inhibitors and GLP 1 agonists) are newer drugs
which may offer cardio-protection and may also improve systolic
function.389,390 Some non-randomized studies indicate a harm-
ful effect of insulin, though it was not demonstrated in
subsequent studies.391

� ACE inhibitors, ARBs and aldosterone antagonists: Myocardial
fibrosis and hypertrophy may be prevented by this class of drugs.
� Beta blockers: Might prove to be beneficial, but randomized
trials in diabetic cardiomyopathy patients is missing.
� Statins: Independent of their lipid lowering effect, atorvastatin
and fluvastatin have been found to reduce intra-myocardial
inflammation, myocardial fibrosis, and cardiac dysfunc-
tion.392,393

3.6.4. G. diabetic cardiomyopathy: Indian perspective
Large population-based studies focused on diabetic cardiomy-

opathy are lacking in the Indian scientific literature. Extensive
search revealed a handful of studies, most of which assessed
diastolic dysfunction among diabetic people of different ethnici-
ties. The following table summarizes the findings from various
Indian studies (Table 29 & Fig. 12).

3.7. Right sided heart failure

Right heart failure (RHF) is a complex clinical syndrome that can
result from any structural or functional cardiovascular disorder
that impairs the ability of the RV to fill or to eject blood. Causes of
RHF are listed below in Fig. 13.

The cardinal clinical manifestations are because of fluid
retention; decreased systolic reserve or low cardiac output &atrial
t in patient with Heart failure.

University from ClinicalKey.com by Elsevier on June 27, 
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Table 29
Summary of major studies on Diabetic cardiomyopathy from India.

Authors (Year) Place of study Sample size Key findings

Rothangpui et al.
(2011)394

Manipur 100 type 2DM patients Prevalence of Diabetic CM was 40%
No relation with duration of diabetes and glycemic control
Majority (67%) had diastolic dysfunction
LV mass was more in females with cardiomyopathy
Cardiomyopathy patients had higher LDL, TG and lower HDL

Patil VC et al. (2011)395 Satara,
Maharashtra

127 type 2 DM patients 54.33% had diastolic dysfunction
Correlation with disease duration, obesity, glycemic control and
microangiopathies was noted

Chaudhary et al
(2015)396

Meerut (UP) 100 newly diagnosed normotensive
diabetics

41% had LVDD
Correlated with HbA1c and age

Senthil N et al
(2015)397

Chennai 100 young normotensive (<40 yrs.)
diabetics

Overall prevalence of DD was 30%
Distinct female preponderance
No relation with disease duration, type of diabetes or glycemic control

Dikshit NM et al
(2013)398

Surat 50 normotensive diabetics, 50 matched
controls

Prevalence of DD was 66%
LV mass and wall thickness was more in diabetics compared to controls

Patil MB et al (2010)399 Mysore 50 normotensive diabetics 64% had DD
More in females and increasing age
Positive correlation with HbA1c, disease duration and treatment with both OHA
and insulin.

Sridevi et al (2015)400 Pune 100 patients, 50 non-diabetic controls 79% prevalence of DD
Correlation with coexistent CAD and hypertension

Shekhda et al (2017)401 Western India 100 normotensive asymptomatic
diabetics

Prevalence of DD was 64%
Strong association with disease duration and glycemic control
No relation to age, gender, lipid parameters and type of treatment

Fig. 12. Key findings of Indian studies on Diabetic Cardiomyopathy.
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or ventricular arrhythmias. RHF due to pressure-overload may
report dyspnea, light headedness, and syncope. In both RV
infarction and PE, chest discomfort, tachycardia and elevated
jugular venous pressure are important features. Patients with
acute-on-chronic RVF have hepatic congestion, and lower-extrem-
ity swelling. Physical examination may show parasternal heave, an
RV third-heart sound, and tricuspid regurgitation. Other findings of
coexisting LV failure or valvular lesions may be present.402,403

The Right Ventricle adapts better to volume-overload than to
pressure-overload. In atrial septal defect (ASD) and tricuspid
regurgitation (TR), the RV may tolerate volume-overload for a long
time. In contrast, pH in the adult often leads to RV dilatation and
failure.

In acute pressure-overload states such as pulmonary embolism
(PE), a previously normal RV is incapable of acutely generating a
mean pulmonary artery pressure (mPAP) >40 mm Hg, and RV
failure occurs early.

Atrial flutter and atrial fibrillation are the most common
arrhythmias in severe RV dysfunction, often lead to hemodynamic
instability and are associated with an increased risk of morbidity or
mortality.404–408

RHF may progress from RV dysfunction to symptomatic RV
failure to refractory RV failure. Decreased exercise tolerance
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represents most important prognostic factors for death or
hospitalization.409–411

The clinical syndrome of RVMI characterized by the triad of
hypotension, elevated jugular veins, and clear lung fields in a
patient with minimal LV involvement. Hemodynamically signifi-
cant RVMI with hypotension occurs in less than10% of IWMI
patients.404

3.7.1. Management
The evidence that guides the management of isolated RV failure

is not nearly as well established as the evidence that guides the
management of chronic HF resulting from LV systolic dysfunction.
Most recommendations are based on either retrospective or small
randomized studies.

3.7.2. General measures
Moderate sodium restriction (<2 g/d), daily measurements of

weight, and judicious use of diuretics are recommended. Moderate
exercise training may significantly improve functional capacity and
quality of life. Isometric activities may be associated with syncope
and should be avoided. Pregnancy in patients with severe RV
failure is associated with high maternal and fetal mortality
rate.412,413
al University from ClinicalKey.com by Elsevier on June 27, 
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Fig. 13. Common causes of right sided heart failure.

S. Guha et al. / Indian Heart Journal 70S (2018) S1–S72 S45
3.7.3. Preload optimization
In conditions where RV output is impaired due to contractile

dysfunction but the afterload is normal, a higher preload is needed
to maintain forward flow. It is generally agreed that maintaining a
moderately high RV diastolic filling pressure of 8–12 mmHg is
optimal in RHF.414

3.7.4. Afterload reduction
General measures include lung protective ventilation, avoiding

hypoxaemia and hypercarbia. Pulmonary vasodilators are current-
ly not approved for use in critically ill patients with RV failure not
due to PAH. However, inhaled nitric oxide (iNO) with its rapid onset
of action and short half-life is the pulmonary vasodilator of choice
in the critically ill and improves pulmonary haemodynamics in
RHF. Inhaled prostacyclin analogues have been shown to be safe
and effective in cardiothoracic surgical patients with pulmonary
hypertension, refractory hypoxaemia. Phosphodiesterase 5(PDE5)
inhibitors decrease PAP and increase cardiac output in both acute
and chronic pulmonary hypertension.412–418

3.7.5. Improving contractility
General measures targets maintaining RV perfusion by reducing

wall tension and increasing coronary artery diastolic pressure and
maintaining acellular milieu conducive to myocyte contractility. The
general principles of inotrope use for LVF are applicable for RVF also.

3.7.6. Rhythm management and resynchronization
Maintenance of sinus rhythm and heart rate control are important in

RV failure. Sequential AV pacing and cardioversion of unstable
tachyarrhythmias should be considered promptly when appropriate.

The study of RV resynchronization is at its initial stages.419,420

3.7.7. Anticoagulation
The risk of thromboembolic events in patients with RV failure

has not been well established. Although anticoagulation is usually
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recommended in patients with evidence of intracardiac thrombus,
documented thromboembolic events, paroxysmal or persistent
atrial flutter or fibrillation in the presence of PAH and significant RV
dysfunction.407,412

3.7.8. Neurohormonal modulation of RV failure
ACE inhibitors have been shown to increase RVEF and to reduce

RV end-diastolic volume and filling pressures. Small studies also
have demonstrated that β blockade with carvedilol or bisoprolol
improves RV systolic function.

3.7.9. Supplemental oxygen therapy and ventilation
Hypoxemia may lead to pulmonary vasoconstriction and contrib-

ute to PH. Supplemental oxygen is recommended in patients with
evidence of resting or exercise-induced hypoxemia. Patients with
hypoxemia associated with pulmonary-to-systemic shunting usually
do not benefit from supplemental oxygen therapy.415

3.7.10. Atrial septostomy
The observation of improved survival of patients with pulmonary

hypertension (PH) and patent foramen ovale has led to the hypothesis
that atrial septostomy, which “decompresses” the RV and increases
right-to-left shunting, may be helpful in severe RV failure. At this time,
atrial septostomy should be considered palliative.421

3.7.11. Transplantation
Originally, it was believed that patients with advanced RV

failure secondary to PH could be candidates only for heart-lung
transplantation. However, lung transplantation has been tried and
has been successful in many patients.412

3.7.12. RV assist device
In acute RV failure refractory to medical treatment, mechanical

support with an RV assist device maybe used as a bridge to
transplantation or to recovery.422
University from ClinicalKey.com by Elsevier on June 27, 
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3.8. Constrictive pericarditis

Chronic Constrictive pericarditis (CCP) represents the end stage
of various pericardial inflammatory processes causing thickening
and fibrosis of pericardium which limits diastolic ventricular
filling. This is described more than 300 years ago but in spite of
socioeconomic development, surprisingly the burden of constric-
tive pericarditis has not declined.423

In the majority of cases of CCP the etiology remains unclear. In
India majority of the patients with CCP are suspected to have
tuberculosis in past. The common causes of constrictive pericarditis
include infectious diseases like tuberculosis, neoplasms, cardiac
surgery, and irradiation. Less important causes are idiopathic
pericarditis, sarcoidosis, uremia, autoimmune (connective tissue)
disorders and trauma.424,425 In developing countries, tuberculosis is
still the leading cause of CCP with a reported incidence of 38%–
89%.426–430 however developed world has seen rapid decline in the
casesresulting fromtuberculosis (only 0%–1%)431,432and relative rise
in the incidence of post-operative constrictive pericarditis.433–435

The risk of progression is especially related to the etiology: low
(<1%) in viral and idiopathic pericarditis, intermediate (2–5%) in
immune-mediated pericarditis and neoplastic pericardial diseases
and high (20–30%) in bacterial pericarditis, especially purulent
pericarditis.436

In hospital series from India constrictive pericarditis used to
account for 0.24% to 0.41% of all medical admissions and 0.77% to
3.0% of all cardiac cases admitted.437–439

The disease is most prevalent from the second to fourth decades
of life and is seldom seen at the extremes of age.426 It has been
found to be more common in men than women in India as compare
to western world.426,440,441 The duration of symptoms before the
diagnosis is ranges from 1 to 15 years (mean 6 years) due to late
diagnosis of the disease.426,442 The pathophysiological hallmark of
pericardial constriction is equalization of the end diastolic pressure
in all 4 cardiac chambers which is because of restricted ventricular
filling due to loss of pericardial compliance.443

The most striking presenting clinical features were ascites,
exertional dyspnea and easy fatigability across all series. Exertional
dyspnea and ascites are seen in three fourths of patients. Pedal
edema is seen in nearly half while fatigue is the presenting
symptom in one fourth of patients. Less commonly, gastrointesti-
nal symptoms like anorexia, abdominal fullness, or abdominal pain
may develop secondary to ascites.

A mechanical constriction around the heart produces gross
signs of right heart failure without severe dyspnea. The jugular
venous pressure is elevated with a deep, steep y descent. Positive
Kussmaul sign and a pericardial knock favor the diagnosis of
constrictive pericarditis. Pulsus paradoxus is uncommon in
constrictive pericarditis.

ECG usually shows nonspecific ST segment and T wave changes.
Atrial fibrillation (AF) has been reported in 25%-30% of patients
with CCP.444 X Ray evidence of pericardial calcification is less in
Indian patients (15%) compared to the reported figures of 30%-50%
in the western literature.442 Echocardiography is usually the choice
of imaging in patients with suspected constrictive pericarditis.424

CT is useful in diagnosing constrictive pericarditis and can
demonstrate increased pericardial thickness (>4 mm) and calcifi-
cation.445 If diagnosis is in doubt then invasive hemodynamic
study can be useful.446

3.8.1. Management
Although the mainstay of treatment of chronic permanent cases

is surgery, medical therapy may have a role in some conditions.
Medical therapy of specific etiologies (i.e. tuberculous) is useful to
prevent the progression to constriction. Antituberculosis anti-
biotics may significantly reduce the risk of constriction from >80%
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to <10%.447,448 Medical therapy (generally based on anti-inflam-
matory drugs) may solve the transient constriction occurring in
10–20% of cases within a few months, generally as a temporary
phenomenon during the resolution of pericarditis. Medical therapy
is supportive and aimed at controlling symptoms of congestion in
advanced cases and when surgery is contraindicated or delayed.

Pericardiectomy is the definitive treatment for constrictive
pericarditis.430 There is an improvement in mortality rates in series
published after 1985. The actuarial survival was �84% in patients
undergoing total pericardiectomy compared to �74% in patients
undergoing partial pericardiectomy at a mean follow-up of 18
years.426

In the western studies, the operative mortality is about
6%.431,449 Survival at 5- and 10-years is reported to be 78 
 5%
and 57 
 8%, respectively, which is inferior to that reported from
India. This has been proposed to be due to older age group of
patients and the higher incidence of post irradiation constrictive
pericarditis which leads to myocardial dysfunction as well.
Predictors of late events include 3 baseline variables: age, NYHA
class, and a radiation cause for constrictive pericarditis.431

Idiopathic CP had the best prognosis (7-year Kaplan-Meier
survival: 88%, followed by postsurgical (66%) and post radiation
CP (27%).449

3.9. Restrictive cardiomyopathy

Restrictive cardiomyopathy (RCM) is the least common type of
cardiomyopathy. RCM is characterised by diastolic dysfunction that
results in impaired ventricular filling, normal or decreased diastolic
volume of either or both ventricles, and increased left ventricular wall
thickness.450 Unlike DCM and HCM, where the definition is
morphological, the definition of restrictive cardiomyopathy
requires hemodynamic distinctions. Myocardial relaxation abnor-
mality with interstitial fibrosis and calcifications compose the
fundamental abnormalities of restrictive cardiomyopathies. RCM
constitutes 10–15% of all cases of HFpEF.451

Etiology (Table 30) �

3.9.1. Idiopathic (Primary) RCM
Idiopathic RCM is a rare condition that may present in both

children and adults.452,453 Both familial and sporadic cases have
been described.454,455 Familial cases are usually characterized by
autosomal dominant inheritance with incomplete penetrance. The
condition warrants earliest recognition as development of
pulmonary hypertension precludes heart transplantation.456

3.9.2. Amyloidosis
Cardiac amyloidosis is an infiltrative disorder caused by

deposition of insoluble fibrillar protein in the interstitial space.457

It typically presents as a systemic disorder, with multi organ
infiltration. Primary or systemic amyloid light-chain (AL) amyloid-
osis is the most common form of amyloidosis and is associated
with blood dyscrasias, such as multiple myeloma. Cardiac
involvement is associated with a poor prognosis, with a median
survival from diagnosis of 1 year.458 The diagnosis of AL
amyloidosis should be suspected in any patient with nondiabetic
nephrotic syndrome; nonischemic cardiomyopathy with “hyper-
trophy” on echocardiography.459

A detailed description of other conditions causing RCM is
beyond the scope of this document and details can be found
elsewhere.

3.9.3. Diagnosis of RCM
The ECG often shows low voltage, nonspecific ST-T wave

changes, various arrhythmias and conduction blocks. Most
patients have normal or near-normal cardiac size on examination
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 30
Causes of Restrictive cardiomyopathy.

Primary
Familial Cardiomyopathy
Endomyocardial fibrosis
Loeffler endocarditis
Idiopathic cardiomyopathy
Secondary
Infiltrative
Amyloidosis
Sarcoidosis
Non-infiltrative
Myocardial
Scleroderma
Diabetic cardiomyopathy
Pseudoxanthoma elasticum

Endomyocardial
Carcinoid heart disease
Metastatic cancers
Radiation
Toxic effects of anthracycline
Drugs causing fibrous endocarditis (Serotonin,

methysergide, ergotamine, mercurial agents and
busulfan)
Storage disorders
Fabry’s disease
Gaucher’s disease
Haemochromatosis
Hurler’s disease
Fatty infiltration
Storage diseases
Glycogen storage disease
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and chest x-ray. In advanced cases there is cardiomegaly.
Echocardiographic findings in RCM include biatrial dilatation,
hypertrophied ventricles with decreased compliance, initially
small cavities of the left ventricle, and normal-to-depressed
systolic function (Table 31).460

Other classical features of RCM can be studied using Tissue
Doppler,&Strain rate imaging and Myocardial contraction function

Cardiac magnetic resonance (CMR) is a versatile technique
providing anatomical, morphological and functional information
in suspected RCM. In recent years, it has been shown to provide
important information regarding disease mechanisms, and also
been found useful to guide treatment, assess its outcome and
predict patient prognosis.461 It confirms the existence of thrombi
or calcifications, allows an exact delineation of hypoperfused areas
that correspond to fibrosis, and provides hemodynamic informa-
tion.462 Myocardial suppression scans, acquired after injection of
gadolinium, allow exact appreciation of the disease extension of
fibrosis by delayed hyperenhancement of the pathologic areas.463

Cardiac catheterization is rarely used for the diagnosis of RCM,
since complete noninvasive assessment is possible in most
patients. Endomyocardial biopsy is rarely used in India to diagnose
RCM. It may be done when specific treatable etiologies are
suspected.

3.9.4. Outcomes
The course of RCM varies depending on the pathology, and the

treatment is often unsatisfactory. The prognosis for children with
IRCM is especially poor. In adult presentation, patients often have
Table 31
Distinguishing Echocardiographic features in different causes of RCM.

Disease Echocardiographic features

EMF Cavity obliteration and right ventricular outflow tract
Cardiac Amyloidosis Increased thickening of the ventricular wall, mitral an
Friedrich’s ataxia Hypertrophic cardiomyopathy, including symmetric L
Drug induced Valvular thickening
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extensive disease; therefore, survival after diagnosis is relatively
brief, averaging approximately two years after symptom onset.464

Gupta and colleagues,465 showed a 10 year survival of only 37% in
patients of EMF.

3.9.5. Treatment
Unlike the overwhelming evidence for guideline based

treatment for dilated and hypertrophic cardiomyopathy, there
has been less direction on the best treatment of RCM. The goal of
treatment in RCM is to reduce symptoms by lowering elevated
filling pressures without significantly reducing cardiac output.

The general principles are summarized below-

� Principles of Non-pharmacological management are similar to
that applied in HF of other etiologies
� Diuretics (aldosterone antagonists and loop diuretics) – are the
mainstay
� Midodrine* may be helpful when symptomatic hypotension
(*Not available in India)
� Beta blockers and ACEI:
� Reasonable if the patient has hypertension
� Often advanced RCM have low baseline blood pressures
� Prudent to titrate these drug classes with extreme caution.
� Calcium Channel blockers:
� Verapamil/diltiazem useful in RCM
� Increased LV filling time and improving LV relaxation
� Relatively contraindicated in amyloidosis – high sensitivity
to high-degree heart block and profound negative inotropic
effects.466

� Digoxin:
� Amyloidosis – highly sensitive to digoxin may cause sudden
death467,468

� Should be avoided.

3.9.5.1. Management of atrial fibrillation. Patients with restrictive
physiology rely more heavily on atria’s contribution to stroke
volume. Hence, AF needs to be treated with amiodarone and beta
blockers promptly. Patients with AF warrant standard
anticoagulation therapy.

3.9.6. Specific management
RCM has no specific treatment. However, therapies directed at

individual causes of RCM have been proven to be effective
(Table 32).

Cardiac transplantation or mechanicals support therapy can be
considered in select patients of RCM with refractory symptoms
who have idiopathic RCM, amyloidosis or EMF. Cardiac transplan-
tation may be effective in patients with m-TTR amyloid if there is
limited hepatic and nerve involvement. Liver and combined liver–
cardiac transplantation may improve survival in these patients
when there is significant liver involvement.

3.10. Endomyocardial fibrosis

EMF is a disease of the tropics and widely prevalent and was
then reported from India, Uganda, Nigeria, Ivory Coast and Brazil.
 dilatation with varying degrees of atrioventricular valve regurgitation
d tricuspid leaflets, and interatrial septum. decreased global longitudinal strain
V hypertrophy, abnormal myocardial relaxation, and LV outflow obstruction

University from ClinicalKey.com by Elsevier on June 27, 
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Table 32
Treatment of the Restrictive Cardiomyopathies

Treatment

Idiopathic RCM Heart transplant
EMF Endocardiectomy, Heart transplant
Amyloidosis
� Primary (AL) Bortezomib-based chemotherapy,

stem cell transplant, ICD
� Secondary (AA) Treat the underlying condition

� Hereditary (m-TTR) Heart and/or liver transplant, ICD

Hemochromatosis Phlebotomy, iron-chelating agents
Anderson-Fabry Phlebotomy, iron-chelating agents

AA = amyloid A; AL = amyloid light-chain; ICD = implantable cardioverter-defibril-
lator; m-TTR = mutant transthyretin; wt-TTR = wild-type transthyretin; other
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EMF in India
As per hospital statistics, incidence and prevalence of EMF

peaked during 1960–1990 in Kerala and subsequently there has
been a marked decrease in newly diagnosed cases of EMF. In the
registry of over 400 cases of EMF during 1978–1990,469,470 RVEMF
was seen in 30%, LVEMF in 20% and biventricular EMF (BVEMF) in
50%. Mortality at 2 years in those presenting with NYHA class 3–4
was 50% on optimal medical therapy. During a five year period
from 1998 to 2003, there were only 50 new cases of EMF with
mostly older patients. The patients were less symptomatic; most of
the cases were diagnosed consequent to evaluation of abnormal
electrocardiograms and non-specific symptoms. The mortality of
the patients who presented in this period was less than 10 percent
at two years after diagnosis.

3.10.1. Anatomical/structural involvement in EMF
As the name suggests, and as clinically recognized, endo-

myocardial fibrosis is primarily a fibrotic disease process
involving predominantly the endocardium of either or both
ventricles and conspicuous by sparing the atria of clinically
important involvement. There is a predilection for the patho-
logic process to involve the apices of the ventricles and spare the
outflows of the right and left ventricles though an occasional
case of RV outflow involvement with the fibrotic process has
been described. The endocardial fibrotic process extends to
adjacent myocardium to variable degree and can rarely cause in
addition, systolic ventricular dysfunction. Superimposed throm-
bus on the fibrotic endocardial surface can lead to systemic as
well as pulmonary thromboembolism and organized clots are
postulated to be an additional reason for ventricular cavity
obliteration. The fibrotic process can involve the papillary
muscles of either of the ventricle and this leads to loss of
function of the chordo-papillary structure often leading to fixity
and plastering of the leaflets with reduced mobility and
inadequate coaptation causing atrio-ventricular (AV) valve
regurgitation, though primary involvement of the valve leaflets
is not described.

3.10.2. Clinical presentation:
The extent of obliterative endocardial involvement and AV valve

incompetence affecting either or both ventricles will determine
the clinical symptomatology. Isolated RVEMF with obliterative
changes and no tricuspid incompetence, are mildly symptomatic
and the only abnormal clinical finding may be prominent ‘a’ wave
in JVP. At the other extreme, patients with isolated RVEMF with
severe TR present with features of chronic right HF with markedly
elevated JVP and expansile large ‘v’ waves, pulsatile liver,
hepatomegaly, ascites precox, edema, cyanosis, cachexia, and
malnutrition. They may also have pericardial effusion, marked
cardiomegaly, RV third heart sound, and inconspicuous systolic
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murmur of TR. The severity of TR rather than the presence of RV
diastolic dysfunction is the determining factor for the outcome of
patients with RVEMF.

Isolated LVEMF, in the absence of AV valve incompetence, is often
minimally symptomatic. Hemodynamic study may reveal a promi-
nent ‘a’ wave in the pulmonary artery wedge pressure and LV end
diastolic pressure may be elevated. Patients with LVEMF usuallyhave
features of mitral incompetence with grade 1 to 3/6 intensity systolic
murmur. A systolic thrill is rare, so also is a fourth heart sound. LV
third heart sound is common. Patients with LVEMF and significant
mitral incompetence, present similar to patients with valvular
incompetence from rheumatic heart disease. Left atrial and
pulmonary venous hypertension is followed by pulmonary arterial
hypertension and RV failure. Features of PAH will depend on the
presence of pulmonary venous hypertension resulting from mitral
incompetence as well as diastolic LV dysfunction. Symptomatic
patients with LVEMF usually have significant AV valve incompetence
and symptoms correlate well with severity of mitral incompetence,
suggesting that mitral incompetence is the dominant factor in
determining the clinical disease progression.

Biventricular involvement is seen in at least 50% of patients and
clinical presentation depends upon the severity of mitral
incompetence, tricuspid incompetence and diastolic dysfunction
due to obliterative changes in both the ventricles. These patients
are hemodynamically more compromised and deteriorate rapidly
and have a poor prognosis. Though large RA thrombi are
occasionally seen, it is rare to see massive pulmonary embolism
and pulmonary infarcts are rarely recognized clinically or at
autopsy. Large pericardial effusion with isolated severe RV EMF
rarely contribute to hemodynamic deterioration and is an indicator
of severe disease, re-accumulates rapidly and is not drained as a
routine.

3.10.3. Investigations:
Electrocardiogram and Chest skiagram are useful to assess

chamber enlargement, pulmonary venous hypertension, and
pericardial effusion. LA enlargement is common finding. RVEMF
is often characterized by qR pattern in V1 with a diminutive ‘R’ and
hypothesized as due to RA enlargement displacing a diminutive RV
(Figs. 13 and 14)

Echocardiography with Doppler study, and hemodynamic study
with ventricular angiography are essential tools for assessment of
the morphological and hemodynamic derangement in EMF to
decide on need for therapeutic interventions (Figs. 15–18).460,471

Cardiac MRI has the potential to be the choice imaging mode for
better delineation of ventricular morphology, shape, function as
well as endocardial thickening, thrombosis, myocardial character-
ization for fibrosis and AV valve incompetence. (Fig. 19)

3.10.4. Management of HF in EMF
For clinical simplicity, 3 scenarios of EMF which will encompass

the majority of clinical spectrum of EMF are summarized in
Table below

1. Isolated RVEMF:
� Medical management is as for isolated right HF with diuretics
for preload reduction
� Chronic low pressure TR has a better prognosis with patients
often surviving many years, though the majority may
succumb to HF and inter-current illness due to malnutrition
� Surgical options: TV replacement, TV replacement with Glenn
shunt (one and half ventricle repair) and Fontan type surgery

2. Isolated LVEMF:
� Mildly symptomatic patients – small dose diuretics as needed
and rhythm management and anticoagulation when indicated
for AF.
al University from ClinicalKey.com by Elsevier on June 27, 
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Fig. 14. ECG of a patient with LVEMF, showing LVH with strain pattern.

Fig. 15. Fluoroscopy showing, the presence of LV apical calcium.

Fig. 16. LV angiogram in a patient with LVEMF, showing the obliteration of the LV
apex, transverse diameter more than the longitudinal diameter and no MR (Primary
diastolic HF).

Fig. 17. RV angiogram in a patient with RVEMF, showing obliteration of the RV apex
and body, RVOF dilatation and significant TR.
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Fig. 18. Echocardiogram, Apical 4 chamber view, showing the presence of calcium at the LV apex.

Fig. 19. Perfusion MRI, 4 chamber view in diastole showing fibrosis and obliteration
of RV apex (white arrow) [RV – right ventricle, RA – Right atrium, LA – left atrium].
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� Ventricular arrhythmias are infrequent and prophylactic ICD/
CRT not indicated in view of preserved LVEF in the vast
majority.
� Severely symptomatic patients – surgery with mitral valve
replacement and LV endocardiectomy
� The short term, intermediate and long term outcome is
excellent, though underlying myocardial dysfunction, extend
of restoration of LV cavity and LV compliance at surgery are
confounding factors.

3. BVEMF with hemodynamically significant biventricular involve-
ment:
� Most difficult subset of patients to manage medically as well
as surgically
� Medical therapy is supportive with optimal diuretic use,
ventricular rate control and anticoagulation for AF
� Decision on feasibility of surgery is largely dependent on the
extent of RV involvement and adequacy of RV to support the
entire cardiac output by its structure and function. A
hypertensive RV (RV pressure more than 50 mmHg is a useful
yardstick) indicates adequate systolic function to support the
systemic circulation and these patients can undergo MV
replacement with LV endocardectomy and TV repair ensuring
adequacy of RV cavity volume and systolic RV function. These
patients cannot have Glenn/one and half ventricle repair/
Fontan type surgery along with MV surgery. In the absence of
significant obliterative and contracted volume deficient RV,
these patients have a fair long term surgical outcome.

Severe LV involvement with severe RV involvement character-
ized by severe TR and severe RV cavity obliteration are not offered
surgical options in view of high surgical risk and uncertain long
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term outcome. They are managed as chronic HF and can be listed
for cardiac transplant as there is little risk of recurrence of EMF.

Eosinophilic systemic disease with EMF: Hypereosinophilic
syndrome with tissue infiltration and endo myocardial involve-
ment (Loeffler’s syndrome) can closely mimic tropical EF.

Experience at the Sree Chitra Tirunal Institute for Medical
Sciences and Technology showed 54% survival among 210
medically followed up patients. However those in class 3–4 had
50% mortality at 2 years. 89 patients underwent various surgical
procedures from 1980- 1990.471 Operative mortality at one month
was 30% and additional late mortality of 12%. Late mortality and
morbidity were related to prosthetic valve dysfunction more so in
the tricuspid position with bioprosthesis degeneration and
mechanical prosthesis thrombosis. 27 patients with isolated
RVEMF had TV replacement with RV endocardectomy with early
mortality 30%.13 patients with LVEMF had LV endocardectomy and
MV replacement including 2 TV annuloplasty, with early mortality
23%. 49 patients with significant BVEMF, had MVR + TVR+ BV
endocardectomy in 12, MVR + LVE+ TVA in 15, MVR+ LV
endocardectomy in 11 and TVR + RV endocardectomy in13
(patients with hemodynamically insignificant LV involvement)
with early mortality 30%. Mortality in patients less than 15 years
was 58% compared to 22% in those above 15 years. 3 patients
showed recurrent fibrosis of endocardium at follow up of which,
one had significant cavity obliteration. In view of the unsatisfactory
surgical outcome, only 7 patients out of 11 patients presenting in
1990–2000 period were offered surgery and none was offered TV
replacement. 3 had LV endocardectomy with MVR, one LV
endocardectomy alone, 1 biventricular endocardectomy, 2 bidirec-
tional Glenn shunt. There was no early or intermediate term
mortality, essentially because of case selection, avoiding patients
with severe biventricular disease and resorting to RV bypass
avoiding TV replacement (Table 33).

3.11. Nutritional and metabolic causes of HF

Metabolic derangements are rare but important cause of HF. In
developing countries like India, this becomes even more important
due to higher prevalence of malnutrition and poor general health
care leading to delayed diagnosis and ineffective management of
potentially reversible causes of HF.

Metabolic derangements leading to HF can be divided into
Nutritional causes and Hormonal causes (Table 34).26

3.11.1. Nutritional causes

3.11.1.1. Thiamine deficiency (Beriberi). Asians have higher
incidence of beriberi because the diet consists of a high intake
of polished rice which is deficient in thiamine. Thiamine is
required as a cofactor for energy production via the Krebs cycle at
two steps: oxidative decarboxylation of pyruvate to acetyl
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 33
Salient features of EMF in India.

� Endomyocardial fibrosis is presently reported sporadically from many parts of India
� There is a remarkable reduction in newly diagnosed cases
� 3 Phases � Thrombotic (acute) phase, sub acute phase and chronic fibrotic phase
� Management � predominantly addressing pulmonary and systemic venous congestion with diuretics, arrhythmia management and anticoagulation
� Various surgical interventions have been attempted, and MV replacement and or LV endocardectomy for isolated LV EMF have similar results to MV replacement in

rheumatic valvular heart disease. Surgical outcome for primary RV involvement is less satisfactory with high surgical mortality and early prosthetic valve thrombosis.

Table 34
Metabolic causes of heart failure.

Nutritional Causes Hormonal causes

Deficiency of micronutrients Thyroid diseases
Thiamine Parathyroid disease
L-carnitine Acromegaly
Selenium GH deficiency
Coenzyme Q10 Hypercortisolemia
Iron Primary hyperaldosteronism
Phosphates Addison’s Disease
Calcium Diabetes mellitus

Complex malnutrition Metabolic Syndrome
Malignancy Pheochromocytoma
AIDS Related to pregnancy and peripartum
Anorexia nervosa

Obesity
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coenzyme A and of alpha ketoglutarate to succinyl coenzyme A.
Thiamine deficiency initially presents as a high-output state
secondary to vasodilation and an increase in blood volume this is
followed by eventual depression of myocardial function and the
development of a low output state. Direct impairment of
myocardial energy production has been proposed as one
possible mechanism of the heart failure seen in beriberi. Exact
mechanism responsible for vasodilation is not clearly
understood.472–475

Classically, beriberi has been divided into two major types: a
“dry” form, in which features of peripheral neuropathy predomi-
nate, and a “wet” form, in which signs and symptoms of right-sided
heart failure with normal or high cardiac output are the presenting
features. Rarely, a fulminant or “pernicious” variant, termed
Shoshinberiberi, may occur with severe biventricular failure,
metabolic acidosis, and variable cardiac output with vascular
collapse, peripheral cyanosis and death. Laboratory diagnosis of
thiamine deficiency can be made on the basis of an increase in
thiamine pyrophosphate effect (TPPE), decrease in blood thiamine
concentration, or a decrease in red cell transketolase activity.

Thiamine supplementation may be initiated depending on the
severity of HF. In mild deficiency states including lactating women
at risk of inadequate thiamine intake, a daily oral dose of 10 mg
thiamine should be given during the first week, followed by 3–
5 mg for at least six weeks. In critically ill child if severe heart
failure, convulsions or coma occur, 25–50 mg of thiamine should
be given very slowly intravenously, followed by a daily intramus-
cular dose of 10 mg for about a week. This should then be followed
by 3–5 mg of thiamine per day orally for at least 6 weeks. In adults
with severe heart failure 50–100 mg thiamine should be adminis-
tered very slowly intravenously, followed by the same oral doses as
for children. With appropriate treatment, the cardiac index and
heart rate are reduced and there is an increase in systemic vascular
resistance. Magnesium may have to be co-administered with
thiamine, particularly in magnesium-depleted patients as magne-
sium depletion alone leads to a blunted response to thiamine
supplementation and loss of thiamine from tissues. Beneficial
effects of thiamine have been demonstrated in Indian population
in some small studies.476,477
Downloaded for Anonymous User (n/a) at King George's Medical 
2022. For personal use only. No other uses without permission
3.11.2. L- carnitine deficiency
Carnitine is a naturally occurring hydrophilic amino acid

derivative, produced endogenously in the kidneys and liver and
derived from meat and dairy products in the diet. It plays an
essential role in the transfer of long-chain fatty acids into the
mitochondria for beta-oxidation.

The three areas of involvement include26 the cardiac muscle,
which is affected by progressive cardiomyopathy (by far, the most
common form of presentation),472 the central nervous system,
which is affected by encephalopathy caused by hypoketotic
hypoglycemia, and473 the skeletal muscle, which is affected by
myopathy. Cardiomyopathy (affecting older children) may occur
with rapidly progressive heart failure. Pericardial effusion has also
been observed in association with primary carnitine deficiency. In
patients with carnitine deficiency, the carnitine level in plasma is
usually less than 5% of normal.

Medical therapy with oral carnitine in primary carnitine
deficiency improves fasting ketogenesis, cardiac function, growth,
and cognitive performance. The usual dose of oral L-carnitine in
children is 100 mg/kg per day in four divided doses. The dose of L-
carnitine in adults is 2 to 6 g daily. For life-threatening events,
intravenous therapy of 100 to 400 mg/kg per day should be
used.478

3.11.3. Selenium deficiency
Selenium (Se) is a trace mineral with a role in multiple biologic

functions. Seafood, kidney and liver, and meat are good sources of
selenium. Drinking water usually contains very little seleni-
um.479,480 The selenium content of grains and seeds is variable and
depends on the selenium content of the soil and the form in which
selenium is present

Severe selenium deficiency is associated with skeletal muscle
dysfunction and cardiomyopathy and may also cause mood
disorders and impaired immune function macrocytosis, and
whitened nailbeds. Keshan disease, an endemic cardiomyopathy
that affects children and women of childbearing age in areas of
China, has been linked to selenium deficiency.481 Several cases of
selenium deficiency in chronic total parenteral nutrition users
have been reported with cardiomyopathy and skeletal muscle
dysfunction.482

The Recommended dietary allowance for selenium is 20 mcg
daily for young children, rising to 55 mcg daily for adults.

3.11.4. Coenzyme Q10 deficiency
Coenzyme Q10 (CoQ10) is a natural antioxidant synthesized

and diet-supplied lipid-soluble cofactor that acts in the mitochon-
drial membrane. Coenzyme Q10 (CoQ10) or ubiquinone can
potentially enhance cardiac function through a variety of mecha-
nisms.483

Coenzyme Q10 deficiency is associated with HF. In patients with
HF, the reduced intake of CoQ10 is correlated with New York Heart
Association (NYHA) functional class, lower left ventricular ejection
fraction (LVEF) and increased NT-proBNP levels.484 Measurement
of total CoQ10 represents the sum of the reduced form (Ubiquinol-
10) and the oxidized form (Ubiqinone-10).
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Two meta-analyses485,486 that have examined pooled data from
13 trials demonstrated an improvement in LVEF of 3.67% (95% CI,
1.6%–5.74%) in those receiving CoQ10 versus placebo. The majority
of benefit of LVEF improvement was in trials published before 1993
(7/13). Lack of contemporary cardiovascular drugs and devices, and
use of more subjective outcomes (such as hospitalizations and
symptoms) limit the strength of these findings. Recent Q-SYMBIO
trial completed in 2014 which enrolled 420 patients demonstrated
that compared with placebo, CoQ10 at 100 mg orally thrice a day
reduced the primary two year end point of cardiovascular death,
hospital stays for HF, or mechanical support or cardiac transplant
(30 versus 57, P = 0.005).487 Cochrane Database review no
conclusions can be drawn on the benefits or harms of coenzyme
Q10 in heart failure at this time as trials published to date lack
information on clinically relevant endpoints. Furthermore, the
existing data are derived from small, heterogeneous trials that
concentrate on physiological measures: their results are inconclu-
sive. Until further evidence emerges to support the use of
coenzyme Q10 in heart failure, there might be a need to re-
evaluate whether further trials testing coenzyme Q10 in heart
failure are desirable.

3.11.5. Iron deficiency
Iron deficiency contributes to cardiac and peripheral dys-

function and is associated with increased risk of death,
independent of the hemoglobin level.488 Iron deficiency affects
nearly 40% of HF patients.489 Jankowska et al. demonstrated that
iron deficiency is a strong and independent predictor of
prognosis in HF, with a 1.58 increased risk of death or heart
transplant.490 In recent INDIC study, iron deficiency was seen in
67.5% patients with systolic heart failure and was associated
with advanced NYHA class.491

In HF patients, iron deficiency can be defined as ferritin
<100 mg/L (absolute iron deficiency, related to depletion of iron
stores), or 100–300 mg/L with transferrin saturation <20%.
CONFIRM-HF trial demonstrated a 61% relative decrease in HF
hospitalization for worsening HF and an improvement in
functional capacity, symptoms, and quality of life in patients
receiving intravenous ferric carboxymaltose.492 A meta-analysis of
five randomized clinical trials suggested that intravenous iron
supplementation reduces cardiovascular hospitalization (OR 0.44),
cardiovascular death or hospitalization for worsening HF (OR 0.39),
while improving quality of life, functional capacity and other
symptoms.23Recent ESC guidelines recommend Intravenous ferric
carboxymaltose in symptomatic patients with Heart failure with
reduced ejection fraction and iron deficiency (serum ferritin
<100 mg/L, or ferritin between 100 and 299 mg/L and transferrin
saturation <20%) in order to alleviate HF symptoms, and improve
exercise capacity and quality of life.26

Advantages of IV iron therapy include the small number of
injections required, rapid improvement in iron parameters and the
cost-effectiveness. Preparation of iv iron like ferric carboxymaltose
(FCM), ferric hydroxide sucrose, ferric gluconate, and ferric
hydroxide dextran are available. The recommended dose for
FCM (750 mg) is higher than that for ferric sucrose (100–400 mg)
or ferric gluconate (125 mg), so fewer injections of FCM are needed
to replenish iron stores.

3.11.6. Hormonal causes

3.11.6.1. Thyroid dysfunction. Thyroid hormone regulates cardiac
performance by acting on the heart and vascular system. Several
important cardiac structural and functional proteins are
transcriptionally regulated by T3, namely, sarcoplasmic
reticulum calcium ATPase (SERCA2), α-myosin heavy chain
(αMHC), β1 adrenergic receptors, sodium/potassium ATPase,
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voltage-gated potassium channels, malic enzyme and atrial and
brain natriuretic hormone.493

Short-term hyperthyroidism is characterized by a high cardiac
output state with a remarkable increase in heart rate and cardiac
preload and a reduction in peripheral vascular resistance, resulting
in a hyperdynamic circulation. T3 promotes relaxation of the
peripheral vasculature and decreases systemic vascular resistance
indirectly by affecting tissue thermogenesis and directly by acting
on vascular smooth muscle cells and endothelial nitric oxide
production. Patients with overt and subclinical hyperthyroidism
are at increased risk of cardiac death. The increased risk of cardiac
mortality might be a consequence of the increased risk of atrial
arrhythmias and of the risk of HF in these individuals. The
development of high-output HF in thyrotoxicosis may be due to
‘tachycardia-mediated cardiomyopathy’.494 The symptoms and
signs of HF occur in the setting of an increased cardiac output with
normal systolic function and low systemic vascular resistance,
whereas blood volume is increased due to the chronic activation of
the RAS and, consequently, cardiac preload is enhanced. Impaired
exercise tolerance can be interpreted as the first symptom of HF in
hyperthyroid patients subsequently patient may complain breath-
lessness at rest, fatigue and fluid retention with peripheral
oedema, pleural effusion, hepatic congestion and increased
pulmonary arterial hypertension. Several case reports suggest
that treatment with β-blockers and diuretics may improve the
congestive circulatory symptoms in these patients.492 Euthyroid-
ism results in a rapid clinical improvement of cardiac function and
symptoms of congestive HF. However, HF may become irreversible
in some cases. Approximately, one-third of patients may develop
hyperthyroid cardiomyopathy.495

Hypothyroidism causes cardiac atrophy due to decreased αMHC
expression and increased βMHC expression. Moreover, hypothy-
roidism leads to chamber dilatation and impaired myocardial
blood flow. Even patients with subclinical hypothyroidism are
increased risk of heart failure. The Health Aging and Body
Composition population-based study showed that patients (aged
70–79 years) with TSH level 7mU/l or greater, who were monitored
for 4 years, had a higher risk of HF events than euthyroid
patients.496 Thyroid function should be evaluated in patients with
HF and non-ischaemic dilated cardiomyopathy to determine
whether hypothyroidism and low T3 syndrome caused the cardiac
disease. The American College of Cardiology guidelines for HF
recommend screening of serum thyrotrophin levels for all cases of
newly diagnosed HF.100 The administration of replacement doses
of L-T4 reduces myocyte apoptosis and improves cardiovascular
performance and ventricular remodeling. Diastolic dysfunction
due to slowed myocardial relaxation and impaired ventricular
filling is reversible after replacement therapy. Patients with TSH
>10 mU/l had an increased risk of HF during the periods of L-T4
withdrawal than during its use497 and replacement doses of L-T4
should be considered in patients with Subclinical Hypothyroidism
and TSH > 10 mU/l to prevent the risk of HF events.

Other less common hormonal causes of heart failure are
summarized in Table 35.

3.12. HIV cardiomyopathy

With the advent of anti-retroviral therapy and better opportu-
nistic infection control, chronic complications of Human Immu-
nodeficiency Virus (HIV) infection, like HIV cardiomyopathy is
gaining prominence. The cause is multi-factorial, including
myocarditis secondary to HIV itself or other infectious agents,
nutritional deficiencies (selenium, carnitine, and vitamins B1 and
B12), autonomic insufficiency, and autoimmune factors (cytokine
imbalances), effects of anti-retroviral drugs etc. Patients living
with HIV/AIDS should be carefully evaluated and screened for
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 35
Other hormonal disorders causing heart failure.

Disorder Characteristics Treatment

Parathyroid diseases � Autonomous adenoma or secondary hyperparathyroidism
secondary to chronic renal disease or vitamin D deficiency

� hypertension, obesity, glucose intolerance, and insulin resis-
tance

� myocyte hypertrophy, diastolic dysfunction, calcification of
aortic valve, mitral valve and myocardium

� Surgical removal of adenoma

Acromegaly � Benign adenoma in >98% cases,
� Hypertension, systolic and diastolic dysfunction, increased

myocardial mass, interstitial fibrosis, ventricular cavity dilata-
tion, and increased systemic vascular resistance, atrial and
ventricular arrhythmias,

� Surgical resection of adenoma, somatostatin analogies
� May reverse hypertrophy, improve diastolic filling and systolic

performance

GH deficiency � Atherosclerosis, decreases in LV mass index, impaired LV
performance at peak exercise, and exercise intolerance

� GH replacement therapy improves cardiac performance and
increases LV mass, LV end diastolic volume, and stroke volume

Cushing’s Syndrome � Due to pituitary adenoma or ectopic ACTH syndrome
� Increased septal and free wall thickness, diastolic dysfunction,

subclinical systolic dysfunction

� Transphenoidal surgery or bilateral adrenalectomy, radiother-
apy

� Reversible with normalisation

Primary hyperaldosteronism � Unilateral adrenal adenoma or bilateral adrenal hyperplasia
� Hypertension, potassium depletion,
� Maladaptive cardiac remodelling, diastolic dysfunction

� Laparoscopic adrenalectomy for unilateral adenoma,
� MRAs for bilateral hyperplasia

Pheochromocytoma � Catecholamine-producing tumours that originate from chro-
maffin cells of the adrenal medulla and the sympathetic ganglia

� Hypertension (episodic or sustained) and paroxysmal symptoms
such as dizziness, headache, flushing, diaphoresis, and palpi-
tations may lead to dilated cardiomyopathy or hypertrophic
cardiomyopathy.

� Surgical resection, with preoperative medical optimization to
obtain adequate blood pressure control and volume expansion

� reversal of cardiomyopathy in early stages after surgery

GH � Growth Hormone, MRAs � Mineralocorticoid Receptor Antagonists.
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presence of HIV cardiomyopathy. Indian data regarding the
prevalence of this condition is inadequate.

In the pre highly active antiretroviral therapy (HAART) era, the
heart failure in HIV-infected individuals was mainly due to
myocarditis, related to direct effects of HIV, opportunistic
infections, autoimmunity, nutritional deficiencies, or severe
immune deficiency.498 After HAART introduction, it has been
proposed that incidence of coronary artery disease is more in HIV
affected individuals, probably due to metabolic derangements
caused by protease inhibitors.

Pre-HAART era: HIV-associated cardiomyopathy was broadly
defined as a decreased left ventricular (LV) ejection fraction or
dilated LV by imaging studies, with or without symptoms of heart
failure and mainly prevalent in the developing countries.

After introduction of HAART, definition of HIV-associated
cardiomyopathy now includes diastolic dysfunction.499–502

3.12.1. Pathological features of HIV-associated cardiomyopathy
Gross examination reveals endocardial fibrosis and mural

thrombus. Histologically, there is evidence of myocyte hypertrophy
and degeneration, with increased interstitial and endocardial
fibrillar collagen often associated with evidence of previous
myocarditis.

3.12.2. Treatment503–512

No randomized trials of heart failure medications have been
performed in HIV cardiomyopathy, and therapy is based on
consensus statements and standard guideline directed medical
treatment for non-HIV heart failure.

3.12.3. The Indian perspective
Studies on cardiovascular manifestations of HIV are sparse in

India, as the clinical picture is still dominated by opportunistic
infections, and cardiological symptoms in these patients are
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frequently ascribed to non-cardiac causes by the treating
physicians due to lack of awareness. However, after initiation of
HAART and better infection control, there has been a prolongation
of life span of HIV patients, and more and more patients are being
diagnosed with cardiomyopathy. According to some case reports,
HAART may prolong life expectancy in HIV cardiomyopathy.513

Echocardiography remains the mainstay of diagnosis in India, and
its use in HIV patients needs to be encouraged. The ensuing table
summarizes the findings of various authors who have studied HIV
related cardiovascular manifestations in the Indian subcontinent
(Table 36).

3.13. Management of heart failure in specific situations: alcohol
induced cardiomyopathy

Alcohol consumption is common modifiable risk factor for
development of Cardiac dysfunction and symptomatic HF. The
diagnosis of Alcohol induced Cardiomyopathy (ACM) is usually one
of exclusion in a patient with DCM with no identified cause and a
long history of heavy alcohol abuse.

Alcohol consumption is very common in the developed world
due to easy availability and low cost In India the prevalence of
alcohol consumption is increasing and has shown 100% rise from
1970 to 1995 and 38% rise from 2003 to 2006

3.13.1. Mechanisms of alcohol toxicity
There are various possible/proposed ways Alcohol can have

deleterious effects on cardiac structure and function and exact
pathogenesis is not fully understood. The cardiac adverse effects
could be due to direct toxicity of ethanol or its metabolites,toxicity
of additives (Arsenic, Cobalt), dietary deficiencies (Thiamine,
Selenium), electrolyte imbalance and associated malnutrition.
Increased prevalence of various co morbid conditions, RAAS
activation and due to genetic factors may also be responsible.
University from ClinicalKey.com by Elsevier on June 27, 
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Fig. 20. HF in Elderly.

Table 36
Major studies on HIV associated cardiomyopathy from India.

Author Year of
publication

Summary of findings

B P Chattopadhyay, et al514 2009 150 patients, Male Female ratio 3:1; Mean age 29.2 years; 50 patients had echo abnormalities.
Pericardial effusion in 22.6%, DCM in 11.3%, PAH in 8.6%, diastolic dysfunction in 3.3%, QT prolongation in 11.3%.
Significant relation with CD4 count.

Santanu Guha et al515 2010 45 asymptomatic HIV ART naive patients; diastolic dysfunction (18%), pericardial effusion (13%) and systolic
dysfunction (7%). Low CD4 count was significantly associated with pericardial effusion

Sakthi Vadivel, V. et al516 2014 150 patients; 16 had abnormal echo. Pericardial effusion (56.25%), dilated cardiomyopathy (31.25%), interventricular
septal hypokinesia (6.25%) and infective endocarditis (6.25%)

Joshi et al517 1998 74 patients; DCM in 10.6%, pericardial effusion 8.5%, vegetation 4.2%, constrictive pericarditis 2.1% and 10.6% had
incidental valvular HD, LVH, IHD

Mishra et al (AIIMS)518 2003 36.7% had diastolic dysfunction and 23.3% had systolic dysfunction
P Kannan et al519 2003 200 patients, LV dysfunction in 28 patients, pericardial effusion in 20, PAH in 6 patients, DCM 1 patient
R. B. Sudagar Singh et al520 2015 100 patients; 30 moderate risk category and 8 high risk category for Framingham 10 year absolute risk.

Echocardiographic abnormalities in 24 patients. Pulmonary hypertension (12%), Pericardial effusion (7%), LV systolic
dysfunction (6%), Diastolic dysfunction (23%), RV dysfunction (1%) and Chamber dilatation in 14%
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3.13.2. Treatment
There are no separate guidelines or recommendations for ACM

so these patients are to be treated as chronic heart failure patients.
ACM patients should be managed with guidelines based therapies
as other patients with HFrEF. Replacement of nutritional deficien-
cies such as B12 and folate, correction of malnutrition and
treatment of electrolyte imbalance is very important. Non
pharmacologic measures such as reduced salt and water intake,
regular exercise, vaccinations and treatment of co morbidities
should be followed as per the guidelines.

The most important part of the treatment of ACM is total and
sustained abstinence from alcohol intake and that should be
strictly enforced.

3.14. Heart failure in the elderly

3.14.1. Introduction
Heart Failure (HF) in the elderly is a complex outcome of the

interactions between age related physiologic changes, prolonged
exposure to the cardiovascular risk factors and co existent
comorbidities. India is witnessing an epidemiological transition
wherein we are increasingly confronted with degenerative
diseases in the older population.

3.14.2. Epidemiology
The definition of the age of the elderly and a chronological age

above 65 years are defined as ‘elderly’ by the World Health
Organization. Patients aged >65 years are disproportionately affected
and more than 80% of HF patients are 65 years of age or older.521 The
prevalence of HF doubles forevery decade after 40 years and is <1% for
age <40 years, and >10% for age >80 years.522 The prevalence of
systolic and solitary diastolic dysfunctionin this group is 5.5% and 36%,
respectively.523Themortalityandtheaveragelengthofhospitalisation
for acute heart failure increases by 2–4 days in this group. The
diagnosis of HF portends a prognosis worse than most cancers.524

3.14.3. The pathobiology of aging and heart failure
Aging is associated with a myriad of changes in cellular

composition and function in the organ systems of the body. These
changes enhance the susceptibility, alter the clinical profile,
influence management and prognosis of HF in the elderly. The
alterations with a significant impact with respect aging and HF
affect the cardio-vascular system, the body composition, pro-
inflammatory state and co-morbid conditions.

3.14.4. The treatment of HF in the elderly
HF in the elderly is a distinctive syndrome and on account of the

age associated decline in organ functions, psycho-social issues,
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subtle presentations and comorbidities is a challenge warrants a
multidisciplinary, specialty intensive and prompts approach. The
recommendations for the treatment of HF emanate from trials
which often excluded the elderly as a consequence of age,
associated comorbidities and limited life expectancy.525,526

The cornerstone of management of HF is drug therapy and this
in the elderly is less predictable on account of the changes in body
composition and slow metabolism. There is increase in body fat, a
reduction in the muscle mass and body water which results in
lower volume of distribution. The levels of hydrophilic drugs
increase whereas the levels of lipophilic drugs decrease.527 This
coupled with the decline the renal and hepatic function alters the
pharmacokinetics, bioavailability and drug interactions.528–530

3.14.5. Recommendations
The treatment of HF in the elderly is a growing concern on

account of the increasing age of the population and a challenge
(Fig. 20). The multitude of issues range from lack of data on optimal
therapy, atypical presentations, coexistent comorbidities, poly-
pharmacy, poorer prognosis, psychosocial isolation and penetra-
tion of health care. There is an urgent need to have multi-
disciplinary and joint effort at all levels to address the preventive
aspects, increase awareness, increase the reach of health care
delivery, adopt a cohesive evidence based management, an
increasing representation in research and a need to develop
dedicated program at all levels of healthcare.

3.15. Management of heart failure in pulmonary hypertension

Management of patients with pulmonary hypertension devel-
oping right ventricular failure is a common challenge encountered
al University from ClinicalKey.com by Elsevier on June 27, 
sion. Copyright ©2022. Elsevier Inc. All rights reserved.



S. Guha et al. / Indian Heart Journal 70S (2018) S1–S72 S55
in the daily practice. A combination of a low central venous O2
saturation (�60%) with increasing levels of lactate and low or
absent urine production in patients with pulmonary hypertension
are indicator of imminent right heart failure.531 Both right
ventricular dysfunction and pulmonary hypertension portend a
poor prognosis and are associated with significant morbidity and
mortality.

3.15.1. Pathophysiology of Right Ventricular Failure
In pulmonary hypertension, the compensatory RV hypertrophy

results in supply-demand mismatch. Patients with advanced pH
can develop acute RV failure as a result of disease progression
despite appropriate therapy but more commonly it develops
following an triggering event such as medication non- compliance,
systemic infection, upper respiratory infection, anemia, arrhyth-
mias, pulmonary embolism, or changes in overall volume status.532

3.15.2. Principles of management: (Table 37)
Treatment of triggering factors: In patients presenting with

decompensated right ventricular failure and hemodynamic
compromise, infection and anemia must be actively searched
and adequately treated.533 In patients with Eisenmenger syndrome
and cor pulmonale, hyperviscocity and erythrocytosis be watched
and managed accordingly.534 Pulmonary embolism should be
ruled out as it precipitates RV failure. Digoxin, amiodarone, or
diltiazem should be used to control heart in atrial arrhythmias.535

Beta blockers and calcium channel blockers should be avoided in
acute RV failure as they impair ventricular contraction. Amiodar-
one, electrical cardioversion and radiofrequency ablation is often
required for rhythm control .536

Optimization of fluid balance: Volume loading is useful only in
patients with underfilled right ventricles with low central venous
pressures.537 In patients with fluid overload state, loop diuretics
with or without thiazide diuretics targeting a CVP of 6–12 mmHg is
often sufficient.538

Reduction of RV afterload: Pulmonary vasodilators should be
used only after optimization of RV perfusion and cardiac output.
Caution however in needed to avoid systemic hypotension and
pulmonary oedema.539 Inhaled NO has proven beneficial in
improving RV performance in varied scenarios and should be
considered upfront.540 Prostacyclins, including epoprostenol,
treprostinil, and iloprost can improve RV performance by reducing
pulmonary vascular resistance. Because of a global reduction in
systemic vascular resistance and consequent worsening of hypoxia
secondary to ventilatory-perfusion mismatch, intravenous pros-
tacyclins are not preferred. Once stabilized, consideration must be
given for a switch to oral therapy. Though limited, data on their use
in acute setting, has shown promise in facilitating NO weaning and
minimizing rebound pulmonary hypertension following discon-
tinuation of inhaled agents.

Improvement of cardiac output and maintenance of
systemic blood pressure with vasopressors: Dobutamine is
preferred inotrope for management of RV failure but should be
avoided in hypotension. Limitation of catecholamine vasopressors
(eg: noradrenaline) is that they tend to increase pulmonary
Table 37
General Principles of Management.

Treatment of triggering factors

Reduction of RV afterload
Maintenance of systemic blood pressure with vasopressors.
Improvement of cardiac output
Ventilatory Support and Tissue Oxygenation
Mechanical RV support
Balloon atrial septostomy (BAS)
Heart lung or Lung-Lung Transplantation
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vascular resistance at higher doses. Other vasopressors like
Milrinone, vasopressin and Phenylephrine can be used.

Mechanical RV support: Mechanical support can be utilized as
a bridge to recovery or bridge to transplant. Centrifugal pumps can
be surgically implanted (CentriMag, Thoratec Corporation, Pleas-
anton, CA) or percutaneously inserted (TandemHeart, Cardiac
Assist, Pittsburg, PA) in selected patients with pH and RV failure.
The Impella RP (Abiomed Inc, Danvers, MA) is another novel
percutaneous, axial flow pump offering support with a single
vascular access. Veno-arterial extracorporeal membrane oxygen-
ation (ECMO) is preferred approach because of additional benefit of
unloading the RV.

Ventilatory Support and Tissue Oxygenation: Supplemental
oxygen should be given to maintain near-normal systemic oxygen
saturations and adequate hemoglobin level should be maintained
to prevent tissue hypoxia. Endotracheal intubation can cause
systemic hypoperfusion and hemodynamic collapse secondary to
the sedatives administered during intubation. Induction agents
that maintain vascular tone and contractility such as etomidate are
often preferred.

Balloon atrial septostomy (BAS): It is currently reserved for
patients who are in WHO-FC IV with right heart failure refractory
to medical therapy or with severe syncopal symptoms and in
patients awaiting lung transplantation.

Transplantation: Both heart–lung and double-lung transplan-
tation have been performed for PAH, although the threshold for
unrecoverable RV systolic dysfunction and/or LV diastolic dys-
function is unknown.

3.16. HF in GUCH (Grown up congenital heart disease )

3.16.1. Introduction
Prior to the advent of specialized cardiac surgery and

interventional catheterization techniques, less than one fifth of
children born with congenital heart disease (CHD) reached
adulthood.541 Most patients who did survive were those who
had mild lesions and only a minority of those with complex lesions
survived to adulthood. With earlier diagnosis and better manage-
ment facilities being available (especially in the West), the adult
survival rates have increased from �10-15% in the 1960s to >85–
90% in the current era.542,543 The term “grownups with congenital
heart disease” (GUCH) is now often used as a standard terminology
for these patients as it best describes the transition of the pediatric
patient through adolescence to adulthood. Unlike Western
countries, unoperated surviving patients still form a significant
proportion of patients with GUCH in India.

With more and more patients with CHD now reaching
adulthood, most deaths from CHD now occur in adults.544 Frequent
reasons for hospital admissions in operated patients with GUCH
include management of atrial and ventricular arrhythmias,
infective endocarditis, diagnostic or interventional cardiac cathe-
terization procedures and HF (HF), with the latter accounting for
�20% of hospital admissions in these patients.545 Presently
advanced HF, is the leading cause of death in patients with GUCH.

India specific GUCH data: Of all neonates born with CHD in
India, 30–50% have critical disease that requiring early interven-
tions. Since only a minority of these receive requisite therapy, the
number GUCH patients in India is also steadily increasing.
Prevalence estimates of GUCH in India are reported to be 2.4/1000,
which compares with 2.2/1000 in the UK, 3.2/1000 in the
Netherlands and 4.09/1000 in Canada.546–548

Composition of patients presenting to GUCH clinics: The type
of underlying CHD in patients with GUCH is significantly different
from that presenting to a specialist pediatric cardiology unit. The
GUCH clinic is likely to include the following three kinds of
patients:
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� Those with complex CHD which was either not diagnosed or not
treated, representing the more severe end of the CHD spectrum.
� Some patients may have had a palliative surgery in childhood
(a situation especially likely in developing countries like
India) or may be survivors of “definitive surgery” for complex
defects.
� Some patients on the other hand are “natural survivors” who
often reach adulthood without having had or needed surgery.
These include
� Those with minor abnormalities (small ASD, VSD or PDA)
� Those with complex CHD with a balanced physiology (eg.
univentricular heart without PS)
� Those with established pulmonary vascular disease.

Recent studies have reported that although patients with
simple defects still predominate in GUCH clinics, there has been an
appx. 6–7 fold increase in the number of patients with moderate or
complex CHD highlighting the fact that more number of these
patients are surviving to adulthood.549

3.16.2. Pathophysiology of HF in the GUCH population
Causes of HF failure in GUCH patients can be divided into the

following groups:

� Systolic dysfunction of either ventricle (systemic or sub-
pulmonary)
� Systolic dysfunction of the morphological systemic left or sub-
pulmonary right ventricle or morphological systemic right
ventricle or systemic single ventricle

� Acquired heart disease due to coronary artery disease,hyper-
tension, dyslipidaemia, diabetes mellitus, smoking), Congenital
coronary artery abnormalities (anomalous origin and/or course,
extrinsic compression by a dilated pulmonary artery, coronary
kinking after re-implantation of coronary arteries), include the
following mechanisms
� Altered genetic mechanisms

3.16.3. Principles of management of GUCH-HF
As the pathophysiology of cardiorespiratory function in GUCH

with HF is different from that of non-GUCH patients, extrapolation
of published data to GUCH patients may be difficult. The current
guidelines for HF suggest that diuretics, renin–angiotensin–
aldosterone system (RAAS) blockers, b-blockers, and mineralocor-
ticoid receptor antagonists can be safely used in the CHD/GUCH
population. Hence, clinicians taking care of GUCH patients in
general, should follow current treatment recommendations for HF.

Cardiac resynchronization therapy (CRT) in GUCH-HF: Unlike
data for CRT in standard HF population which is based on multiple
randomized clinical trials, evidence for CRT in GUCH-HF is limited
to small studies or anecdotal reports. In general, patients with
NYHA class II–IV symptoms, impaired systemic ventricular EF and
prolonged QRS duration are candidates for CRT. Studies have
shown that presence of a systemic LV predicted a better CRT
response than a systemic RV and those with single ventricle
morphology can achieve further benefit from optimized pacing
sites.550,551 Implantable cardioverter defibrillator (ICD) in
GUCH-HF: Although the overall incidence of sudden cardiac death
(SCD) in patients with CHD is low (<0.1% per year), SCD accounts
for nearly 20–25% of late deaths in GUCH patients. An ICD is
recommended for secondary prevention of SCD in survivors of SCD
due to ventricular fibrillation (VF) or hemodynamically unstable
ventricular tachycardia (VT) without any apparent reversible
cause, patients with spontaneous sustained VT not amenable to
ablation or surgery, syncope with inducible sustained VT/VF at EP
study electrophysiology.
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� Ventricular assist devices (VADs) and Cardiac Transplanta-
tion: In acute decompensated HF patients, if despite maximal
medical treatment haemodynamics remain unstable, consider-
ation should be given to extra-corporal membrane oxygenation
(ECMO) and/or ventricular assist device (VAD) or cardiac
transplantation. Adult CHD accounts for only 5–10% of all CT
indications in patients aged 18–30 years, according to the 2014
International Society for Heart Transplantation (ISHLT) Registry
and the Scientific Registry of Transplant Recipients.552,553

4. Heart failure situations important in Indian settings – II,
prevention and future perspectives

4.1. Role of the heart failure programs

Management of heart failure is complex and evolving. It has
been established that a dedicated heart failure management
programs can improve the delivery of care to the patients and
result in better outcomes. Running of a good heart failure program
depends upon the availability of resources in different centres in
our country.

Over the last 2 decades many important drug and device clinical
trials have been completed in heart failure population. These have
formed the basis of various guidelines that have been published
and regularly updated.26,29 The appropriate application of these
guidelines however, continues to be inadequate in general practice,
resulting in worse outcomes than those reported in clinical
trials.554 This is where the role of specialised Heart Failure clinic
comes. A recent review of 29 randomised control trial of organised
versus usual care showed that heart failure hospitalization reduced
by 26% and mortality reduced by 25% in organised care setting.555–
557 Heart failure setup is an organized way to assess, educate, treat
and monitor patients with heart failure. The program can be
developed in any clinical setting however there are essential
components, which have to be considered while planning such a
facility.

While conceptualizing a heart failure management program the
following areas need focus.

1. Goals and Objectives
2. Infrastructure required
3. Personnel Needed
4. Activities and processes
5. Audits and feedbacks

Goal and Objective of a heart failure setup is primarily to
provide state of the art care to patients diagnosed to have heart
failure in order to minimise the mortality and morbidity. The
program should be flexible and be able to accommodate increasing
number of patients. Infrastructure required to create a good heart
failure setup depends upon the availability of hospital resources.
Provision of adequate manpower to conduct the heart failure
service is of paramount importance for the success of the setup.

The heart failure program has to be tailor-made in our country
keeping in mind the paucity of resources. A hub and spoke model
appears to be suitable for country, where the peripheral centres
should be able to provide at least a guideline mandated
pharmacological treatment and suggestions for lifestyle modifica-
tion to the patients. The medium level centres, where at least
echocardiography is available, can function in further refinement
of the diagnosis. Several hubs can be established at district level
hospitals, which would further establish the etiology and long
term management strategies for these patients with heart failure.
The higher centres could also take the responsibility of training the
peripheral centres through workshops and symposia regarding the
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latest guidelines and the “Do’s and Don’ts in a patient with heart
failure.

Such centres would serve as centres for referral of patients from
primary or secondary care physicians. These centres should have
availability of biomarker estimation, detailed echocardiography,
cardiac catheterization, electrophysiology service and cardiac
surgery. The role of cardiac MRI in diagnosis and management
of heart failure is being increasingly realised, thus the availability
of cardiac MRI along with a trained radiologist in such centres is
the need of the hour.

Personnel for heart failure setup include medical and
paramedical staff trained in the nuances of heart failure along
with technical staff required to provide audits and generate
periodic reports.

Medical staff: Studies have demonstrated better outcomes for
heart failure patients once they are admitted under Heart failure
cardiologists.557–559 During this crucial period the diagnosis must
be clarified or revisited, reversible factors looked for and therapies
reviewed. Co-morbidities should be treated appropriately and post
discharged management should be planned. Especially important
is up-titration of therapies or initiation of therapies which could
not be started earlier for some reasons even if a patient was
asymptomatic. The cardiologist needs to be aware of newer drugs
and devices which can further improve outcomes and use them
judiciously keeping the cost issues in mind.

Nursing Staff: The value of a heart failure specialist nurse in
reducing subsequent hospitalisation and improving outcomes has
been shown in a number of studies.560–562 The calibre and training
of these nurses determines the impact on outcomes. The role of a
heart failure nurse is primarily to spend time in educating the
patient, answer their queries in detail, act as a bridge between the
patient and the cardiologist and follow up with the patient after
their discharge from the hospital via a telephone call or an email. A
regular enquiry about pulse rate, blood pressure and weight
change, presence of swelling over legs, breathlessness and unusual
weakness can help the nurse to ascertain if the patient is doing well
or otherwise. The training to carry out these activities can easily be
conducted even in a primary care facility.

Multi-disciplinary team: Heart failure management is essen-
tially a multidisciplinary management and its appropriate
application has been slow. This is so because heart failure in itself
is a syndrome, which besides impacting various system organs due
to altered circulatory dynamics, has a significant bearing on social
and physical being of the patient. Inclusion of a nutritionist and
physiotherapist in the heart failure management team is important
as many of the patients are malnourished and do not have
adequate counselling regarding DO’s and Don’ts in their diet. Both
these strategies have been shown to be beneficial for the wellbeing
of the patients. As the knowledge of guarded prognosis seeps in
depression is a common result in heart failure patients. Appropri-
ate psychological assessment and counselling is needed for these
patients. Psychologist’s role is even more important in centres
where there is a program for LVAD or heart transplant, where
assessment has to be made for capability of a patient to accept
these procedures and their capacity to deal with the problems that
may arise out of them.

Activities and Processes: There are various activities to be
conducted in a heart failure setup, which include running of a
specialized outpatient clinic for heart failure, diagnostic services,
educating patients and monitoring of their progress, conducting
training and teaching sessions, establishing institutional guide-
lines of heart failure management besides conducting and learning
from periodic data audits.

Outpatient clinic: The primary physician should refer the
patient to a heart failure specialist early in the course of
management. The responsibility of the specialist is to confirm
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the diagnosis, establish the etiology, carry out appropriate
investigations, look of reversible causes and aggravating factors
and ensure that appropriate pharmacologic therapy has been
instituted. The referral back to the GP should include instruction
regarding up titrating the drugs and particular precautions
relevant to that patient. A multidisciplinary approach to HF may
reduce costs,563 decrease length of stay564,565 curtail readmis-
sions,566,567 improve compliance, and reduce mortality. The facility
should advise on appropriate use of advanced heart failure
therapies such as cardiac resynchronization therapy, ICD, heart
transplant or Ventricular assist devices and other newer medical
and surgical therapies about which the primary or secondary care
physician may still be in the dark. Periodic small group CME’s
conducted by the heart failure specialists for primary and
secondary care physicians of their region are very useful for
establishing a rapport between the teams and updating knowl-
edge. These clinics also provide an access to patients who may have
worsening of their clinical status, which may or may not require
hospitalisation.

Who needs to attend heart failure Clinic: Since heart failure
management programs were aimed at reducing morbidity and
mortality the focus generally has been on sicker patients. An
important set of patients are those who have recently been
discharged from the hospital following an episode of acute heart
failure. They have a high incidence of rehospitalisation in first 6–8
weeks and a high mortality in the first month and one year.
Telemonitoring in many of these patients is useful in identifying
patients at higher risk of sudden cardiac death.

Appropriate application of guidelines in heart failure clinics has
been shown to reduce rehospitalisation, mortality and improve the
quality of life in patients with advanced heart failure.

Formulate and adhere to guidelines: There are well estab-
lished guidelines for heart failure from various international
societies. These include European society of cardiology, American
heart association and American college of cardiology etc. These
guidelines thus need to be modified and optimised for our country
and region.

Diagnostic services: At various levels various diagnostic
services may be required.

Primary centre level: Apart from a good history and clinical
examination, ECG, Chest X-Ray, routine haematology and bio-
chemistry should be available.

Secondary Centre level: Apart from the above facilities these
centres should have Echocardiography, NT Pro BNP and CCU with
basic hospitalisation facility.

Tertiary care centre level: If possible they should have state of
art Echo, Cardiac catheterization facilities, nuclear cardiology,
facilities of Cardiac biopsy and Cardio-Pulmonary excise testing.
They should also have facility for cardiac surgery, Electrophysiolo-
gy lab for CRT/D implantation and advanced intensive care unit. A
few selected centres should have transplantation and LV Asset
device available.

Periodic Audits: For improvement of services a periodic audit is
necessary. This can help identify gaps in care which may be missed
knowingly or unknowingly. Evaluation of the program should
focus on the organisational as well as patient perspective.

4.1.1. Conclusion
Heart Failure clinics in our country are few. Keeping specific

problems of resources and personnel in India in mind it is suggested
that a three layer program to be made available. At avery basic level an
MD Physicianwith interest in heart failure should be identified and his
knowledge upgraded to enable him/her to read ECG’s, Chest X-Ray an
instituteguidelinemandated,basicinvestigationandpharmacological
treatment. This should be supplemented by a nurse or a paramedic.
The second level centres should have facilities for good
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Echocardiography, biomarkers, cardiac catheterisation laboratories
and ICU facilities. They may have cardiac surgery backup. The tertiary
care centre should have in addition advanced therapies including
device based therapy, heart transplant cardiac biopsy and advanced
surgical set up with state of the art ICU’s. This three layered approach
will ensure a good basic care for heart failure patients even at the
primary levels and incremental investigative and therapeutic facilities
at central level.

4.2. Stem cell and gene therapy for heart failure

Stem cell therapy and gene therapy has been studied in heart
failure.568

� In the REPAIR-AMI trial, the combined end point of death,
myocardial infarction, need for revascularisation was reduced in
the bone marrow stem cell group.
� In the BALANCE study, at five years follow up, there was a
reduction in mortality.
� Studies from India have also found modest benefits in patients
with chronic ischemic heart disease, dilated cardiomyopathy,
and myocardial infarction.569

� A Cochrane review included 38 randomised controlled trials
involving almost570 2000 patients. Stem Cell therapy reduced
long-term mortality. It was also associated with a long-term
reduction in the incidence of non-fatal myocardial infarction.
The authors found no evidence of reduction in risk of
rehospitalisation for heart failure or composite incidence of
mortality or left ventricular ejection fraction. The Cochrane
review concluded that treatment with bone marrow-derived
stem/progenitor cells reduced mortality and improved left
ventricular ejection fraction and could reduce the incidence of
non-fatal myocardial infarction and improve New York Heart
Association (NYHA) Functional Classification in people with
heart failure. The authors specified that event rates were
generally low, leading to a lack of precision.
� Gene therapy using various virus vectors have been tried in
clinical trials but as yet have not been found to be useful.

Stem cell therapy guidelines for India are based on the ICMR
guidelines and stem cell therapy has been to be given under
Research Protocols with ICMR approval and with ethics approval.
They cannot be used for commercial purposes. The following are
the current patient groups who are likely to benefit and where
trials are going on worldwide:

1. Cell therapy patients: Ischemic HF/dilated cardiomyopathy.
Myocardial infarction may not be an optimal target, as benefit
has not been seen.

2. Attempts to improve cell therapy results are ongoing with more
specific cell types (i.e., mesenchymal stem cells, cardiac
progenitor cells) or ex vivo modified cells.

3. No gene therapy trials are ongoing in India.

4.3. Prevention of heart failure

Preventing or delaying the onset of HF is a feasible task and a
priority for our country because of the cost effectiveness. HF
prevention can be achieved either by targeting those at high risk
(Stage A & B) or by promoting healthy lifestyle for the entire
population.

4.3.1. Population strategy
The measures that need to be taken at population level, to

prevent HF and heart diseases as a whole include. Healthy eating
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and safe cooking: Calorie restriction, Eating in time without
skipping a meal, Choosing whole grains & legumes and variety of
vegetable oils but not exceeding 5 tsp/day, Consuming 4–6 cups of
fruits & vegetables, Limiting red meat, Avoiding processed meat
and transfat and using low fat dairy and 1 tblp of nuts. Avoiding
tobacco, recreational drugs, sugary drinks and excessive salt.
Limiting alcohol (Not to exceed 1 drink for women & 2 drinks for
men. Maintaining ideal BMI (�23 kg/m2). Exercising at least
150 m/week. Minimizing exposure to indoor and atmospheric air
pollution & Coping up with psychosocial stress.

4.3.2. Targeting stage a
(Above heading - Targeting Stage A) Stage A denotes high risk

for HF but without structural heart disease and it includes those
with known risk factors for HF. Major Clinical risk factors for HF
include age, male gender, hypertension, left ventricular hypertro-
phy (LVH), myocardial infarction, valvular heart diseases, obesity,
increased heart rate, arrhythmias (SVT, AF, VPDs) and toxic factors
like alcohol, chemotherapeutic agents, cocaine, glitazones and
NSAIDs. Minor Clinical risk factors are sleep disordered breathing,
CKD including albuminuria, anemia, sedentary lifestyle and low
socioeconomic status. Morphological risk factors consist of LVH,
asymptomatic LV dilatation/dysfunction and LV diastolic dysfunc-
tion. Polymorphisms of alpha 2 adrenergic receptors, beta 1
adrenergic receptors, ACE and AT1 Receptors constitute Genetic
risk factors.

Hypertension is widely prevalent affecting nearly 30% of adults
and it increases the risk of HF by 2–3 fold, either directly or by
acting as a CAD risk factor. LVH or albuminuria add to the risk
requiring aggressive management. In a systematic review,575 every
10 mm Hg reduction in systolic blood pressure yielded 28% risk
reduction of HF. Calcium blockers were inferior, diuretics were
superior and ACEI/ARBs are neutral for HF prevention. Intensive BP
lowering resulted in 38% relative risk reduction (RRR) in HF in
SPRINT trial, but In a meta-analysis571 only a modest effect was
achieved (15% RRR). Early diagnosis, ensuring drug adherence and
achieving the goal value (<130/80) are more important than the
choice of the drug.

Atherosclerotic Coronary Artery Disease is the commonest
cause of heart failure. Nearly 60% of HFrEF is due to CAD, occurring
mostly after MI and rarely due to hibernation caused by chronic
myocardial ischemia. STEMI increases the risk of HF by 2–3 fold
due to adverse LV remodeling. Reducing the time delay in
achieving rapid, effective and sustained reperfusion is important
to salvage the ischemic myocardium. Adequate post reperfusion
pharmacotherapy that includes early administration of optimal
doses of beta blockers, ACEI, Mineralocorticoid receptor antago-
nists and statins are equally important. In our country, where the
resources are limited, the spoke and hub model with the hub
hospitals providing the 'round the clock' primary PCI and spoke
hospitals providing rapid thrombolysis followed by timely transfer
to the nearest hub hospitals for the timely angiography and PCI
yield better outcomes.576 Data from STEMI INDIA programme
suggests non inferiority of pharmaco invasive approach when
compared to primary PCI. Actually heart failure (6.1 vs 7.6%) and
cardiogenic shock (4.4 vs 5.9%) occurred to a lesser extent in them.
Similarly optimal usage of Beta blockers, ACEIs, Statins and
Antiplatelets could help in preventing HF in stable IHD patients.
Pooled data from HOPE, EUROPA and PEACE trials confirmed the
benefit of ACEI in reducing HF admissions by 23% even in those
with normal LV function. Hence ACEI should be given for all those
atherosclerotic CVD. Aspirin or any other antiplatelet drug has not
been proved to decrease HF, though effective in reducing death and
nonfatal MI.

Dyslipidemia is associated with increased risk of HF but it is not
known whether this association is independent of its
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predisposition to atherosclerosis and MI. Among the dyslipidemic
drugs, statins remain the cornerstone of therapy because of robust
data. Statin use for more than 4 years offered a modest benefit (10%
RRR) on HF hospitalizations but without benefit on HF related
mortality. Moreover, intensive statin therapy (atorvastatin 80 mg)
significantly reduced the rate of HF hospitalization by 45% when
compared to moderate dose. However, in those with manifest HF,
statins did not improve outcomes as confirmed by trials like GISSI
HF and CORONA. Moreover there is a theoretical risk of adverse
effect of statins in heart failure in the form of inhibition of CoQ
synthesis and interference with lipoprotein mediated inhibition of
bacterial lipopolysaccharide endotoxins. Thus, unless indicated for
CAD protection (ischemic HF, those with multiple CVD risk factors),
routine use of statins in HF or asymptomatic LV dysfunction is not
justified.

Diabetes mellitus is associated with 2–5 fold increase in risk of
HF. For every 1% increase in HbA1C there is an 8–16% increase in
the risk of hospitalization for HF and for every 1 mmol increase in
fasting blood glucose levels, there is a 5% increase in the risk of HF
admissions. Apart from being a major risk factor for CAD, diabetes
may cause cardiomyopathy as a result of micro vessel disease and
metabolic insult to myocardium. Diabetes is also risk factor for
HFpEF, as LVH and diastolic dysfunction are quite prevalent among
them. In a meta-analysis572 of Turnbull in which the data from
ACCORD, UKPDS, ADVANCE and VADT trials have been pooled,
there was 15% RRR for MI with intensive glucose lowering but no
protection against death or HF hospitalization (HR 1.0). In the
RENALL study, losartan reduced the occurrence of HF in diabetics
manifesting LVH. In HOPE study, Ramipril given for diabetics with
an additional risk factor, heart failure occurrence was reduced by
20% though hospitalization for heart failure did not reduce
significantly. Both the studies underscore the importance of
administering ACEI or ARB in those with diabetes and additional
risk factor particularly those with hypertension, LVH or albumin-
uria, to reduce incident HF.

With respect to the drugs used in managing diabetes, glitazones
have been found to increase the occurrence of HF and are
contraindicated in class II & IV HF. In a meta-analysis of 14 trials
(95502 patients, median follow up for 4.3 years), the risk of
incident HF increased by 42% with glitazones, 25% with Gliptins
and neutral with Insulin Glargine.577 It looked as if the weight gain
with therapies play a role � for every 1 kg weight gain, there was a
7.1% relative increase in the risk of HF. In TECOS trial, Sitagliptin was
not found to increase heart failure (HR 1.00) while other Gliptin
trials have shown mixed results. SGL2 inhibitor, namely Empagli-
fozin was found to significantly reduce HF (HR 0.65). Liraglutide, a
GLP-1 analogue reduces HF by 13%. Early detection, optimal control
of dysglycemia, concomitant management of clustering risk factors
and appropriate choice of diabetic drugs are the measures found to
be useful to prevent HF in diabetics.

Chronic Kidney Disease (CKD) is a strong predictor of HF with
Diabetes and Hypertension being the commonest causes of CKD.
Incidence of HF is 3 fold in those with eGFR of < 60 ml/min/m2. 1/3
of dialyzed patients have HF. Though supportive data are not
available, optimal control of BP & DM, early use of beta blockers,
ACEI/ARB, correction of Ca-P metabolism and Vit D3 deficiency,
optimization of diuretic/dialytic therapy and correction of anemia
could prevent or delay HF in CKD patients.

Obesity is an important risk factor for heart failure. For every
1 kg/m2 increment in BMI, the HF risk increases by 5% in men and
7% in women. But prognosis appears to be better in obese patients
with HF and limited data suggest that weight loss predict worse
prognosis in heart failure. In spite of such contradictory findings,
prevention and treatment of obesity can reduce the HF burden and
heart disease in general. Sleep disordered breathing may be a risk
factor for HF. An apnea-hypopnea index of > 11, increases HF by 2.4
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fold. Despite lack of data, promoting weight loss and nocturnal
CPAP therapy may prevent HF.

Valvular heart diseases (VHD) contribute to nearly 20% of heart
failure in our country. Effective primary and secondary prophylaxis
for rheumatic fever is the most cost effective method of reducing
heart failure due to RHD. Among those with chronic VHD of various
causes, HF can be prevented by prompt surgical or transcatheter
management, once the symptoms manifest or when any of the
following high risk features is encountered in asymptomatic
individuals – LV dysfunction in all VHD, rapid progression or dense
calcification in aortic stenosis; pulmonary hypertension, atrial
fibrillation or LVESD >40 mm in mitral regurgitation, LVEDD
>65 mm or LVESD >50 mm in aortic regurgitation. It is reasonable
to offer surgery to asymptomatic VHD patients if biomarkers (BNP)
are high or when long axis function of LV declines. Prevention or
aggressive treatment of infective endocarditis could also reduce
HF. Though optimal treatment of co-existing hypertension is
definitely indicated, routine vasodilator therapy in chronic
regurgitant lesions is not justified.

Alcohol consumption has a J or U shaped relationship to heart
failure as it has with hypertension, diabetes and MI.578 Epidemio-
logic data suggest that consuming less than 14 drinks per week
lowers the risk of HF by 34 to 59% when compared to abstainers. In
contrast, heavy drinking increases the risk of HF by 1.7 fold. Among
individuals with ischemic LV dysfunction, moderate consumption
was associated with 23% lower risk of mortality compared with
abstainers. However, because of lack of adequate data, it is prudent
to advise abstinence for those with LV dysfunction. Obviously
abstinence is strongly indicated in alcoholic cardiomyopathy and
clinically manifest HF.

Apart from being a major risk factor for CAD including MI and
death related to it, Cigarette smoking is also a strong predictor for
the development of HF, sudden death in patients with HF and of
mortality in idiopathic dilated cardiomyopathy. Nonsmokers have
30% lower mortality, which underscores the importance of
achieving abstinence in smokers.

Physical inactivity is risk factor for HF and there is an inverse
dose response relationship between physical activity and the HF
risk. In a pooled analysis of 12 prospective cohort studies with a
median follow up of 13 years,574 guideline recommended
minimum activity (500 MET-min/week) was found to have a
modest reduction of HF risk (10%). Higher levels of activity resulted
in much better outcomes – hazard ratio for 1000 MET-min/week
was 0.81 and 0.65 for 2000 MET-min/week. Apart from favorably
modifying the conventional risk factors, exercise may have direct
beneficial action on LV compliance, skeletal muscle performance,
peripheral vasculature, heart rate and lung function all of which
could be responsible for reduction of HF risk.

Drugs like NSAIDs, anti-arrhythmic drugs and tricyclic anti-
depressants may cause or exacerbate HF. Appetite suppressants,
ergot alkaloids and dopaminergic agonists used for Parkinsonism
(cabergoline, pergolide) may cause valve diseases which are
preventable by surveillance. Cancer chemotherapeutic agents,
particularly anthracyclines (doxorubicin, daunorubicin, epirubicin,
idarubicin) and Transtuzumab may cause cardiomyopathy and
heart failure.579 Anthracycline mediated LV dysfunction is either
irreversible or partially reversible and dose related (Type I) while
transtuzumab causes reversible LV dysfunction and not cumulative
dose related (Type II). Prevention of heart failure may be achieved
by avoiding their use and choosing an alternative agent in those
with baseline LVEF <50%, Limiting the cumulative dose of
doxorubicin to <450 mg/m2, administration by infusion rather
than bolus, by using liposomal formulation, reducing or stopping
the drug if EF falls by >10% or decrease in global longitudinal strain
by >15% or if troponin gets elevated. Baseline echo should be done
for all those who receive potentially cardiotoxic drugs and it should
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be repeated after completion and 3–6 months later. For type I
agents, echo should be repeated when the dose exceeds 240 mg/
m2 and before each subsequent dose of 50 mg/m2. Limited data
suggest that beta blockers particularly Carvedilol, ACEI/ARB and
statins when given prophylactically, could minimize the decline in
LVEF and occurrence of HF. Dexrazoxane, a cytoprotective agent
has also been approved for this purpose.

Incessant tachycardias particularly ectopic atrial tachycardia,
permanent form of junctional reciprocating tachycardia, atrial
flutter/fibrillation, ventricular tachycardia etc. may lead to a
reversible form of cardiomyopathy and HF. Prompt restoration of
sinus rhythm or control of ventricular rate either by drugs or
catheter ablation is an effective method of preventing HF in such
individuals. Emerging data indicate that frequent ventricular
premature beats (>10% of overall beats) could also lead to LV
dysfunction and HF.580 Apart from frequency, broader QRS and
epicardial origin may imply an increased risk of LV dysfunction.
Despite lack of randomized studies, it is worthwhile to consider
catheter ablation in such patients to prevent HF.

Since as many as 20–50% of dilated cardiomyopathies are
familial, first degree relatives should be screened to identify those
with asymptomatic LV dysfunction, who will benefit from early
therapy with neurohormonal agents. Moreover the inheritance
pattern and genetic testing may help the clinician to provide
genetic counseling. By avoiding late pregnancy and multiple
pregnancies and prompt treatment of hypertension/pre-eclamp-
sia, incidence of peripartum cardiomyopathy can be reduced.
Prevention of recurrence is possible by appropriate advice on
subsequent pregnancies based on recovery of LV function after the
index pregnancy.

4.3.3. Targeting stage B
Stage B includes those who have structural heart disease but no

current or prior symptoms of HF. The patients with asymptomatic
LV dysfunction (ALVD – systolic & diastolic, ischemic or non-
ischemic) form the majority of such patients and the other
structural changes that precede HF include LVH, Post MI
remodeling and asymptomatic VHD. As much as 3–6% of adults
in the community have asymptomatic LVSD and outnumber
symptomatic HF by fourfold. 13–30% of such individuals develop
HF sooner and 5–7% die suddenly. In a meta-analysis of 11 studies
of ALVD581 (25369 patients followed up for 7.9 years), the absolute
risk of progression to HF was 8.4 per 100 person years in those with
systolic dysfunction, 2.8 person years in those with diastolic
dysfunction and 1.04 person years in those without any dysfunc-
tion. The relative risk of HF per 1 standard deviation of lower EF
was 1.4. Multiple RCTs including SOLVD, SAVE and TRACE have
shown benefit of ACEIs and ARBs in these subset of patient. Beta
blockers provide additional benefit in lowering mortality,
slowing progression to Heart failure along with better reverse
remodeling.

4.4. FUTURE DIRECTIONS IN HEART FAILURE – INDIAN
PRESPECTIVE

Heart failure is reaching epidemic proportions and is a public
health challenge in India. Since it affects Indians a decade earlier, it
Impacts on the productivity and Disability adjusted life years lost
(DALYs). The limited Indian data shows that we have a higher
mortality, which lead to huge social and economic costs.

We also know that the therapy of HF is resource intensive. Since
80–90% of Indians spend out-of-pocket for their health, the
available therapies are unaffordable to the vast majority of the
population. Considering the vastness of the country and the
concentration of healthcare facilities in the cities, there are issues
of accessibility and availability.
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So there is an urgent need to intervene at every stage of the
disease right from understanding the disease burden to early
identification to better management.

4.4.1. Need for generation of data
Country-wide data on HF is sparse and hence the difficulty to

quantify the real burden which might be much higher than the
projections estimated currently in various studies, mostly based on
western figures. This data is critical for planning strategies
focused on relevant parameters, which enable managing this
burden more effectively with proper allocation of funds and
resources. Hence, the need of the hour is a national HF registry
which is a mammoth task considering the population and the
clinical burden on doctors.

With the Indian governments’ decision to introduce a standard
based system for creation and maintenance of electronic health
records (EHRs) by healthcare providers, data collection may
become easier.582

4.4.2. Primary prevention of HF
We know that the therapy to manage HF, once the disease has

already set in, is unaffordable to the vast majority of Indian.
Governments cannot prioritize treatment of such end stage
diseases over strategies like immunization in children and
maternal health.

So primary and primordial prevention assumes prime impor-
tance. This is of paramount importance as damage to the heart can
only be controlled and not reversed. Identifying risk factors early
enough and appropriate modification strategies to reduce the
same can go a long way in reducing the HF burden. Various
stakeholders (government, health care professionals, patients,
general public) will need to be involved, educated and supported to
implement preventive strategies.

Salt restriction and tobacco control are cost effective strategies
to initiate. Increasing taxation on tobacco (cigarettes and bidis) has
been used to help reduce consumption. Increasing education of the
optimum salt intake and highlighting the salt content in various
foods, especially processed foods is important. Packaged foods
should have labels indicating the salt and trans-fat content to help
people make the right choices.

The importance of regular physical activity and the benefits of
vegetable and fruit intake should be emphasised.

Implementing regular screening program scan identify impor-
tant HF risk factors like hypertension, diabetes, coronary artery
disease and rheumatic heart disease. These programs can be
implemented in high-risk individuals which can be a more
effective targeted approach to identify patients likely to develop
HF and thereby intervene at an early stage. We have data from the
west which emphasizes that HF can be prevented and that the
progression of HF can be interrupted.

The Western guidelines recommend focusing on stage A
patients, those without symptoms or detectable LV dysfunction.
Hypertension was considered as the most powerful risk factor, and
their recommendation was to think of hypertension as pre-heart
failure situation. Increasing education and awareness regarding
the importance of regular screening tests and regular follow-up to
ensure control of risk factors can improve detection and control.
Enforcing a mandatory annual HF risk factor screening program in
the corporate sector, Industrial workers and government employ-
ees could be a strategy to increase detection and improve
awareness of this condition.

Increasing awareness amongst the entire community is also an
important lever. Media campaigns can help increase disease
awareness about HF amongst the general population. Social media
is also an important tool. Technology can be an effective way to
reach our youth and to access remote areas.
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Healthcare professionals (HCP) across all clinical disciplines
should be educated to identify patients with risk factors for HF and
intervene appropriately to screen, refer or treat as needed. Often
the general practitioner is the first point of contact followed by
general physicians. Patients present earlier in the course of disease
to these physicians providing an opportunity to prevent disease
progression. So increasing the awareness about HF among primary
care physicians is very important.

4.4.3. Impacting HF diagnosis
Clinical approach is the mainstay of heart failure diagnosis and

a detailed clinical examination should be a priority over laboratory
and imaging modalities of diagnosis. The primary care physicians
and the general medical specialists should be given adequate
training to detect cases of HF.

ECHO is an extremely important tool to diagnose heart failure and
should be ideally done in all patients. In India, it is an easily available
tool and not too expensive. Biomarkers like NT-proBNP help
differentiate HF from chronic obstructive pulmonary disease (COPD)
and should be done wherever feasible. With the availability of point-
of-care devices, which are cost-effective, authorities can make this
equipment available in all PHCs. The Awareness regarding the
usefulness of biomarkers needs to be increased to help improve to
diagnosis when somebody is in doubt after clinical examination.

4.4.4. Encouraging guidelines recommended therapy
However, the challenge is that despite clear recommendations

and proven mortality benefits, evidence based guideline recom-
mended therapies are not implemented in majority of the patients
as seen in the Trivandrum registry. The lack of GDMT increases
mortality. Various factors impact this ranging from lack of
education to an incorrect prescription to poor compliance due
to various factors, an important one being cost of therapy.

Training programs (planned and conducted by national
societies) focusing on clinical quality for general physicians/
consulting physicians is a clear mandate to make them understand
the need for guideline directed therapy and its impact in mortality
reduction. They also should understand the need for appropriate
and timely referrals to cardiologists or heart failure clinics when
the need arises for more specialized interventions. Timely referral
is critical in ensuring best treatment for the patients’ condition.

Quality improvement programs are very important in Indian
settings. The ACS = QUIK initiative in Kerala which improved the
compliance to therapy is such an initiative. It should be mandatory
for physicians managing HF patients to participate in quality
improvement programs like PIQIP.154

The cost of various devices and therapies is a limiting factor in
implementation of guideline-based therapy in the Indian health-
care system as these therapies are beyond the reach of many
patients. To overcome this barrier there is a need for the
government, insurance sector and industry to develop programs
to address this affordability challenge and help more patients to
get guideline-based therapies. Government mandated price
controls as done for coronary stents recently, may allow a greater
application of device use in HF in India.

Affordability to drugs is a very important problem in manage-
ment of HF as these patients require lifelong therapy. Generic drugs
can solve the issue to some extent. Authorities should ensure
quality of generics and should ensure availability in PHCs.

4.4.5. Role of physician associations
The role physician associations in increasing the awareness and

decimation of HF problems and good practice management in the care
of these patients is very important. Now we have CME programs
dedicated to heart failure which is attracting a large number of
delegates thereby increasing the quality of HF management in our
Downloaded for Anonymous User (n/a) at King George's Medical 
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country. These associations should get affiliated with various world HF
bodies allowing our physicians to interact with world authorities on
HF. It is likely that in the near future, HF will emerge as a separate sub
specialty in cardiology in India and this will further enhance the
management this growing problem.

4.4.6. Heart failure clinics
The role of dedicated HF clinics is very important in the

specialized management of HF. WE have already described this in a
previous section (Vide Supra)

Vision for reducing HF mortality.
1. Treatment of HF once the disease has set in, is non-affordable

to the patients and the already constrained Indian health
system. So primary prevention is the key, which is focussing
on the control of risk factors. – Concentrating on stage A of HF
will prevent progression and probably lead to far greater
reductions in mortality than more sophisticated and expensive
therapies applied at a much later stage.

2. To emphasize that heart failure can be prevented – To focus
on risk factors that lead to HF and concentrate on aggressive
management of these factors even when the patient feels and
looks good.

3. To get the most out of known effective interventions within
the limitations of available resources – Within the constraints
of limited health care budgets and infrastructure, we need to
focus on proven effective interventions suited to our population
rather than all the recommended interventions by global
societies.

4. To ensure HF healthcare access for all patients – Overcoming
the challenge of affordability with better insurance programs
can help patients access guideline based therapy thereby
improving their quality of life and reducing mortality.
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ABSTRACT

Objective: To highlight changing trends of the clinical spectrum, and compare the management options 
and predictors of Fournier’s gangrene (FG) outcomes in a tertiary care referral center.

Material and methods: This study included patients with FG between August 2005 and July 2017. Pa-
tients were classified as “responders” and “nonresponders.” We compared the baseline characteristics, 
clinical spectrum, biochemical data, management modalities, outcomes, and FG severity index (FGSI) 
and age-adjusted Charlson Comorbidity Index (ACCI) between responders and nonresponders.

Results: We studied 72 patients and further divided them to responders (60 patients) and non-responders 
(12 patients). All were males; the mean age was 56.27+19.27 years (range, 47–85 years). The most com-
mon complaints were perineal discomfort (n=62; 86.1%) and fever (n=48; 66.7%). FG originated from the 
penoscrotal region in 64 patients (88.8%) and perineal region in 8 patients. Diabetes mellitus was the most 
common comorbidity (36%). The mean duration of the presentation was 10.19 days (range, 7–30 days). 
Sixteen patients underwent split skin grafting. The mortality rate was 8.3%. Nonresponders had distinct 
findings relative to responders: advanced age (71.5±7.17 vs. 53.23±19.85 years; p=0.00); high blood sugar 
(245.83±116.26 vs. 139.06±35.64 mg/dL; p<0.01); leukocytosis (27166.67±10295.75 vs. 10558.4±3130.64 
cumm; p<0.01); elevated serum creatinine (3.78±1.43 vs. 1.38±1.00; p<0.01); hyponatremia (127.33±11.84 
vs. 137.33±3.42 meq/l; p<0.01), elevated international normalized ratios (1.66±0.28 vs. 1.32±0.07; 
p<0.01); and high FGSI (9.83±1.11 vs. 6.46±1.68;p<0.01) and ACCI scores (6.33±0.49 vs. 5±0.82; p<0.01). 
On univariate and multivariate regression analysis, raised blood sugar and deranged international normal-
ized ratios at presentation were significantly associated with decreased response to treatment (p<0.05).

Conclusion: An advanced age, diabetes mellitus, renal impairment, leukocytosis, altered sensorium, shock at 
presentation, deranged international normalized ratios, and high FGSI and ACCI scores can be used as predic-
tors for poor response. FG risk scores adequately characterize the severity and prognosis of FG, but clinician’s 
judgement is vital. The management comprises of a multidisciplinary approach, including parenteral antibiot-
ics, urgent surgical debridement, and comorbidities optimization.

Keywords: ACCI; antibiotics; debridement; FGSI; Fournier’s gangrene; mortality; outcome. 
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Introduction

Fournier’s gangrene (FG) refers to a rapidly 
progressing infectious and necrotizing fasci-
itis, involving perineum, genitalia, or perianal 
regions with associated necrosis of overlying 
skin.[1] The initial description of FG was given 
by Nathan et al.[2] in 1764, while the entity was 
named in 1883 after Jean-Alfred Fournier, a 

French venereologist when he described a case 
of sudden-onset rapidly progressive genital gan-
grene in a young healthy man. FG is commonly 
associated with an advanced age, diabetes mel-
litus (DM), alcoholism, and conditions caus-
ing immunosuppression, such as malnutrition, 
obesity, chronic kidney disease (CKD), chronic 
liver disease, and malignancies.[3,4] FG can also 
arise secondary to untreated urogenital or ano-
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rectal diseases.[5] The etiology is mostly polymicrobial involving 
gram-positive, gram-negative, and anaerobic bacteria reflecting 
normal flora of urogenital or enteric region.[6-8] Despite various 
improvements in surgical practice and availability of new treat-
ments, the reported mortality ranges from 4% to 80%, with an 
average mortality reported to be around 20%.[9,10] Various scoring 
systems have been proposed that predict the severity of FG.[11-13] 

Charlson et al.[11] proposed age-adjusted Charlson Comorbidity 
Index (ACCI) that includes different scores for each comorbid 
illnesses; they proposed that the ACCI score >5 was associated 
with higher mortality rates. FGSI is a severity score comprising 
of vital signs (heart rate, respiratory rate, body temperature) and 
metabolic variables (hematocrit, serum sodium, bicarbonate, 
potassium, creatinine, and leucocytes); it has been previously 
used to prognosticate and stratify patients with FG.[12] There is 
paucity of studies on outcomes of FG from developing countries, 
including the Indian subcontinent, so we wanted to review our 
experience in the management of this entity in past 12 years. 
Our study focused on the clinical spectrum, management, and 
outcomes of FG in responders and nonresponders.

Material and methods

In the present study, medical records of 91 patients from August 
2005 to July 2017 were reviewed. Eight patients were lost to fol-
low-up, and data of 11 patients were incomplete. Hence the final 
analysis included data of 72 patients, who were further catego-
rized as responders (60 patients) and nonresponders (12 patients). 

This study included a retrospective data analysis of patients, 
who were diagnosed with and received treatment for FG, in 
the Department of Urology, King George’s Medical University, 
Lucknow, Uttar Pradesh, India, between August 2005 and July 
2017. Ethical approval was obtained from the Institutional Ethical 
Committee. The diagnosis of FG was based on clinical criteria 
comprising of the following features: local redness, edema, and 
tenderness arising initially from the urogenital or perianal area 
with or without further progression of the infection posteriorly 
and to other parts of the body (Figure 1).[14] If the appearance of 
these features initially occurred in other parts of the body and 
later on involved the urogenital and perineal regions, these cases 
were excluded. The parameters studied included baseline patient 
characteristics, clinical spectrum, basic laboratory parameters, 
given therapy, and the outcome. The baseline patient evaluation 
comprised of age, gender, body mass index (BMI), and history 
of comorbid illnesses. Clinical evaluation included duration from 
the onset of symptoms to access to medical care and diagnosis, 
hemodynamic status, and level of consciousness. Shock was 
defined as systolic blood pressure <90 mmHg. The level of con-
sciousness was considered to be either confusion, delirium, stu-
por, and coma. Basic laboratory evaluation comprised complete 
blood counts, renal function tests, liver function tests, evaluation 

of blood sugar, urine examination, and microbial culture sensi-
tivities from the wound. We also evaluated the surgical proce-
dure done, the origin of infection, depth of infection, need of 
reoperation, postoperative complications, mortality, and hospital 
stay. Patients were managed according to the severity of infection 
and associated comorbidities. Patients were discharged when the 
wound was healthy and granulating, and when toxic symptoms 
resolved. In cases where the wound size was too large for heal-
ing by secondary intention, a split-thickness skin graft (SSG) 
was placed over the wound. We have classified our patients as 
“responders” and “nonresponders” to find the predictors of out-
come. Responders were defined as those patients who were suc-
cessfully treated or who showed the signs of improvement within 
one week. The nonresponder group consisted of the patients who 
died or had progressive worsening of symptoms 48 hours after 
aggressive medical/surgical treatment. The outcome parameters 
included the difference in baseline characteristics, clinical spec-
trum, biochemical data, management modalities, outcomes, and 
FG severity index (FGSI) and ACCI between responders and 
nonresponders.

Statistical analysis
Data were recorded in the Microsoft Excel spreadsheet 
(Microsoft, Seattle, WA, USA) and analyzed using the IBM 
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Figure 1. Clinical image depicting Fournier’s Gangrene



Statistical Package for the Social Sciences software package 
version 23.0 (IBM SPSS Corp.; Armonk, NY, USA). Fisher’s 
exact test was used for categorical data, and the unpaired t-test 
was used for continuous data. A univariate and multivariate 
regression analysis was used to test the correlation between 
nonresponders and several clinical variables. A p-value <0.05 
was considered statistically significant.

Results

All affected patients were males with the mean age at presenta-
tion 56.27 years (range, 47-85 years). DM was the most com-
mon comorbidity in 26 patients (36.1%), followed by CKD in 
24 patients (33.3%) and liver disorders in 15 patients (20.83%). 
Two patients (2.7%) had coexisting bladder neoplasms, while 18 
subjects (25%) had preceding urethral stricture. The mean dura-
tion of presentation was 10.19 days (range, 7-30 days). The most 
common clinical complaints were perineal discomfort (n=62; 
86.1%) and fever (n=48; 66.7%), and on clinical examination, 
most frequently, patients had local edema (n=60, 83.3%), erythe-
ma with induration (n=38, 52.7%), skin necrosis (n=66, 91.6%), 
and regional crepitation (n=20, 27.7%). Patients were managed 
according to the severity of infection with aggressive surgical 
debridement of necrotic tissue along with intravenous antibiotics 
(covering gram-positive and gram-negative microorganisms, and 
anaerobes). The antibiotics were later modified based on clinical 
response, laboratory parameters, and as per culture sensitivity 
reports. Tables 1 and 2 show clinical and laboratory features of 
responders and nonresponders. Microbial cultures revealed poly-
microbial growth in cultures obtained from the wound in both the 
groups (Table 3). A significantly greater number of patients in the 
nonresponders group presented with advanced age, altered senso-
rium, shock, leucocytosis, raised blood sugars, serum creatinine, 
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Table 1. Baseline characteristics and clinical features 
Parameter Responders Nonresponders p

Number 60 12 

Age (years) 53.23±19.85 71.5±7.17 <0.01

Body mass index (kg/m2) 21.63±2.18 20.66±2.67 0.09

Duration between presentation and admission (days) 9.46±3.55 13.83±8.14 0.01

Hemodynamic status*  Normal-60 Normal -6 0.01

  Shock-6 

Level of consciousness& Normal-50 Normal-3 0.01

 Confusion-10 Confusion-3

 Delirium-0 Delirium-4

 Stupor-0 Stupor-2

 Coma-0 Coma-0 

Diabetes mellitus (DM) 18 8 0.02

Infection origin$ Penoscrotal region-60 Penoscrotal region-4 0.01

 Perineal region-0 Perianal region-8 

Initial depth of involvement  Superficial-40 Deep to fascia-6 0.01

 Deep to fascia-20 Deep to muscle-6 

*Shock was defined as a systolic blood pressure <90 mmHg.
&The level of consciousness was considered to be either normal, confused, delirium, stupor, and coma.
$The infection origin was considered to be either penoscrotal or perineal region.
#Initial depth of involvement  was considered to be either superficial, deep to fascia, or deep to muscle.

Table	2.	Laboratory	findings
Parameter Responders Nonresponders p
Hb (g/dL) 10.74±0.83 10.53±1.26 0.23
TLC (cu/mm) 10558.4±3130.64 27166.67±10295.75 <0.01
S. creatinine (mg/dL) 1.38±1.00 3.78±1.43 <0.01
S. sodium (meq/L) 137.33±3.42 127.33±11.84 <0.01
RBS (mg/dL) 139.06±35.64 245.83±116.26 <0.01
S. Bilirubin 0.43±0.23 0.55±0.23 0.04
SGOT (U/L) 54.6±14.66 53.83±28.09 0.44
SGPT (U/L) 61.32±8.48 55.83±2.12 0.15
PT-INR 1.32±0.07 1.66±0.28 <0.01
FGSI 6.46±1.68 9.83±1.11 <0.01

ACCI  5±0.82 6.33±0.49 <0.01
Hb: hemoglobin; TLC: total leucocyte count; RBS: random blood sugar; FGSI: Fournier’s 
gangrene severity index; ACCI: age adjusted Charlson Comorbidity Index



and FGSI and ACCI scores compared to responders (p<0.05). 
The outcome of FG patients is depicted in Table 4. Sixty patients 
responded to treatment. Six patients succumbed to death within 
72 hours after the admission due to septic shock and multior-
gan dysfunction syndrome resulting from necrotizing fasciitis. 
Urinary diversion in the form of suprapubic cystostomy was 
performed in 18 patients; however, none of the patients required 

bowel diversion. Thirty-seven (51.38 %) patients had to undergo 
re-debridement (single/multiple) due the progression of necrotic 
areas and presence of purulent material in the wound. Sixteen 
patients underwent split skin grafting (SSG) of the debrided areas 
by plastic surgeon (Figure 2). On the univariate and multivariate 
regression analysis, raised blood sugars and deranged internation-
al normalized ratios at presentation were significantly associated 
with a decreased treatment response (p<0.05). Medical complica-
tions were seen in 26 patients (36.1%): 17 lower respiratory tract 
infections, 7 urinary infections, and 2 central venous catheter 
infections. All the complications were successfully managed with 
conservative management and antibiotics. 

Discussion

Fournier’s gangrene is an uncommon disease accounting for 
<0.5% of annual hospital admissions globally.[15] The disease 
has a higher male predominance (male-to-female ratio, 10:1) 
with a median age at presentation being 50-79 years.[16] This was 
also evident in the present study as all the affected patients were 
males with an average age at presentation being 56.27 years. 
FG has been found to originate from the intentional or acci-
dental trauma to the anorectal (30%-50%) or urogenital region 
(60%) that causes the entry of bacteria in the local tissue.[16] As 
depicted in the present study, DM is one of the most significant 
predisposing factors in patients affected by FG.[17] In our study, 
36.1% patients were found to have coexisting uncontrolled 
DM, with all patients having the HbA1c levels greater than 9%. 
These patients were found to have higher ACCI scores (>8), 
a deep infection involving fascia and muscle compartment, 
multiple repeated operations required, and a prolonged hospital 
stay. Sustained hyperglycemia and microangiopathy in uncon-
trolled DM can decrease the neutrophil adhesion, chemotaxis, 
and cellular immunity.[17] The degree of diabetes control is con-
sidered to be an independent predictor of the extent of disease 
and prognosis in FG. Approximately one-third of patients in the 
present study had preexisting CKD. The presence of concomi-
tant CKD predisposes these patients to dyselectrolytemia and 
metabolic acidosis, and increases the toxicity of antimicrobial 
drugs excreted through the renal route, ultimately resulting in 
increased FG morbidity.[18] Long-term CKD may cause immu-
nosuppression and decreased wound healing.[18] FG is mostly 
recognized as a polymicrobial infection.[19] Most commonly 
identified organisms are streptococcus, staphylococcus, and 
Escherichia coli. Usually the wound cultures show evidence 
of more than one organism in the affected patient.[19] Various 
scoring systems are available to predict the severity of FG, such 
as FGSI, ACCI, the Uludag Fournier gangrene scoring index 
(UFGSI), Laboratory Risk Indicator for Necrotizing Fasciitis 
score (LRINEC), etc.[11-13] In a study done by Laor et al.[12], the 
authors predicted the FGSI score >9 to be associated with a 
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Figure 2. Clinical image depicting a healed scrotal wound 
with a split skin thickness graft

Table 3. Bacteriology of isolates from wound cultures in 
patients with FG 
Parameter Total Number Responders Nonresponders

Streptococcus pyogenes 15 12 3

Escherichia coli 16 15 1

Staphylococcus aureus 7 6 1

Pseudomonas aeruginosa 3 2 1

Klebsiella spp 3 3 0

Enterobacter spp 2 2 0

Bacteroides spp 2 1 1

Table	4.	Outcome	in	patients	with	FG	
Parameter Responders Nonresponders p

Intervention

   Surgical debridement 60 12 1.00

   Split skin grafts (SSG)/flaps 20 6 0.33

Re-operations 1.23±0.76 2.67±1.15 <0.01

Hospital stay (days) 11.53±2.71 18.33±19.04 <0.01

Mortality 0 6 <0.01



75% probability of death, while a score <9 was associated with 
a 78% chance of survival. All these scores adequately character-
ize the severity and prognosis of FG, but clinician’s judgment is 
vital. Certain scores such as ACCI are more useful than others, 
as these can be calculated easily in the primary care setting. 
Previous studies report mortality rates ranging from 20%-
35% despite the aggressive medical and surgical management.
[10,12] Such high mortality rates were described in the previous 
decade, but now the outcome of patients with FG has changed 
drastically. Various adjunctive treatments have come up in the 
last decade. The use of hyperbaric oxygen (HBO) therapy has 
been proposed by some authors to improve the immunological 
response, inhibit the growth of anaerobic bacteria, and prevent 
further extension of tissue necrosis in patients with FG.[20] 
However, the exact benefits of HBO therapy in FG management 
are yet to be defined. 

An analysis of factors predicting the FG severity and its com-
parison with the present study is depicted in Table 5. There is a 
paradigm shift in FG outcomes with comparatively low mortali-
ty in the present study than previously reported.[21,22] The mortal-
ity rate in the present study was only 8%. Possible explanations 
for this low mortality rate include all the patients we admitted 
underwent urgent surgical debridement (within less than 8 hours 

from admission); we kept the threshold for re-debridement 
very low; we practice the step-down approach for the use of 
antimicrobials at our center, wherein parenteral administration 
of higher antibiotics (piperacillin-tazobactam/meropenem) is 
done empirically, which provides a broad-spectrum coverage, 
and later on, culture-sensitive specific antibiotics are given; the 
majority of patients admitted with us had lower severity of dis-
ease, as depicted by a low FGSI and ACCI. In conclusion, there 
is a paradigm shift in the FG clinical spectrum, and outcomes 
with comparatively low mortality are reported now when com-
pared to previous decades. A thorough knowledge of the predic-
tors of severity at the time of presentation may help clinicians 
decide an aggressive management strategy.

An advanced age, DM, renal impairment, leukocytosis, 
altered sensorium, shock at presentation, deranged interna-
tional normalized ratios, and high FGSI and ACCI scores can 
be used as predictors of the poor response. FG risk scores 
adequately characterize the severity and prognosis of FG, 
but clinician’s judgement is of vital importance. Management 
comprises of a multidisciplinary approach including paren-
teral antibiotics, urgent surgical debridement, and comorbidi-
ties optimization.
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Table 5. Comparison of factors predicting outcome of FG with present study
 No. of patients  Mortality rate 
Author studied (%) Parameters predicting outcome

Clayton et al.[4] 57 17.5 BUN>50 mg/dL

Laor et al.[12] 30 43 FGSI>9 

Ruiz-Tovar et al.[14] 70 22.9 Ethylism, coexistence of neoplasms, presence of skin necrosis, myonecrosis,  
   abdominal wall affection, number of debrided areas, re-operations  
   serum creatinine >1.4 mg/dL 
   Hb<10 g/dL 
   PLC<150×109/L

Kara et al.[16] 15 20 RBS>140 mg/dL, the existence of septic shock on admission, spread of  
   gangrene to the perineum and abdominal wall, BSA>24 cm2, cutaneous  
   source of infection  
   FGSI>7

Janane et al.[20] 70 11.4 Extent of BSA involved

Altarac et al.[21] 41 36.6 Elevated HR and RR, high serum creatinine, low serum bicarbonate, CKD,  
   higher median BSA affected  
   Severe sepsis on admission  
   SBP<90 mmHg  
   FGSI >11

Tuncel et al.[22] 50 14 Low Hb, high BUN, low albumin levels

Present study 72 8.3 Advanced age, DM, CKD, raised TLC-altered sensorium, shock at  
   presentation, high FGSI/ACCI scores, deranged INR
BMI: body mass index; DM: diabetes mellitus; Hb: hemoglobin; TLC: total leukocyte count; RBS: random blood sugar; FGSI: Fournier’s gangrene severity index; ACCI: age-
adjusted Charlson Comorbidity Index; INR: international normalized ratio; HR: heart rate; RR: respiratory rate; CKD: chronic kidney disease; BSA: body surface area; BUN: blood 
urea nitrogen; SBP: systolic blood pressure; PLC: platlet count
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ABSTRACT

Objective: To highlight changing trends of the clinical spectrum, and compare the management options 
and predictors of Fournier’s gangrene (FG) outcomes in a tertiary care referral center.

Material and methods: This study included patients with FG between August 2005 and July 2017. Pa-
tients were classified as “responders” and “nonresponders.” We compared the baseline characteristics, 
clinical spectrum, biochemical data, management modalities, outcomes, and FG severity index (FGSI) 
and age-adjusted Charlson Comorbidity Index (ACCI) between responders and nonresponders.

Results: We studied 72 patients and further divided them to responders (60 patients) and non-responders 
(12 patients). All were males; the mean age was 56.27+19.27 years (range, 47–85 years). The most com-
mon complaints were perineal discomfort (n=62; 86.1%) and fever (n=48; 66.7%). FG originated from the 
penoscrotal region in 64 patients (88.8%) and perineal region in 8 patients. Diabetes mellitus was the most 
common comorbidity (36%). The mean duration of the presentation was 10.19 days (range, 7–30 days). 
Sixteen patients underwent split skin grafting. The mortality rate was 8.3%. Nonresponders had distinct 
findings relative to responders: advanced age (71.5±7.17 vs. 53.23±19.85 years; p=0.00); high blood sugar 
(245.83±116.26 vs. 139.06±35.64 mg/dL; p<0.01); leukocytosis (27166.67±10295.75 vs. 10558.4±3130.64 
cumm; p<0.01); elevated serum creatinine (3.78±1.43 vs. 1.38±1.00; p<0.01); hyponatremia (127.33±11.84 
vs. 137.33±3.42 meq/l; p<0.01), elevated international normalized ratios (1.66±0.28 vs. 1.32±0.07; 
p<0.01); and high FGSI (9.83±1.11 vs. 6.46±1.68;p<0.01) and ACCI scores (6.33±0.49 vs. 5±0.82; p<0.01). 
On univariate and multivariate regression analysis, raised blood sugar and deranged international normal-
ized ratios at presentation were significantly associated with decreased response to treatment (p<0.05).

Conclusion: An advanced age, diabetes mellitus, renal impairment, leukocytosis, altered sensorium, shock at 
presentation, deranged international normalized ratios, and high FGSI and ACCI scores can be used as predic-
tors for poor response. FG risk scores adequately characterize the severity and prognosis of FG, but clinician’s 
judgement is vital. The management comprises of a multidisciplinary approach, including parenteral antibiot-
ics, urgent surgical debridement, and comorbidities optimization.

Keywords: ACCI; antibiotics; debridement; FGSI; Fournier’s gangrene; mortality; outcome. 
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Introduction

Fournier’s gangrene (FG) refers to a rapidly 
progressing infectious and necrotizing fasci-
itis, involving perineum, genitalia, or perianal 
regions with associated necrosis of overlying 
skin.[1] The initial description of FG was given 
by Nathan et al.[2] in 1764, while the entity was 
named in 1883 after Jean-Alfred Fournier, a 

French venereologist when he described a case 
of sudden-onset rapidly progressive genital gan-
grene in a young healthy man. FG is commonly 
associated with an advanced age, diabetes mel-
litus (DM), alcoholism, and conditions caus-
ing immunosuppression, such as malnutrition, 
obesity, chronic kidney disease (CKD), chronic 
liver disease, and malignancies.[3,4] FG can also 
arise secondary to untreated urogenital or ano-
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rectal diseases.[5] The etiology is mostly polymicrobial involving 
gram-positive, gram-negative, and anaerobic bacteria reflecting 
normal flora of urogenital or enteric region.[6-8] Despite various 
improvements in surgical practice and availability of new treat-
ments, the reported mortality ranges from 4% to 80%, with an 
average mortality reported to be around 20%.[9,10] Various scoring 
systems have been proposed that predict the severity of FG.[11-13] 

Charlson et al.[11] proposed age-adjusted Charlson Comorbidity 
Index (ACCI) that includes different scores for each comorbid 
illnesses; they proposed that the ACCI score >5 was associated 
with higher mortality rates. FGSI is a severity score comprising 
of vital signs (heart rate, respiratory rate, body temperature) and 
metabolic variables (hematocrit, serum sodium, bicarbonate, 
potassium, creatinine, and leucocytes); it has been previously 
used to prognosticate and stratify patients with FG.[12] There is 
paucity of studies on outcomes of FG from developing countries, 
including the Indian subcontinent, so we wanted to review our 
experience in the management of this entity in past 12 years. 
Our study focused on the clinical spectrum, management, and 
outcomes of FG in responders and nonresponders.

Material and methods

In the present study, medical records of 91 patients from August 
2005 to July 2017 were reviewed. Eight patients were lost to fol-
low-up, and data of 11 patients were incomplete. Hence the final 
analysis included data of 72 patients, who were further catego-
rized as responders (60 patients) and nonresponders (12 patients). 

This study included a retrospective data analysis of patients, 
who were diagnosed with and received treatment for FG, in 
the Department of Urology, King George’s Medical University, 
Lucknow, Uttar Pradesh, India, between August 2005 and July 
2017. Ethical approval was obtained from the Institutional Ethical 
Committee. The diagnosis of FG was based on clinical criteria 
comprising of the following features: local redness, edema, and 
tenderness arising initially from the urogenital or perianal area 
with or without further progression of the infection posteriorly 
and to other parts of the body (Figure 1).[14] If the appearance of 
these features initially occurred in other parts of the body and 
later on involved the urogenital and perineal regions, these cases 
were excluded. The parameters studied included baseline patient 
characteristics, clinical spectrum, basic laboratory parameters, 
given therapy, and the outcome. The baseline patient evaluation 
comprised of age, gender, body mass index (BMI), and history 
of comorbid illnesses. Clinical evaluation included duration from 
the onset of symptoms to access to medical care and diagnosis, 
hemodynamic status, and level of consciousness. Shock was 
defined as systolic blood pressure <90 mmHg. The level of con-
sciousness was considered to be either confusion, delirium, stu-
por, and coma. Basic laboratory evaluation comprised complete 
blood counts, renal function tests, liver function tests, evaluation 

of blood sugar, urine examination, and microbial culture sensi-
tivities from the wound. We also evaluated the surgical proce-
dure done, the origin of infection, depth of infection, need of 
reoperation, postoperative complications, mortality, and hospital 
stay. Patients were managed according to the severity of infection 
and associated comorbidities. Patients were discharged when the 
wound was healthy and granulating, and when toxic symptoms 
resolved. In cases where the wound size was too large for heal-
ing by secondary intention, a split-thickness skin graft (SSG) 
was placed over the wound. We have classified our patients as 
“responders” and “nonresponders” to find the predictors of out-
come. Responders were defined as those patients who were suc-
cessfully treated or who showed the signs of improvement within 
one week. The nonresponder group consisted of the patients who 
died or had progressive worsening of symptoms 48 hours after 
aggressive medical/surgical treatment. The outcome parameters 
included the difference in baseline characteristics, clinical spec-
trum, biochemical data, management modalities, outcomes, and 
FG severity index (FGSI) and ACCI between responders and 
nonresponders.

Statistical analysis
Data were recorded in the Microsoft Excel spreadsheet 
(Microsoft, Seattle, WA, USA) and analyzed using the IBM 
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Figure 1. Clinical image depicting Fournier’s Gangrene



Statistical Package for the Social Sciences software package 
version 23.0 (IBM SPSS Corp.; Armonk, NY, USA). Fisher’s 
exact test was used for categorical data, and the unpaired t-test 
was used for continuous data. A univariate and multivariate 
regression analysis was used to test the correlation between 
nonresponders and several clinical variables. A p-value <0.05 
was considered statistically significant.

Results

All affected patients were males with the mean age at presenta-
tion 56.27 years (range, 47-85 years). DM was the most com-
mon comorbidity in 26 patients (36.1%), followed by CKD in 
24 patients (33.3%) and liver disorders in 15 patients (20.83%). 
Two patients (2.7%) had coexisting bladder neoplasms, while 18 
subjects (25%) had preceding urethral stricture. The mean dura-
tion of presentation was 10.19 days (range, 7-30 days). The most 
common clinical complaints were perineal discomfort (n=62; 
86.1%) and fever (n=48; 66.7%), and on clinical examination, 
most frequently, patients had local edema (n=60, 83.3%), erythe-
ma with induration (n=38, 52.7%), skin necrosis (n=66, 91.6%), 
and regional crepitation (n=20, 27.7%). Patients were managed 
according to the severity of infection with aggressive surgical 
debridement of necrotic tissue along with intravenous antibiotics 
(covering gram-positive and gram-negative microorganisms, and 
anaerobes). The antibiotics were later modified based on clinical 
response, laboratory parameters, and as per culture sensitivity 
reports. Tables 1 and 2 show clinical and laboratory features of 
responders and nonresponders. Microbial cultures revealed poly-
microbial growth in cultures obtained from the wound in both the 
groups (Table 3). A significantly greater number of patients in the 
nonresponders group presented with advanced age, altered senso-
rium, shock, leucocytosis, raised blood sugars, serum creatinine, 
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Table 1. Baseline characteristics and clinical features 
Parameter Responders Nonresponders p

Number 60 12 

Age (years) 53.23±19.85 71.5±7.17 <0.01

Body mass index (kg/m2) 21.63±2.18 20.66±2.67 0.09

Duration between presentation and admission (days) 9.46±3.55 13.83±8.14 0.01

Hemodynamic status*  Normal-60 Normal -6 0.01

  Shock-6 

Level of consciousness& Normal-50 Normal-3 0.01

 Confusion-10 Confusion-3

 Delirium-0 Delirium-4

 Stupor-0 Stupor-2

 Coma-0 Coma-0 

Diabetes mellitus (DM) 18 8 0.02

Infection origin$ Penoscrotal region-60 Penoscrotal region-4 0.01

 Perineal region-0 Perianal region-8 

Initial depth of involvement  Superficial-40 Deep to fascia-6 0.01

 Deep to fascia-20 Deep to muscle-6 

*Shock was defined as a systolic blood pressure <90 mmHg.
&The level of consciousness was considered to be either normal, confused, delirium, stupor, and coma.
$The infection origin was considered to be either penoscrotal or perineal region.
#Initial depth of involvement  was considered to be either superficial, deep to fascia, or deep to muscle.

Table	2.	Laboratory	findings
Parameter Responders Nonresponders p
Hb (g/dL) 10.74±0.83 10.53±1.26 0.23
TLC (cu/mm) 10558.4±3130.64 27166.67±10295.75 <0.01
S. creatinine (mg/dL) 1.38±1.00 3.78±1.43 <0.01
S. sodium (meq/L) 137.33±3.42 127.33±11.84 <0.01
RBS (mg/dL) 139.06±35.64 245.83±116.26 <0.01
S. Bilirubin 0.43±0.23 0.55±0.23 0.04
SGOT (U/L) 54.6±14.66 53.83±28.09 0.44
SGPT (U/L) 61.32±8.48 55.83±2.12 0.15
PT-INR 1.32±0.07 1.66±0.28 <0.01
FGSI 6.46±1.68 9.83±1.11 <0.01

ACCI  5±0.82 6.33±0.49 <0.01
Hb: hemoglobin; TLC: total leucocyte count; RBS: random blood sugar; FGSI: Fournier’s 
gangrene severity index; ACCI: age adjusted Charlson Comorbidity Index



and FGSI and ACCI scores compared to responders (p<0.05). 
The outcome of FG patients is depicted in Table 4. Sixty patients 
responded to treatment. Six patients succumbed to death within 
72 hours after the admission due to septic shock and multior-
gan dysfunction syndrome resulting from necrotizing fasciitis. 
Urinary diversion in the form of suprapubic cystostomy was 
performed in 18 patients; however, none of the patients required 

bowel diversion. Thirty-seven (51.38 %) patients had to undergo 
re-debridement (single/multiple) due the progression of necrotic 
areas and presence of purulent material in the wound. Sixteen 
patients underwent split skin grafting (SSG) of the debrided areas 
by plastic surgeon (Figure 2). On the univariate and multivariate 
regression analysis, raised blood sugars and deranged internation-
al normalized ratios at presentation were significantly associated 
with a decreased treatment response (p<0.05). Medical complica-
tions were seen in 26 patients (36.1%): 17 lower respiratory tract 
infections, 7 urinary infections, and 2 central venous catheter 
infections. All the complications were successfully managed with 
conservative management and antibiotics. 

Discussion

Fournier’s gangrene is an uncommon disease accounting for 
<0.5% of annual hospital admissions globally.[15] The disease 
has a higher male predominance (male-to-female ratio, 10:1) 
with a median age at presentation being 50-79 years.[16] This was 
also evident in the present study as all the affected patients were 
males with an average age at presentation being 56.27 years. 
FG has been found to originate from the intentional or acci-
dental trauma to the anorectal (30%-50%) or urogenital region 
(60%) that causes the entry of bacteria in the local tissue.[16] As 
depicted in the present study, DM is one of the most significant 
predisposing factors in patients affected by FG.[17] In our study, 
36.1% patients were found to have coexisting uncontrolled 
DM, with all patients having the HbA1c levels greater than 9%. 
These patients were found to have higher ACCI scores (>8), 
a deep infection involving fascia and muscle compartment, 
multiple repeated operations required, and a prolonged hospital 
stay. Sustained hyperglycemia and microangiopathy in uncon-
trolled DM can decrease the neutrophil adhesion, chemotaxis, 
and cellular immunity.[17] The degree of diabetes control is con-
sidered to be an independent predictor of the extent of disease 
and prognosis in FG. Approximately one-third of patients in the 
present study had preexisting CKD. The presence of concomi-
tant CKD predisposes these patients to dyselectrolytemia and 
metabolic acidosis, and increases the toxicity of antimicrobial 
drugs excreted through the renal route, ultimately resulting in 
increased FG morbidity.[18] Long-term CKD may cause immu-
nosuppression and decreased wound healing.[18] FG is mostly 
recognized as a polymicrobial infection.[19] Most commonly 
identified organisms are streptococcus, staphylococcus, and 
Escherichia coli. Usually the wound cultures show evidence 
of more than one organism in the affected patient.[19] Various 
scoring systems are available to predict the severity of FG, such 
as FGSI, ACCI, the Uludag Fournier gangrene scoring index 
(UFGSI), Laboratory Risk Indicator for Necrotizing Fasciitis 
score (LRINEC), etc.[11-13] In a study done by Laor et al.[12], the 
authors predicted the FGSI score >9 to be associated with a 
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Figure 2. Clinical image depicting a healed scrotal wound 
with a split skin thickness graft

Table 3. Bacteriology of isolates from wound cultures in 
patients with FG 
Parameter Total Number Responders Nonresponders

Streptococcus pyogenes 15 12 3

Escherichia coli 16 15 1

Staphylococcus aureus 7 6 1

Pseudomonas aeruginosa 3 2 1

Klebsiella spp 3 3 0

Enterobacter spp 2 2 0

Bacteroides spp 2 1 1

Table	4.	Outcome	in	patients	with	FG	
Parameter Responders Nonresponders p

Intervention

   Surgical debridement 60 12 1.00

   Split skin grafts (SSG)/flaps 20 6 0.33

Re-operations 1.23±0.76 2.67±1.15 <0.01

Hospital stay (days) 11.53±2.71 18.33±19.04 <0.01

Mortality 0 6 <0.01



75% probability of death, while a score <9 was associated with 
a 78% chance of survival. All these scores adequately character-
ize the severity and prognosis of FG, but clinician’s judgment is 
vital. Certain scores such as ACCI are more useful than others, 
as these can be calculated easily in the primary care setting. 
Previous studies report mortality rates ranging from 20%-
35% despite the aggressive medical and surgical management.
[10,12] Such high mortality rates were described in the previous 
decade, but now the outcome of patients with FG has changed 
drastically. Various adjunctive treatments have come up in the 
last decade. The use of hyperbaric oxygen (HBO) therapy has 
been proposed by some authors to improve the immunological 
response, inhibit the growth of anaerobic bacteria, and prevent 
further extension of tissue necrosis in patients with FG.[20] 
However, the exact benefits of HBO therapy in FG management 
are yet to be defined. 

An analysis of factors predicting the FG severity and its com-
parison with the present study is depicted in Table 5. There is a 
paradigm shift in FG outcomes with comparatively low mortali-
ty in the present study than previously reported.[21,22] The mortal-
ity rate in the present study was only 8%. Possible explanations 
for this low mortality rate include all the patients we admitted 
underwent urgent surgical debridement (within less than 8 hours 

from admission); we kept the threshold for re-debridement 
very low; we practice the step-down approach for the use of 
antimicrobials at our center, wherein parenteral administration 
of higher antibiotics (piperacillin-tazobactam/meropenem) is 
done empirically, which provides a broad-spectrum coverage, 
and later on, culture-sensitive specific antibiotics are given; the 
majority of patients admitted with us had lower severity of dis-
ease, as depicted by a low FGSI and ACCI. In conclusion, there 
is a paradigm shift in the FG clinical spectrum, and outcomes 
with comparatively low mortality are reported now when com-
pared to previous decades. A thorough knowledge of the predic-
tors of severity at the time of presentation may help clinicians 
decide an aggressive management strategy.

An advanced age, DM, renal impairment, leukocytosis, 
altered sensorium, shock at presentation, deranged interna-
tional normalized ratios, and high FGSI and ACCI scores can 
be used as predictors of the poor response. FG risk scores 
adequately characterize the severity and prognosis of FG, 
but clinician’s judgement is of vital importance. Management 
comprises of a multidisciplinary approach including paren-
teral antibiotics, urgent surgical debridement, and comorbidi-
ties optimization.
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Table 5. Comparison of factors predicting outcome of FG with present study
 No. of patients  Mortality rate 
Author studied (%) Parameters predicting outcome

Clayton et al.[4] 57 17.5 BUN>50 mg/dL

Laor et al.[12] 30 43 FGSI>9 

Ruiz-Tovar et al.[14] 70 22.9 Ethylism, coexistence of neoplasms, presence of skin necrosis, myonecrosis,  
   abdominal wall affection, number of debrided areas, re-operations  
   serum creatinine >1.4 mg/dL 
   Hb<10 g/dL 
   PLC<150×109/L

Kara et al.[16] 15 20 RBS>140 mg/dL, the existence of septic shock on admission, spread of  
   gangrene to the perineum and abdominal wall, BSA>24 cm2, cutaneous  
   source of infection  
   FGSI>7

Janane et al.[20] 70 11.4 Extent of BSA involved

Altarac et al.[21] 41 36.6 Elevated HR and RR, high serum creatinine, low serum bicarbonate, CKD,  
   higher median BSA affected  
   Severe sepsis on admission  
   SBP<90 mmHg  
   FGSI >11

Tuncel et al.[22] 50 14 Low Hb, high BUN, low albumin levels

Present study 72 8.3 Advanced age, DM, CKD, raised TLC-altered sensorium, shock at  
   presentation, high FGSI/ACCI scores, deranged INR
BMI: body mass index; DM: diabetes mellitus; Hb: hemoglobin; TLC: total leukocyte count; RBS: random blood sugar; FGSI: Fournier’s gangrene severity index; ACCI: age-
adjusted Charlson Comorbidity Index; INR: international normalized ratio; HR: heart rate; RR: respiratory rate; CKD: chronic kidney disease; BSA: body surface area; BUN: blood 
urea nitrogen; SBP: systolic blood pressure; PLC: platlet count
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Preface

The very essence of cardiovascular medicine is the recognition of
early heart failure.

Sir Thomas Lewis 1933
Heart failure (HF) is emerging as an important public health

problem in India. With the dual burden of traditional diseases like
rheumatic heart diseases and the rising burden of new-age
diseases like coronary artery disease, the burden of HF in India, is
likely to be enormous. Also the varying geographic and ethnic
diversity poses a great challenge to the management of HF in our
country.

Since our resources are limited and the vast majority of the
population spend out-of-pocket for treatment, it is an important
responsibility of the cardiologists and all concerned stakeholders to
providethebestavailabletherapeuticoptionsinanaffordablemanner,
based on the latest available medical knowledge and practice.

It is in this context that Cardiological Society of India (CSI)
decided to bring together a group of experts in HF in India, to
develop and publish the ‘Position Statement on management of HF
in India’. The purpose of this statement is to provide a single
document for the whole country which provides the latest
available data both from India and the rest of the world. We also
have tried to gather data on conditions specific and relevant to the
Indian context like rheumatic heart disease, aortoarteritis and
endomyocardial fibrosis.

This position statement is recommendatory in nature and
carries no statutory status.
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1. Preamble, epidemiology and evaluation

1.1. Preamble

Heart failure (HF) affects about 26 million people worldwide1

and its management poses significant strain on healthcare
resources of a country. Ageing population, increasing prevalence
of cardiac risk factors and improved survival of patients with acute
cardiovascular diseases have resulted in HF becoming a major
public health problem, across the world. Improving awareness
about the condition, lifestyle modification, early detection,
treatment and monitoring are necessary to keep this public health
menace in check. A number of guidelines, mostly Western, are
available for management of patients with this condition but their
uniform implementation may be difficult across all countries
because of differences in infrastructure and local practices.
Therefore, there is a need for region specific and country-specific
guidelines which could more appropriately address such issues.

1.1.1. Magnitude of the problem
There is paucity of data on heart failure burden in India because

of the absence of disease surveillance systems in India. HF is not an
exception. We have indicators to assume that the incidence and
prevalence rates of heart failure are rising due to epidemiological
and health transitions. Huffman and Prabhakar in their projections,
based on disease-specific estimates projected that a conservative
estimate of the prevalence of heart failure in India due to coronary
heart disease, hypertension, obesity, diabetes and rheumatic heart
University from ClinicalKey.com by Elsevier on June 27, 
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disease is in the range from 1.3 to 4.6 million, with an annual
incidence of 0.4–1.8 million.2 Patients with heart failure are
younger than in the high income countries, with a mean average
age of around 60 years at presentation. They also have a high in-
hospital mortality and one year mortality, which are significantly
higher than that in the high income countries.3

1.1.2. Challenges of management of heart failure in India
The challenge is to make quality healthcare services accessible

and affordable to a socioeconomically and linguistically diverse
population of more than 1.3 billion4 spread over 3.287 million km2,
with inadequate infrastructure to deliver services and lack of strict
quality control measures. At the 2001 census, 72% of the
population lives in villages which are poorly accessible by roads,
making delivery of healthcare difficult. Only basic health care
facilities are available at most of the primary health centres, which
are often understaffed and their services overstretched. Most of the
tertiary healthcare resources are concentrated in the large cities
and that too mostly in the big Metropolis. This inequality in
healthcare distribution is a major impediment for implementation
of universal health care in India.

Government of India has cleared the National Health Policy
2017, which promises to increase public health spending to 2.5% of
GDP.5 This is still lower than the government spending in countries
such as UK (7.9%), US (8.2%) and Japan (9.6%).6 Private health care
runs parallel with government funded health service, but is
expensive and therefore affordability is an issue. As high as 86% of
rural population and 82% of urban population are not covered
under any insurance scheme whether public or private, to support
health expenditure.7 A study on microeconomics of cardiovascular
disease (CVD) in India showed that 79% people have to resort to
“distress financing” forcing them to borrow or sell assets when
faced with an acute episode of acute coronary syndrome (ACS) or
stroke.8

In such circumstances, healthcare rationing becomes inevita-
ble. In the private sector, where services come at a premium, it is
solely based on the affordability of the patient while in the public
sector, which is meant for the masses, it depends on the budgetary
allocation for health. We realize that there is a need to move from
the ‘ability to pay’ based rationing to ‘need based rationing’.
Therefore, whilst issuing a position statement, recommendations
for the more expensive treatments need to be judged against the
strength of their indications.

One of the striking features of India’s health care sector is the
variation in range of quality in available services. Apart from
infrastructural constraints, low level of provider’s knowledge, large
gaps between providers’ knowledge and the care provided, and
poor governance in the healthcare system could be the reasons for
poor quality of services.9 Efforts to improve the quality of care are
particularly challenged by the lack of reliable data on quality and
by technical difficulties in measuring quality.10 Moreover, the low
overall literacy level (72%) limits awareness and resists adoption of
changes.11

1.1.3. The need for a position statement
There are many reasons why region specific guidelines in the

management of heart failure are necessary. Most of the western
guidelines that we follow have been validated for Caucasians.
Unfortunately we do not have the wealth of data to confirm the
applicability of these guidelines to Indians. Where the strength of
evidence is high, the class of indication is unlikely to vary to suit
the economic constraints. On the other hand, where the evidence is
relatively weak, the cost-effectiveness need to be considered in
resource constrained settings. Device therapy in heart failure in the
Indian context is a perfect example.
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1.1.4. Objective
An expert committee was constituted by Cardiological Society

of India (CSI) for formulating the position statement on heart
failure. The objective was to provide a consensus statement on
heart failure management that could be applied across the country
and offer practical suggestions to the problems specific to the
country.

1.1.5. Limitations
Lack of adequate data on heart failure in India, remains the main

limitation of developing specific guidelines. Moreover, the purpose
of this position statement is recommendatory in nature and carries
no statutory status.

1.2. Epidemiology of heart failure (HF)

Heart Failure (HF) is one of the leading cause of hospitalization
in the High Income Countries (HIC), representing 1% to 2% of the
total hospital admissions.1 HF is a disease associated with
significant mortality, which is higher than many common cancers
like breast or colon. It is also associated with high morbidity, and
accounts for a significant share in the healthcare expenditures in
the developed world.11

Though we have good data on the epidemiology of HF from the
HIC, data from the low and middle income countries (LMIC) is very
limited and most of them are projections based on western data or
based on risk factor levels.2,12,13

The 2017 Heart Disease and Stroke update14 reports that 6.1
million Americans �20 years of age have HF based on the NHANES
data.15 Projected figures estimate that the prevalence of HF in US
will increase by 46% from 2012 to 2030 and the estimated medical
costs related to HF will increase almost by 127% to $69.7 billion in
2030.15

Some hospital based data on HF has recently emerged from
India,3,16, but there is no significant data on the HF burden in the
community. A preliminary estimate on the community-level
prevalence of HF in the adult population in India is about 1%.12

We have certain projections and estimates on HF from India and
South Asia.2,17 Based on these estimates (where US prevalence data
is extrapolated to Indian population), the prevalence of HF in India
is estimated to be 22.7 million.17

When we try to project the burden of HF in India, we have to
give consideration to the presence of risk factors of HF. Prevalence
of HF is likely to be proportionate to the risk factor levels in the
society. India is said to be having the “double burden”. On one side
there is rise in prevalence of conditions like hypertension, diabetes,
and coronary artery disease and on the other side, there is
persistence of “traditional ” like rheumatic heart disease.17 There
are also specific conditions which are unique to India, like
aortoarterits, endomyocardial fibrosis, untreated congenital heart
disease, high prevalence of chronic obstructive pulmonary disease
(COPD) due to high biomass fuel use which can contribute to the
burden of HF.

1.2.1. HF burden � how India is different?
The age at presentation with HF is dependent upon the level of

epidemiological transition of that country. In the Trivandrum Heart
Failure Registry (THFR) from India,16 the patients with HF were 10
years younger (mean age 61 years) compared to their western
counterparts. In the INTER-CHF study, the mean age among Indians
were 56 years, while the patients from sub-Saharan Africa were
even younger at 53 years.18 By contrast, the mean age at
presentation was 72 years in USA19 and the European data – the
mean age was 70 years.20 The Kerala ACS registry also showed the
presentation of ACS was at a younger age in India.21
al University from ClinicalKey.com by Elsevier on June 27, 
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Fig. 1. Difference in the age distribution of patients with HF from India versus United States3,19.
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The age distribution of the patients presenting with HF is also
different. (Fig. 1) This data indicates that the burden of HF is in the
younger population at productive ages in India. The gender ratio is
also different in India compared to US and Africa. Male to female
ratio is almost equal proportions in US and Africa, while in India
this ratio is 70:30.16

The etiology of HF in India is also different from the west. The
INTERCHF data shows that CAD is the most common etiology of HF
in Asia (48%), while in the Trivandrum Registry IHD accounted for
71%. Table 1 shows the various etiologies in patients from the
Trivandrum registry and the INTER-CHF registry.18 RHD accounts
for 8–10% of the burden in India, but it is not a significant problem
in the west.19

The risk factor prevalence in patients with HF is also different
from the west. Type 2 Diabetes(T2DM) is much more prevalent
among Indians than westerners as per the Trivandrum Registry.3

The prognosis of HF in Indians is worse than the Western
population. The in-hospital mortality of 8.4% in THFR is much
higher than 4% in the ADHERE registry of USA. But the thirty-day
mortality is similar at 30% in both US and Indian populations. The
Inter CHF study shows that the one year mortality of in-patients
with HF is much higher in India and Africa, about 37% and 60%
respectively.22

Coming to the management of HF, an important issue is the
level of evidence based care. In the Trivandrum registry, it was
found that only 25% of the population received guideline directed
medical therapy – GDMT (i.e. a combination of BB + ACEI + Aldo-
sterone blockers in HF r EF), and those who did not receive GDMT
had higher mortality. This points towards need for quality
improvement programs. Fig. 2 summarizes the salient features
of HF epidemiology in India.
Table 1
Differences in etiology of Heart failure among large studies form Asia (INTERCHF)
and India (Trivandrum HF registry).

ASIA(INTERCHF)18 Trivandrum Registry16

ISCHEMIC 48 71
HYPERTENSIVE 14.1 2
DCM 11 15
Rheumatic HD 10 8
ENDOCRINE/METABOLIC 5
VALVULAR �NONRHEUMATIC 3 2.5
Idiopathic/hypertrophic 2
CHD 1 1.3
Peripartum Cardiomyopathy 0.25
Right heart failure 1.5

Notes: DCM- dilated cardiomyopathy, RHD- rheumatic heart disease, CHD-
Congenital heart disease.
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1.3. Heart failure � definition and types

Heart failure (HF) is a term easily understood, but is difficult to
define. Numerous definitions of HF are proposed with only a few
definitions having widespread acceptance.23 One of the classical
definitions says “HF is a pathophysiological state in which an
abnormality of cardiac function is responsible for the failure of the
heart to pump blood at a rate commensurate with the require-
ments of the metabolizing tissues or does so only at elevated filling
pressures”.24 The American College of Cardiology (ACC)/Ameri-
can Heart Association (AHA) guidelines25 define “HF as a
complex clinical syndrome that results from any structural or
functional impairment of ventricular filling or ejection of blood”.
The ESC guidelines26 define HF as “a clinical syndrome
characterized by typical symptoms (e.g. breathlessness, ankle
swelling and fatigue) that may be accompanied by signs (e.g.
elevated jugular venous pressure, pulmonary crackles and
peripheral oedema) caused by a structural and/or functional
cardiac abnormality, resulting in a reduced cardiac output and/or
elevated intra cardiac pressures at rest or during stress”. A more
detailed analysis of various definitions of HF may be found
elsewhere.23

1.3.1. Stages of HF
All the current definitions of HF are restricted to manifest stages

with apparent clinical symptoms and signs. However, vast majority
of patients have asymptomatic structural or functional cardiac
abnormalities like left ventricular (LV) hypertrophy, LV systolic or
diastolic dysfunction, and valve diseases which are well known
precursors of HF. It is important to recognize and treat them as
established HF has poor prognosis. So, control of these HF
Fig. 2. Heart failure Epidemiology – How India is different?.
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Table 2
ACC/AHA Stages of HF.

Stages Definitions Examples

Stage A At high risk for HF but without structural heart disease or symptoms of HF Risk factors for HF like hypertension
Stage B Structural heart disease but without signs or symptoms of HF LV dysfunction, LV hypertrophy
Stage C Structural heart disease with prior or current symptoms of HF Most forms of chronic HF
Stage D Refractory HF requiring specialized interventions Advanced/end stage HF
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precursor conditions may prevent or delay progression to overt HF.
In recognition of the importance of the predisposing conditions in
the causation of HF, the ACC/AHA25 recognizes 4 stages of HF
(Table 2). Stage C & D are the clinically recognizable forms, while
stage A & B are the pre-HF forms. HF may be further classified by
underlying etiology, ejection fraction, time course and severity.

1.3.2. Types of heart failure

1.3.2.1. Underlying etiology. A critical component of HF diagnosis is
defining the aetiology for HF. Most commonly, LV systolic and/or
diastolic dysfunction is the frequent cause of HF across the
world. In India, RHD remain one of the common causes of HF.27

Additionally, pericardial, endocardial, heart rhythm and
conduction abnormalities, structural heart defects, and
metabolic and systemic conditions may also cause HF. More
than one aetiology may contribute to the development and
progression of HF in some cases.

1.3.2.2. Heart failure with preserved,mid-range and reduced ejection
fraction (Table 3). LVEF remains central to the characterization of
HF, despite the shortcomings. Traditionally, HF is classified as HF
with reduced EF (HFrEF) and HF with preserved EF (HFpEF). HFrEF
is typically defined as LVEF <40% and HFpEF typically considered as
LVEF �50%. This distinction is very important as both these forms
have different underlying etiologies, risk profiles, demographics,
and co-morbidities .

The recent ESC guidelines26 realize that patients of HF with
LVEF in the range of 40–49% represent a ‘grey area’, and have
introduced a new term ‘HF with midrange EF (HFmrEF)’. Patients
with HFmrEF are likely to have mild systolic dysfunction with
variable amount diastolic dysfunction. In some of the HFrEF
patients, the LVEF may improve with treatment or spontaneously
and may be in HFmrEF or HFpEF. However, their prognosis and
outcomes may be different. Hence, ACC guidelines categories these
patients into HFrEF ‘improved’.

HFrEF is easier to diagnose and manage with evidence based
guidelines as compared to HFpEF. Most often patients with HFpEF
have normal sized LV with EF > 50%, but with an increased LV wall
thickness and/or increased left atrial (LA) size on echocardiography
along with an evidence of impaired LV filling, hence was referred as
diastolic HF. Earlier classification of HF as systolic HF and diastolic
HF was simple, but was realised to be less accurate. Most patients
with systolic HF also have measurable abnormalities of diastolic
function and most patients with diastolic HF also have subtle
abnormalities of systolic function using advanced methods of LV
systolic function assessment. Moreover, not all patients of HFpEF
have measurable abnormalities of diastolic function on echocardi-
ography. Hence, the terms HFrEF and HFpEF are preferred over
systolic and diastolic HF.
Table 3
Definitions for Heart failure with preserved, mid-range and reduced EF.26

HFrEF (HF with reduced EF) LVEF � 40%
HFpEF (HF with preserved EF) LVEF � 50%
HFmrEF (HF with mid-range EF) LVEF 41–49%
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1.3.2.3. Terminology related to the time course of heart
failure. Chronic HF and acute decompensated HF (ADHF) are
the two most well recognized forms of HF with distinctly varying
mortality, morbidity and outcomes. Most of the patients have
chronic HF with an insidious onset of symptoms/signs. Acute
decompensated HF is the preferred term for patients presenting
acutely with HF, which can be defined as ‘the sudden or gradual
onset of the signs or symptoms of heart failure requiring
unplanned office visits, emergency room visits, or
hospitalization’.28 It may be due to a de novo acute onset HF or
due to decompensation in a patient with chronic stable HF.

A de novo ADHF may present with an acute or subacute onset.
Some conditions like myocardial infarction, myocarditis and acute
infective endocarditis are associated with an acute HF with onset
within minutes to hours. Dilated cardiomyopathy, infective
endocarditis and acute rheumatic fever are classical examples of
HF with subacute onset within days to a few weeks. Some of these
conditions may resolve completely with or without specific
therapy. However, a significant proportion of patients end up
having chronic forms of HF. Any worsening of HF in a patient with
chronic stable HF also leads to ADHF. Such decompensation of
chronic HF is the most common cause of ADHF leading to
hospitalization and increased mortality.28

Most of the current guidelines25,26,29 describe an asymptomatic
patient with reduced LVEF who never exhibited typical signs and
symptoms of HF as having ‘asymptomatic LV systolic dysfunction’.
However, such patients are at increased risk of mortality and future
morbidity and some deaths may occur even before the patient
exhibits first signs or symptom of HF. Some of these asymptomatic
LV dysfunction patients may have raised biomarkers. It may be
prudent to include a category of ‘asymptomatic HF’ (Stage C, NYHA
class I). This identity is also important in a transiently symptomatic
patient who became asymptomatic on treatment. Then, HF term
may no longer be restricted to patients with manifest signs and
symptoms.

1.3.2.4. Terminology related to the symptomatic severity of heart
failure. New York Heart Association (NYHA) functional
classification (Table 4) remains the most widely used to assess
symptomatic severity and exercise tolerance in HF.30 However,
NYHA classification has several limitations. The symptom stages
are clearly related survival, yet they correlate poorly with measures
of LV function. Moreover, mildly symptomatic patients may also
have an increased risk of hospitalization and death.

Patients having a severe form of cardiac dysfunction presenting
with severe symptoms and recurrent decompensation is referred
as having ‘advanced HF’. Patients with ‘end-stage HF’ character-
istically have advanced structural heart disease with symptoms of
heart failure at rest or upon minimal physical exertion, despite
maximal evidence-based treatment. Patients who are continually
symptomatic despite maximum tolerated medical therapy are also
referred as having ‘refractory HF’.

1.3.2.5. Other commonly used classification terms in HF. Some of the
commonly used terms in HF like stable HF, compensated HF, and
congestive HF needs further elaboration. Many or all of these
previously defined terms may be accurately applied to the same
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 4
NYHA classification and definitions.30

Class Description

I No limitation of physical activity. Ordinary physical activity does not
cause symptoms of HF.

II Slight limitation of physical activity. Comfortable at rest, but ordinary
physical activity results in symptoms of HF.

III Marked limitation of physical activity. Comfortable at rest, but less
than ordinary activity causes symptoms of HF.

IV Unable to carry on any physical activity without symptoms of HF, or
symptoms of HF at rest.
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patient with HF at different times, depending upon their stage of
illness. ESC defines stable/compensated HF as “a treated patient
with symptoms and signs that have remained generally unchanged
for at least 1 month”. Congestive HF is a term used for patients of
acute or chronic HF presenting with evidence of volume overload.
Congestive HF (CHF) or congestive cardiac failure (CCF) are
common terms used in India for chronic HF presenting with
clinical signs, but are not specific and are better avoided.

All the components essential for making a complete diagnosis
HF are summarized in Fig. 3.

1.4. Pathophysiology of heart failure

Heart failure results due to loss of functional myocardial cells
(ischemia, myocarditis, cardio myopathies) and also due to extra-
myocardial diseases (valvular heart diseases, pericardial diseases,
systemic hypertension). On a long run, the extra-myocardial
disease processes can also affect the myocardial function by posing
pressure and volume overload.

Heart failure due to any etiology is characterised by changes in
vascular function, fluid volume and neuro-hormonal status, which
serve initially to restore the balance, but are considered to be
detrimental over a long term.

1.4.1. Hemodynamic alterations in HF

1.4.1.1. Acute decompensated heart failure. Decrease in cardiac
output hikes up the sympathetic nervous tone and inhibit
parasympathetic system which attempt to maintain perfusion by
Fig. 3. Components of chronic HF Diagnosis.
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increasing peripheral vascular resistance and stimulating the
contractile reserve of the remaining myocardium. Vasoconstriction
helps to increase the preload and filling pressures. The sarcomere
overlap progressively decreases with distension of the chambers and
beyond the point of optimal stretch, the volume of blood ejected
declines, further worsening the stroke volume and increasing the
filling pressures. Salt and fluid retention by kidneys sets in and
attempts to increase the preload and tissue perfusion.

1.4.1.2. Chronic heart failure. The variable recovery of the
myocardium along with elevated filling pressures enables gradual
improvement in cardiac output, thus stabilising the patient. The
elevated chamber volume attempts to improve the forward output,
but increases the wall stress by the law of Laplace. This stimulates
hypertrophy by laying down of sarcomeres in series with
lengthening of the myofibres, thereby acting as a counter-measure
to decrease the wall stress. Progressive volume overload and/or loss
of contractile elements as in myocardial diseases result in gradual
loss of efficacy, increased myocardial oxygen demand, sub
endocardial ischemia and worsening heart failure.

1.4.2. Basis of compensatory mechanisms in heart failure
A series of systemic compensatory mechanisms are initiated

once cardiac injury occurs (Fig. 4). These mechanisms attempt to
maintain the cardiac output by affecting the myocardium and
vasculature. The adaptive changes in myocardium are collectively
termed ventricular remodelling. While the compensatory mecha-
nisms in patients with heart failure with reduced ejection fraction
have been documented well, the understanding of pathophysio-
logical processes involved in patients suffering from heart failure
with preserved ejection fraction is in an evolving stage.

1.4.3. Ventricular remodelling (Fig. 5)
The term ventricular remodelling encompasses the complex

alterations in the ventricle in response to various mechanical,
neurohormonal, and immunological stressors on the heart,
resulting in alterations in volume, wall thickness and/or shape
(). Though initially considered to be protective, adaptive hypertro-
phic changes over a long term have adverse consequences.
Consequent to identification of adaptive mechanisms at molecular
and biochemical level, the process has been redefined as “genomic
expression resulting in molecular, cellular and interstitial changes
that are manifested clinically as changes in size, shape and function
of the heart after cardiac injury.”31

1.4.4. Pathophysiology of HFPEF
In normal hearts, LV pressure rapidly decreases after systole,

facilitating rapid filling in diastole with low filling pressures. This is
aided by active suctioning effect of left ventricle generated by
intraventricular gradients, longitudinal motion of mitral annulus,
untwisting of LV during early diastole and elastic recoil of the
ventricle after the end of the systole. These are impaired in patients
with HFPEF resulting in decreased rate of pressure decay in LV
during isovolumic relaxation phase, progressive.

Initially these may be manifest during exercise only. There is
progressive increase in the reliance on atrial systole for ventricular
filling, with worsening left atrial hypertension and its consequen-
ces, pulmonary venous congestion, pulmonary arterial hyperten-
sion and right heart failure. Contractile dysfunction often coexists,
not severe enough to depress ejection fraction in resting state. This
may become more apparent during exercise.

1.5. Clinical evaluation of heart failure patients

Clinical evaluation is one of the most vital parts of management
of patients with heart failure. The purpose of clinical evaluation is
University from ClinicalKey.com by Elsevier on June 27, 
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Fig. 4. Various compensatory mechanisms initiated in Heart failure.
ANS – autonomic nervous system; ACE – angiotensin converting enzyme; ADH – antidiuretic hormone, CO – cardiac output; ET – endothelin; NE – norepinephrine; NFkB –

nuclear factor kappa beta; NO – nitric oxide; RAAS – renin angiotensin aldosterone system; ROS – reactive oxygen species; SNS – sympathetic nervous system; VC –

vasoconstriction
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to diagnose heart failure, derive etiological clues, and assess the
severity of the condition while taking care to exclude other causes
of dyspnea or edema. Clinical evaluation also assesses response of
these patients to therapy.

1.5.1. History
Clinical evaluation should start with a good history which will

give insights into the etiology of heart failure, the precipitating
factors, and the disease severity.
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Most common symptoms of HF are dyspnea, symptoms related to
fluid retention, palpitation and fatigue (Table 5). Dyspnea initially may
be exertional, but can worsen to present as paroxysmal nocturnal
dyspnea(PND)ororthopneaordyspneaatrest.Palpitationscanbedue
to tachycardia, dilated heart or can be due to arrhythmias like atrial
fibrillation or ventricular arrhythmias.

Fatigue is due to low cardiac output. Low cardiac output can also
manifest as reduced urine output and also lethargy and mental
slowing.
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Fig. 5. Molecular and pathological changes seen during ventricular remodelling.
GPCR – G protein coupled receptor; MHC – myosin heavy chain; MMP – matrix metalloproteinase; SERCA – Sarcoplasmic Reticulum Calcium – Adenosine triphosphatase

Table 5
Typical symptoms and signs of Heart Failure.

Symptoms Signs

Dyspnea Elevated jugular venous pressure
PND Hepatojugular reflux
Orthopnea Third heart sound
Fatigue Laterally shifted cardiac apical impulse
Palpitations Dependent edema
Dependent edema Basal crepitations
Cachexia Tender hepatomegaly
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Fluid retention commonly manifest as dependent edema,
ascites or pleural effusion. Gastrointestinal symptoms such as
anorexia, early satiety and weight loss are common in patients
with HF and are due to visceral congestion. Cardiac cachexia is
associated with adverse prognosis. Change in body weight is also
very important. Rapid weight gain and development of peripheral
edema or ascites suggests volume overload while weight loss
during treatment indicates a good therapeutic response and is
helpful in establishing the diagnosis of heart failure

One should also elicit history which will give clues to the
etiology of HF. History of rheumatic fever in the past, history of
myocardial infarction (MI), presence of risk factors like hyperten-
sion or diabetes mellitus, history of a recent viral infection,
pregnancy, history of habituation to alcohol intake, history of
cancer chemotherapy, all can give clues to the etiology.

Recent or frequent prior hospitalizations for HF is associated
with adverse prognosis.

It is necessary to assess the compliance to life style, dietary
restrictions and physical activity. It is also very important to assess
the compliance to drug therapy as it is known to affect the
prognosis in HF.

At the same time, one should enquire also about medications
that may exacerbate HF (eg NSAIDs) since discontinuation of such
medications may represent a therapeutic opportunity.

1.5.2. Physical examination (Table 5)
Physical examination compliments the history and will give

clues to the etiology of heart failure. It can confirm the diagnosis of
HF and also assess the severity of HF.

General examination can give clues to the etiology, for example
evidence of chronic alcohol intake can point towards alcoholic
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cardiomyopathy. Presence of mucosal pallor indicating anemia,
can point towards a precipitating factor.

Height, weight and body mass Index (BMI) should be recorded.
Periodic weight monitoring is vital in the management of HF.

Blood pressure (supine and upright) should always be recorded.
We should always look for postural changes in blood pressure and
heart rate. These will give clues to volume depletion or excess
vasodilation from medications. Sinus tachycardia, low blood
pressure and reduced pulse pressure indicates a low cardiac
output. A pulsus alternans may indicate depressed cardiac
function.

One should look for signs of fluid overload in the form of
peripheral edema or ascites or pleural effusion. Recent weight gain
is a clue.

JVP at rest and following abdominal compression (hepatoju-
gular reflux) is extremely useful part of physical examination to
identify systemic congestion.

The most important and specific sign of HF is cardiac
enlargement. Size and location of point of maximal impulse
University from ClinicalKey.com by Elsevier on June 27, 
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should be looked for and documented. Presence of right ventricular
heave suggests significant right ventricular dysfunction and/or
pulmonary hypertension

Presence of third heart sound (S3) indicates adverse prognosis
in HFrEF and is sometimes the only distinct finding in asymptom-
atic heart failure patients. Pansystolic murmur of mitral regurgi-
tation may be audible and should be carefully looked for. Other
murmurs due to valvular heart disease will give clues to the
etiology.

Respiratory rate, rales and presence of pleural effusion should
be assessed. It is important to remember that in advanced chronic
HF, rales are often absent despite major pulmonary congestion and
hence their absence should not eliminate the possibility of heart
failure.

Hepatomegaly may be looked for carefully. It indicates venous
congestion and can be used to serially monitor the patients.
Presence of ascites indicates advanced right heart failure.

1.5.3. Electrocardiogram
ECG is one of the most crucial diagnostic tools in evaluation of

patients with HF. A 12 lead ECG is recommended in all patients
who are suspected of having HF. Occasionally we may need right
sided leads or leads V7 or V8. ECG. Though the ECG may be
abnormal in most of the patients, a normal ECG will not rule out
HF.

Pre-existing or development of bundle branch block (BBB) is a
poor prognostic factor in patients with heart failure. Left bundle
branch block (LBBB) prevalence is as high as 25% in patients with
chronic heart failure. LBBB causes deterioration of the mechanical
function of the left ventricle secondary to asynchronous
myocardial activation, which sequentially trigger ventricular
remodelling and bad prognosis. Right bundle branch block (RBBB)
has been shown in studies to be associated with worse prognosis
in patients with chronic heart failure compared to patients with
no BBB.

Non-sustained ventricular tachycardia (NSVT) is common
among patients with dilated cardiomyopathy with reported
prevalence of 30–80%. Though common, the prognostic signifi-
cance of NSVT as an independent risk factor in heart failure is
questionable. Signal averaged ECG and heart rate variability
studies have conflicting evidence as a predictor of mortality in
dilated cardiomyopathy.

Utility of ECG in HF
1. CAD – Presence of Q waves or loss of R waves or ST segment shift

indicates presence of CAD.
2. Arrhythmias can give clues to the etiology – eg. Atrial

Fibrillation, bradycardia.
3. ECG can give clues towards electrolyte imbalance
4. ECG – can provide Prognostic information – Eg. Presence of

ventricular arrhythmias.
5. It can give clues to chamber enlargement – LVH, RVH, LAE

What to assess in ECG in patients with HF?
Heart rate, PR interval, QRS duration, QT interval, pathological Q

waves, evidence of left atrial/right atrial overload, left ventricular/
right ventricular hypertrophy, bundle branch block, atrial and
ventricular arrhythmias.

CHEST X Ray
As part of the initial assessment of patients with HF Chest X-ray

(CXR) stills remains an important diagnostic tool. CXR gives two
important clues to HF, presence of cardiomegaly and presence
pulmonary congestion, both are very specific to the diagnosis of HF.

What to look for in CXR in HF:

1. Cardio-thoracic ratio
2. Pulmonary congestion
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3. Specific cardiac chamber enlargement
4. Pleural effusion
5. Other abnormalities – Lung parenchymal abnormalities, Calci-

fication eg. Pericardial

1.6. Echocardiography

1.6.1. Echocardiography
Echocardiography is the critical diagnostic tool in patients with

suspected heart failure, where it provides functional and structural
information. With the wide availability of echocardiography, it has
emerged as the most important tool in the diagnosis, assessment of
prognosis and in follow up of patients with HF.

1.6.2. Assessment of structural heart disease
A basic Echocardiographic examination of M-mode, two-

dimensional echocardiography, colour Doppler, pulse Doppler
and continuous wave Doppler should be performed in all patients
with suspected heart failure.

Echocardiography gives the diagnosis, confirms the etiology
and assesses the severity, which helps in deciding the type of
treatment required.25,26,32–34

Echocardiography provides insights into all stages (A,B,C and D)
of heart failure.32,33,35

1.6.3. Assessment of systolic and diastolic function
Two-dimensional echocardiography is the mainstay for the

assessment of LV systolic function which includes LV imaging in
parasternal long axis view, parasternal short axis views and apical
views.35 LV measurements should be done from two-dimensional
echocardiography, and the assessment of LV volume by modified
biplane Simpson’s method is the most widely accepted method.
Area–length method may be used when biplane Simpson method
is technically not feasible. Care should be taken to get the correct
apical views with visualization of the LV apex and clear
identification of the endocardium. In patients with poor image
quality, contrast opacification of LV will help to better delineate the
endocardium.

M-mode echocardiography should not be used for LV
quantification and it should be done from two-dimensional
echocardiography. Cube method and Quinones method should
not be used for measurement of LV volumes and ejection fraction.
Three-dimensional echocardiography when available should be
used for measuring LV volume and ejection fraction. LV
myocardium is divided into 16 or 17 segments and visualized
in parasternal long axis, parasternal short axis and apical views
according to the coronary blood supply. Wall motion abnormali-
ties should be described using this nomenclature with wall
motion scoring index.

Assessment of LV diastolic function is an equally important
requirement of echocardiography.37 Diastolic dysfunction can be
identified by doing a left atrial outflow Doppler sampling between
the tips of anterior and posterior mitral leaflets, tissue Doppler
from septal and lateral mitral annulus, pulmonary vein velocity,
left atrial volume measurement and identification of presence or
absence of pulmonary hypertension. Left atrial volume provides
incremental information about the severity and chronicity of
diastolic dysfunction and is an important prognostic indicator in
various groups of heart diseases. Right atrial volume measurement
and RV diastolic dysfunction has limited value and not recom-
mended in routine echo.

The LV diastolic dysfunction can be graded into type I abnormal
relaxation pattern, type II pseudo normal pattern and type III
restrictive pattern and Type IV irreversible restrictive pattern
(Table 6).
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 6
Echocardiographic criteria for assessing grades of Left ventricular diastolic dysfunction.37

Diastolic Dysfunction

Normal Grade I Grade II Grade III

Mitral E/A �0.8 �0.8 >0.8 to <2 >2
Average E/e ’ ratio <10 <10 10–14 >14
Peak TR velocity (m/s) <2.8 <2.8 >2.8 >2.8
LA volume index <34 ml/m2 Normal or increased >34 ml/m2 >34 ml/m2

Table 7
Echocardiographic criteria for assessing severity of right ventricular function.

RV Function

Normal Mildly abnormal Moderately abnormal severely abnormal

RV Diastolic Area (cm2) 11–28 29–32 33–37 �38
RV Fractional Area change (%) 32–60 25–31 18–24 �17
TAPSE 1.5–2.0 1.3–1.5 1.0–1.2 <1.0
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1.6.4. Assessment of right ventricular function and pulmonary
hypertension

The importance of RV function and RV haemodynamics is being
increasingly recognized in the management of HF. Assessment of
RV function and hemodynamics is very important to decide about
the management of patients, which includes both medical and
surgical methods of treatment.32,33 This information can be
obtained from two-dimensional and Doppler echocardiography
which is considered now as the non-invasive Swan-Ganz catheter.
Pulmonary artery systolic pressure, diastolic pressure and mean
pressure can be calculated from tricuspid and pulmonary
regurgitation. Right atrial pressure is mainly assessed by using
the inferior vena cava dimension and its changes with respiration.
RV function can be assessed by surrogate parameters like, TAPSE
(Tricuspid annular plane systolic excursion), Tricuspid annular
tissue Doppler velocity, RV fractional area change and RV
myocardial performance index (Table 7). RV volumes and ejection
fraction can be obtained by three-dimensional echocardiography,
but it has not come into routine clinical practice yet. Cardiac
magnetic resonance imaging (CMRI) is still the gold standard for
measuring the RV volumes and ejection fraction.

1.6.5. Tissue d Doppler imaging
Tissue Doppler imaging (TDI) gives information about regional

and global function.32 Tissue Doppler of LV is sampled from mitral
annulus and from basal and mid-ventricular myocardial segments.
Its use is limited since it’s a Doppler based technique and can only
be used in apical views. TDI is mainly useful for diastolic function
assessment and in the measurement of LV filling pressures (E/e’). It
is also useful in assessing LV and RV function by calculation of
myocardial performance index since the parameters can be
measured in the same heartbeat. Conventional echocardiography
plays an important role post CRT for assessing LV function, severity
of mitral regurgitation (MR) and adjusting the atrio-ventricular
and inter-ventricular delays after CRT.
Table 8
Definition of abnormal global longitudinal strain &clinical situations for it’s use.

Abnormal if more than �16% (Normal Range �15.9% to �22.1%)
It is being used to monitor specific clinical conditions to detect sub clinical LV dysfu
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1.6.6. Speckle tracking echocardiography
TDI and speckle tracking echocardiography (STE) has helped us

to understand LV myocardial mechanics32,33,35 Peak global
longitudinal strain (GLS) of LV by STE has come into clinical use,
the normal value being �18% to �22%. GLS value of above �16%
indicates LV systolic dysfunction (Table 8). Regional peak
longitudinal strain pattern of LV myocardial segments can be
shown as a Bull’s eye diagram with colour coding and numerical
values. This may be useful to identify affected segments in various
disease conditions. It has also been shown to be useful in
identification of areas of fibrosis in patients with dilated and
hypertrophic cardiomyopathy. In amyloidosis, it gives a typical
pattern of apical sparing with marked decrease of strain in basal
and mid myocardial LV segments, the typical “cherry on top of ice
cream” appearance.

In patients with HFpEF, even though LV ejection fraction is in
the normal range, strain is decreased indicating subclinical LV
systolic dysfunction. Strain can also be used to identify sub clinical
LV dysfunction after cancer chemotherapy. 25% decrease in GLS
compared to the basal values identifies myocardial systolic
dysfunction. GLS can also be used to predict early LV systolic
dysfunction before ejection fraction decreases in patients with
mitral and aortic regurgitation, aortic stenosis, left ventricular
hypertrophy due to systemic hypertension, hypertrophic and
restrictive cardiomyopathy. Both TDI and STE have shown some
utility in assessing patients after cardiac transplant, especially
patients who are likely to develop rejection

1.6.7. Three-dimensional echocardiography
Trans-thoracic real time three-dimensional echocardiography

(RT3DE)38 provides accurate LV volume and ejection fraction
because the volume is measured by counting the number of voxels
present in the LV cast. It is superior since, there is no geometrical
assumption and hence no mathematical formula is involved,
provided the LV is not foreshortened and LV apex is always
Global Longitudinal Strain

nction
-Cancer induced chemotherapy
-Aortic stenosis
-May have a role in cardiac amyloid & Hypertrophic cardiomyopathy
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included. RT3DE LV volume correlates well with the gold standard
of LV volume by CMR imaging.

1.6.8. Contrast echocardiography
Contrast echocardiography using commercially available con-

trast agents is useful for LV opacification. Contrast delineates LV
endocardium and facilitates more accurate estimation of LV
volume and ejection fraction. Contrast echocardiography can be
combined with stress echocardiography for identification of wall
motion abnormalities with treadmill stress and dobutamine stress
echocardiography. It is also useful for identification of thrombus,
aneurysm, non-compaction, viable myocardium and apical hyper-
trophic cardiomyopathy.

1.6.9. Stress echocardiography
Stress Echocardiography may be combined with physical

exercise like treadmill test or pharmacological stress like dobut-
amine stress echocardiography (DSE). Stress echocardiography can
be used to identify wall motion abnormalities developing after
myocardial ischemia. DSE is useful to identify the biphasic
response which indicates viability of myocardium. Stress echocar-
diography can also be used in patients with asymptomatic and low
flow low gradient aortic stenosis. It is also useful in patients with
mitral and aortic regurgitation. Stress echocardiography is not
recommended for the diagnosis of pulmonary hypertension. In
patients with significant dyspnoea with normal resting LV diastolic
pressure, diastolic stress test may identify patients with abnormal
diastolic dysfunction where an increase in LV end diastolic
pressure produces dyspnoea.

1.7. Biomarkers in heart failure

1.7.1. Introduction
Although heart failure (HF) remains a fundamentally clinical

diagnosis, substantial advances in the understanding of the
underlying biology and pathophysiology of this syndrome has
led to a greater interest in objective means to quantify its presence,
severity, and potential future progression. Among the most
intensively studied tools to achieve these goals are circulating
biomarkers.

Various remodelling and neurohormonal activation pathways
exist whose activity may be leveraged for biological monitoring.
(Table 9)

Among the biomarkers, plasma concentration of natriuretic
peptides (NPs) is the most commonly used initial diagnostic test in
India. It may be used, when and where feasible, particularly when
echocardiography is not immediately available Patients with
normal plasma NP concentrations are very less likely to have
HF. The upper limits of normal levels of NPs in the acute and non-
acute settings are discussed below.

So, the use of assay of BNP and NT pro-BNP, is recommended to
rule-out HF. However, other biomarkers discussed here, may be
Table 9
Biomarkers of HF.

Myocardial Injury Neurohormonal Activatio

Myocyte Stretch
NT-proBNP, BNP, MR-proANP

Arginine Vasopressin
System
Arginine vasopressin

Oxidative Stress
Myeloperoxidase, oxidized low-density lipoproteins,
MR-proADM

Renin Angiotensin Syst
Renin, angiotensin II,
aldosterone

Myocardial Injury
Troponin T, troponin I

Sympathetic Nervous
System
Norepinephrine,
Chromogranin A
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used in tertiary care and specialized HF clinic for select group of
patients.

1.7.2. Natriuretic peptides
The natriuretic peptides represent the gold standard for

biomarkers in HF. The signs and symptoms of HF are non-specific,
and many patients who are suspected to have HF referred for
echocardiography, finally turned to have no significant cardiac
abnormality. In the developing world, like India, where the
availability of echocardiography is limited, an alternative approach
to diagnosis is to measure the blood concentration of NPs in HF.36

Many major studies have examined the threshold levels that
can be used as a cut-off to exclude the diagnosis of HF for the two
most commonly used natriuretic peptides, B-type natriuretic
peptide (BNP) and N-terminal pro B-type natriuretic peptide (NT-
proBNP).39–41 Different cut-off values have been proposed for
patients presenting with acute decompensated heart failure
(ADHF) and those patients presenting with a more gradual onset
of symptoms.

For patients presenting with acute decompensated HF, the ideal
exclusion cut-off point is proposed to be 300 pg/mL for NT-proBNP
and 100 pg/mL for BNP.42 For patients presenting with chronic
heart failure, the optimum exclusion cut-off point is 125 pg/mL for
NT-proBNP and 35 pg/mL for BNP. The sensitivity and specificity of
BNP and NT-proBNP for the diagnosis of HF are lower in non-acute
settings.39–41

The blood levels of these biomarkers, BNP and NT-proBNP come
down with treatment of chronic HF, and it correlates with
improved clinical outcomes. Thus, the strategy of using BNP or
NT-proBNP “guided” therapy versus standard care without
natriuretic peptide measurement was compared to find out
whether guided therapy renders superior achievement of guide-
line-directed medical therapy (GDMT) in patients with HF.
However, such RCTs have yielded inconsistent results as we
discuss below.

These trials comparing the two strategies, which gave mixed
results differ primarily in their study populations, with successful
trials enrolling relatively younger patients and only those having
HFrEF. In addition, the positive “guided trials” aimed at a lower
natriuretic peptide goal and/or a substantial reduction in
natriuretic peptides during treatment.43 Although most trials
examining the strategy of biomarker “guided” management of
patients with HF were small and underpowered, two comprehen-
sive meta-analyses have concluded that BNP guided therapy
reduces all-cause mortality in patients with chronic HF as
compared to usual clinical care44,45 especially in patients <75 years
of age. The increase in survival could be attributed to the increased
achievement of GDMT. In some cases, as we occasionally encounter
in our clinical practice, BNP or NT-proBNP levels may not be easily
modifiable. If the BNP or NT-proBNP value does not fall after
aggressive HF care, we know that the risk for death or re-
hospitalization for HF is significantly higher. On the contrary, some
n Remodelling

Hypertrophy/Fibrosis
Matrix metalloproteinases, collagen propeptides, galectin 3, soluble ST2

em Apoptosis
GDF-15

Inflammation
C-reactive protein, tumor necrosis factor α, Fas, interleukins, osteoprotegerin,
adiponectin
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patients with advanced HF have normal NP levels or have falsely
low NP levels because of obesity or they have HFpEF.

There are many cardiac and non-cardiac causes which can
elevate NP levels that may weaken the diagnostic utility in HF.
Atrial fibrillation, age and renal failure are the most important
factors which can affect the interpretation of NP measurements.
On the other hand, plasma NP levels may be disproportionally low
in obese patients, which have to be considered when we interpret
NP values.

Treatment with ARNI and monitoring with Natriuretic peptides-
Sacubitril/valsartan (ARNI) increases levels of circulating BNP, so
BNP is not useful for monitoring the prognosis of these patients
who are on ARNI. NT-proBNP is still useful as changes in the levels
of this biomarker reflect the reduced pre-proBNP secretion as a
result of reduction in the ventricular wall stress in response to HF
treatment.

1.7.3. Biomarkers of myocardial injury: cardiac troponin T or I
Higher levels of circulating cardiac troponin are found in

patients with HF, without any evidence of myocardial ischemia and
frequently in those without underlying CAD. This suggests the
presence of ongoing myocyte injury or necrosis in these patients
with HF. In chronic HF, elevation of cardiac troponin levels is
associated with impaired hemodynamics, progressive LV dysfunc-
tion, and increased mortality rates. The data is similar in patients
with acute decompensated HF also, where elevated cardiac
troponin levels are associated with higher clinical adverse events
and mortality. Data also shows that decrease in troponin levels
over time while on treatment is associated with a better prognosis
than persistent elevation in patients with chronic or ADHF. In India
CAD contributes to the majority of HF burden hence, the
measurement of troponin I or T should be routine in patients
presenting with acutely decompensated HF syndromes. Inflam-
matory CMP should be considered if troponins are elevated.

The other biomarkers which are being evaluated in HF and their
pathophysiological mechanism is given in Table 10. None of these
biomarkers have consistently shown usefulness like BNPs.

1.8. Non-Invasive imaging other than echocardiography

Echocardiography remains the cornerstone of HF evaluation,
however, other non-invasive imaging techniques magnetic reso-
nance imaging, FDG PET as well as nuclear imaging plays an
important role in specific situations.

An overview of the potential role of these imaging techniques
are discussed below.

1.8.1. Ischemic heart disease

1.8.1.1. Viability assessment. Patients with severe left lentricular
dysfunction are known to improve after revascularization,
suggesting the presence of viable myocardium.46 Viability
assessment can be done by many imaging techniques such as
18F-FDG PET-CT, Cardiac MRI, SPECT-CT imaging, and dobutamine
stress echocardiography. Thallium201 (Tl-201) imaging is an
established procedure for the detection of viable myocardium
Table 10
Novel Biomarkers.

Biomarker 

1 Mid-regional pro adrenomedullin (MR-pro ADM) 

2 Copeptin 

3 Soluble ST-2 (Soluble suppression of Tumorigenicity �2) 

4 Galectin-3 (Gal �3) 

5 Kidney Injury Molecule-1 
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and various protocols like stress-redistribution, rest-delayed, rest-
reinjection are used for this purpose.

For the last several years many studies have come up which
tested for viability with Technetium (Tc) agents. Tc agents have the
advantage of superior imaging characteristics of 99mTc and hence
this allows more doses to be given, along with reduced tissue
attenuation of Tc-agents.47 Though initial studies have revealed
that Tc labelled tracers are less accurate than Tl-201 for detection of
viable myocardium,48 recent studies have shown that using
nitroglycerin and 99mTc-myocardial agents, it is possible to
achieve comparable sensitivity and specificity for myocardial
viability detection as with the use of Tl-201.49,50

F-18 Fluorodeoxyglucose (FDG) Positron Emission Tomography-
Computed Tomography scan (PET-CT) is also one of the commonly
used investigation for accurate assessment of viable myocardium.

FDG PET requires proper patient preparation. Depending on
blood glucose level, glucose load or intravenous insulin as per
sliding scale has to be administered according to standard protocol.
If the patient’s blood glucose level is more than 140 mg/mL, they
have to rescheduled after control of blood glucose levels.

1.8.1.2. Inflammatory myocardial disease. Sarcoidosis is a
multisystem granulomatous disease of unknown etiology. The
current diagnostic criteria for cardiac sarcoidosis includes
gadolinium-enhanced MRI which was added as a minor
criterion for the clinical diagnosis.

Imaging using 18F-FDG PET, in conjunctionwith perfusion imaging
to assess fibro granulomatous replacement of the myocardium in
sarcoidosis is found to have high sensitivity and specificity.

In general, PET/CT imaging for cardiac sarcoid disease should be
considered in patients having second or third-degree atrioventric-
ular block of unknown etiology in patients <55 years of age and
when non-ischemic, monomorphic ventricular tachycardia man-
ifests. In particular, an early identification of cardiac sarcoid
involvement with PET/CT imaging may be crucial to install
immunosuppressive therapy and thereby prevent the develop-
ment of severe cardiomyopathy and heart failure symptoms.51

1.8.1.3. Radionuclide ventriculography. With the advent and
routine use of gated myocardial perfusion studies (MPS) and
highly improved cardiac computed tomography and magnetic
resonance imaging, a number of previous applications of
radionuclide ventriculography using MUGA(Multigated
acquisition) or ERNA(equilibrium radionuclide angiography)
have almost gone into oblivion or add little to the practical
management of cardiac patients at present.52,53

1.8.2. Role of cardiac magnetic resonance imaging (CMR) in evaluation
of patients with heart failure

Over the last two decades Cardiac Magnetic Resonance (CMR)
imaging has established itself as the imaging of choice especially in
patients with limited echo windows or right ventricular pathology.

CMR is excellent in providing accurate anatomical and
functional data without exposure to ionising radiation. It is also
recognised as the gold standard modality in assessment of left
ventricular ejection fraction (LVEF).55
Pathophysiological pathway

Sympathetic nervous system activation
Arginine-vasopressin system activation
Cardiac Fibrosis – Considered as a marker of long term prognosis.
Cardiac Fibrosis
Indicates renal involvement in HF
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CMR is unique in its ability to characterise myocardial
morphology using T1/T2/T2*(star) mapping wherein relaxation
times of different myocardial pathologies can be used to establish a
diagnosis without the use of contrast. Delayed enhancement (DE)
imaging is also unique for CMR wherein imaging is performed 10–
15 min after giving contrast. Abnormal tissue enhances more than
normal myocardium and is depicted as bright region in the
background of normal dark myocardium. CMR can characterize
underlying cause of heart failure based on the pattern and location
of enhancement/scar/interstitial fibrosis with DE imaging.

1.8.3. Ischemic heart disease
CMR can help in making important decisions with regards to

revascularisation and guiding further therapy by selecting patients
who would benefit from surgical or interventional revascularisa-
tion. CMR can assess myocardial viability and potential to recover
by using various markers- wall motion abnormality, myocardial
thinning, delayed enhancement imaging for transmurality of
infarction and by assessing contractile reserve.

Myocardial segments with wall motion abnormalities and no/
mild (<25%) scar have good likelihood of functional recovery
following revascularisation. Segments with more than 75% hyper
enhancement have been shown to have little or no potential for
functional recovery following revascularisation.54 Transmurality of
scar is the second most important predictor of functional recovery.
Scar volume by CMR, also predicts survival and all-cause mortality
independent of the left ventricle ejection fraction.55–57 Viability and
potential recovery of myocardium post revascularisation can also be
assessed with the use of low dose Dobutamine stress by establishing
myocardial contractile reserve. Flow reserve can also be determined
with CMR using vasodilator stress and establishing the functional
significance of indeterminate coronary artery stenosis.

CMR clearly depicts the transition zone and represents the gold
standard for patient selection for aneurysmectomy.58

1.8.4. Non-Ischemic myocardial disease

1.8.4.1. Dilated cardiomyopathy (DCM). Presence of mid-
myocardial delayed gadolinium enhancement suggests fibrosis
and is associated with higher incidence of arrhythmia, adverse
events, hospitalisation and mortality.59 CMR also provided
accurate assessment of LV and RV volumes, mass and systolic
function. It is also very useful in ruling out common other mimics
of DCM, especially ischemic cardiomyopathy in older patients.

1.8.4.2. Myocarditis. Presence of global/regional dysfunction,
myocardial oedema and contrast enhancement in mid
myocardial/subepicardial distribution are commonly seen
imaging findings in myocarditis. Parvovirus B19 myocarditis
produces lateral wall enhancement and recovery within a few
months, but herpesvirus-6 myocarditis produces septal
enhancement and rapid progression to cardiac failure.60

1.8.4.3. Granulomatous cardiomyopathy. Two most common
causes of granulomatous cardiomyopathy are sarcoidosis and
tuberculosis. CMR can accurately demonstrate myocardial edema
and/or fibrosis along with evidence of extra cardiac involvement of
sarcoidosis. Noncaseating granulomas in cardiac sarcoidosis may
involve the LV free wall, basal ventricular septum, right ventricle,
papillary muscles, right and left atria. The clinical manifestations
depend on the site and extent of these granulomas. Also, LGE
imaging can act as a guide to decide the site of endomyocardial
biopsy. In spite of extensive myocardial involvement, pericardial
involvement is uncommon and asymptomatic. Presence of
mediastinal adenopathy may be seen and provides an accessible
site for biopsy for histopathological confirmation.61,62
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Myocardial tuberculosis is considered an uncommon clinical
entity and is only infrequently diagnosed ante-mortem. Patholog-
ically, there are three patterns of involvement:

� Miliary tuberculosis, with the heart being just one of the many
organs involved
� Diffuse infiltrating interstitial disease.
� Caseating nodular disease (tuberculoma).

The miliary form is by far the commonest; tuberculomas are
much rarer. The lesions may involve the atria, the ventricles, or the
interventricular septum and may lead to heart block. It may also
present as intracavitory mass lesion, commonly within the atria.
Mediastinal adenopathy and pericardial involvement with peri-
cardial effusion and pericarditis are common imaging findings.63,64

1.8.5. Non-ischemic myocardial disease

1.8.5.1. Hypertrophic cardiomyopathy: HCM. CMR will accurately
depict various phenotypes of HCM- symmetrical, asymmetrical,
apical, mid cavity etc. The apical variety and RV involvement is
often difficult to diagnose on echocardiography due to poor echo
window and CMR is useful. Typical pattern of LGE in HCM is
midwall patchy or punctate hyper enhancement in a thickened
myocardium in a noncoronary distribution.65

Two common types of HCM progression to the burned-out
phase are seen at imaging: a dilated form where the LV is most
commonly affected and a restrictive pattern where atrial dilatation
is the most prominent morphologic finding. Both patterns of
progression lead to heart failure, which is commonly unresponsive
to available therapies and ultimately necessitates cardiac trans-
plant.

CMR allows effective assessment of septal thickness, quantifi-
cation of ejection fraction and identification of fibrosis. Cardiac MR
imaging can also demonstrate morphologic abnormalities of the
mitral valve apparatus and papillary muscles, which are important
contributors to development of sub aortic gradients and LVOT
obstruction. CMR also can accurately quantify the amount of mitral
regurgitation, which can help in deciding surgical management.
Since the most devastating complication of HCM is SCD, cardiac MR
imaging allows prediction of which patients require ICD implan-
tation.66

1.8.5.2. Iron overload cardiomyopathy. Heart failure due to iron
overload is the most common cause of death in patients with
thalassaemia major worldwide.

Iron assessment by T2* relies on the measurement of T2*
relaxation from gradient echo (GRE) sequences. T2* values in the
mid-septum have been calibrated to myocardial tissue iron levels
in [Fe] milligrams per gram dry weight and indicate a strong
inverse linear relationship.67

T2* monitoring is now internationally recommended in the
annual monitoring of transfusion-dependent patients at risk of
developing myocardial iron loading. In this way, T2* imaging of
cardiac iron loading has progressed from a research technique to a
clinically validated tool and has transformed clinical outcomes in
β-thalassaemia major.68

1.8.5.3. Arrhythmogenic right ventricular cardiomyopathy
(ARVC). ARVC is characterised by fibro fatty infiltration of the
right or both ventricles. Recently published international task force
guidelines emphasise assessment of regional wall motion
abnormality and RV volumes and ejection fraction.69 CMR can
contribute to one major or one minor criteria towards the diagnosis
of ARVC according to the Task Force. LV involvement can also be
accurately demonstrated by CMR.
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1.8.5.4. Cardiac amyloidosis. Cardiac amyloidosis is characterized
by thickened myocardium, atria, and interatrial septum, with
diminished systolic function and biatrial enlargement. Delayed
enhancement is typically global subendocardial progressing to
transmural, but can also occasionally be patchy.70 A unique feature
of cardiac amyloidosis is the alteration of T1 kinetics of gadolinium
distribution, with nulling of the myocardium before the blood pool
due to diffuse amyloid infiltration, resulting in higher gadolinium
uptake and T1 shortening

1.8.5.5. Left ventricular non-compaction. This is characterised by
prominent trabeculations in the LV cavity with deep inter-
trabecular recesses. Patients present with heart failure,
arrhythmias or embolic events. There is lack of consensus in
diagnostic criteria for LV non-compaction especially due to overlap
with DCM and apical HCM. Both CMR and echo can depict
hypertrabeculated myocardium but CMR can depict biventricular
anatomy/function, can exclude other anomalies and also
demonstrate fibrosis.71

1.9. Invasive evaluation of heart failure

Vast majority of patients with HF can be evaluated using non-
invasive modalities like echocardiography and CMR. But we have to
resort to invasive techniques occasionally as we discuss below.

1.9.1. Indications for invasive testing in heart failure
a) To resolve diagnostic uncertainties in patients with inconclu-

sive clinical findings.
b) For evaluation of pulmonary vascular disease.
c) To look for coronary anatomy when ischemia is suspected as a

cause of heart failure
d) To assess for suitability for advanced therapies in chronic heart

failure like work-up for cardiac transplant

1.9.2. Modalities for invasive assessment of heart failure
Invasive evaluation of heart failure (HF) can be discussed under

the following headings- Right heart catheterization (RHC),
Coronary arteriography, Endomyocardial biopsy and Implantable
hemodynamic monitoring devices.

A. Role of RHC in heart failure �
There is no role of routine RHC in management of heart

failure72 as most therapies in treatment of HF are based on
either symptomatic improvement or survival benefit rather than
their effect on hemodynamic variables. Routine use of pulmo-
nary artery catheter insertion to manage heart failure was not
found to improve morbidity and mortality in landmark ESCAPE
trial.72 Thus, it is no longer recommended to use right heart
catheterization routinely in every patient.26,27 Hemodynamic
monitoring can be considered in patients with clinically
indeterminate volume status and those refractory to initial
therapy.

The Subset of patients, which might get benefit from RHC
include �
1. Patients with persistent severe symptoms despite optimum

medical therapy.
2. Dependence on intravenous inotropic infusion after initial

clinical improvement.
3. Patients with cardiogenic shock requiring vasopressor therapy

and being considered for mechanical circulatory support.
4. Patients being evaluated for heart transplantation

B. Role of Coronary arteriography
Those with previous history of angina and CAD and who are

considered suitable for potential coronary revascularization
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should preferably have an invasive coronary angiogram in order
to establish the diagnosis of CAD and its severity. In view of the
high prevalence of CAD in young population in India, it is better to
err on the side of doing a CAG rather than not doing it.

Patients with malignant arrhythmia and survivors of sudden
cardiac death are candidates for coronary angiogram. Those who
have recent worsening of symptoms of CAD also earn a coronary
angiogram even if prior angiograms are unremarkable.

1.10. C. Endomyocardial biopsy -

Given the limited diagnostic yield, routine use of Endomyo-
cardial biopsy (EMB) is not indicated. It should be considered only
when a specific diagnosis is being suspected, that is likely to impact
the therapy. Endomyocardial biopsy should not be performed in
the routine evaluation of HF.

Adult and pediatric patients who present with the sudden
onset of severe left ventricular failure within 2 weeks of a
distinct viral illness and who have typical lymphocytic
myocarditis on EMB have an excellent prognosis. Therapy with
combinations of immunosuppressive agents has been associated
with improved outcome in giant cell myocarditis and necrotiz-
ing eosinophilic myocarditis. EMB can be helpful in identifying
those patients. (Cooper et al. European Heart Journal (2007) 28,
3076–3093).

EMB is useful for
1. Rapidly progressive heart failure that worsens despite optimum

medical therapy:
a Unexplained new-onset heart failure (HF) of less than two
weeks.

b Unexplained new-onset HF of two weeks with a dilated left
ventricle and new ventricular arrhythmias or heart block.

2. Suspected cardiac rejection after heart transplantation
3. Suspected myocardial infiltrative disorder

Important considerations while planning EMB -
1. Anticipated yield of the procedure as well as the risk of sampling

error and procedure related complications.
2. The availability of effective therapy for the diagnosis that is

obtained.
3. EMB is recommended in when the unique prognostic and

diagnostic value of the information gained is likely to outweigh
the procedural risk.

4. Facilities and personal who can interpret the biopsy specimens.

1.10.1. Role of implantable hemodynamic monitoring devices in heart
failure

Newer devices permit the measurement of ambulatory
hemodynamics with implantable monitors. These devices include
RV leads that measure intrathoracic impedance and pressure,
wireless pulmonary artery pressure monitors, and left atrial
pressure sensors. These devices are based on the principle that rise
in LV filling pressure commonly occurs days before symptoms,
changes in weight, or hospitalization. However currently there is
no established role of these devices in heart failure management.
The commonly available devices are the Chronicle device
(Medtronic, Inc., Minneapolis), and CardioMEMSTM device.

1.11. Diagnostic evaluation: evaluation protocol for heart failure suited
to India �

1.11.1. Introduction
The patients of heart failure require a detailed evaluation for

etiology, prognostication, and assessment of treatable co-morbid-
ities that can improve outcomes in these patients.
University from ClinicalKey.com by Elsevier on June 27, 
. Copyright ©2022. Elsevier Inc. All rights reserved.



S18 S. Guha et al. / Indian Heart Journal 70S (2018) S1–S72
1.11.2. Evaluation in patients with HF
After a detailed clinical evaluation, all patients suspected of

having HF should have an ECG, Chest X-Ray and an echocardio-
gram as discussed. We will be able to diagnose and prognosticate
most of the patients with these three investigations. But we need
further evaluation in a sub-group of patients, one group where we
could not reach a diagnosis and the other group where we need to
further quantify or qualify the disease or the associated co-
morbidities.

Some of the patients need advanced imaging modalities like
CMR, cardiac CT or invasive cardiac catheterization. Few patients
need to be referred to other sub-specialties for evaluation.
Examples include thyroid dysfunction related cardiomyopathy,
hemochromatosis, sarcoidosis and amyloidosis. Holter monitoring
may be required in patients suspected of having tachycardiomy-
opathy. Obstructive sleep apnea is a common co-morbidity
encountered with HF and that needs evaluation and prompt
treatment.

A proposed algorithm for the work-up of patients and follow-up
is given below.

HEARTFAILURE–PROPOSED INVESTIGATION PROTOCOL
FIRST LEVEL–FOR ALL PATIENTS

1. Height and Weight – at each visit
2. Heart rate, Supine and standing BP(at each visit)
3. Chest X Ray and ECG(Initial visit and to be reviewed

periodically)
4. Echocardiogram-(Initial visit and to be reviewed periodically)
5. Holter – (If atrial fibrillaion or ventricular arrhythmias are

suspected or suspected tachycardiomyopathy)
6. Complete blood count
7. ESR
8. Serum BNP or NT Pro-BNP(to be repeated as and when

required)
9. LFT (Liver function tests) – S bilirubin, SGPT

10. RFT (Renal function test) – Creatinine with serum electrolytes
to be repeated as required

11. Virology- HIV/HBsAg/AntiHCV antibody
12. Thyroid profile – Screening with TSH levels.
13. 6 min walk test(ambulant patients)

SECOND LEVEL INVESTIGATIONS- IN SELECTED CASES
1. Cardiac Cath[Right atrial mean pressure, Pulmonary Capillary

Wedge, pulmonary artery -PA(systolic/diastolic /mean), Left
ventricular end-diastolic pressure (LVEDP), pulmonary vascular
resistance (PVR), Coronary angiogram, Coronary venogram, left
and right ventricular (LV and RV) angiogram as required

2. Cardiac MRI(with hepatic screening for hemochromatosis)

SECOND LEVEL WORKUP- AS PER PHENOTYPE ON Echocar-
diography.

Expansion of Short forms. HRCT – High Resolution computed
Tomography, S.ACE – Serum Angiotensin converting enzyme, S.Ca
– Serum calcium, S.Ph – Serum Phosphorus, ASO Titer –

Antistreptolysin O Titer, S.Ca – Serum calcium.
DCM HCM RCM

Family screening Family
screening

S Ferritin S. Ferritin
Echo–dyssynchrony
Viral Titres (Coxsackie/Enterovirus)
If conduction abnormality/VT: Sarcoidosis to
be ruled out-
S.Ca /S.Ph /HRCT Chest / S.ACE

If conduction abn/
VT: Sarcoid-
S.Ca/S.P/
HRCTchest/S.ACE

If ECG/Echo suggestive: Amyloid workup-
Abdominal Fat pad Biopsy

If ECG/Echo
suggestive:
Amyloid
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(Continued)

DCM HCM RCM

workup-
Abdominal Fat pad
Biopsy

Pediatric age: ASO titre

2. Management of heart failure

2.1. Non-pharmacological management

Nonpharmacological management occupies an important place
in heart failure therapy. However, most of the recommendations
are based on consensus expert opinion or are derived from limited
trial data.

2.1.1. Sodium restriction
Increased salt consumption is one of the most important causes

of worsening of heart failure.73,74 Dietary sodium restriction results
in reduction in dose of diuretic which helps in reducing plasma
renin activity and improves overall outcome.75 Observational data
suggest an association between dietary sodium intake with fluid
retention and risk of hospitalization.76,77 Other studies have
reported worsening neurohormonal profile with sodium restric-
tion in heart failure.78 Majority of the studies have been performed
in patients with HFrEF except one which has been performed on
HFpEF.79 These data have been mostly obtained from a predomi-
nantly white population and hence may not be fully extrapolated
to the Indian context. The scenario has been further complicated by
the results shown by 2 randomized control trials that lower
sodium intake is associated with worse outcome in patients with
HFrEF.80,81

American Heart Association and the United States Department
of Agriculture (USDA) recommend sodium intake of 2.3 gm
(equivalent to 5.7 gm of common salt) per day for the general
population, and 1.5 gm for those with hypertension, blacks and
middle-aged and older people.82 In India it is reasonable to limit
daily sodium intake to 2–3 gm. In severe cases of heart failure
sodium intake may be restricted to 500 mg/day83

2.1.2. Obesity
Obesity has generally been defined as body mass index (BMI)

�30 kg/m2. For Asian Indians 25 kg/m2 is accepted as the upper
level of normal BMI. However, HF patients with BMI between
30-35 kg/m2 have lower mortality and hospitalization rates as
compared to those with BMI in normal range.84 It has been
shown that overweight (25–29.9 kg/m2) and obese patient with
heart failure have better survival than patients with ideal body
weight (BMI 18.5 to 24.9 kg/m2).85,86 Low BMI (<18.5 kg/m2)
subjects with HF appear to have the highest mortality. Reasons
for this “obesity paradox” remain unexplained. Until further
data are available, caloric restriction as part of the treatment of
the severely obese patient with HF and weight stabilization or
reduction in overweight and mildly obese patients seem
reasonable.

2.1.3. Fluid intake
Fluid restriction is indicated in setting of symptomatic

hyponatraemia whether or not it is caused by pharmacological
therapy. In the outpatient setting, fluid restriction generally is
indicated for advanced HF refractory to high doses of oral diuretic
agents. Most HF management programs monitor patient volume
status reliably and effectively by measuring daily morning weight.
al University from ClinicalKey.com by Elsevier on June 27, 
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Non-adherence with dietary sodium restriction or pharmacologi-
cal therapy for HF, use of non-steroidal anti-inflammatory agents
and glitazones and excessive high fluid intake (>6 l per day) are the
usual causes of diuretic refractoriness.

2.1.4. Nutritional management
Cardiac cachexia is associated with stimulation of cytokines,

tumor necrotic factor-α and chronic low cardiac output state.
Special nutritional recommendations have been made regarding
frequency and size of meal to ensure high energy diet. There is no
evidence for use of anabolic steroids.

Multivitamin and mineral supplementation, especially thiamine,
may be recommended as all patients, who are on diuretic therapy, are
usually deficient of essential vitamins and minerals.87,88

Naturoceutical products including ma huang, ephedrine
metabolites, hawthorne or imported Chinese herbs are contra-
indicated in HF.89

2.1.5. Lifestyle modification
The diagnosis of HF and its prognosis usually provoke anxiety.

Relaxation techniques like meditation and yoga may improve
patient daily functioning.90

Standard heart failure therapy may worsen sexual dysfunction
leading to discontinuation of HF therapy and deterioration of HF
symptoms. Phsophodiesterase – 5 inhibitors can be safely used in
compensated HF patient but not with nitrates.

The reversal of ventricular remodelling and normalization of
left ventricular ejection fraction after cessation of alcohol
consumption are established facts.91,92

2.1.6. Exercise rehabilitation
Several studies have reported that physical conditioning by

exercise training improves functional aerobic capacity, health
related quality of life and hospitalization rate in patients with HF.
One large randomized controlled trial has reported a modest but
non-significant reduction in primary composite outcome of all –

cause mortality or all – cause hospitalization.93,94 In a recent
Cochrane review on exercise training which included 33 trials with
4740 patients with HF (majority HFrEF), it was reported that there
was trend of reduction in mortality.94 Regular aerobic exercise and
inspiratory muscle training programs are recommended.

2.1.7. Other therapies

2.1.7.1. Continuous positive airway pressure. Sleep disorders are
highly prevalent in HF patients. It is therefore recommended that
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formal sleep evaluation should be undertaken in patients who
remain symptomatic despite optimal HF therapy. It has been
shown that use of continuous positive airway pressure (CPAP)
reduces edema, daytime muscle sympathetic nerve activity,
systolic blood pressure, frequency of ventricular premature
beats during sleep and improves LV function.95–97 A Canadian
trial found that patients randomized to CPAP had increased LVEF,
improved nocturnal oxygenation and improved 6 min walk
distance but no survival benefit was reported.98 However, CPAP
may be harmful in presence of central sleep apnoea.

2.1.7.2. Supplemental O2. Oxygen supplementation is a useful
adjunct in hospitalized HF patients during acute decompensation.
Resting or exertional hypoxemia due to pulmonary congestion
requires increased dose of diuretic agent rather than supplemental
O2 therapy.

2.1.7.3. Vaccination. Polysaccharide and conjugated
pneumococcal vaccine every 5 years and influenza vaccination
every year are recommended in all HF patients who do not have
any known contradictions.573

2.2. Pharmacological management of acute HF

2.2.1. Aims of management
� Identification of the hemodynamic profile of patient (by
assessing the volume status and adequacy of systemic perfu-
sion),
� Identification of the precipitating factor,
� Relieving symptoms,
� Directly improving short- and long-term outcomes,
� Initiation and optimization of long-term therapies.

The central hemodynamic components of decompensated
heart failure are the elevation of filling pressures and the reduction
of cardiac output. The assessment of these hemodynamic profiles
helps to direct the pharmacotherapy.99 Profile B, “warm and wet,”
with congestion and adequate perfusion is the most common type.
(Figs. 6 and 7)

2.2.2. Optimizing volume status
The rate of diuresis should achieve desirable volume status

without causing a rapid reduction in intravascular volume, which
may result in symptomatic hypotension or renal dysfunction.
Diuretics are the mainstay of therapy in acute decompensated
heart failure to decrease volume overload. To date, diuretics have
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not improved survival in HF patients. Current guidelines recom-
mend intravenously administered diuretics as first line therapy for
volume overload.100 Loop diuretics are initial diuretics of choice.
DOSE Trial randomized diuretic administered as continuous
infusion or twice daily intravenous bolus. The co primary
endpoints, patient global assessment of symptoms and mean
change in serum creatinine at 72 h, were not significantly different
between treatment groups. High dose bolus injection may cause
vestibular toxicity. For secondary endpoints, higher doses were
associated with significantly improved net urine output, weight
Table 11
Use of Diuretics for correction fluid overload.101

Diuretic naïve: Furosemide 20–40 mg iv bolus.
Previously taking diuretic: Furosemide 2.5 x previous dose 

function, low albumin or SBP <90 mm Hg).
If inadequate diuresis consider:
� Increasing iv dose or
� Switching to continuous iv infusion or
� Add diuretic with different mechanism (e.g. metolazone, hy

Table 12
Comparison of commonly used Diuretics available for management of HF.

Furosemide Bumetanide 

Mechanism of action Loop Diuretic Loop Diuretic 

Bioavailability 40%–70% 80%–95% 

Dose Equivalents PO: 40 mg. IV:20 mg 1 mg 

Usual oral dosing 40–80 mg once or twice daily,
max 600 mg/d

1–2 mg once or twice dail
max 10 mg/d

Usual intravenous bolus
dosing

Diuretic naïve: 40–80 mg q8–
24 h

Diuretic naïve:0.5–1 mg
q8–24 h

Diuretic PTA: Diuretic PTA: 

1–2.5 x PO dose PTA*. 1-2.5 x PO dose PTA* 

May repeat in 2–3 h. Max
600 mg/d

May repeat in 2–3 h. Max
10 mg/d

Usual intravenous
continuous infusion
dosing

40–80 mg IVB load, then 5–
10 mg/h.max 40 mg/hr

1–2 mg IVB load,then 0.5–
2 mg/h.max 2 mg/hr

Duration of action 4–6 h 6–8 h 

IVB = intravenous bolus, PO = oral,PTA = prior to admission.
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loss, and dyspnea balanced by worsening renal function.101

(Tables 11 and 12)
In patients who are refractory to high dose loop diuretics,

combining a loop diuretic with a distal tubule acting agent such as
oral metolazone or intravenous chlorthiazide produces a syner-
gistic diuretic effect. Inotropic therapy should generally be
reserved for patients with evidence of low cardiac output.
Administration of low dose dopamine to enhance diuresis has
been abandoned. Results from the DAD II suggested no difference
between high-dose furosemide, low-dose furosemide, and low-
(max 180 mg) (1–2 x previous dose if declining renal

drochlorthiazide, chlorthalidone)

Torsemide Metolazone Chlorothiazide

Loop Diuretic Thiazide-like
diuretic

Thiazide diuretic

80%–90% 65% N/A
20 mg N/A N/A

y, 20–40 mg once or twice daily,
max200 mg/d

2.5–5 mg once
daily, max 10 mg/d

N/A

Diuretic naïve: 10–20 mg q8–
24 h

N/A 250mg–500 mg q12–
24 h,max 2 gm/day

Diuretic PTA:
1-2.5 x PO dose PTA*
May repeat in 2–3 h. Max
200 mg/d
20–40 mg IVB load,then 5–
20 mg/h.max 20 mg/hour

N/A N/A

12–16 h 12–24 h 6–12 h
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dose furosemide plus dopamine, on mortality or readmission for
ADHF.102

The EVEREST Trial randomized 4133 patients with ADHF (LVEF
�40%) to tolvaptan or placebo.103 The primary outcome was
significantly improved with tolvaptan; however, this benefit was
driven primarily by reduction in weight loss.

Ultrafiltration reduces pulmonary artery pressure and increases
diuresis. Complications of ultrafiltration include those associated
with central venous access and intravascular depletion. Beneficial
effect on weight loss as compared to diuretics is not full proof.
Plasma creatinine increases more than with diuretics.104,105

At present the role of ultrafiltration is restricted to diuretic
resistant cases and dyselectrolytemia.

2.2.3. Vasodilators
Intravenous vasodilators often provide rapid symptom resolu-

tion, especially in patients with acute pulmonary edema or severe
hypertension. Vasodilators should be avoided in patients with
reduced filling pressures or symptomatic hypotension. But there is
little evidence for improved outcome. Nitroglycerin exhibits
primarily venodilation at low doses and mild arterial vasodilation
at higher doses; thus, it is the preferred agent for preload
reduction.106

Nitroprusside is a balanced arterial and venous vasodilator
which results in augmentation of cardiac output and reduction in
filling pressure with greater reduction in pulmonary artery
pressure, systemic vascular resistance, and blood pressure. It is
used primarily in patients with high systemic vascular resistance
and often requires invasive hemodynamic monitoring. The
primary disadvantages of nitroprusside are hypotension, tachy-
phylaxis and risk of cyanide and thiocyanate accumulation. In
patients with substantial hepatic or renal impairment, this agent
should be avoided or dose and duration of therapy should be
minimized.

Nesiritide or human B-type natriuretic peptide produces dose-
dependent venous and arterial vasodilation with increase in
cardiac output and natriuresis. This agent should be used for
selected patients (Table 13).107–109

2.2.4. Inotropic agents
Dobutamine stimulates β-adrenergic receptors with little

effect on α-adrenergic receptors, so that contractility is increased
with peripheral and pulmonary vasodilation. It is started at a high
dose and de-escalated to the lowest dosage to maintain the
desired effect. Patients receiving chronic maintenance infusions
generally exhibit tachyphylaxis and require increasing dosages
over time.
Table 13
Vasodilators for management of acute heart failure.

Nitroglycerin Nitroprussid

Mechanism Increase NO synthesis and cGMP Increase NO 

Clinical effects Vasodilator
(venous arterial)

Vasodilator
(venous = art

Indication Warm & wet.
Cold & Wet.
HTN Crises.
ACS

Warm & wet
Cold & Wet.
HTN Crises

Usual dosing 10-30mcg/min and titrate by 10–20 mcg/min
every 10–20 min to max 200 mcg/kg/min

0.1-0.2mcg/k
kg/min every

Onset.
Half-life

1–5 min
1–4 min

1 min
10 min

Elimination Inactive metabolites in urine
(no renal/hepatic adjustment)

Cyanide (hep

ACS = acute coronary syndrome.cGMP = cyclic guanosine monophosphate.HTN = hyperte
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Dopamine stimulates β-receptors, α-receptors and dopaminer-
gic receptors that cause vasodilation in renal and peripheral
vasculature. At dosages of 3 mg/kg/min or less, dopamine is
predominantly vasodilatory. Alpha-adrenergic stimulation domi-
nates when dopamine doses reach 5 mg/kg/min, or when other
vasopressors are given. When blood pressure support is the initial
need, dopamine should be started at a dosage of at least 4 mg/kg/
min. Similarly, when patients are weaned from the use of
dopamine as a pressor agent, it may be necessary to discontinue
it once a dosage of 3 mg/kg/min is reached.

Milrinone is a phosphodiesterase-III inhibitor that blocks
degradation of cAMP. Milrinone is the drug of choice in patients
receiving chronic beta-blocker therapy because its inotropic effects
don’t involve stimulation of beta-receptors. In patients with
cardiogenic shock on beta blockers, initial noradrenaline followed
by milrinone is recommended.110–113

Epinephrine and Norepinephrine provide significant additional
inotropic and blood pressure support for short-term life-saving
intervention. Both norepinephrine and epinephrine stimulate type
1β-adrenergic receptors and α-adrenergic receptors, increasing
contractility, heart rate, and peripheral vascular resistance, while
promoting cardiac arrhythmias and ischemia. These should not be
administered except in true emergency situations.

Vasopressin is used increasingly to potentiate the effects of
catecholamines in patients who remain severely hypotensive
despite high-dose pressor support.114,115 Vasopressin has been
used for days, in doses of 0.05 to over 0.1 U/min. Although
vasopressin is considered an antidiuretic hormone, its use in
critical settings is sometimes associated with profound water
diuresis that reverses after discontinuation of the drug. (Table 14)

Levosimendan sensitises troponin C to calcium thereby
improving myocardial contractility and haemodynamics. Levosi-
mendan also has vasodilatory and anti-ischaemic properties.116–118

Levosimendan is currently used in cardiogenic shock in combina-
tion with other vasopressors and over dobutamine only if reversal
of beta-blockers is needed to improve the hypo perfusion.

2.2.5. Ventilatory support
Supplemental oxygen and assisted ventilation should be

reserved for patients with hypoxaemia. In the very few studies
that have systematically examined effects of increasing FiO2,
oxygen supplementation causes a fall in cardiac output and
increases in SVR and cardiac filling pressures. In a study by Gray
et al., 1069 patients with AHF admitted with cardiogenic
pulmonary oedema and arterial pH of less than 7.35 were
randomised to standard oxygen therapy, continuous positive
airway pressure (CPAP), or non-invasive intermittent positive
e Nesiritide

synthesis and cGMP Activate guanylate cyclase-linked NP
receptor A to increase cGMP

erial)
Vasodilator
(venous = arterial)

. Warm & wet.
Cold & Wet

g/min and titrate by 0.1-0.2 mcg/
 10–20 min to max 2 mcg/kg/min

0.1mcg/kg/min and titrate by 0.005 mcg/kg/
min every 3 h. to max 0.03 mcg/kg/min
15–30 min
20 min

atic). Thiocynate (renal) NP receptor C
(no renal/hepatic adjustment)

nsive.NO = nitric oxide.NP = natriuretic peptide.
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Table 14
Hemodynamic effects of ionotropic agents.

CO PCWP SVR MAP HR

Dobutamine """ #/ → # #/ → "/ →
Dopamine- moderate "" "/ → "/ → "" "
Dopamine- high " " """ "" ""
Milrinone "" # ## #/ → "/ →
Levosimendan """ ## ## # "
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pressure ventilation (NIPPV). Compared to standard oxygen
therapy, non-invasive ventilation (CPAP or NIPPV) did not alter
7- and 30-day mortality, but did lead to greater reduction in
dyspnoea, heart rate, and hypercapnia118. A subsequent meta-
analyses on the use of non-invasive positive pressure ventilation
(NIPPV) showed a reduction in hospital mortality compared to
standard treatment.119 This is not suitable for mentally obtunded
patients.

Apart from above measures the guideline directed therapies
being taken by patient for heart failure before decompensation
also needs to be titrated according to need. (Table 15)

2.3. Pharmacotherapy of heart failure with reduced ejection
fraction (HFREF)

The major goals of treatment in patients with HFrEF are to
improve symptomatic status and functional capacity, prevent
recurrent hospitalizations and reduce mortality. This section
discusses the pharmacotherapy of HFrEF, Stage C with special
focus on:

A. Renin-Angiotensin System (RAS) inhibition
A1. ACE Inhibitors (ACEI)
A2. Angiotensin receptor blockers (ARB’s)
A3. Is a combination of ACEI/ARB recommended for HFrEF?
B. Angiotensin receptor-Neprilysin inhibitors (ARNI)
C. Beta-blockers

a. What first: ACEI or beta-blocker or simultaneous
initiation of both?
Table 15
Optimizing therapies for chronic heart failure during acute decompensation.

Medication Transition in Hospital 

Diuretics Continue or augment(if indicated).unless signs/symptoms of dehyd

Beta blockers
and ARBs

Continue unless decompensation due to recent addition or dose inc
case reduce dose) Discontinue if significant hypotension,bradycard
cardiogenic shock

ACE inhibitors
and ARBs

Continue. unless hypotension or acutely worsening renal function 

MRAs Continue unless K >5.5 CrCI <30 ml/min 

Digoxin Continue unless acutely worsening renal function. Significant brad
<45bpm), Or signs/symptoms of toxicity
Note:half-life = 36 h if normal renal function (minimum of 5–7 days 

state post initiation or dose change)

Hydralazine +
Isosorbide
dinitrate

Continue unless significant hypotension 

ACE = angiotensin converting enzyme, ARBs = angiotensin receptor blockers, BP = blood
K+ = potassium, MRAs = mineralocorticoid receptor antagonists, O2 = oxygen,RR = respira
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D. Mineralocorticoid receptor antagonists (MRA’s)
E. Diuretics
F. Ivabradine
G. Digoxin
H. Hydralazine and Isosorbide di nitrate
I. Diuretics
J. Pharmaco-economic aspects of HF in India
K. Summary
A 1 RAS Inhibition (RAS) with ACEI

� Therapy with ACEI leads to symptomatic improvement, reduced
hospitalization and significantly reduces adverse outcomes in
patients with HFrEF. Various randomized controlled trials (RCTs)
have established the role of ACE inhibition in patients across the
spectrum of HF (mild, moderate and severe HF) in those with and
without coronary artery disease.120–125 Meta-analysis of previ-
ous ACEI trials have reported lower all-cause mortality (odds
ratio [OR], 0.77 P < 0.001) as well as lower mortality and HF
hospitalization (OR, 0.65 P < .001) in those receiving ACEI.126 All
ACEI’s are reported to reduce the combined end point of
mortality and hospitalization for HF, suggesting a “class effect”
with no significant differences among the available ACEI in their
effects on symptoms.
� Clinical Use:
� ACEI should be started at low doses (listed in Table 16) and
titrated upward (as tolerated) to doses shown to reduce the
risk of cardiovascular events in clinical trials. Dose adjust-
ments may be made at 1–2 weekly intervals. In case maximal
doses are not tolerated, the immediate lower doses should be
tried.
� Caution should be exercised in patients with low systemic
blood pressure, renal insufficiency (serum creatinine
SCr > 2.5 mg/dl), and elevated serum potassium (>5.0 mEq/
L). Careful monitoring of serum potassium and S Cr is
imperative; renal function and electrolytes should be mea-
sured at initiation and with each dose adjustment. Although a
slight increase in SCr often occurs after initiation of ACEI, an
exact threshold for discontinuing therapy has not been
Monitoring

ration Daily weight (standing)
Strict intake and output
Vital signs(BP,HR,RR,O2 saturation) including orthostatic BP,HR
BUN. Serum creatinine Serum potassium and magnesium

rease (in which
ia, or overt

BP and HR including orthostatic BP, HR

BP and HR including orthostatic BP,HR
Strict intake and output
BUN. Serum creatinine
Serum potassium
BP and HR including orthostatic BP,HR
Strict intake and output
BUN. Serum creatinine
Serum potassium

ycardia (HR

to reach steady

HR
Serum Creatinine
Serum potassium, magnesium, and calcium
Serum digoxin concentration (at least 6 h post dose) if not
recently obtained, change in renal function, or addition/removal
of interacting medication
BP and HR including orthostatic BP. HR

 pressure, BUN = blood urea nitrogen, CrCI = creatinine clearance, HR = heart rate,
tory rate.
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Table 16
Commonly Used drugs in HFrEF and their dose schedules.

ACE inhibitors Initiating dose Maximum dose

Captopril 6.25 mg 3 times 50 mg 3 times
Enalapril 2.5 mg twice 10 to 20 mg twice
Lisinopril 2.5 to 5 mg once 20 to 40 mg once
Perindopril 2 mg once 8 to 16 mg once
Ramipril 1.25 to 2.5 mg once 10 mg once
ARBs
Losartan 25 to 50 mg once 50 to 150 mg once
Valsartan 20 to 40 mg twice 160 mg twice
ARNI: Sacubitril/valsartan 49/51 mg sacubitril/valsartan bd OR

lower dose 24/26 mg BID)
97/103 mg BID (sacubitril/valsartan)

Beta blockers
Bisoprolol 1.25 mg once 10 mg once
Carvedilol 3.125 mg twice 50 mg twice
Carvedilol CR 10 mg once 80 mg once
Metoprolol succinate extended release 12.5 to 25 mg once 200 mg once
Aldosterone antagonists
Spironolactone 12.5 to 25.0 mg once 25 mg once or twice
Eplerenone 25 mg once 50 mg once
Ivabradine 5 mg bd 7.5 mg bd
Loop diuretics
Bumetanide 0.5 to 1.0 mg od/bd 10 mg
Furosemide 20 to 40 mg od/bd 600 mg
Torsemide 10 to 20 mg od 200 mg
Thiazide diuretics
Chlorothiazide 250 to 500 mg od/bd 1000 mg
Chlorthalidone 12.5 to 25.0 mg od 100 mg
Hydrochlorothiazide 25 mg od/bd 200 mg
Indapamide 2.5 mg od 5 mg
Metolazone 2.5 mg od 20 mg
Potassium-sparing diuretics
Spironolactone 12.5 to 25.0 mg od 50–100 mg
Eplerenone 25 mg od 50 mg od
Triamterene 50 to 75 mg bd 200 mg
Amiloride 5 mg od 20 mg
Hydralazine/isosorbide dinitrate
Fixed-dose combination

37.5 mg hydralazine/20 mg
isosorbide dinitrate tid

75 mg hydralazine/40 mg isosorbide
dinitrate 3 times daily

Digoxin 0.125 mg 0.25 mg (serum level < 1.0 ng/mL)
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established. Up to 50% increase in SCr and increase in
potassium not >5.5 mEq/L is generally considered acceptable.
� Important side effects in patients with HF relate to hypotension
and azotemia. However both arewell tolerated and asymptomatic
hypotension does not usually require lowering the dose or drug
discontinuation. The azotemia is frequently due to the relative
volume-depletion accentuated by concomitant diuretics and is
therefore often improved by reduction in diuretic dose. Other side
effects include cough in 15–30% (a higher incidence has been
reported amongst Indians as compared to Western cohort)127 and
angioedema (which may occur in <1% of patients) the latter often
necessitating drug withdrawal. It is important to distinguish the
ACEI induced cough from that due to pulmonary congestion from
worsening HF or cough due to bronchospasm induced by
concomitant beta blocker use. In occasional cases, if the cough
significantly impacts the patient’s quality of life, a change to an
ARB, is needed.
� ACEI should not be administered to pregnant patients or those
planning to become pregnant.
� An abrupt withdrawal of ACEI can often precipitate clinical
deterioration and should be avoided.

� Recommendations: All patients with prior or current symptoms
of HFrEF regardless of etiology, should be started on an ACEI,
unless there is a contraindication.

A 2 RAS Inhibition with ARB’s

� Angiotensin-receptor blockers offer an alternative approach to
the inhibition of the RAS. and are known to produce favourable
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hemodynamic, neurohormonal, and clinical effects as substanti-
ated in different RCT’s.128–132

� Analysis of trials in which ARBs were compared with placebo
without background ACEI therapy, confirmed a benefit of ARBs in
reducing mortality and hospitalization although this was only a
non-significant trend.133 Direct comparison with ACEI did not
however reveal any superiority of ARB’s in reducing either
mortality or hospitalization135

� In patients of chronic HF on ACEI and also receiving beta-
blockers, no significant effect of ARB’s on mortality or combined
endpoint of mortality and morbidity was reported.134

� In one of themore recent meta-analysis of ACE/ARB’s in HF byTaiet al.
(n = 47,662 patients), ACEI reduced all-cause mortality by 11% and
cardiovascular mortality by 14%. In contrast, ARBs had no beneficial
effect on reducing all-cause or cardiovascular mortality.135

� Hence, based on current evidence, ACEI/beta-blockers should be
considered as first-line therapy to limit morbidity and mortality
outcomes in patients with HF and there is no additional benefit of
adding ARB’s in patients taking both ACEI and beta-blockers, and
tolerating them well.
� Clinical Use:
� ARBs also need to be started at low doses and gradually titrated
upward (see Table 1), and all attempts should be made to use
doses that have been shown to reduce cardiovascular events in
RCT’s. Titration is generally achieved by doubling the doses
every few days; it is important to monitor renal function at
initiation and with any dose titration.
� Similar to the recommendations for ACEI, ARBs should be given
with caution to patients with low blood pressure, azotemia or
University from ClinicalKey.com by Elsevier on June 27, 
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elevated serum potassium. Unlike ACEI, ARBs do not inhibit
kininase and are hence associated with a lower incidence of
cough.
� Although ARBs are a good alternative for patients with ACEI-
induced angioedema, patients may also develop angioedema
with ARBs and hence these drugs are best avoided in patients
with ACEI induced angioedema.

� Recommendations: Patients with prior or current symptoms of
chronic HFrEF who are intolerant to ACEI (due to cough) are
candidates for ARB’s.

A3 Combination of ACEI and ARB:

� Combination therapy with ARBs and ACEI has no added total
mortality benefit in chronic HFrEF. Rather, this increases the side
effects and should be avoided.

B RAS Inhibition with ARNI’s: A deeper understanding of the
role of natriuretic peptides in HF led to the development of the
combination drug ARNI containing an ARB (valsartan) and a
neprilysin inhibitor (sacubitril). The PARADIGM-HF trial demon-
strated that sacubitril/valsartan (200 mg twice daily, with the ARB
component equivalent to valsartan 160 mg) was superior to ACEI
(viz. enalapril target dose 10 mg bd) in patients with HFrEF.136

� Clinical Use: In patients already on ACEI, it is important to
discontinue these 48 h prior to initiating sacubitril/valsartan to
avoid the risk of angioedema.
� The usual starting dose is 49 mg/51 mg bd with attempt to
double to target dose of 97 mg/103 mg bd at 2–4 weeks as
tolerated by the patient. In ACEI/ARB naïve patients, the
starting dose is lower (24/26 mg bd with a slower titration
schedule; double every 3–4 weeks).
� Although the PARADIGM-HF trial enrolled patients with high
baseline BNP/NT-proBNP, it is not mandatory to estimate these
biomarkers prior to initiation of ARNI. It is however important
to remember that since BNP levels are elevated in patients
receiving sacubitril/valsartan (due to neprilysin inhibition),
NT-proBNP should be used if biomarker estimation is
contemplated for monitoring treatment and assessing HF
severity.
� Do not initiate therapy with ARNI if baseline serum potassium
level is >5.4 mmol/L, SBP <100 mmHg or there is past history
of angioedema.
� In patients with mild renal impairment (eGFR 60–90 ml/min/
1.73 m2), no dose adjustment is required. In patients with
moderate (eGFR 30–60) and severe renal impairment (eGFR
<30), caution should be exercised and consider starting dose of
24 mg/26 mg bd, with subsequent slow titration, assuming
there is no deterioration in renal function. The drug should be
avoided in patients with end stage renal disease.
� In patients with mild hepatic impairment, no dose adjustment
is required. In patients with moderate hepatic impairment, a
lower starting dose (as above) should be used. The drug should
not be used in patients with severe hepatic impairment,
cirrhosis or cholestasis.
� Potential adverse effects include cough, dizziness, angioe-
dema, hypotension, renal impairment and hyperkalaemia. If
after initiating sacubitril valsartan, there is symptomatic
hypotension, SBP <95 mm Hg, hyperkalaemia or renal
dysfunction, adjust other medications (eg diuretics) or
temporarily down-titrate or discontinue sacubitril/valsartan.

� Recommendations: In all patients with chronic symptomatic
HFrEF, ACEI (or ARB) and beta-blockers remain the first line
agents. In patients who remain symptomatic despite optimal
therapy with an ACEI, beta blocker and MRA, consider
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replacement of ACEI with ARNI. In patients who are tolerating
ACEI (or ARB) well, replacement by ARNI may be considered on
an individualized basis.

B Beta-blockers: Adding beta-blockers to standard treatment in
patients with HF has demonstrated significant risk reduction of up
to 30–40% in cardiovascular death, sudden death, hospitalization
for worsening HF.137–139 Based on these data, beta-blockers are
now accepted as a standard pharmacological treatment along with
ACEI in the management of chronic HFrEF. Three types of beta-
blockers (bisoprolol and metoprolol succinate extended release
which selectively block beta-1–receptors; and carvedilol, which
blocks alpha-1–, beta-1–, and beta-2–receptors) are recommended
for use in patients with HFrEF.

� Clinical Use:
� Initiation of beta-blockers should only be done once the
patient is stable and euvolemic (i.e., no pulmonary congestion
and no more than minimal edema). In patients with fluid
retention, beta-blockers should not be prescribed without
diuretics, since exacerbation of volume overload can occur
following initiation of beta-blocker therapy. Worsening HF
symptoms with a beta-blocker should not be a reason to avoid
them permanently.
� Beta blockers can be safely started pre-discharge even in
patients hospitalized for HF, provided patients do not require
intravenous inotropic therapy for HF. Even when symptoms are
mild or have improved with other therapies, beta-blockers are
imperative and their initiation should not be delayed.
� Beta-blockers should be introduced in lowest possible doses
and titrated gradually with periodic assessment of heart rate,
blood pressure, and clinical status. The usual recommended
schedule is doubling of the dose at 2-week intervals in
ambulatory patients until the target dose is reached or the
maximally tolerated dose is achieved. Patients should be
counselled to monitor weight and report weight gain or
worsening signs/symptoms of HF following initiation or up-
titration of therapy. If patients are unable to tolerate target
doses, lower doses should still be given, in view of the
mortality benefit across all dose ranges.
� Common adverse effects of beta-blockers include fluid
retention, bradycardia, hypotension, conduction disturbances
and fatigue. Exacerbation of fluid retention or worsening HF
usually responds to intensification of conventional therapy (eg.
diuretics) and does not necessitate permanent drug with-
drawal. Effects of beta-blockers on heart rate and conduction
when asymptomatic require no treatment, while in symptom-
atic cases reduction in dose or stoppage may be needed. It is
important to remember that abrupt discontinuation should be
avoided due to increased mortality risk.
� The risk of hypotension can be minimized by administering the
beta blocker and ACEI at different times. Most patients with
chronic obstructive pulmonary disease tolerate beta-blockers
well, although they should not be initiated in those with active
bronchospasm. These patients tolerate beta-1 selective agents
(metoprolol and bisoprolol) better than carvedilol, which is
non-selective. However, beta receptor selectivity is often lost
at higher doses which are used in patients with HF.

� Recommendations: Use of any one of the three mentioned beta-
blockers is recommended for all patients with current or prior
symptoms of HFrEF in absence of contraindications.

C1 What first: ACEI or beta-blocker? There is uniform
agreement that beta-blockers and ACEIs are complementary,
and can be initiated together as soon as the diagnosis of HFrEF is
made. When initiating ACEIs (or ARBs) and beta-blockers, clinical
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judgment should be exercised as to which drug to start first,
although they can be started concurrently, unless there is a contra-
indication to do so. For example, beta-blockers may be preferable
in HF patients with angina or underlying arrhythmias while ACEI
may be useful in those with diabetes or chronic kidney disease. In
stable patients, it is reasonable to add beta-blockers before full
target doses of either ACEI or ARBs are reached. In patients with
relevant concerns (eg: hypotension), it is recommended that the
patient should receive a lower dose of a combination of an ACEI (or
ARB) and beta-blocker, rather than either drug as monotherapy,
highlighting the importance of a synergistic effect among these
drugs.

C Mineralocorticoid receptor antagonists (MRA’s): Additive RAS
blockade in HF patients by adding a MRA (spironolactone,
eplerenone) has demonstrated � 20-25% reduction in cardiovas-
cular mortality in patients taking a background of standard therapy
(ACEI/ARB’s and/or beta-blocker).140–142 A recent meta-analysis
(14 trials, n = 1575 patients) reported a mean improvement in LVEF
of 3.2% and significant improvement in NYHA class following
treatment with MRA’s in patients with HFrEF.143 The difference
between eplerenone and spironolactone is not the effectiveness of
anti-mineralocorticoid activity but the selectivity of aldosterone
receptor antagonism (spironolactone is a non-selective blocker
while eplerenone is a selective blocker).

� Clinical Use:
� Baseline SCr should be <2.5 mg/dL (males) and <2.0 mg/dL
(females), eGFR >30 mL/min/1.73 m2), and potassium should
be less than 5.0 mEq/L, prior to drug initiation. It is important
to measure renal function and electrolytes at initiation, after
2–3 days, 1 week later and at regular intervals thereafter (eg. at
least monthly for the first 3 months and every 3 months
thereafter). For those with concerns of renal dysfunction or
hyperkalemia, an initial regimen of every-other-day dosing is
advised.
� Patients on MRA’s should avoid potassium supplementation,
NSAID’s and foods rich in potassium. The major risk associated
with use of MRA’s is hyperkalemia (reported incidence 2–5%).
Appx 10% of male patients may develop breast tenderness or
gynaecomastia with spironolactone and in these patients
eplerenone is a useful alternative.

� Recommendations: Patients of HFrEF (NYHA II–IV, LVEF <35%)
who remain symptomatic on optimal tolerated doses of an
ACEI (or ARB) and beta-blocker should be offered addition of
either spironolactone or eplerenone. MRA’s may also be used
following an acute MI in patients who have LVEF <40% who
develop symptoms of HF or who have a history of diabetes
mellitus. Triple combination of an ACEI, ARB and MRA’s should
be avoided.

D Diuretics: While diuretics improve fluid retention, symptoms
and exercise tolerance, no significant mortality reduction is
reported in patients with HFrEF. Loop diuretics which act at the
loop of Henle (eg. bumetanide, furosemide, and torsemide) are the
preferred agents for most patients with HFrEF due to their potency
and rapidity of action. In those with gut edema, torsemide is
preferred over furosemide. The usual dosing schedule is twice daily
with the second dose being administered in the late afternoon to
minimize nocturnal dieresis. Thiazide diuretics (hydrochlorothia-
zide, chlorothiazide, metolazone) and potassium-sparing agents
(eg, spironolactone) act at the distal portion of the tubule.
Thiazides are weaker diuretics when used alone, and are often
considered for patients with milder degree of fluid retention,
especially in those with underlying hypertension. Except for
metolazone, thiazide-like diuretics are less effective when creati-
nine clearance (CrCl) is <30 ml/min.
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� Clinical use:
� In an out-patient setting, diuretic therapy should be initiated at
low doses, with incremental dosing till urine output increases
and there is a weight reduction (usually in the range of 0.5–
1.0 kg/day). Further dose adjustments (along with dietary
sodium restriction) may subsequently be needed to maintain
target weight and sustained dieresis, with a final aim to
eliminate clinical evidence of fluid retention.
� The aim of maintenance diuretic therapy is to achieve and
maintain euvolemia with the lowest possible dose and stable
patients may be trained to self-adjust their diuretic dose based
on monitoring of signs/symptoms of congestion and weight
charting. Patients who exhibit resistance (poor diuresis despite
high doses of oral diuretics), often respond to intravenous
administration (including the use of continuous infusions) or
combination of different classes of diuretics (eg, metolazone or
a MRA with a loop diuretic).
� Usual side effects of therapy include fluid and electrolyte
depletion, hypotension and azotemia. These effects are
exaggerated when diuretics are used in high doses or in
combinations.

� Recommendations: Diuretics should be used in patients with
HFrEF who have evidence of fluid retention. They are usually
combined with an ACEI (or ARB’s), beta blocker, and MRA’s.

E Ivabradine: This is a selective inhibitor of the If current in the
sinoatrial node, and provides heart rate reduction with neutral
effects on BP and cardiac conduction. Studies have demonstrated
the efficacy of ivabradine in reducing the endpoint of cardiovas-
cular death or HF hospitalization in patients with HFrEF, primarily
driven by a reduction in HF hospitalization.144,145

� Clinical Use:
� Usual initiating and maintenance doses are listed in Table 1.
Dose adjustments can be made every 5–7 days or over 2 weeks
to a maximum dose of 7.5 mg bd (according to heart rate
response, to a target rate of < 60 bpm). If resting heart rate is
< 50 bpm or patients develop symptoms related to bradycar-
dia, the dose may be reduced to 2�5 mg bd. Side effects include
bradycardia, development of AF and rarely torsade’s. Visual
symptoms (phosphenes) are by far the most common side
effect, especially in those on 7.5 mg bd.

� Recommendations: Ivabradine should be considered in symp-
tomatic HF patients who are in sinus rhythm and have a resting
heart rate �70 bpm despite treatment with maximally tolerated
doses of beta-blocker, ACE-I (or ARB), and an MRA. It should also
be considered for patients unable to tolerate a beta-blocker or
those who have contra-indications for a beta-blocker. It should
not be used as substitute for beta-blockers.

F Digoxin: Digoxin reduces hospitalization due to HF but does
not improve survival in patients with HFrEF.146–148 Benefits are
reported irrespective of rhythm (sinus rhythm or AF), etiology of
HF (ischemic or non-ischemic) or with/without ACEI.

� Clinical Use:
� Typical initiation doses are 0.125 to 0.25 mg daily; lower doses
should be used in elderly (>70 years), females, renal dysfunc-
tion and those with lean body mass. In most cases of HF, there
is no need to use loading doses of digoxin to initiate therapy.
Maintenance dose is 125–250 mcg per day with one or two
days of drug holiday each week; in patients with renal
impairment, digoxin is given as half doses or alternate daily.
� Usual adverse effects include arrhythmias (especially ectopic
and re-entrant tachycardias with AV block), gastrointestinal
symptoms (eg, anorexia, nausea, and vomiting), and
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neurological complaints (eg, visual disturbances, disorienta-
tion, and confusion).
� Concomitant use of propafenone, verapamil, quinidine and
amiodarone can increase serum digoxin levels and increase the
likelihood of digoxin toxicity.

� Recommendations: Digoxin is beneficial in patients with HFrEF
to reduce HF hospitalizations. Digoxin is generally used as add-
on therapy in persistently symptomatic patients, despite optimal
medical therapy. In patients of HFrEF and AF, beta blockers
(rather than digoxin) are usually more effective for rate control,
especially during exercise.

G Hydralazine and isosorbide di nitrate: The rationale of this
combination is that both preload and afterload are reduced while
hydralazine also prevents nitrate tolerance obviating the need for a
nitrate-free interval. Although previous trials have demonstrated
benefit of this vasodilator combination better efficacy is reported
in African American patients.149–152

� Clinical Use:
� Therapy should be started at low doses (12.5–25 mg hydral-
azine and 10–20 mg isosorbide di nitrate tid) and titrated every
1–2 weeks (or every 1–2 days in hospitalized patients
according to tolerability). The target dose is 225 mg of
hydralazine hydrochloride and 120 mg of isosorbide di nitrate
daily.
� Side effects include headache, dizziness, and non-specific
gastrointestinal complaints; patient compliance is also an
issue because of the large number of tablets required and
thrice a day dosing.

� Recommendations: Although recommended for African Amer-
icans patients, it remains to be investigated whether this benefit
is evident in patients of other racial or ethnic origins. It may be
used in patients with HF who remain symptomatic despite
optimal therapy with ACEI and beta blockers or those who are
not candidates for ACEI (or ARB’s).

H Pharmaco-economic aspects of HF in India

� Economics of HF care: The impact of HF has resulted in huge
economic burden on health care across the world. The overall
global economic cost of HF in 2012 was estimated at $108 billion
per annum.153 Costs incurred in HF care include:
� Direct costs: expenditure on hospital and physician services,
drugs, follow-up etc.
� Indirect costs: due to lost productivity, sickness benefit and
welfare support.

While in high-income countries, direct costs are 2 times more
predominant than the indirect costs, in middle and low-income
countries like India, indirect costs outweigh direct costs by nearly 9
times. Pharmacotherapy of HF is very resource consuming and the
developed world spends a substantial part of its health budget to
manage these patients. In terms of overall contribution to global HF
spending, USA ranks at the top, accounting for 28.4% of global costs
while South Asia accounts for 1.1%, ranking below Europe (6.83%),
Oceania (2.65%) and Latin America (1.46%). This is due to different
epidemiological and etiological landscape of HF and variations in
health infrastructure across the world. India with an overall GDP of
1,841,717 $ million (of which 3.9% is spent on health) had an
estimated HF cost of �1186 $ million (direct costs: 80 $ million,
indirect cost 1105 $ million) in 2012.153

� Gross under-usage of guideline-directed medical therapy
(GDMT) in India: There is only scant data on use of GDMT in
patients with HFrEF in India. In-hospital data from the
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Trivandrum Heart Failure Registry reported use of GDMT in only
19% and 25% of in-patients with HF (n = 1205) during hospital
admission and at hospital discharge, respectively.3 The Practice
Innovation and Clinical Excellence (PINNACLE) India Quality
Improvement Program (PIQIP) is a registry for cardiovascular
quality improvement in India supported by the ACC Foundation.
Amongst 15,870 out-patients with HF, this registry observed use
of ACEIs/ARBs, beta-blockers, and both in only 33.5%, 34.9%, and
29.6% respectively.154 Hence despite a huge clinical burden of HF,
prescription and use of GDMT is poor in India. Large patient
numbers, sub-optimal doctor-patient ratios, poor accessibility to
health care and affordability of the population are important
reasons for this.

In developing economies like India with limited healthcare
provision and social welfare, where majority of the people meet
medical expenses on their own (OOP: out-of-pocket health
spending), HF has wide reaching economic implications at the
individual, societal and national levels. The following measures can
be useful in providing cost-effective HF care to Indian patients:

Dedicated HF services with defined national protocols to
diagnose, investigate and mange patients with HF.

Structured telephonic support programs run by trained nurses
to advise patients about simple measures like weight monitoring
and adjusting fluid intake have been found to be useful in reducing
recurrent hospital admissions and limiting health care costs.

Focus on early identification of non-responders to reduce
morbidity and mortality of HF.

Closer networking with the industry and government to
facilitate availability of quality-controlled generic medicines for
HF in order to bring down the cost of therapy is necessary.

Similar to the lines for treating coronary artery disease, further
research needs to be done in developing “Polypills” for patients
with chronic HF incorporating various low cost generic ingre-
dients.

Summary of pharmacotherapy for HFrEF: vide Fig. 8

Other drugs
a. Oral anticoagulants should be prescribed in patients with

chronic HF with permanent/persistent/paroxysmal AF, addi-
tional risk factors for stroke or those with intracardiac
thrombus. The choice of the agent (vitamin K antagonist or
newer oral anticoagulants) should be individualized.

b. There is no role of adjunctive statin therapy in HF in the absence
of other indications for their use

c. Long-term intravenous infusion of positive inotropic drugs is
potentially harmful for patients with HFrEF, except as palliative
therapy for those with end-stage HF who cannot be stabilized
with standard medical treatment.

d. Amongst calcium channel blockers, verapamil and diltiazem are
contraindicated in patients with HFrEF because of their negative
inotropic effects. Newer generation agents (felodipine and
amlodipine) may be used safely in patients with HFrEF and
associated refractory angina or hypertension not responding to
guideline recommended HF therapies.

e. With the exception of amiodarone and dofetilide, most Class I
and Class III antiarrhythmic drugs should be avoided in patients
with HFrEF.

2.4. Management of heart failure with preserved ejection fraction

The Trivandrum HF Registry (THER) reported a prevalence of
26% for HFpEF in a patient population whose mean age was 61.2
years.155 In another study from AIIMS comprising of rural
population in Northern India, overall prevalence of heart failure
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Fig. 8. Flow Chart of Pharmacotherapy for HFrEF.
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was 1.2/1000 and two-thirds had HFpEF and all of them had
uncontrolled hypertension.12

Non-cardiac comorbidities such as chronic kidney disease,
anaemia, malignancy and thyroid dysfunction are common in
HFpEF; chronic kidney disease in particular may play a dual role in
that it contributes to extracardiac volume overload and the
development of the cardiorenal syndrome.156,157 Obesity is a
predictor for HFpEF but not for HFrEF.158,159

Diagnostic Criteria for HFPEF(Fig. 9)

� Presence of symptoms and signs typical of heart failure
� A preserved ejection fraction (LVEF � 50%)
� Elevated levels of natriuretic peptides

UBNP level �35 pg/mL
UNT-proBNP level �125 pg/mL

� Objective evidence of other cardiac structural or functional
alteration

Ueither left ventricular hypertrophy (increased left
ventricular mass index) or left atrial enlargement

Udiastolic dysfunction on echo (increased E/e’ or
decreased e’) or cardiac catheterization (increased LVEFP or PCWP,
particularly with exercise)
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2.4.1. Treatment
Principles of Management in Patients with HFPEF

A. . Avoid tachycardia:
Use digoxin or beta-blockers in patients with atrial fibrillation

B. Control Blood Pressure:
ACE inhibitors, angiotensin receptor blockers and mineralocor-
ticoid receptor antagonists may be of greatest benefit due to the
physiological benefits seen in HFREF; further studies are
required

C. Treat comorbid conditions:
Optimise cardiac and non-cardiac conditions (commonly atrial
fibrillation, pulmonary disease, anaemia and obesity)

D. Relieve congestion with diuretics Judicious use of loop diuretic
with careful monitoring of renal function

E. Encourage Exercise Training:
Improves exercise capacity and physical function

2.4.2. Fluid retention
Diuretics are necessary to overcome Total blood volume (TBV)

expansion and congestion in both forms of HF. Torsemide, in
contrast to furosemide, may have additional positive effects on
collagen metabolism by inhibition of procollagen type I (PIP).161

The vasopressin antagonist tolvaptan can be effective in severe
cases accompanied by hyponatraemia.162
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2.4.3. Atrial contraction
Patients with HFpEF tolerate atrial fibrillation poorly, especially

when ventricular heart rate is high.163 Restoration of sinus rhythm
may improve clinical symptoms. If this is not possible, ventricular
rate should be lowered using beta-blockers or heart rate lowering
calcium antagonists.164

2.4.4. RAAS blockade
One study of perindopril in HFpEF has shown benefits on HF

hospitalisation within the first year, but did not achieve its primary
endpoint.165 Two large trials have examined the role of angiotensin
receptor blockade in patients with HFpEF. I-PRESERVE showed no
impact of irbesartan on death, hospitalisation or quality of life.166

CHARM-Preserved demonstrated a modest impact of candesartan
on hospitalization in HFpEF, but it included patients with an
ejection fraction down to 40%.167

Spironolactone was neutral regarding mortality and hospitali-
zation.168

Angiotensin receptor neprilysin inhibition is under investiga-
tion in patients with HFpEF in the ongoing PARAGON trial.136,169
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2.4.5. Heart rate modification
Diastole is shortened during tachycardia, and a reduction in heart

ratewould bepresumedtoimprovesymptomsinpatientswith  HFpEF.
Trials of beta blockers have been negative in this regard.170,171 Trials of
heart rate modification with ivabradine have shown early positive
results, but not consistently across all studies.172,173

2.4.6. Device therapy
To offset left atrial pressure, an inter atrial shunt can be inserted

percutaneously, with recent trial results suggesting significant
improvements in quality of life and functional capacity.174 Early trials
targeted to offset chronotropic incompetence and improve dyssyn-
chrony with atrial pacing, with larger trials yet to be completed.175

2.5. Device therapy in the management of heart failure patients in
India

2.5.1. Introduction
Unlike western countries where heart failure is predominantly

a disease of the elderly, in India it affects a younger age group. The
al University from ClinicalKey.com by Elsevier on June 27, 
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actual burden of the problem is unknown but as per projections
there are at least 8–10 million patients with HF in India with a
prevalence of about 1% adult population with a high in-hospital
mortality rate of 30.8% and with high post-discharge 6 month re-
hospitalization and mortality rates of 40% and 26%, respectively.2,3

Many patients remain symptomatic despite guideline-directed
medical therapy (GDMT).

Device therapy in heart failure includes the implantable
cardioverter defibrillator (ICD) and cardiac resynchronization
therapy (CRT). Beyond improving the quality of life and reducing
the morbidity, CRT has also shown mortality benefit in selected
patients. However, the cost burden it imparts to a developing
economy remains its Achilles heel. Also many patients who
currently fall within the guidelines were not represented in the
clinical trials. The morbidity associated with ICD implant is also
overlooked and the cost-benefit analyses are exaggerated in favour
of ICD implant. The optimal use of this therapy will require better
risk stratification methods or lowering of initial device cost. Hence
we need to develop our own guidelines for device based therapy in
HF in a resource limited setting taking into account ethnic, socio-
economic and geological factors.

2.5.2. Device therapy in HF- does it save more lives and is it cost
effective?

Randomized trials have demonstrated the efficacy of ICD
therapy in the reduction of subsequent death among patients who
have been resuscitated from a cardiac arrest.176–178 Meta-analyses
of secondary prevention trials for ICD showed that the relative risk
reduction of death with the ICD was 28% which was secondary to
reduction in arrhythmic death to around 50%. Though this sounds
impressive, relative reductions can be misleading; dissection of the
results showed extension of life by a mean of only 4�4 months by
the ICD over a follow-up period of 6 years.179 The absolute
mortality reduction of 7.9% (number needed to treat = 13) by
prophylactic ICDs should be compared with a 6.1% reduction
afforded by ACE inhibitors, 4.4% by beta-blockers, 2.3% by
aldosterone antagonists in patients with LV systolic dysfunction
at intermediate-term follow-up.

DINAMIT and CABG Patch trials clearly showed no mortality
advantage of ICD therapy in primary prevention in HF patients with
severe LV dysfunction.180,181 But other primary prevention ICD
trials, most notably MADIT II and SCD-HeFT, have shown that
prophylactic implantation of an ICD significantly reduced overall
mortality.182,183 Interestingly MADIT II trial was prematurely
terminated after 20 months follow up because prophylactic ICD
reduced all-cause mortality (14.2% vs.19.8%; P = 0.016; NNT = 18). A
post-hoc analysis demonstrated that the mortality reduction
appeared to be entirely attributed to a reduction in SCD (3.8%
vs. 10.0%; P < 0.01). A major limitation of two major primary
prevention trials, MUSTT and MADIT studies is that many subjects
did not receive what is now considered standard medical therapy.
In particular, only 8% of patients in the control group in the MADIT
trial received beta blockers compared to 26% of patients in the ICD
group at the one-month follow-up. Similarly, in the MUSTT trial,
only 29% of the EPS guided therapy group was prescribed beta-
blockers.184

In the primary prevention setting ICD implantation has a cost-
effectiveness ratio @ $100,000 (@ Rs 70 lakhs!) per QALY gained.185

CRT-P therapy in class III/IV HF patients with EF<0.35 and wide
QRS>150 ms has been shown to reduce mortality by 10% (absolute
risk reduction) in comparison to only medical therapy in CARE-HF
trial therapy.186 CRT-D implantation in such patients has shown to
have mortality benefit over and above CRT-P therapy by 6%.187 In
spite of its substantial benefits, CRT is underutilised even in
developed countries like US and Europe. The number of CRT
implants increased from 13,000 to 55,000 per year from 2002 to
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2005 in the USA; after 2005 the number of implants did not
increase.188 Hence even the developed nation citizens are finding it
difficult to adopt such a promising but costly therapy. The situation
is obviously worse in developing countries like India.

2.5.3. The actual Indian scenario
In a major survey of cardiac implantable electronic devices

(CIED) in India,189 ICDs and CRT-P/D accounted for 10% each out of
the total devices implanted. Surprisingly the indication for ICD
implantation was almost equal for primary and secondary
prevention and single chamber ICD was most commonly
implanted (65%). Coronary artery disease was the etiology in
59% of patients with ICD implants. CRT pacemakers were
implanted mostly in patients with NYHA III/IV (82%), left
ventricular ejection fraction <0.35 (88%) with CRT-P being most
commonly used (57%). In another Indian study on pacemaker and
complex CIED,190 among the total patients who underwent
implants, CRT and ICD accounted for 14%.

Hence, when this is projected to the HF population in India with
prevalence around 8 million, device therapy in HF is still in its
infancy in terms of its usage. The main hindrances for optimal use
of CIED in HF patients include cost, understanding of the disease
from patient and physician perspective, risk involved with
implantation procedure, availability of experienced implanters
in many areas and the need for long term follow up and
management.

2.5.4. Ethnicity- does it matter?
Even within Asian population considerable ethnic differences

prevail which was illustrated in a HF outcome study in Singapore,191

with Indians and Malays incurring a worse prognosis than ethnic
Chinese. The greater burden of diabetes and atherosclerotic vascular
disease in Indians may explain their worse outcome. When the
MADIT-IIcriteriawere appliedto a Japanese cohort,patients whowere
eligible but did not undergo ICD implantation showed significantly
lower risk of SCD and even better overall survival than the historical
Western MADIT-II population.192 In contrast, when applied to a
Chinese cohort, those satisfying the MADIT-II criteriawere found to be
at similar risk of SCD compared with the original Western MADIT-II
population.193

Thus, previous Asian studies have been criticized for their small
sample sizes, possible selection bias, and retrospective nature.
However, they clearly demonstrate the ambiguity regarding the
risk of SCD among Asian patients. Hence these data clearly explains
that CIED for primary prevention may not be that encouraging in
our setting especially in the background of a strained health care
economy.

2.5.5. Proposed Indian consensus recommendation

2.5.5.1. ICD therapy for heart failure.
i) Secondary prevention:

ICD implantation is strongly recommended in patients with a
history of hemodynamically significant sustained ventricular
arrhythmia or resuscitated sudden cardiac arrest survivor in the
absence of a reversible medical cause and a minimum life
expectancy of more than 2 years. This is in cohesion with the
western guidelines and where the benefit of ICD is expected to
be the most. Hence appropriate patients falling under this
category should undergo ICD therapy. In the case of financial
constraints refurbished devices may be strongly considered
which have shown equal efficacy and safety rates as compared
to the newer devices.190,194 Patients in terminal HF with
multiple co-morbidities or stage IV HF without enrolment in
any heart transplantation programs should be refrained from
ICD implantation.
University from ClinicalKey.com by Elsevier on June 27, 
. Copyright ©2022. Elsevier Inc. All rights reserved.



S30 S. Guha et al. / Indian Heart Journal 70S (2018) S1–S72
ii) Primary prevention:
ICD therapy is suggested for primary prevention of sudden
cardiac death to reduce total mortality in selected patients
with:
� Non-ischemic dilated cardiomyopathy or ischemic heart
disease at least 40 days post-MI, with LVEF of <0.35 and
NYHA Class II or III symptoms, or <0.3 with NYHA Class I.
� With one additional risk factor such as: Frequent ventricular
premature complexes or non-sustained ventricular tachycar-
dia on Holter monitoring.
These are recommendations for primary prevention in
Western guidelines195 but for a country like India, these
should be individualized and financial resources of the
patient and the government reimbursement also needs to
be factored in. In clinical practice, not all patients in this
subset are getting ICD implants. We think for Indian patients,
ICD for primary prevention should be individualized. This
needs one-to-one discussion with patient and relatives before
undergoing ICD for primary prevention. On the other hand,
we feel that it is also not mandatory to implant ICD if the
finance of the patient is constrained. This is especially valid
when the cardiologist or the electrophysiologist feels the risk
of SCD is not considerable.
In borderline cases, ICD implantation should not be based
only on scientific trial data. This typically includes
1. Patients with CAD and LV dysfunction with EF 0.35 to
0.40:
Aggressive anti-ischemic therapy including revascularization
is recommended whenever necessary. Holter monitoring is
advised to check for complex ventricular ectopy and an
electrophysiological study (EPS) may be indicated in case of
presence of other risk markers
2. Patients with CAD, LVEF <0.35 with NSVT or complex
ventricular ectopy:
EP study to determine inducibility of VT can be strongly
considered before embarking on to ICD therapy in such
patients. If sustained VT is inducible, the patient should
receive an ICD. Before implantation of the ICD, it should be
ensured that the patient has not had a recent MI (within 1
month) or revascularization procedure within 3 months
� Patients with CAD, LVEF <0.30 and no ambient ventricular
ectopy should not be advised an ICD indiscriminately. Further
risk stratification in this group should be based on clinical
(NYHA class, QRS width and morphology) and electrophysio-
logical risk markers on EP study, non-invasive risk markers
such as heart rate variability, micro T wave alternans, signal
averaged ECG changes etc.

We recommend an ICD not be prophylactically implanted in

1. NYHA Class IV HF patients who are not expected to improve
with any further therapy and who are not candidates for cardiac
transplant or mechanical circulatory support

2. Patients with CAD, poor LV function and recurrent hospital-
izations for heart failure should probably not receive an ICD in
the absence of a heart failure program/cardiac resynchroniza-
tion therapy. Survival in these patients is poor due to competing
risk of pump failure death and significant longevity will not be
achieved by addressing arrhythmic risk alone.

3. HF patients with EF 0.35 to 0.40 and in some patients even with
EF <0.35 without any high-risk features for SCD.

2.5.6. ICD � single chamber or dual chamber
Unless there is a definite current or future risk of bradycardia

needing pacing, a single chamber ICD should be preferred for
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prevention of sudden cardiac death. This is relevant for Indian
population as dual chamber ICDs are significantly more expensive,
with less battery life and hence lower warranty period.

2.5.7. Current recommendation for CRT therapy- an Indian perspective

2.5.7.1. Proposed consensus statement. Though the present ACC/
AHA guidelines195 recommend CRT even for class I patients with all
appropriate criteria, in the Indian scenario that might be
overenthusiastic. We would rather advise to plan mostly for
Class III/ambulatory class IV patients, though no bar on Class II
patients as per present guidelines, if feasible.

Indications for Cardiac Resynchronization Therapy
� CRT is indicated for patients who have LVEF of <0.35, in sinus
rhythm, LBBB with a QRS duration of 150 ms or greater, and
NYHA Class III, or select ambulatory IV patients after exhausted
or failed maximal guideline directed medical therapy (GDMT)
and without extensive scar burden.
� CRT can be considered for patients who have LVEF of <0.35, in
sinus rhythm, LBBB with a QRS duration of 120–150 ms with
echocardiographic evidence of dyssynchrony and NYHA Class III,
or select ambulatory IV patients after exhausted or failed
maximal GDMT and without extensive scar burden.
� CRT can be considered for patients who have LVEF of <0.35, in
sinus rhythm, a non-LBBB pattern with a QRS duration of 150 ms
or greater, NYHA class II symptoms on GDMT and echocardio-
graphic evidence of dyssynchrony.
� CRTcan be considered in patients with AF and LVEF of <0.35 if the
patient requires ventricular pacing or otherwise meets CRT
criteria. Cardioversion of AF should be attempted aggressively in
these patients before or after CRT.
� CRT can be considered for patients who have LVEF of <0.35 and
are undergoing placement of a new or replacement pacemaker
implantation with anticipated requirement for significant
(>50%) ventricular pacing

CRT is not indicated for patients
1. Whose co-morbidities limit expected survival to <1 year
2. HF patients with non-LBBB Pattern with a QRS duration of

<150 ms
3. HF patients with QRS duration <120 ms and only echo evidence

of dyssynchrony

When CRT is implanted in younger patients, without co-morbid
illnesses, the risk of ventricular arrhythmias should be carefully
assessed and CRT-D should be considered in patients at high-risk.

2.5.8. Long term follow up of device therapy in HF
Following up HF patients with device implantation incur

additional expenditure in the case of device explantation, lead
extractions and pulse generator replacement. A recent study has
demonstrated when ICD patients are followed up, almost 26% of
the patients no longer met guideline-driven indications for an ICD
at the time of generator replacement and an additional 34% had not
received any appropriate ICD therapies. Patients with an initial
LVEF of 0.30-0.35 were less likely to meet indications for ICD
therapy at the time of replacement. Patients without ICD
indications subsequently received appropriate ICD therapies at a
significantly lower rate than patients with indications (2.8% vs.
10.7% annually, p < 0.001). If ICD were not replaced in these
patients without ICD indications in the first place, the cost savings
would be $1.6 million.196

2.5.9. Myocardial scar and response to CRT therapy
Myocardial scar burden in patients with ischemic cardiomyop-

athy is an important determinant of response to CRT. A large
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myocardial scar burden assessed by either single-photon emission
computed tomography imaging or magnetic resonance imaging
(MRI) is associated with a poor response to CRT and a poor
prognosis. The association between higher scar burden and poor
CRT response may partially explain why patients with non-
ischemic cardiomyopathy tend to respond better to CRT than those
with ischemic cardiomyopathy. The location of scarring in
reference to the LV lead has been shown to be an important
factor for the success of CRT. A lead with its tip placed in a scar
region is unlikely to pace the left ventricle effectively, if at all

2.5.10. Summary and conclusions
Device therapy is a boon for HF patients as it has got absolute

mortality benefit in addition to reduction in HF admissions and
improving the quality of life. It should be considered only after
exhausting aggressive GDMT. ICD in HF patients is appropriate in
secondary prevention of SCD. The role of ICD for prophylactic
reduction of arrhythmic deaths in all HF patients with EF < 0.35 is
debatable especially in our setting inspite of established western
data in the same regard.

CRT therapy is beneficial in i) HF patients with EF <0.35 and in
class III, ambulatory class IV and selected class II patients, sinus
rhythm, LBBB >150 ms or ii) LBBB of 120–150 ms with echocar-
diographic evidence of dyssynchrony and with expected survival to
be at least 2 years.

End stage decompensated HF patients may be refrained from
device therapy due to poor prognosis. But when such patients are
enrolled into a heart transplant program which is becoming a
reality in India then device therapy can be considered after
stabilisation in selected patients. In the needy poor HF patients
with appropriate indications for device therapy, refurbished
devices can be considered which has shown good efficacy and
safety profile compared to new device implants in Indian
population. For cost consideration we often only think about the
first implantation; the cost of delayed complications and generator
replacement should also be considered.

2.6. Device therapy in heart failure: ventricular assist devices and
other circulatory support systems

Both the incidence and prevalence of end-stage heart failure is
increasing alarmingly in India.197 Optimum medical management
and interventional therapy has rapidly improved in the last decade.
However, there still are about 1–5% of patients in end stage heart
failure who need higher support. Prognosis for advanced heart
failure is poor worldwide197 and especially so in India; the life
expectancy for majority of patients being 6 months to 1 year. The
availability of donor organ hearts and the current surgical
infrastructure in our country is woefully short to tackle the
current need for heart transplantation. The modality of mechanical
circulatory support was introduced in India about 20 years back;
but has gained popularity only in last 5 years. Availability of this
improving technology is a significant advance that improves
survival and quality of life significantly in patients with advanced
heart failure.198 The following review briefly outlines the current
status of assist device therapy specially keeping the Indian
scenario in context.

2.6.1. Lvads � basic definition, working and when to use
Ventricular assist devices are pump-flow devices that can

temporarily or permanently support a patient’s circulatory system
to bolster the function of an end-stage/failing heart. The goal is to
divert blood away from the failing ventricle, give rest to the
ventricle and maintain adequate cardiac output meanwhile.199

Main components � The LVADs have an inflow connection to
the left ventricle, a pump that produces continuous (current
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generation devices) blood flow bypassing the ventricle and an
outflow tube graft that is connected to the aorta. All these 3
components rest inside the pericardial cavity. There is an electrical
driveline that exits from the iliac fossa and connects the pump to
an external rechargeable battery. The computerized settings of the
pump can be altered with a controller unit and a monitor to
optimize pump output with minimal power consumption.

There are well-defined subsets of clinical situations where
LVADs are currently used.200

1. As Bridge to transplant (BTT) – For ESHF patients who are wait-
listed for heart transplant.

2. As Destination therapy (DT) – For patients who cannot be given
the option of heart transplantation because of currently listed
contraindication. Increasing number of LVAD implantations are
DT implants in current clinical practice.

3. As Bridge to decision (BTD)/Bridge to candidacy – Some
patients are too sick at the time of admission to hospital and
their candidacy for heart transplantation is not established. For
them, a period of support with LVAD triages the best course of
action to be followed for them. This forms a small group of
implants.

4. Bridge to recovery (BTR) – In patients with severe acute
myocarditis but with possibility of myocardial recovery, VADs
help to tide over the crisis period with significant unloading of
the supported ventricle. Rarely used in our country.

2.6.2. Commonly used devices in India
Heartmate II, Heart mate III and the Heart ware VADs are in

current use.

2.6.3. Indications and contraindications
Broad philosophy of LVAD implantation (Based on European

Society of Cardiology and American Heart Association guidelines)
for patients in ESHF201,202 –

Group 1 patients (BTT indication) – Patient suitable for heart
transplant; waiting for donor heart. These patients are on
transplant waiting list, have met all institutional criteria for heart
transplantation and are significantly symptomatic (Stage D or
NYHA Class IV). These patients have low peak VO2 (<14 ml/kg/
min), are inotrope dependent, may have starting end-organ
damage due to chronic low cardiac output, may be CRT non-
responders, need increasing diuretics or have intolerance to dilator
medicines). In these patients, LVAD is to be implanted (Class I
indication) to

– Improve symptoms
– Reduce PVRI
– Reduce episodes of heart failure hospitalizations
– Reduce risk of death in waiting period before transplant

Group 2 patients, (DT indications) – LVAD implantation is an
option in patients deemed NOT SUITABLE for heart transplant due
to

� Above cutoff age limit
� Diabetes
� Significant pulmonary hypertension
� Established renal dysfunction
� Recent malignancy

This subset constitutes the destination therapy group of
indications.

Patients having ESHF and being considered for device implan-
tation should undergo complete multidisciplinary team evaluation
University from ClinicalKey.com by Elsevier on June 27, 
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Table 17
Classification, Clinical Profile and Management strategies of patients based on INTERMACS study.206

S.
No

INTERMACS
Profile

Clinical picture and description Treatment strategy advised

1. Profile I Crash and burn. Patient with acute severe hypotension, cardiovascular crash, on
very heavy inotropic support. Prognosis poor

Short term circulatory/ECMO support. Long term VAD not
advisable because patient prognosis unclear

2 Profile 2 Progressive decline; sliding fast inspite of significant dose of inotropes Similar strategy as in INTERMACS
3 Profile 3 Stable but dependent on continuous intravenous inotropes (dependent stability) Most suitable candidate for LVAD
4 Profile 4 Resting symptoms of congestion at rest or during daily activities on oral therapy at

home
LVAD is a good option

5 Profile 5 Patient comfortable at rest and in activities of daily living; but dyspneic on any
other activity (exertion intolerant)

VAD is an option to be carefully considered. May be watched
closely

6 Profile 6 Exertion limited � Patient gets fatigued AFTER the first few minutes of any
meaningful activity (exertion intolerant)

Optimize medical therapy, ICD

7 Profile 7 Patient Advanced NYHA Class III. Patient lives comfortably with self-imposed
restriction on meaningful activity (placeholder)

Medicines, ICD for the time being. LVAD Use is controversial.
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to determine their ejection fraction, reversibility of medical
condition, presence of other life-limiting comorbidities and latest
heart failure status (NYHA Class). This evaluation should be done
by a multidisciplinary team of cardiac surgeon, cardiologists,
nephrologist, hepatologist, physiotherapists, psychiatry personnel,
nurse care providers social worker, rehabilitation physician among
others.203 Patients should also be classified into one of the
established INTERMACS profiles (Table 17, Ref. [206]); because
different levels of INTERMACS profile merit different treatment
strategies based on available worldwide clinical practice evi-
dence.204

2.6.4. CONTRAINDICATIONS TO VADs
In Indian set up, the following group of patients should NOT be

considered for VAD implantation198

1. Patients with irreversible renal or hepatic disease
2. Established severe RV dysfunction
3. History of/possible future noncompliance to prescribed med-

icines
4. Debilitating neurological disease with deficits
5. Poor self-motivation, inadequate family support, poor English-

reading ability
6. Inadequate understanding of basic concepts of alarms, charging

and hygiene
7. Poor geographical access to a well-equipped tertiary health care

center
8. Patient from remote areas where availability of electricity 24 	 7

is suspect
9. Surgical situations – (relative contraindication) Congenital heart

anomalies, small ventricles, multiple reoperations, morbid
obesity

2.6.5. Cost implications in India
The high cost is essentially due to the cost of the device.
Heartmate II INR 40–60lakhs
Heartware INR 60–80 lakhs
Heartmate III INR 90–100 lakhs

2.6.6. Preoperative evaluation
Suitability of a patient for LVAD implantation is to be decided

after thorough investigations.198 These include �
Routine blood investigations (Hemogram, liver and

kidney profile, HbA1C)
Cultures � Blood, Axilla, groin, nasal swab
Pulmonary function assessment
Neurological assessment
Psychological assessment
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Nutritional assessment
Chest CT scan (Ascending aorta calcification, redo

surgery, Congenital anomalies)
Echo assessment for RV function, aortic regurgitation,

mitral and Tricuspid valves, ASD Assessment for cardiac arrhyth-
mias and peripheral vascular disease

Exclude undetected malignancy

2.6.7. Technique of implantation and early postoperative
management203

Appropriate cannulas (large intravenous, peripheral arterial
and pulmonary arterial lines) are placed for complete hemody-
namic monitoring. Broad spectrum antibiotic is given covering
gram – positive and gram-negative bacteria. Midline sternotomy
incision is given. Pericardium is opened. Aorta and Right atrium are
cannulated and cardiopulmonary bypass is instituted. VAD sewing
ring is sewn on the LV apex. LV apex is incised and the pump is
connected to the outflow graft securely. The outflow graft is
sutured to the ascending aorta. The driveline is tunneled out
through the right iliac fossa. TEE guidance is used to check inflow
lie (parallel to IVS) and adequacy of de airing. The desired pump
flow at shifting is 2800 rpms and acceptable cardiac index is 2.2 l/
min/m2 or more.

If moderate or more TR is present, tricuspid annuloplasty is to
be added. If a PFO is present, that must be closed. Only severe
mitral regurgitation needs to be corrected. More than mild aortic
regurgitation should be addressed usually by performing bio-
prosthetic aortic valve replacement.203

Aspirin therapy is initiated in first 24 h. Warfarin is started after
24 h; heparin cover is removed after 48–72 h.

During the convalescence period, patient and family members
are educated about alarms, wound precautions, device complica-
tions and safety measures including travel advisory.203

2.6.8. Outcomes, common complications and management
(indianperspective)

Compared to optimum medical management alone for ESHF IV
(12–15% survival), the survival with LVADs has improved to 65–
85%.205 In addition, there is a significant and perceptible increase
in the quality of life in these patients, their activity levels, feeling of
wellbeing and psychological makeup all improve. Some patients
who initially were ineligible become transplant eligible after a
significant rest to the LV and consequent reduction in PVRI.206

Good data on common post implant problems is available even
for the latest continuous flow devices based on detailed follow-
up205 of more than 18000 VADs worldwide. With rapidly
enhancing technology, the efficiency of VAD pumps is increasing
and device sizes are decreasing. However, VAD implants are still
associated with significant morbidity. In India, the total number of
al University from ClinicalKey.com by Elsevier on June 27, 
sion. Copyright ©2022. Elsevier Inc. All rights reserved.



S. Guha et al. / Indian Heart Journal 70S (2018) S1–S72 S33
VADs implanted till date is less than 100. However, the follow up
indicates a similar set of problems as seen worldwide.

2.6.9. VAD thrombosis
It is a usually insidious but a devastating complication and is life

threatening. Most patient deaths after VAD implants (especially
previous generation VADs) are due to this. Blood clot develops
usually within the pump or in inflow/outflow conduits. Reports
have indicated approximately 8% thrombosis rate with Heartmate
II model.207 The newer models are supposedly less thrombosis
prone; however, mid – long term follow-up is awaited.

VAD thrombosis may present in various ways including
increase in watts consumed, lower flow rates, vague discomfort
and anorexia, giddiness or even sudden fatal cardiogenic shock.
Routine antiplatelet and anticoagulation are mandatory after VAD
implant and here patient compliance with medicines becomes of
utmost importance. INR ratio is to be maintained as per the device
implanted; usual desirable INR ratio is 2.0–3.0.203

Diagnosis includes assay of lactate dehydrogenase (LDH),
indirect bilirubin levels and plasma free hemoglobin levels,
assessment of monitor parameters including previous log files.

Management – Immediate admission in critical care, start with
intravenous heparin and thrombolytic therapy (if no contraindi-
cation) with tirofiban or r-TPA. If thrombolysis is not successful
after a reasonable trial, pump replacement is the preferred
option.203

2.6.10. Right ventricular failure
This occurs very frequently, in almost 20-50% patients203

following LVAD implantation; either immediately post-op or after
variable periods of upto 2 years (patients present as recurrent heart
failure). It may cause significantly reduced cardiac output
(cardiogenic shock) because the output of the LVAD pump is
preload (RV output) dependent. Milrinone, Dobutamine, Sildenafil,
optimal preload and RVAD insertion are the management options.
Inotrope weaning is to be attempted with daily echocardiography
and strict VAD parameter – monitoring.203

2.6.11. Gastrointestinal bleeding
Incidence is 20–30% and both upper and lower GI bleeds are

common.203 The causative factor is development of arteriovenous
malformations and gastric stress ulcers. Other important factors
responsible are consumption of von Willebrand factor and platelet
dysfunction due to high shear stress to blood elements in the
pump.

Management involves identification of site of bleeding, alter-
ation of antiplatelet and anticoagulation regimes and supportive
measures.

Infection
Driveline infections at the site of exit in iliac fossa are common

(15-20%). These cause morbidity and even death (20% deaths).
Common organisms cultured are Staphylococcus/Pseudomonas or
fungi.203 Common presentation is fever, lethargy and wound
discharge. Management consists of hospitalization, daily dressings,
sensitivity specific antibiotics and management of septic compli-
cations.

2.6.12. Neurological deficits
Strokes may present acutely within 30 days of device implant

or over long term.208 Ischemic, hemorrhagic strokes or TIAs are
all possible. Newer generation devices show similar rates of TIAs
and strokes. Clot emboli, atherosclerotic debris from aorta or
infective vegetations from outflow conduits are possible causes
of stroke.

Neurologist’s examination OINR estimation and CT evaluation
are first line of management. Optimization of anticoagulation
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status, radiologic intervention for thrombotic strokes and control-
ling recurrent emboli from potential source are the principles in
management.

2.6.13. Outpatient management guidelines for lvad patients
Management of VAD patients, especially of DT group over

long term (5–15 years even) involves multidisciplinary vigilant
approach and is challenging. At least weekly follow up is advised
and all-important parameters are assessed at each visit. (Pump
flow parameters, Blood investigations, INR, Hemolysis markers,
cardiologist and cardiac surgeon’s assessment, psychological
and nutritional assessment etc.). CT scans may be needed to
determine problems like outflow graft kinking or obstruction at
aortic anastomosis. Role of allied medical staff like physio-
therapists, counsellors, heart failure nurses is crucial. After 2
months of discharge, longer intervals between follow up visits
are acceptable.

Before discharge, a physician/VAD coordinator nurse should
inspect the living quarters of the patient and ensure that the
premises are device friendly and safe. During OPD visits, the
patient should be accompanied by a constant family member/
associate so that he/she may be explained all nuances of
registering alterations in VAD parameters and patient behavior;
thus, building up his fluency with device management. Even the
primary care physician of the patient should be trained to detect
device parameter alterations and pump malfunction. There
should be a 24 h open communication line between the patient
and atleast 3 members of the VAD implantation team to rapidly
advise (trouble shooting device malfunction) in case of any
sudden deterioration.

2.6.14. Temporary support systems
Critical cardiogenic shock in patients with acute or chronic

heart failure does not merit DT LVAD in all cases. These situations
(INTERMACS profiles 1 and 2) are good indications for use of
temporary mechanical support systems like portable ECMO
(example Centrimag/Cardiohelp/Hemovent) or Impella devices.
This allows partial recovery of critical end-organs, efficient
stabilization of hemodynamics and neurological assessment.

They may also be used to provide RV support (cardiogenic shock
due to acute RV failure) The duration of support accorded may vary
from 6 h to 30 days.209 Some clinical situations for their use
include-

� Acute RV failure following LVAD implant,
� Failure to wean off CPB following heart transplant operation,
� Cardiogenic shock following cardiotomy operation,
� Transferring patients from one centre by surface or air,
� Bridge to decision (whether a patient is a candidate for heart
transplant)

2.6.15. Summary
For increasing number of patients with ESHF stage IV,

mechanical circulatory support devices are the best option. The
number of VAD implants all over the world are constantly
increasing. Follow up data convincingly show remarkably good
quality of life, reversal of end-organ damage and increased
survival.210

Constant vigilance, robust followup and awareness about
possible device complications is essential for successful VAD
programs. The low numbers of device implants in India are related
to lack of health insurance and steep costs of the available devices.
Other factors like proximity to a tertiary care centre and education
level of patients also limit candidacy of patients for VAD
implantation in India.
University from ClinicalKey.com by Elsevier on June 27, 
. Copyright ©2022. Elsevier Inc. All rights reserved.



S34 S. Guha et al. / Indian Heart Journal 70S (2018) S1–S72
2.7. Management of heart failure: role of surgical
revascularisation and other surgeries

Despite enormous strides made in pharmacotherapy, a large
number of patients reach end stage HF and 30–40% dies, refractory
to any form of medical therapy, especially if associated with
structural heart disease. Fortunately a variety of surgical proce-
dures (Fig. 10) are now available to address these advanced HF
patients.211

2.7.1. CABG in heart failure
There is a great paucity of data of myocardial revascularization

in LV dysfunction with land mark studies like the European
Surgical Study, VA Cooperative Study, CASS Study, MASS II,
Courage, and ISCHAEMIA all excluding patients with severe LV
dysfunction. Even SYNTAX Trial had LVEF <30% in 2% of patients
and in FREEDOM Trial, barely 2.5% of patients had LVEF <30%.

The landmark STICH I failed to demonstrate any benefit of CABG
over medical therapy in five year primary end points, there were
some benefits in five years secondary end points, of cardiovascular
mortality (28% vs 33%, p-0.05), composite of cardiovascular
hospitalization plus mortality (58% vs 68%, p < 0.001) and
composite of repeat revascularization plus mortality (39 Vs 55%,
p < 0.001). However, the ten year follow up showed unequivocal
superiority of CABG. The STICH Extension (STICHES) trial showed
improvement even in primary end point of all-cause mortality with
number needed to treat (NNT) to save one life of 14, which was
highly significant. These improved results of CABG were magnified
with increasing severity of CAD (better results in triple vessel CAD)
and were attenuated with increasing age.212

With judicious use of Intra-Aortic Balloon Pump (IABP) and
careful patient selection, as also with improvement in intra and
post-operative care, results of CABG in this subset of patients have
been gratifying. Salutary results of Off Pump-CABG in patients with
significant LV dysfunction and HF in Indian context were
demonstrated.213–215

Though presence of hibernating or stunned myocardium
contributing to viability improves long term survival,216 the STICH
Trial has conclusively shown that if the distal targets are suitable
for bypass, then viability demonstration is not a pre-requisite for
myocardial revascularization.217 However, both European and
Fig. 10. Surgical Strategie
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ACC/AHA guidelines218 give Class IIa recommendation to viability
testing in moderate to severe ischaemic LV systolic dysfunction.

Besides direct myocardial viability assessment using Dobut-
amine Stress Echocardiography (DSE), PET, Magnetic Resonance
Imaging (MRI) or Single Photon Emission Computed Tomography
(SPECT), such other parameters like ventricular wall thickness
>8 mm219 and good sized distal coronary targets are reliable
indicators of short and long term survival. Insertion of IABP,
incomplete revascularization, wall motion scores on DSE and post
operative low cardiac output syndrome are significant predictors
of adverse outcomes after CABG in patients with impaired LV
systolic function.220 Recently, Global longitudinal strain, systolic
dys-synchrony index and septal-lateral delay have been validated
as echocardiographic predictors of early adverse outcomes of CABG
in patients with severe LV dysfunction as also biomarkers.29,221

2.7.2. Ischaemic mitral regurgitation
Various pathogenetic mechanisms leading to MR in ischaemic

cardiomyopathy may be annular dilatation, tethering of posterior
mitral leaflet due to apical and lateral displacement of the papillary
muscle and LV dys-synchrony.

The debate of repair/replacement in ischaemic MR has not been
sorted out, with Acker et al222 finding repair not durable and
therefore recommending replacement for ischemic MR.211 Proba-
bly percutaneous therapies like mitra clip may be the way forward
and are being investigated in the RESHAPE-HF trial in Europe and
COAPT Trial in USA.

2.7.3. LV aneurysm
Over 5000 patients in small trials and registries demonstrated

that reduction of LV volume through SVR improved LVEF and
ventricular function.223–227 Even neuro-hormonal responses to LV
reconstruction were salutary with a 34% fall in Norepinephrine
levels, 64.7% fall in plasma Renin activity, 68.3% in Angiotensin2
and 46.3% reduction in BNP levels.228 However, Society of Thoracic
Surgeons national database propounded a contrarian view point
with 30 days mortality of 9.3% and no benefit of SVR in these
patients.

STICH 2 Trial229 too failed in terms of primary outcomes and
though there was reduction in mean LV end systolic volume index
(LVESVI) of 19% in CABG + SVR versus only 6% in CABG (p-0.001),
s in Heart Failure213.
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there was no improvement in angina class, HF class, six minute
walk test or all cause death and hospitalization from cardiac
causes.

Various postulations as to why STICH failed are wrong patient
selection, SVR induced reduced diastolic distensibility, short axis
remodelling in non viable segments after SVR, no pre-operative
core lab analysis,230 inadequate reduction in the LV size,231

inadequate experience of the surgeons and the centres.
However, in a retrospective subgroup analysis of core lab

measures, Oh et al232 found that SVR results were good if LVESVI
was <60 ml/m2 and LVEF was >33%.

The basic principles of LV aneurysm surgery include233:

1. Relief of ischaemia by concomitant CABG
2. Reduction of LV volume
3. Restoration of ventricular geometry
4. MV intervention to reduce LV volume overload

2.7.4. Stem cells and gene based therapies
These therapies failed to keep the initial promise. Even patient-

derived bio-artificial myocardium, through bioengineering of
human myocardium on native extra cellular matrix, may provide
functional support to a failing LV.234

Thymosin Beta 4, a protein, has been tried to reactivate the
myocardial cells’ embryonic developmental potential and for
vascular regeneration235 with the aim of stimulating angiogenesis
and myogenesis. Some studies demonstrated them to be safe and
effective.

2.8. Status of cardiac transplantation in India

Heart Transplantation in India as a planned procedure started in
1994 once the National Organ Transplant act was passed by
Parliament. Computerized Transplant registries like TRANSTAN
(Tamil Nadu), KNOS (Kerala) and jeevandhan (Andhra Pradesh),
started functioning regularly from 2008 onwards.236

2.8.1. Intermacs grading –

Interagency Registry for mechanical assisted circulatory support
(INTERMACS) is a very Sophisticated Grading used to assess prognosis
and sickness level of patients with advanced Heart failure. This is also
widely used to select patients who need Mechanical assist before
Heart Transplants or Implantable VAD’s.237 If Patient is in INTERMACS
grade 3 or less, he is in cardiogenic shock oradvanced Heart failure and
may need Mechanical assist (Temporary) or permanent LV Assist
device as a Bridge to eventual Heart Transplantation. INTERMACS
grades more than 3 can be stabilized on Drugs before taking up for
Heart Transplantation.

2.8.2. High risk factors for heart transplant
PVR more than 6 Wood units (Prior to vasodilator Challenge)
Creatinine Clearance less than 40 ml/min
Hepatitis C seropositivity
Age less than 1 year
Panel reactive Antibodies (PRA) more than 40%
Diagnosis of congenital heart disease
Interfaces score of 2 and less
Multiple previous operations.

2.8.3. Classical indications of heart transplant
� Impaired Left or Right Ventricular Systolic Function (LVEF less
than 30%) with significant Breathlessness (NYHA Class 3–4) after
Optimal combined medical therapy or CRT device
� Evidence of Poor prognosis like Vo2 max less than 14 ml/kg/m2
or NT pro BNP more than 1000 units’ pg/ml
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� Recurrent Heart failure episodes more than 2 per 6 months
� Intractable Ventricular arrhythmias related to Ventricular
dysfunction
� Survival Chances less than 80% at one year by Established
Gradings Like Seattle Heart Survival scores and Ventricular
dysfunction
� Late Stage Congenital heart disease with Ventricular dysfunction
or Failed Congenital Heart Surgery like Failed Fontans operation
� Late stage Hypertrophic cardiomyopathy or restrictive Cardio-
myopathy
� Severe Pulmonary Hypertension with RV dysfunction
� Altered Renal or hepatic function secondary to ventricular
dysfunction.
� Age less than 70 years

2.8.4. Absolute contraindications
� Age More than 75, Biologically unfit or Frail
� Advanced malignancies
� HIV/AIDS
� Severe Renal dysfunction (candidate for Combined heart Kidney
transplant)
� Moderate Liver Cirrhosis
� HIGH RISK CRITERIA FOR DONORS:
� Donor Age more than 50 years
� On multiple Inotropes
� History of Cardiac arrest
� Presence of significant degree of ventricular dysfunction not
improving with optimization of Metabolic factors and Inotropes
� female Donors to male recipients
� Donor Body weight lower than 20% of recipient weight
� Donor weight more than twice recipients weight, especially in
paediatric transplants

2.8.5. Distinctive clinical features in indian patients
Indian Patients typically present quite late for heart Transplant

especially in INTERMACS grades 3 or less, higher creatinine levels
more than 2.5, jaundice and other parameters of altered Liver
dysfunction, with Increased Frailty Index and poorer Nutritional
Status Compared to their western counterparts. Also the Pulmo-
nary vascular resistance (PVR) tends to be higher in Indian patients
with end stage Heart failure, Needing special vasodilator drug
testing protocols and Special pre and perioperative Drugs regimens
to Combat higher Pulmonary vascular resistance (PVR) after
HTx.238,239

2.8.6. Common infections detected in indian patients
In a series of 164 patients from Chennai � 5 patients had

significant CMV Infection from a period of 4 weeks to 1 year after
transplant, 3 patients had overwhelming sepsis in the ICU in the
first few days after transplant, 2 had pneumonia 3–5 months after
transplant, one had severe form of lymph node and GI tuberculosis,
2 had mild candida infection of GI tract. Rest were infection free
after they were strictly counselled to follow an infection avoidance
life style and periodic monitoring for life threatening infections
like CMV.

2.8.7. Surveillance endomyocardial biopsies
Surveillance Endomyocardial (EM) biopsies are routinely

advocated every month in the first year after heart Transplant in
the Unites States. Since Cost of EM biopsies is prohibitively high
and recalling patients from far flung areas is difficult, it is prudent
to limit the EM Biopsies to two in the first Year – one at one month
and another at one year after Heart Transplant. This policy does not
see to impact survival or rejection rates. In a series of 164 cases
University from ClinicalKey.com by Elsevier on June 27, 
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clinical and biopsy proved rejection rates have remained very low
(only 8 clinical or biopsy proved rejection in 164 in a 3 year
period).240,241

Extra care is taken during The EM biopsy to make the procedure
Low risk by adopting all precautions like using a 6 F Mullins Sheath
to introduce the 5 F bioptome and using ECHO guidance to place
the Sheath oriented towards the septum. In the 130 EM Biopsy
procedures done there were no cases of pericardial tamponade and
only 2 cases of increased or new tricuspid regurgitation. The EM
Biopsy samples are sent for both cell mediate rejection (CMR)
analysis and antibody mediated rejection (AMR) analysis.

2.8.8. Immunological matching before heart transplant
The Immunological Matching prior to Heart Transplant Involves

the Following process:

1. ABO Blood group Match
2. To Check Quantitative Anti- HLA Pre-Formed Antibodies (PRA)
3. Complement dependent Cytotoxic assay (CDC assay) between

Donor Serum and recipient Lymphocytes.
4. So no HLA Typing or HLA cross March is done as a routine.

2.8.9. Preservation and transport of donor organ
The present standard of care for preservation and transport of

the donor organ involves cross clamp and introduction of
crystalloid long duration cardioplegia using solutions like htk –

custodial solution.
Then the Donor Heart is transported in ice cold saline at

temperatures of 1–4 � centigrade. This cold ischemic non-beating
heart survives of anaerobic energy generation but at low levels of
metabolism. Since there is loss of tissue ATP levels along with cold
injury during transportation. The maximum tolerated cold
ischemic time is 4 h – from donor body to removal of cross clamp
in recipient.242

2.8.10. Organ care systems (OCS) and normothermic donor organ
transport

Transmedics Inc has now introduced a Normothermic, Beating
heart, Ex-Vivo Organ care system for Donor Heart Transport –

which can extend the Ex Vivo Warm ischemic time upto 8–9 h after
explanting the Organ.243

2.8.11. Non-biopsy markers for rejection surveillance
1. Single Antigen Anti HLA Class 1 or 2 Antibody – Useful in

Diagnosis of Antibody mediated rejection – Available in India
(SRL Labs Gurgaon)

2. Donor Derived Cell Free DNA – Extremely useful one point blood
test for early diagnosis of rejection – Available In USA, Under
development in India

3. Cylex (Immuknow) test – Activated ATP levels in Lymphocytes –

levels less than
4. 120 unit Suggest over immunesuppression. More than 180 –

Under immune suppression
5. ALLOMAP – gene Expression Analysis 15/19 gene panel for

rejection surveillance– Available in USA (CAREDx labs).

2.8.12. F. Future directions
In a Large but developing country like India with total

Population of 1310 Million and Area of 3.2 million Square kms
and limited resources, The Logistics of Creating a Nationwide
Cadaveric Organ procurement and Sharing network is Extremely
Challenging and daunting by any Criteria.

Hence given the fact that total heart transplants in the country,
going by the availability of cadaveric organs will be in the range of
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only maximum 150–200 per year for the next 2 years, there is
bound to be a huge gap between demand from dying patients with
heart failure (approximately 2.5 million end stage heart failure
patients per year) ands upply of cadaveric organs (Only 150–200
per year).

Also to facilitate Inter Hospital learning Huge Collaborative
efforts need to be put in Place between Advanced Heart Transplant
centers and Preliminary Heart Transplant programs. Such efforts
need to Assisted By National cardiac bodies like Cardiological
society of India (CSI), Indian association of cardiac surgeons
(IACTS), Heart failure societies and the Newly Planned Indian
Society for heart Lung Transplantation.

International Collaboration for improving various special areas
of heart transplant is the need of the hour. Such collaborations with
International Experts can be in the Form of visiting fellowships,
Travel Grants and Annual Conferences or workshops

The other area where more government help is urgently
required is for long distance organ transport for the harvested
cadaveric organ. Because interstate transport of vital organ like
heart with cold ischemic time of 4 h is extremely difficult and
expensive (air charter costs above 5 lakh INR), regular Heart
Transplants from distances over 200 Kms will need State aid for
unaffordable patients. Also the introduction of the new Normo-
thermic Organ transport systems (Transmedics, OCS system)
would ensure safe long distance transport of hearts in South Asia.

2.8.13. Conclusion
Heart Transplantation as a standard of care Therapy for end

stage Heart Failure has become established in India. The
international guidelines for heart transplantation are also now
widely known and now being implemented in various Indian
centres. Safe Immune suppression and anti-infective measures
have also allowed long term survival of Indian patients. But an
Indian Heart Transplant registry and long-term data on survival of
heart transplants are need of the hour for the country.

3. HF situations specific to India

3.1. Acute rheumatic fever

Acute rheumatic fever (ARF) is the result of an autoimmune
response to pharyngitis caused by infection with the beta
haemolytic group A Streptococcus (GAS), Streptococcus pyogenes.
The carditis of ARF results in valvular regurgitation with the
potential for secondary HF failure. ARF still occurs at a relatively
younger age in India, affecting children as young as 3 years. The
incidence of carditis is also higher during an episode of ARF.

3.1.1. Mechanism of heart failure in acute rheumatic fever
Heart failure had earlier been thought to be due to rheumatic

myocarditis as a part of pancarditis of ARF. However, echocardiog-
raphy has always shown severe valvular regurgitation with almost
normal ventricular function in a vast majority of patients
presenting with HF244 and HF gets ameliorated with successful
valve surgery.245,246 Absence of myocarditis is further supported by
normal levels of MB fraction of creatinine kinase (CK-MB), troponin
I and T and myoglobin.247,248 Radionuclide studies and myocardial
biopsy have also failed to confirm the presence of myocardi-
tis.249,250 Hence, congestive HF in ARF is due to an acute mitral and/
or aortic regurgitation but not due to myocarditis per se.

3.1.2. Management of heart failure in acute rheumatic fever
The diagnosis of ARF is made using clinical criteria (the Jones

Criteria).251 Echocardiography is recommended in all patients and
subclinical carditis is taken as a major criterion. It shows presence
of variable degree of mitral and/or aortic regurgitation and a near
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 18
Echocardiographic changes in acute Rheumatic Fever.252

Valvular regurgitation (WHO/WHF suggested)
Regurgitant jet >1 cm in length
Regurgitant jet seen in at least two planes
Mosaic color jet with a peak velocity > 2.5 m/s
Jet persists throughout systole (mitral valve) and diastole (aortic

valve)
Valve stenosis � pre-existing with recurrence of ARF
Leaflet

Prolapse
Coaptation defect
Thickening
Focal or irregular
Diffuse thickening of AML
Age specific cut offs; >3 mm
Reduced mobility
Excess leaflet motion
Nodules

Annular dilatation
Chordal elongation/rupture
Increased echogenicity of subvalvular apparatus
Pericardial effusion
Ventricular dilatation and dysfunction (almost always with significant
regurgitation)
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normal LV function. Focal nodular changes at the tips and bodies of
the leaflets, mainly in the mitral valve, and with associated annular
dilation has been described for the first time from India. The
common echocardiographic changes in ARF is summarized in
Table 18.

The mainstay of treatment includes diuretics and vasodilators.
Intravenous (IV) furosemide may be required initially. ACEi such as
captopril, enalapril, Ramipril should be used with diuretics in
relatively stable patients with significant valvular regurgitation
and/or left ventricular dysfunction.253 Patients presenting in NYHA
class III or IV with severe valvular regurgitation and HF,
intravenous infusion of vasodilators is preferred over ACEi. Other
measures to control HF include treatment of arrhythmias, if
present, bed rest and fluid restriction. Role of digoxin and
betablockers is not clear and are best avoided.

Anti-inflammatory drugs, either corticosteroids or salicylates,
are the mainstay of therapy and are effective in suppressing the
acute signs of inflammation. Corticosteroids have shown a
prompter action than salicylates, and can be lifesaving in severe
presentations of carditis. Corticosteroids have been widely used in
moderate to severe carditis including those in HF as these drugs
dramatically reduce inflammatory markers of ARF. Though fever
Table 19
Management of Acute Rheumatic Fever.

Drug/Situation 

HF
Frusemide 

ACE inhibitors 

Nitroglycerine 

Nitroprusside 

Anti-inflammatory
Severe carditis 

Moderate carditis 

Eradication of streptococcal infection
Penicillin V (oral) 

Benzathine penicillin G (deep IM injection) Given after sensitivity test 

Erythromycin ethyl succinate (oral) 
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and acute phase reactants show rapid decline but there is no
evidence that the anti-inflammatory therapy affects the frequency
or severity of the valvar lesions, or prevents the cardiac sequels in
the chronic phase.254,255

When comparing salicylates and corticosteroids, no treatment
has been shown definitely to be superior. Despite this, corticoste-
roids are frequently used to treat severe carditis around the
world.256 The initial dose of prednisone is given for 2 to 3 weeks
depending on the severity of the carditis. After this period, a
gradual tapering is required. The drug should be slowly withdrawn,
decreasing by one-fifth each week, which means a total duration of
the treatment of about 8 to 12 weeks, coinciding with the duration
of the acute episode. Rebounds are sometimes associated with
rapid withdrawal of corticosteroids. Some authors have recom-
mended an overlapping therapy with the aim to prevent rebounds,
with the introduction of salicylates as the dose of corticosteroids is
reduced. The advantage of the use of high doses of methylpred-
nisolone as an alternative treatment remains controversial. It has
most frequently been administered as a lifesaving therapy for
those with severe carditis. Likewise use of intravenous gamma
globulin has not shown superiority over other anti-inflammatory
agents in patients with carditis.257,258 Table 19 summarizes the
doses of various drugs used for carditis and other major
manifestations of ARF.

3.1.2.1. Eradication of the Group A streptococcal infection. The most
reliable drug is intramuscular benzathine penicillin (BPG) as a
single dose or a full 10 days course of oral penicillin or amoxicillin.
Cefadroxyl (oral), and Cephalexin are also useful.

In all patients, eradication should be followed by long term
secondary prophylaxis to prevent recurrences.

3.1.3. Role of valve interventions for control of HF
Most patients can be stabilized with HF failure treatment.

Wherever possible, cardiac surgery is best delayed until the active
inflammation has settled, since the valve repair during active
carditis is associated with higher failure rates and less durabili-
ty.259 Valve surgery during ARF may be required in select cases.
Even in such cases valve repair is to be preferred over valve
replacement, especially in younger patients.260 Those with a flail
leaflet due to chordae tendinae rupture may present with acute
pulmonary edema due to a rapid rise in left atrial pressure.
Emergency surgery in such cases is life saving.261 Even balloon
mitral valvotomy may be done in selected patients with Indian
studies reporting a similar acute success rate as compared to that
reported in a large series in children.262,263 Thus, valve
Dose

IV 1 mg/kg/dose, 2–4 times a day. Then, oral1–3 mg/kg/day in 2 divided doses.
Enalapril � 0.1-0.5 mg/kg/dose twice a day, start at a smaller dose.
0.5mcg/kg/min IV, up-titrated, maximum of 10mcg/kg/min.
0.5mcg/kg/min IV infusion. Gradually titrated to a maximum of 10mcg/kg/min.

Prednisone 2 mg/kg/day once daily, maximum dose 80 mg/day
Prednisone 1–2 mg/kg/day once dailyor
Aspirin 75–100 mg/day divided into 4 doses

Children: 250 mg TID for 10 days
Adults: 500 mg BD for 10 days
For those >27 kg: 12 lakh units
For those <27 kg: 6 lakh units
Children: 20 mg/kg/dose
(max: 800 mg) BD for 10 days
Adults: 800 mg BD for 10 days
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Table 20
Salient features of Acute Rheumatic Fever.

RF and RHD continue to be an undesirable burden in India
RF occurs at a young age resulting in significant morbidity as well as mortality in adolescents and young adults
HF in ARF occurs due to significant valvular regurgitation, with normal or near normal ventricular function
Early recognition and treatment is of paramount importance as patients may improve or even completely recovery
Treatment consists of HF therapy, eradication of streptococcal infection and anti-inflammatory therapy
Urgent valve surgery should be considered in active phase for those who do not stabilize on medical therapy
All patients should be put on secondary prophylaxis to prevent recurrence of ARF.

Table 21
Management of HF in RHD.

Common Measures
� Diuretics � all patients with dyspnea and clinical HF
� Atrial Fibrillation
� Rate control
� Digoxin (if HF present)
� Beta blockers (reduces both resting/exercise heart rates)
� CCB � Verapamil/Diltiazem
� Amiodarone in selected cases

� Oral anticoagulation � Vitamin K antagonists preferred to NOACS
� Secondary prevention
� Recommended in all patients aged <40 years
� Benzathine penicillin
� 1.2 MU every 21 days (if patient weighs >27 kg)
� 0.6 MU every 14 days (if patient weighs <27 kg)

� Penicillin V 250 mg BD (in states where injectable Penicillin not used)
� Erythromycin 250 mg BD (if penicillin allergy is present)

Specific Therapies for Valve Lesions
� Mitral stenosis
� Increase filling time � Betablokcer/Ivabradine276

� Balloon mitral valvoplasty
� OMC/MVR (if not suitable for BMV)

� Valve Regurgitation
� ACE Inhibitors (ARB if ACEi not tolerated)
� Valve repair in MR if possible
� Valve replacement

� Tricuspid valve disease
� TV repair

HF � Heart failure, CCB � Calcium channel blockers, NOACS � Novel oral
anticoagulants, MU � million units, BMV � balloon mitral valvoplasty, OMC � open
mitral commissurotomy, MVR � mitral valve regurgitation, ACE � Angiotensin
converting enzyme, ARB � Angiotensin receptor blocker, MR � mitral regurgitation,
TV � Tricuspid valve.
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interventions/surgery during active carditis should also be
considered in cases with gross valvular lesions where HF is not
improving despite best medical treatment.

The salient features of ARF in our country are detailed in
Table 20.

3.2. Rheumatic heart disease

Rheumatic heart disease (RHD) is the most common acquired
heart disease in children and young adults in many developing
countries including India. At least 33 million people are estimated
to be currently affected by RHD264 with a significant number of
them requiring repeated hospitalization for HF. Surgery is often
required to repair or replace heart valves, the cost of which is very
high and a drain on the limited health resources of poor countries.

3.2.1. Epidemiology of RHD
The burden of RHD remains high in India with 1.3 crore cases of

RHD estimated in 2015, which is nearly one third of all cases of RHD in
theglobally. Indiaalsoaccounts for thehighestnumberofRHD-related
deaths (1.2 lakh deaths in 2015).265 These despite a seemingly
significant fall in the point prevalence of cases of RHD reported from
school surveys in the same region over different time periods.266

Recently, one of the largest echocardiographic school survey from 4
states reported a prevalence of 7.7/1000 children,267 which is also
lower than the prevalence previously reported from other echocar-
diographic surveys from India.268,269 One of the reasons for the high
burden of RHD with reducing prevalence rate in India could be the
increase in the population at risk of RHD.27

3.2.2. RHD & HF
RHD remains one of common causes of HF in India. The

proportion of RHD among HF is higher in lesser developed states
and government hospitals. For instance, a study from secondary
care hospital in central India reported RHD to be responsible for
more than half of all admissions for ADHF. However, the proportion
of RHD among HF patients was only 8–10% in the other major
registries {AFAR &TVMN Registries}. For this publication, the
hospital admissions of RHD a 3 months period were analyzed at a
major tertiary care hospital. Among the 515, RHD patients
admitted, 212 patients were admitted to ICU. Most common
indication for admission was HF (78%) and 7.2% expired despite the
best treatment {personal communication Dr Vijayalakshmi}.

Two large hospital-based echocardiographic studies from India
have shown the contemporary distribution of valve lesions in
RHD.270,271 Mitral valve is the most common valve involved. Most
common lesion in patients aged <18 years is mitral regurgitation
(MR) and in patients above 18 years is mitral stenosis (MS).270,272

Multivalvular involvement was seen in a third of all cases. Among
the combination lesions, MS and MR was the commonest followed
by MS and AR.271 Females seem to have severe disease and needing
more interventions.272

3.2.3. Diagnosis
Diagnosis of HF in RHD can be at times challenging.

Traditionally, the term HF is used in a patient with RHD with
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the presence of congestive symptoms. However, any patient with
dyspnea with severe valve involvement may be construed to have
HF. Heart failure in RHD and in other primary valve diseases may
not easily fit in the scheme of HFrEF and HFpEF. Even though
biomarkers are shown to be elevated in patients with RHD,273 they
are rarely used in routine practice.

Chest radiograph may show chamber enlargement, pulmonary
venous hypertension and pulmonary arterial hypertension. ECG
may show evidence of chamber enlargement and abnormalities of
rhythm. Echocardiogram is the mainstay in diagnosis and planning
therapy. Echocardiogram is a useful tool to assess the ventricular
function and underlying structural abnormality. It is a valuable tool
in measuring LV volumes, assessment of severity of regurgitation
and stenosis, understand hemodynamics and estimate pulmonary
artery pressures.

3.2.4. Management of HF in RHD (Table 21)
Management is to improve symptoms and enhance survival.

Diuretics are important in relieving symptoms. The therapy for
RHD related HF is summarized in Table below. The pharmacother-
apy of HF related to RHD is different than those recommended for
HFrEF. The principles of treatment for valve disease in RHD are
similar to those recommended for other valve diseases.274,275
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 22
Major studies of Infective endocarditis from India;* Native valve disease (not RHD).

Chandigarh
1981–1991278

Lucknow
1992–2001279

New Delhi
2004–2006280

Vellore
2005–2015281

Ahmedabad
2011–13282

Western Series
2000–06283

N 186 198 104 172 75 2781
Mean age (years) 25.0 27.6 23.5 41.8 27.5 57.9
% Male 71.5 73.4 71.1 78.4 69.3 68.0
RHD related (%) 42% 46.9% 29.8%* 40.6% 41.3% 3%
Culture positive (%) 47% 67.7% 41% 83.7% 40% 90%
Surgery (%) 1% 23.1% 15% 15.7% 16% 48.4%
In hospital mortality (%) 25% 21% 26% 24% 29% 18%
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3.2.5. Infective endocarditis
India has a dual burden of infective endocarditis (IE); modern IE

like dialysis and medical care related IE is being increasing
recognized yet, the traditional Oslerian IE involving previous RHD
is still widely prevalent.277 The major studies of IE from India are
compared to a Western series in the Table 22 below.

Infective endocarditis in India has several unique features and
are summarized in Table 23 below.

It is recommended to make special efforts to increase culture
positivity, adhere to guidelines of IE in choosing pharmacotherapy
and perform early surgery when indicated. Current guidelines
recommend IE prophylaxis for a limited group of patients with
heart disease.284 In India, it is also recommended to extend IE
prophylaxis to all patients with severe valve disease as the
outcome of IE in India is also suboptimal.

3.2.6. Ischemic cardiomyopathy
Ischemic cardiomyopathy is defined as onset of LV Systolic

dysfunction which results from significant CAD.285 The incidence of
HF, after an ischemic insult steadily increases with time after an
index event ranging from around 10% after 2 years to more than 40%
after 6.5 years.286 Ischemic cardiomyopathy results from loss of
cardiac myocytes leading to adverse remodelling of heart secondary
to ischemic insult resulting in LV systolic dysfunction.287

3.2.7. Indian data
A prospective study on ADHF in Indian patients288 from a

tertiary care center revealed that ischemic cardiomyopathy was
the leading cause for HF (53.9%) and the mean age of presentation
was 53 years. “CREATEECLA study289” which enrolled 8060 Indian
patients out of a total of 20,201 participants, reported a prevalence
of HF at 30 days of 17%. Late and suboptimal reperfusion therapy in
STEMI in India may lead to more patients ending up with HF. IA
cross-sectional study involving 120 patients with STEMI reported a
prevalence of HF at 30 days of 11%.290 Thus, the data from various
studies from India suggest that ischemic cardiomyopathy occurs
more commonly and at an earlier age compared to western
population. Additionally, the burden of this problem is quite high.

3.2.8. Diagnostic approach to ischemic cardiomyopathy
Coronary angiogram is the gold standard investigation in

establishing diagnosis of significant CAD in a patient presenting
Table 23
Salient features of IE in India.

� IE occurs among younger patients in India
� RHD is the most common predisposing heart lesion
� Culture positivity rate is lower
� Streptococcus species still the dominant organism
� Surgery is less often performed
� Outcomes are suboptimal
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with HFrEF. Coronary angiogram should always be done in patients
with previous MI or >40 years of age for establishing the diagnosis
of CAD. Stress echocardiography/nuclear studies with exercise or
dobutamine will assess stress-induced ischemia and will give vital
information regarding need for future revascularization. Positron
emission tomography (PET) is regarded as the gold standard test
for assessment of myocardial metabolism and viability. CMRI helps
in assessing viable myocardium and differentiating it from scared
myocardium.291,292 Among the biomarkers, hs-troponin and BNP
are good predicators for diagnosing and guiding therapy in
ischemic cardiomyopathy. High sensitive troponin levels are
directly proportional to the amount of myocardium under
jeopardy. The various non-invasive methods for evaluating HF
are discussed in previous sections.

3.2.9. Management
Patients with ischemic cardiomyopathy should be treated with

optimal medication sticking to guidelines of HF. The pharmaco-
logical therapy, devices including ICD, CRT have the same
indications in ischemic cardiomyopathy as eluded to in previous
sections. Patients with ischemic heart disease also need additional
anti platelet drugs and Statins in appropriate doses.

3.2.10. Coronary artery revascularization
Revascularization of dysfunctional but viable myocardium may

lead to reverse LV remodelling and confer prognostic benefits in
patients with post ischemic HF. About 20 to 50 percent or more of
chronic ischemic LV dysfunction patients have significant viable
myocardium to improve LV function following revascularisa-
tion.216,293,294 Several studies have shown that LVEF improved
significantly (i.e. >5%) after revascularization in more than 60% of
patients (range, 38–88%).295–306 However, in the substudy of
STITCH trial, presence of myocardial viability was associated with
reduced mortality but did not predict a benefit from revasculari-
zation, which raises the question of whether viability assessment is
needed prior to surgical revascularization. The merits and demerits
of coronary revascularization with CABG are discussed in detail in
previous sections.

Data are limited on the relative efficacy of PCI in patients with
ischemic cardiomyopathy. An on-going trial, estimated to be
completed in 2019, is comparing the effects of PCI with medical
therapy alone in patients with HF.307 The best available observa-
tional data comparing PCI with CABG in HF comes from the New
York State registries among 2126 propensity score matched
patients.294 At a median follow-up of 2.9 years, there was no
significant difference in death between contemporary PCI and
CABG. PCI was associated with a greater risk of MI and need for
repeat revascularization, but a significantly lower risk of stroke as
compared with CABG. Patients with ischemic cardiomyopathy, as
well as patients with an LVEF <35 percent in the nonrandomized
AWESOME registry, there was no difference in mortality with CABG
or PCI.307
University from ClinicalKey.com by Elsevier on June 27, 
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Despite lack of randomized controlled trials, PCI may be
performed in selected patients with CAD and HFrEF (in the
absence of angina) with a coronary anatomy suitable for PCI, if
the benefits of PCI are likely to outweigh the risks as assessed by
a heart team.

3.3. Dilated cardiomyopathy in Indian patients

Dilated Cardiomyopathy (DCM) is a genetic disorder and is
characterized by ventricular dilatation, impaired systolic
function, reduced myocardial contractility with LVEF less than
40% that is not caused by ischemic or valvular heart disease.
DCM is next to ischemia among the causes of HFrEF from the
reported studies in India. DCM was seen in 13% of study
population in a series of chronic HF and 19% in a series of ADHF
patients.3

Some studies indicate that 30–35% of idiopathic DCM may have
a positive family history.308 Most of the familial DCMs have an
autosomal dominant inheritance, but autosomal recessive, X-
linked and mitochondrial inheritance are also noted in some
cases.309

Diagnosis: A through clinical history, general physical and
cardiovascular examination, relevant investigations and imaging
modalities are cornerstone for diagnosis of DCM. A thorough
evaluation for reversible causes is needed (table below). These
conditions are extremely rare, yet a positive diagnosis and
treatment may result in complete recovery of LV function
(Table 24).

Treatment: There is no specific therapy for DCM. All the proven
Non-pharmacological & pharmacological therapies of HFrEF are
indicated in all patients with DCM. Indication for devices are the
same as in HFrEF. However, for primary prevention of SCD in DCM,
this position statement recommends ICD in only those DCM
patients with LVEF <30% with family history of SCD (as discussed in
earlier sections).

3.4. Non-specific aorto arteritis

Non-Specific Aorto Arteritis (NSAA) commonly known as
Takayasu arteritis (TA) is a chronic inflammatory panarteritis
Table 24
Curable causes of DCM like echocardiographic picture.

� Obstructions
� Low gradient AS
� Coarctation of aorta
� Aortoarteritis � Aorta/renal artery narrowing

� Electrophysiological
� Tachycardiomyopathy
� Dyssynchrony � WPW syndrome
� Complete heart block

� Metabolic/Endocrine
� Hypocalcemia
� Vitamin D deficiency
� Hyperthyroidism
� Hypopituitarism
� Deficiency of Carnitine/thiamine/magnesium or Selenium

(Keshan disease)
� Coronary artery abnormalities
� ALCAPA/ARCAPA
� Kawasaki disease

� Inflammatory diseases
� Myocarditis
� Cardiac Sarcoidosis

� Others
� Peripartum CMP
� Drug/toxin induced
� Alcoholic CMP
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affecting large vessels, predominantly the aorta and its main
branches. Vessel inflammation leads to wall thickening, fibrosis,
stenosis, dilatation, aneurysm formation and thrombus
formation.310–312 Women are affected in 80 to 90 percent of cases,
with an age of onset between 10 and 40 years.313 The onset may be
earlier in childhood but rare in infancy.314,315

There appears to be a wide variation in the prevalence of TA in
different geographical regions of the world. Takayasu arteritis is
most commonly seen in Japan, South East Asia, India, and
Mexico.316–319

The female: male ratio has lot of variation ranging from 9: 1 in
Japan to 1.3: 1 in India.320,321 It is the commonest cause of
renovascular hypertension in Asian children.315 Its long term
prognosis is studies in few series and the mortality ranges from 3 to
15%.322–324

Clinical manifestations range from asymptomatic disease
found as a result of diminished or impalpable pulses or bruits, to
more serious neurological or cardiac emergencies. The common
symptoms are constitutional symptoms, carotidynia, arthral-
gias, absent or weak peripheral pulses, limb claudication,
gastrointestinal symptoms, skin lesions, symptoms because of
involvement of pulmonary arteries or coronary arteries and
neurological symptoms. Sometimes patient present as hyper-
tension, angina, heart failure, cerebrovascular events, retinopa-
thy, glomerulonephritis, renal failure, cardiomyopathy, aortic
regurgitation, pulmonary artery hypertension or aneurysm
rupture.

Angiographic manifestations is very heterogeneous in different
geographical areas with predilection for stenotic versus dilative
and thoracic versus abdominal aortic involvement in different
geographic locations.325–330

In Indian series, most common clinical presentation was
claudication (74%) followed by musculoskeletal symptoms (48%),
fatigue (46%), weight loss (22%), headache (22%), visual dis-
turbances (16%), syncope (10%). Dyspnea was present in (20%) of
the cases. Absent or diminished pulses were present in 80–82%,
hypertension in 61 � 75%, congestive cardiac failure in 8–38% and
claudication in 13–74% of the cases.329–332

3.4.1. Diagnosis of TA
No well-defined criteria for the clinical diagnosis of TA were

available till Ishikawa proposed his criteria in 1988.333 The
American College of Rheumatology (ACR) classification criteria
were basically developed to distinguish one form of vasculitis from
another.334 Sharma et al., 1995 proposed Modified diagnostic
criteria for Takayasu arteritis.335 Classification according to
angiographic findings of TA was also proposed. This classification
was on the basis of the distribution of lesions detected by
angiography.332

Heart failure (HF) in TA
This is not a very uncommon presentation in India, especially in

children. Up to 60% children can present with heart failure.314

Common Causes of heart failure in TA are

� Hypertension,
� Renal Artery Stenosis,
� Myocarditis,
� Aortic Regurgitation,
� Mitral Regurgitation,
� Pulmonary Artery Involvement,
� Coronary Artery Involvement,
� Aortic Stenosis (Thoracic, Abdominal).

TA can rarely present as postpartum cardiomyopathy,336 Acute
Myocardial Infarction with Left Ventricular Failure,337 Ruptured
Right Sinus of Valsalva Aneurysms.338
al University from ClinicalKey.com by Elsevier on June 27, 
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3.4.2. Treatment
The primary objectives of treatment include the control of

disease activity by drug therapy, pharmacologic control of blood
pressure (BP), supportive management and revascularization
(surgical or endovascular) of the symptomatic ischemic territory.

The disease activity can be assessed by clinical, biochemical, or
radiological markers.339 Presence of new vascular signs and
symptoms like bruits, absent pulses, blood pressure differences
in limbs. Raised ESR and CRP levels, Increased IMT in USG, moving
bright spots and linear flow of microbubbles within the vascular
lesions with carotid contrast enhanced ultrasonography, Enhance-
ment of the thickened aortic wall in CT Angiography, vessel wall
thickness, oedema, and contrast enhancement in MRA, 18-F-FDG-
PET uptake in wall of large vessels, PET might be able to distinguish
vessel thickening that is due to active inflammation from that due
to scar formation.

Treatment should aim to control disease activity, preserve
vascular competence with minimal long-term side effects.

Beside standard treatment of HF these patients may benefit
from immunosuppressive therapy which has shown promise in
short term and long term in patient with myocarditis.340,341

Steroids are the mainstay of treatment for TA. Approximately
half of the patients respond to steroids. The dose should be
adjusted according to the age and constitution of the patient. As
soon as clinical and laboratory findings showed continue
improvement for 2 weeks, the dose should be tapered gradually.
The typical maintenance dose is 5 to 10 mg/day. Regular
assessment of disease activity and progression should be
performed. Complete glucocorticoid therapy withdrawal should
be attempted as soon as possible.

The patient who does not show satisfactory response to steroid
or resistant or having adverse drug reaction with steroid can be
treated with cytotoxic drugs like cyclophosphamide, azathioprine,
mycophenolate mofetil and methotrexate.342–344

Tocilizumab (IL-6 receptor inhibitor),345,346 Etanercept (Anti-
tumor necrosis factor)347 and Rituximab (a chimeric IgG1 antibody
that binds to CD20 expressed on the surface of B cells)348 has
shown promising results.

Surgical treatment is challenging due to the diffuse nature of
the disease and involvement of adjacent aortic walls. It has a high
incidence of anastomotic aneurysm formation (12 to 14%) and graft
failure (20 to 40%) over time.349–351 In case of focal stenotic lesions
percutaneous procedure can be performed with good long term
results, however stenting all lesions is debatable if good result can
be achieved by plane balloon angioplasty.352–355

Any intervention in acute setting and in patients with severe
signs and symptoms should be performed after a sedimentation
rate of <30 mm/h and CRP of <1.0 mg/dL have been achieved with
treatment, until it is an emergency and patient cannot be stabilized
on medication. If aortic regurgitation is severe and need aortic
valve replacement both mechanical and bio prosthesis valve can be
Table 25
Salient features of takayasu arteritis in India.

� Takayasu arteritis is rare, affects mainly women, and is most commonly seen in Japa
decade of life.

� Its clinical Manifestations range from asymptomatic disease, to catastrophic comp
� Disease symptoms, signs varies between different populations.
� Hart failure is common in Indian patients especially in children.
� Hypertension remain the commonest cause of heart failure.
� Treatment should aim to control heart failure with standard therapy for heart failu

minimal long term side effects.
� Inactive disease carries a good prognosis and these patients should not be put at r
� Majority of the patients treated with steroids will respond, but steroid unresponsi
� Surgical intervention and percutaneous intervention in selected patient should be 
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given. Need for Aortic root replacement depend on the size of aorta
but in some cases when inflammation cannot be controlled,
affected vessels should be replaced with a valve conduit (Bentall
surgery) even with our root dilatation.356,357

Some patient who has severe pulmonary artery hypertension
due pulmonary artery stenosis pericardial patch angioplasty or
reconstruction with vascular prostheses should be performed.
When angina pain and Significant coronary stenosis are present,
coronary revascularization can be performed with good long term
results.358,359

Heart failure because of renal artery stenosis (RAS), respond
very well with either percutaneous intervention or surgical
treatment. However vascular surgery is associated with high
prevalence of graft occlusion.360,361 The favored treatment for RAS
in TA, particularly for inactive lesions, is percutaneous trans-
luminal angioplasty (PTA).362 Percutaneous intervention of aorta
in TA is associated with some technical problem but has good short
and long term results (Table 25).362–366

3.5. Peripartum cardiomyopathy

Initially recognized in the 19th century by Virchow, heart failure
following pregnancy was formally described by Hull and Hafkesbr-
ing in the 1930s.The term “peripartum cardiomyopathy” (PPCM)
was coined by Demakis et al. in the seminal publication of 1971.
PPCM presents as unexplained left ventricular systolic dysfunction
towards the end of pregnancy or early postpartum period in
previously healthy women.

3.5.1. Etiology and pathogenesis
The etiology and pathogenesis of the illness still remain unclear.

Since it is a diagnosis of exclusion, clinical heterogeneity is
inherent to any patient population of this disease. The most
common risk factors are summarized in Table 26. In view of the
similar clinical, echocardiographic and nonspecific histological
features, considerable interest revolves around a common basis for
dilated cardiomyopathy (DCM) and PPCM. The prevalence of PPCM
in familial DCM is about 6% and a family history of DCM is elicited
in 10% of PPCM patients.

3.5.2. Diagnosis
The current clinical definition of PPCM includes 4 criteria

Table 27.367

The commonest symptom of heart failure, dyspnea, is
predominantly physiological in pregnancy (60%) with PPCM
accounting for only 0.23% of cases presenting with dyspnea.
Antepartum presentation of PPCM is seen in only 10%.Cardiome-
galy may not be present as PPCM can occur without LV
dilatation.96% of the patients have an abnormal ECG. A risk score
of �2, developed by scoring 1 for each of the three ECG
disturbances (tachycardia, ST–T-wave abnormalities and QRS
n, South East Asia, India, and Mexico, where it usually presents in the 2nd or 3rd

lications.

re and also to control disease activity and preserve vascular competence, with

isk by treatment that is more harmful than the disease itself
ve patients respond to methotrexate; mycophenolate mofetil or aziothiprim.
performed whenever it is needed and can be very useful.
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Table 26
Common Risk factors for development of Peri partum cardiomyopathy.

Twin pregnancy
Preeclampsia
Advanced maternal age
Multiparity
Long term oral tocolytic therapy with β-agonists
PPCM in previous pregnancy

Table 27
Clinical criteria used for definition of PPCM.a

Development of HF in the last month of pregnancy or within 5 months after
delivery

LV systolic dysfunction (LV EF <45% by echocardiography)
No identifiable cause for HF
No recognized heart disease before the last month of pregnancy

a All four criteria must be fulfilled to diagnose PPCM thus preventing
overdiagnosis as well as excluding cases of preexisting DCM.
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duration), had a sensitivity of 85.2%, specificity of 64.9%, negative
predictive value of 86.2% for potentially predicting PPCM.

3.5.3. Prognosis
A mortality rate of 5–10% is found in PPCM and about 4% of

cardiac transplantations in the US are performed for PPCM.A
Danish study found a MACE of 14.8% with 3.3% mortality, 8.2%
mechanical circulatory support requirement and/or heart trans-
plantation and 4.9% persistent severe heart failure. The concept of
PPCM as a unique entity distinct from DCM is strengthened by a
significantly worse prognosis for DCM compared to PPCM both at 1
and 3 year follow up. After 1 year, the HF readmission rate did not
significantly differ between the two diseases, suggesting that HF
medications should be aggressively instituted in patients with
PPCM.

3.5.4. Indian data
Various Indian series published are summarized in Table 28

3.5.5. Management of ppcm
The non-pharmacological management of stable patients of

PPCM includes salt and fluid restriction and restricted physical
Table 28
Summary of major studies of Peripartum cardiomyopathy from India.

Study Follow up (yrs) Mean Age (years) Presenting Featu

Elkayam et al368

(n = 123)
NA 31 
 6 Mean LVEF � 29 

TK Mishra et al369

(n = 56)
6.1 31
 5 Mean LVEF �31%

Patil et al370

(n = 65)
7.5 27.5 Mean LVEF- 21%

Mean PA
pressure = 37 mm

PGIMER study371

(n-38)
NA NA Mean gestational

35 weeks

M. Tergestina et al372

(n = 8760)
6 months 23.8 Mean LVEF �31.4

Sion Hospital373

(n = 22)
6 weeks 26.8 Mean LVEF �25.3

Hubli Study374

(n = 24)
6 months 29 Mean Parity- 2.1

87% presented in
partum preiod

Gujrat Study375 4 years NA 55% � NYHA clas
50% � LVEF < 30

Nagpur study376

(n = 11)
81% multipara 
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activity. ACEI and ARBs are contraindicated in pregnancy and are
substituted by a combination of hydralazine and nitrates.
Benazepril, captopril and Enalapril are safe in lactating women.
In spite of an increased risk of fetal growth restriction, β blockers
are recommended in all stable patients for at least 6 months
following diagnosis with Metoprolol Succinate the preferred agent.
Diuretics in the form of thiazides or frusemide are indicated in
patients with pulmonary congestion but they may lead to placental
hypoperfusion. Spironolactone should be avoided in pregnancy.
Digoxin is an add-on drug in patients with low EF and persistent
symptoms. Both pregnancy as well as PPCM are prothrombotic
conditions.

Bromocriptine, a dopamine antagonist, inhibits prolactin
secretion and has been tried in addition to conventional
therapy.377 In the retrospective non-randomized German PPCM
Registry, treatment with beta-blockers, ACE inhibitors, and
Bromocriptine (2.5 mg twice daily for 2 weeks followed by
2.5 mg per day for 6 weeks) was associated with favorable
outcomes. The effectiveness of this drug is greater in patients
whose symptoms onset occurred before delivery or in the first
month postpartum. The suppression of lactation by bromocriptine
res Outcomes


 11% � Complete Recovery of EF in 54%
� Mortality in 9%

 
 7.2 � LVEF improved to 43% 
 8%
� 16% reconceived out of which 55% died during pregnancy and 23%

during follow up

Hg

� Breathlessness, palpitation and cough at presentation in all.
� 50% complained of hemoptysis. 50% had pedal edema and 25% gave

history of syncope.

 age � � Maternal mortality was 16%, all of whom presented with NYHA class IV
symptoms.

� Poor obstetric outcome manifested as 8 stillbirths, 40% prematurity and
a mean birth weight of 2 kg

% � 80% of patients had significantly improved LVEF (mean 50.5% at 6
months).

� Low EF <30% at baseline significantly correlated with poor recovery

% 1 patient (4.8%) showed an improvement in LVEF to >60% and 1 died.

 post
� 25% succumbed in the first week after diagnosis.
� 83% of the survivors recovered completely and the rest had residual LV

dysfunction after 6 months.

s III/IV
%.

� 80% required ICU admission
� Maternal mortality was impressively low (5.5%).
� Preterm delivery occurred in 50% and stillborn in a substantial 17%

� 18% developed persistent cardiomyopathy
� Clinical recovery occurred in 37% but LVEF improved in 27%.
� Maternal mortality was a substantial 27%.
� 6 out of 11 babies had IUGR. 2 intrauterine and 1 neonatal death was

reported
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is of crucial importance to the newborn especially in developing
countries where there may be no practically feasible alternative.
Bromocriptine may be considered in patient of PPCM over and
above conventional therapy.

Delivery should be conducted in a specialized care setting
under multidisciplinary supervision. Mode of delivery is dictated
by hemodynamic status as well as obstetric indications. In patients
with stable hemodynamics, vaginal delivery is preferred due to less
blood loss, less thromboembolism and faster recovery. Moreover,
regional anesthesia is not associated with depression of LV
function. With unstable hemodynamics, Cesarian section is
recommended preferably under spinal anesthesia.

3.5.6. Subsequent pregnancy
There is a substantial risk of relapse of PPCM in subsequent

pregnancies with its attendant risks. A multi-centric study of 34
patients found a relapse rate of 56% with 12% mortality. A reduced
LVEF before next pregnancy is associated with higher mortality and
lower rate of full recovery on follow-up. Addition of Bromocriptine
to standard HF therapy after delivery resulted in better outcome in
subsequent pregnancy. Counseling regarding contraception is
imperative and as exemplified by the fact that 1 in 4 PPCM
patients are sexually active and not using contraception.

3.6. Diabetic cardiomyopathy

Diabetes is rapidly emerging as an epidemic in the modern era,
affecting about 300 million people worldwide, and the number is
likely to cross 450 million by 2030.378 India, sometimes referred to
as “the diabetic capital” was estimated to have about 69.2 million
people living with diabetes in 2015, overall prevalence being
8.7%.379 Diabetes may affect the heart in three different ways:378

coronary artery disease due to accelerated atherosclerosis;379

cardiac autonomic neuropathy and380 diabetic cardiomyopathy, a
relatively newly recognized entity.

Diabetic cardiomyopathy is defined as “a distinct entity
characterized by the presence of abnormal myocardial perfor-
mance or structure in the absence of epicardial coronary artery
disease, hypertension, and significant valvular disease”.381 Hence,
diabetic cardiomyopathy affects the myocyte at the cellular levels,
culminating in structural and functional abnormalities in the heart.

3.6.1. Prevalence
Exact prevalence is not known, as a diagnostic criterion for this

entity does not exist. Studies have shown that after adjusting for
other conventional cardiovascular risk factors, heart failure is 2–3
times more common among diabetics.382 According to a study by
Bertoni et al., the prevalence of diabetic cardiomyopathy was 12%
and reached 22% in people aged greater than 64 years.383

Prevalence of diastolic dysfunction, thought to be an early marker
of diabetic cardiomyopathy, was about 30% in some studies, and up
to 60% in others.384,385

Indian studies till date, have focused on prevalence of diastolic
dysfunction in diabetes. The estimated prevalence ranges from 30
to more than 70% of all diabetic patients.
Fig. 11. Choice of Antidiabetic agen
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3.6.2. Risk factors
Diabetic cardiomyopathy can occur in both type 1 and type 2

diabetes. Studies have shown female sex, poor glycemic control,
High BMI, advanced age, use of insulin, proteinuria, coexistence of
retinopathy and nephropathy to be risk factors associated with
development of heart failure/cardiomyopathy in diabetic
patients.386,387

However, none of the above is a well-established risk factor for
the condition.

3.6.3. Management:-
Standard therapy for HF is applicable to Diabetic Cardiomyop-

athy however a good glycemic control and choice of Oral
Hypoglycemic Agents also have a bearing on the progression
and outcomes of HF

� Lifestyle modification: Smoking cessation, exercise, healthy food
habits and weight reduction can be helpful.
� Glycemic control: Adequate glycemic control might be helpful to
retard the progression of diabetic cardiomyopathy in early
stages. Metformin has been found to be particularly helpful, as it
provides mortality benefit, and also can up regulate cardiomyo-
cyte autophagy, which contributes to prevention of diabetic
cardiomyopathy in animal models.388 (Fig. 11,371) Incretin-based
therapies (DPP4 inhibitors and GLP 1 agonists) are newer drugs
which may offer cardio-protection and may also improve systolic
function.389,390 Some non-randomized studies indicate a harm-
ful effect of insulin, though it was not demonstrated in
subsequent studies.391

� ACE inhibitors, ARBs and aldosterone antagonists: Myocardial
fibrosis and hypertrophy may be prevented by this class of drugs.
� Beta blockers: Might prove to be beneficial, but randomized
trials in diabetic cardiomyopathy patients is missing.
� Statins: Independent of their lipid lowering effect, atorvastatin
and fluvastatin have been found to reduce intra-myocardial
inflammation, myocardial fibrosis, and cardiac dysfunc-
tion.392,393

3.6.4. G. diabetic cardiomyopathy: Indian perspective
Large population-based studies focused on diabetic cardiomy-

opathy are lacking in the Indian scientific literature. Extensive
search revealed a handful of studies, most of which assessed
diastolic dysfunction among diabetic people of different ethnici-
ties. The following table summarizes the findings from various
Indian studies (Table 29 & Fig. 12).

3.7. Right sided heart failure

Right heart failure (RHF) is a complex clinical syndrome that can
result from any structural or functional cardiovascular disorder
that impairs the ability of the RV to fill or to eject blood. Causes of
RHF are listed below in Fig. 13.

The cardinal clinical manifestations are because of fluid
retention; decreased systolic reserve or low cardiac output &atrial
t in patient with Heart failure.
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Table 29
Summary of major studies on Diabetic cardiomyopathy from India.

Authors (Year) Place of study Sample size Key findings

Rothangpui et al.
(2011)394

Manipur 100 type 2DM patients Prevalence of Diabetic CM was 40%
No relation with duration of diabetes and glycemic control
Majority (67%) had diastolic dysfunction
LV mass was more in females with cardiomyopathy
Cardiomyopathy patients had higher LDL, TG and lower HDL

Patil VC et al. (2011)395 Satara,
Maharashtra

127 type 2 DM patients 54.33% had diastolic dysfunction
Correlation with disease duration, obesity, glycemic control and
microangiopathies was noted

Chaudhary et al
(2015)396

Meerut (UP) 100 newly diagnosed normotensive
diabetics

41% had LVDD
Correlated with HbA1c and age

Senthil N et al
(2015)397

Chennai 100 young normotensive (<40 yrs.)
diabetics

Overall prevalence of DD was 30%
Distinct female preponderance
No relation with disease duration, type of diabetes or glycemic control

Dikshit NM et al
(2013)398

Surat 50 normotensive diabetics, 50 matched
controls

Prevalence of DD was 66%
LV mass and wall thickness was more in diabetics compared to controls

Patil MB et al (2010)399 Mysore 50 normotensive diabetics 64% had DD
More in females and increasing age
Positive correlation with HbA1c, disease duration and treatment with both OHA
and insulin.

Sridevi et al (2015)400 Pune 100 patients, 50 non-diabetic controls 79% prevalence of DD
Correlation with coexistent CAD and hypertension

Shekhda et al (2017)401 Western India 100 normotensive asymptomatic
diabetics

Prevalence of DD was 64%
Strong association with disease duration and glycemic control
No relation to age, gender, lipid parameters and type of treatment

Fig. 12. Key findings of Indian studies on Diabetic Cardiomyopathy.
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or ventricular arrhythmias. RHF due to pressure-overload may
report dyspnea, light headedness, and syncope. In both RV
infarction and PE, chest discomfort, tachycardia and elevated
jugular venous pressure are important features. Patients with
acute-on-chronic RVF have hepatic congestion, and lower-extrem-
ity swelling. Physical examination may show parasternal heave, an
RV third-heart sound, and tricuspid regurgitation. Other findings of
coexisting LV failure or valvular lesions may be present.402,403

The Right Ventricle adapts better to volume-overload than to
pressure-overload. In atrial septal defect (ASD) and tricuspid
regurgitation (TR), the RV may tolerate volume-overload for a long
time. In contrast, pH in the adult often leads to RV dilatation and
failure.

In acute pressure-overload states such as pulmonary embolism
(PE), a previously normal RV is incapable of acutely generating a
mean pulmonary artery pressure (mPAP) >40 mm Hg, and RV
failure occurs early.

Atrial flutter and atrial fibrillation are the most common
arrhythmias in severe RV dysfunction, often lead to hemodynamic
instability and are associated with an increased risk of morbidity or
mortality.404–408

RHF may progress from RV dysfunction to symptomatic RV
failure to refractory RV failure. Decreased exercise tolerance
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represents most important prognostic factors for death or
hospitalization.409–411

The clinical syndrome of RVMI characterized by the triad of
hypotension, elevated jugular veins, and clear lung fields in a
patient with minimal LV involvement. Hemodynamically signifi-
cant RVMI with hypotension occurs in less than10% of IWMI
patients.404

3.7.1. Management
The evidence that guides the management of isolated RV failure

is not nearly as well established as the evidence that guides the
management of chronic HF resulting from LV systolic dysfunction.
Most recommendations are based on either retrospective or small
randomized studies.

3.7.2. General measures
Moderate sodium restriction (<2 g/d), daily measurements of

weight, and judicious use of diuretics are recommended. Moderate
exercise training may significantly improve functional capacity and
quality of life. Isometric activities may be associated with syncope
and should be avoided. Pregnancy in patients with severe RV
failure is associated with high maternal and fetal mortality
rate.412,413
al University from ClinicalKey.com by Elsevier on June 27, 
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Fig. 13. Common causes of right sided heart failure.
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3.7.3. Preload optimization
In conditions where RV output is impaired due to contractile

dysfunction but the afterload is normal, a higher preload is needed
to maintain forward flow. It is generally agreed that maintaining a
moderately high RV diastolic filling pressure of 8–12 mmHg is
optimal in RHF.414

3.7.4. Afterload reduction
General measures include lung protective ventilation, avoiding

hypoxaemia and hypercarbia. Pulmonary vasodilators are current-
ly not approved for use in critically ill patients with RV failure not
due to PAH. However, inhaled nitric oxide (iNO) with its rapid onset
of action and short half-life is the pulmonary vasodilator of choice
in the critically ill and improves pulmonary haemodynamics in
RHF. Inhaled prostacyclin analogues have been shown to be safe
and effective in cardiothoracic surgical patients with pulmonary
hypertension, refractory hypoxaemia. Phosphodiesterase 5(PDE5)
inhibitors decrease PAP and increase cardiac output in both acute
and chronic pulmonary hypertension.412–418

3.7.5. Improving contractility
General measures targets maintaining RV perfusion by reducing

wall tension and increasing coronary artery diastolic pressure and
maintaining acellular milieu conducive to myocyte contractility. The
general principles of inotrope use for LVF are applicable for RVF also.

3.7.6. Rhythm management and resynchronization
Maintenance of sinus rhythm and heart rate control are important in

RV failure. Sequential AV pacing and cardioversion of unstable
tachyarrhythmias should be considered promptly when appropriate.

The study of RV resynchronization is at its initial stages.419,420

3.7.7. Anticoagulation
The risk of thromboembolic events in patients with RV failure

has not been well established. Although anticoagulation is usually
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recommended in patients with evidence of intracardiac thrombus,
documented thromboembolic events, paroxysmal or persistent
atrial flutter or fibrillation in the presence of PAH and significant RV
dysfunction.407,412

3.7.8. Neurohormonal modulation of RV failure
ACE inhibitors have been shown to increase RVEF and to reduce

RV end-diastolic volume and filling pressures. Small studies also
have demonstrated that β blockade with carvedilol or bisoprolol
improves RV systolic function.

3.7.9. Supplemental oxygen therapy and ventilation
Hypoxemia may lead to pulmonary vasoconstriction and contrib-

ute to PH. Supplemental oxygen is recommended in patients with
evidence of resting or exercise-induced hypoxemia. Patients with
hypoxemia associated with pulmonary-to-systemic shunting usually
do not benefit from supplemental oxygen therapy.415

3.7.10. Atrial septostomy
The observation of improved survival of patients with pulmonary

hypertension (PH) and patent foramen ovale has led to the hypothesis
that atrial septostomy, which “decompresses” the RV and increases
right-to-left shunting, may be helpful in severe RV failure. At this time,
atrial septostomy should be considered palliative.421

3.7.11. Transplantation
Originally, it was believed that patients with advanced RV

failure secondary to PH could be candidates only for heart-lung
transplantation. However, lung transplantation has been tried and
has been successful in many patients.412

3.7.12. RV assist device
In acute RV failure refractory to medical treatment, mechanical

support with an RV assist device maybe used as a bridge to
transplantation or to recovery.422
University from ClinicalKey.com by Elsevier on June 27, 
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3.8. Constrictive pericarditis

Chronic Constrictive pericarditis (CCP) represents the end stage
of various pericardial inflammatory processes causing thickening
and fibrosis of pericardium which limits diastolic ventricular
filling. This is described more than 300 years ago but in spite of
socioeconomic development, surprisingly the burden of constric-
tive pericarditis has not declined.423

In the majority of cases of CCP the etiology remains unclear. In
India majority of the patients with CCP are suspected to have
tuberculosis in past. The common causes of constrictive pericarditis
include infectious diseases like tuberculosis, neoplasms, cardiac
surgery, and irradiation. Less important causes are idiopathic
pericarditis, sarcoidosis, uremia, autoimmune (connective tissue)
disorders and trauma.424,425 In developing countries, tuberculosis is
still the leading cause of CCP with a reported incidence of 38%–
89%.426–430 however developed world has seen rapid decline in the
casesresulting fromtuberculosis (only 0%–1%)431,432and relative rise
in the incidence of post-operative constrictive pericarditis.433–435

The risk of progression is especially related to the etiology: low
(<1%) in viral and idiopathic pericarditis, intermediate (2–5%) in
immune-mediated pericarditis and neoplastic pericardial diseases
and high (20–30%) in bacterial pericarditis, especially purulent
pericarditis.436

In hospital series from India constrictive pericarditis used to
account for 0.24% to 0.41% of all medical admissions and 0.77% to
3.0% of all cardiac cases admitted.437–439

The disease is most prevalent from the second to fourth decades
of life and is seldom seen at the extremes of age.426 It has been
found to be more common in men than women in India as compare
to western world.426,440,441 The duration of symptoms before the
diagnosis is ranges from 1 to 15 years (mean 6 years) due to late
diagnosis of the disease.426,442 The pathophysiological hallmark of
pericardial constriction is equalization of the end diastolic pressure
in all 4 cardiac chambers which is because of restricted ventricular
filling due to loss of pericardial compliance.443

The most striking presenting clinical features were ascites,
exertional dyspnea and easy fatigability across all series. Exertional
dyspnea and ascites are seen in three fourths of patients. Pedal
edema is seen in nearly half while fatigue is the presenting
symptom in one fourth of patients. Less commonly, gastrointesti-
nal symptoms like anorexia, abdominal fullness, or abdominal pain
may develop secondary to ascites.

A mechanical constriction around the heart produces gross
signs of right heart failure without severe dyspnea. The jugular
venous pressure is elevated with a deep, steep y descent. Positive
Kussmaul sign and a pericardial knock favor the diagnosis of
constrictive pericarditis. Pulsus paradoxus is uncommon in
constrictive pericarditis.

ECG usually shows nonspecific ST segment and T wave changes.
Atrial fibrillation (AF) has been reported in 25%-30% of patients
with CCP.444 X Ray evidence of pericardial calcification is less in
Indian patients (15%) compared to the reported figures of 30%-50%
in the western literature.442 Echocardiography is usually the choice
of imaging in patients with suspected constrictive pericarditis.424

CT is useful in diagnosing constrictive pericarditis and can
demonstrate increased pericardial thickness (>4 mm) and calcifi-
cation.445 If diagnosis is in doubt then invasive hemodynamic
study can be useful.446

3.8.1. Management
Although the mainstay of treatment of chronic permanent cases

is surgery, medical therapy may have a role in some conditions.
Medical therapy of specific etiologies (i.e. tuberculous) is useful to
prevent the progression to constriction. Antituberculosis anti-
biotics may significantly reduce the risk of constriction from >80%
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to <10%.447,448 Medical therapy (generally based on anti-inflam-
matory drugs) may solve the transient constriction occurring in
10–20% of cases within a few months, generally as a temporary
phenomenon during the resolution of pericarditis. Medical therapy
is supportive and aimed at controlling symptoms of congestion in
advanced cases and when surgery is contraindicated or delayed.

Pericardiectomy is the definitive treatment for constrictive
pericarditis.430 There is an improvement in mortality rates in series
published after 1985. The actuarial survival was �84% in patients
undergoing total pericardiectomy compared to �74% in patients
undergoing partial pericardiectomy at a mean follow-up of 18
years.426

In the western studies, the operative mortality is about
6%.431,449 Survival at 5- and 10-years is reported to be 78 
 5%
and 57 
 8%, respectively, which is inferior to that reported from
India. This has been proposed to be due to older age group of
patients and the higher incidence of post irradiation constrictive
pericarditis which leads to myocardial dysfunction as well.
Predictors of late events include 3 baseline variables: age, NYHA
class, and a radiation cause for constrictive pericarditis.431

Idiopathic CP had the best prognosis (7-year Kaplan-Meier
survival: 88%, followed by postsurgical (66%) and post radiation
CP (27%).449

3.9. Restrictive cardiomyopathy

Restrictive cardiomyopathy (RCM) is the least common type of
cardiomyopathy. RCM is characterised by diastolic dysfunction that
results in impaired ventricular filling, normal or decreased diastolic
volume of either or both ventricles, and increased left ventricular wall
thickness.450 Unlike DCM and HCM, where the definition is
morphological, the definition of restrictive cardiomyopathy
requires hemodynamic distinctions. Myocardial relaxation abnor-
mality with interstitial fibrosis and calcifications compose the
fundamental abnormalities of restrictive cardiomyopathies. RCM
constitutes 10–15% of all cases of HFpEF.451

Etiology (Table 30) �

3.9.1. Idiopathic (Primary) RCM
Idiopathic RCM is a rare condition that may present in both

children and adults.452,453 Both familial and sporadic cases have
been described.454,455 Familial cases are usually characterized by
autosomal dominant inheritance with incomplete penetrance. The
condition warrants earliest recognition as development of
pulmonary hypertension precludes heart transplantation.456

3.9.2. Amyloidosis
Cardiac amyloidosis is an infiltrative disorder caused by

deposition of insoluble fibrillar protein in the interstitial space.457

It typically presents as a systemic disorder, with multi organ
infiltration. Primary or systemic amyloid light-chain (AL) amyloid-
osis is the most common form of amyloidosis and is associated
with blood dyscrasias, such as multiple myeloma. Cardiac
involvement is associated with a poor prognosis, with a median
survival from diagnosis of 1 year.458 The diagnosis of AL
amyloidosis should be suspected in any patient with nondiabetic
nephrotic syndrome; nonischemic cardiomyopathy with “hyper-
trophy” on echocardiography.459

A detailed description of other conditions causing RCM is
beyond the scope of this document and details can be found
elsewhere.

3.9.3. Diagnosis of RCM
The ECG often shows low voltage, nonspecific ST-T wave

changes, various arrhythmias and conduction blocks. Most
patients have normal or near-normal cardiac size on examination
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 30
Causes of Restrictive cardiomyopathy.

Primary
Familial Cardiomyopathy
Endomyocardial fibrosis
Loeffler endocarditis
Idiopathic cardiomyopathy
Secondary
Infiltrative
Amyloidosis
Sarcoidosis
Non-infiltrative
Myocardial
Scleroderma
Diabetic cardiomyopathy
Pseudoxanthoma elasticum

Endomyocardial
Carcinoid heart disease
Metastatic cancers
Radiation
Toxic effects of anthracycline
Drugs causing fibrous endocarditis (Serotonin,

methysergide, ergotamine, mercurial agents and
busulfan)
Storage disorders
Fabry’s disease
Gaucher’s disease
Haemochromatosis
Hurler’s disease
Fatty infiltration
Storage diseases
Glycogen storage disease
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and chest x-ray. In advanced cases there is cardiomegaly.
Echocardiographic findings in RCM include biatrial dilatation,
hypertrophied ventricles with decreased compliance, initially
small cavities of the left ventricle, and normal-to-depressed
systolic function (Table 31).460

Other classical features of RCM can be studied using Tissue
Doppler,&Strain rate imaging and Myocardial contraction function

Cardiac magnetic resonance (CMR) is a versatile technique
providing anatomical, morphological and functional information
in suspected RCM. In recent years, it has been shown to provide
important information regarding disease mechanisms, and also
been found useful to guide treatment, assess its outcome and
predict patient prognosis.461 It confirms the existence of thrombi
or calcifications, allows an exact delineation of hypoperfused areas
that correspond to fibrosis, and provides hemodynamic informa-
tion.462 Myocardial suppression scans, acquired after injection of
gadolinium, allow exact appreciation of the disease extension of
fibrosis by delayed hyperenhancement of the pathologic areas.463

Cardiac catheterization is rarely used for the diagnosis of RCM,
since complete noninvasive assessment is possible in most
patients. Endomyocardial biopsy is rarely used in India to diagnose
RCM. It may be done when specific treatable etiologies are
suspected.

3.9.4. Outcomes
The course of RCM varies depending on the pathology, and the

treatment is often unsatisfactory. The prognosis for children with
IRCM is especially poor. In adult presentation, patients often have
Table 31
Distinguishing Echocardiographic features in different causes of RCM.

Disease Echocardiographic features

EMF Cavity obliteration and right ventricular outflow tract
Cardiac Amyloidosis Increased thickening of the ventricular wall, mitral an
Friedrich’s ataxia Hypertrophic cardiomyopathy, including symmetric L
Drug induced Valvular thickening
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extensive disease; therefore, survival after diagnosis is relatively
brief, averaging approximately two years after symptom onset.464

Gupta and colleagues,465 showed a 10 year survival of only 37% in
patients of EMF.

3.9.5. Treatment
Unlike the overwhelming evidence for guideline based

treatment for dilated and hypertrophic cardiomyopathy, there
has been less direction on the best treatment of RCM. The goal of
treatment in RCM is to reduce symptoms by lowering elevated
filling pressures without significantly reducing cardiac output.

The general principles are summarized below-

� Principles of Non-pharmacological management are similar to
that applied in HF of other etiologies
� Diuretics (aldosterone antagonists and loop diuretics) – are the
mainstay
� Midodrine* may be helpful when symptomatic hypotension
(*Not available in India)
� Beta blockers and ACEI:
� Reasonable if the patient has hypertension
� Often advanced RCM have low baseline blood pressures
� Prudent to titrate these drug classes with extreme caution.
� Calcium Channel blockers:
� Verapamil/diltiazem useful in RCM
� Increased LV filling time and improving LV relaxation
� Relatively contraindicated in amyloidosis – high sensitivity
to high-degree heart block and profound negative inotropic
effects.466

� Digoxin:
� Amyloidosis – highly sensitive to digoxin may cause sudden
death467,468

� Should be avoided.

3.9.5.1. Management of atrial fibrillation. Patients with restrictive
physiology rely more heavily on atria’s contribution to stroke
volume. Hence, AF needs to be treated with amiodarone and beta
blockers promptly. Patients with AF warrant standard
anticoagulation therapy.

3.9.6. Specific management
RCM has no specific treatment. However, therapies directed at

individual causes of RCM have been proven to be effective
(Table 32).

Cardiac transplantation or mechanicals support therapy can be
considered in select patients of RCM with refractory symptoms
who have idiopathic RCM, amyloidosis or EMF. Cardiac transplan-
tation may be effective in patients with m-TTR amyloid if there is
limited hepatic and nerve involvement. Liver and combined liver–
cardiac transplantation may improve survival in these patients
when there is significant liver involvement.

3.10. Endomyocardial fibrosis

EMF is a disease of the tropics and widely prevalent and was
then reported from India, Uganda, Nigeria, Ivory Coast and Brazil.
 dilatation with varying degrees of atrioventricular valve regurgitation
d tricuspid leaflets, and interatrial septum. decreased global longitudinal strain
V hypertrophy, abnormal myocardial relaxation, and LV outflow obstruction

University from ClinicalKey.com by Elsevier on June 27, 
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Table 32
Treatment of the Restrictive Cardiomyopathies

Treatment

Idiopathic RCM Heart transplant
EMF Endocardiectomy, Heart transplant
Amyloidosis
� Primary (AL) Bortezomib-based chemotherapy,

stem cell transplant, ICD
� Secondary (AA) Treat the underlying condition

� Hereditary (m-TTR) Heart and/or liver transplant, ICD

Hemochromatosis Phlebotomy, iron-chelating agents
Anderson-Fabry Phlebotomy, iron-chelating agents

AA = amyloid A; AL = amyloid light-chain; ICD = implantable cardioverter-defibril-
lator; m-TTR = mutant transthyretin; wt-TTR = wild-type transthyretin; other
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EMF in India
As per hospital statistics, incidence and prevalence of EMF

peaked during 1960–1990 in Kerala and subsequently there has
been a marked decrease in newly diagnosed cases of EMF. In the
registry of over 400 cases of EMF during 1978–1990,469,470 RVEMF
was seen in 30%, LVEMF in 20% and biventricular EMF (BVEMF) in
50%. Mortality at 2 years in those presenting with NYHA class 3–4
was 50% on optimal medical therapy. During a five year period
from 1998 to 2003, there were only 50 new cases of EMF with
mostly older patients. The patients were less symptomatic; most of
the cases were diagnosed consequent to evaluation of abnormal
electrocardiograms and non-specific symptoms. The mortality of
the patients who presented in this period was less than 10 percent
at two years after diagnosis.

3.10.1. Anatomical/structural involvement in EMF
As the name suggests, and as clinically recognized, endo-

myocardial fibrosis is primarily a fibrotic disease process
involving predominantly the endocardium of either or both
ventricles and conspicuous by sparing the atria of clinically
important involvement. There is a predilection for the patho-
logic process to involve the apices of the ventricles and spare the
outflows of the right and left ventricles though an occasional
case of RV outflow involvement with the fibrotic process has
been described. The endocardial fibrotic process extends to
adjacent myocardium to variable degree and can rarely cause in
addition, systolic ventricular dysfunction. Superimposed throm-
bus on the fibrotic endocardial surface can lead to systemic as
well as pulmonary thromboembolism and organized clots are
postulated to be an additional reason for ventricular cavity
obliteration. The fibrotic process can involve the papillary
muscles of either of the ventricle and this leads to loss of
function of the chordo-papillary structure often leading to fixity
and plastering of the leaflets with reduced mobility and
inadequate coaptation causing atrio-ventricular (AV) valve
regurgitation, though primary involvement of the valve leaflets
is not described.

3.10.2. Clinical presentation:
The extent of obliterative endocardial involvement and AV valve

incompetence affecting either or both ventricles will determine
the clinical symptomatology. Isolated RVEMF with obliterative
changes and no tricuspid incompetence, are mildly symptomatic
and the only abnormal clinical finding may be prominent ‘a’ wave
in JVP. At the other extreme, patients with isolated RVEMF with
severe TR present with features of chronic right HF with markedly
elevated JVP and expansile large ‘v’ waves, pulsatile liver,
hepatomegaly, ascites precox, edema, cyanosis, cachexia, and
malnutrition. They may also have pericardial effusion, marked
cardiomegaly, RV third heart sound, and inconspicuous systolic
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murmur of TR. The severity of TR rather than the presence of RV
diastolic dysfunction is the determining factor for the outcome of
patients with RVEMF.

Isolated LVEMF, in the absence of AV valve incompetence, is often
minimally symptomatic. Hemodynamic study may reveal a promi-
nent ‘a’ wave in the pulmonary artery wedge pressure and LV end
diastolic pressure may be elevated. Patients with LVEMF usuallyhave
features of mitral incompetence with grade 1 to 3/6 intensity systolic
murmur. A systolic thrill is rare, so also is a fourth heart sound. LV
third heart sound is common. Patients with LVEMF and significant
mitral incompetence, present similar to patients with valvular
incompetence from rheumatic heart disease. Left atrial and
pulmonary venous hypertension is followed by pulmonary arterial
hypertension and RV failure. Features of PAH will depend on the
presence of pulmonary venous hypertension resulting from mitral
incompetence as well as diastolic LV dysfunction. Symptomatic
patients with LVEMF usually have significant AV valve incompetence
and symptoms correlate well with severity of mitral incompetence,
suggesting that mitral incompetence is the dominant factor in
determining the clinical disease progression.

Biventricular involvement is seen in at least 50% of patients and
clinical presentation depends upon the severity of mitral
incompetence, tricuspid incompetence and diastolic dysfunction
due to obliterative changes in both the ventricles. These patients
are hemodynamically more compromised and deteriorate rapidly
and have a poor prognosis. Though large RA thrombi are
occasionally seen, it is rare to see massive pulmonary embolism
and pulmonary infarcts are rarely recognized clinically or at
autopsy. Large pericardial effusion with isolated severe RV EMF
rarely contribute to hemodynamic deterioration and is an indicator
of severe disease, re-accumulates rapidly and is not drained as a
routine.

3.10.3. Investigations:
Electrocardiogram and Chest skiagram are useful to assess

chamber enlargement, pulmonary venous hypertension, and
pericardial effusion. LA enlargement is common finding. RVEMF
is often characterized by qR pattern in V1 with a diminutive ‘R’ and
hypothesized as due to RA enlargement displacing a diminutive RV
(Figs. 13 and 14)

Echocardiography with Doppler study, and hemodynamic study
with ventricular angiography are essential tools for assessment of
the morphological and hemodynamic derangement in EMF to
decide on need for therapeutic interventions (Figs. 15–18).460,471

Cardiac MRI has the potential to be the choice imaging mode for
better delineation of ventricular morphology, shape, function as
well as endocardial thickening, thrombosis, myocardial character-
ization for fibrosis and AV valve incompetence. (Fig. 19)

3.10.4. Management of HF in EMF
For clinical simplicity, 3 scenarios of EMF which will encompass

the majority of clinical spectrum of EMF are summarized in
Table below

1. Isolated RVEMF:
� Medical management is as for isolated right HF with diuretics
for preload reduction
� Chronic low pressure TR has a better prognosis with patients
often surviving many years, though the majority may
succumb to HF and inter-current illness due to malnutrition
� Surgical options: TV replacement, TV replacement with Glenn
shunt (one and half ventricle repair) and Fontan type surgery

2. Isolated LVEMF:
� Mildly symptomatic patients – small dose diuretics as needed
and rhythm management and anticoagulation when indicated
for AF.
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Fig. 14. ECG of a patient with LVEMF, showing LVH with strain pattern.

Fig. 15. Fluoroscopy showing, the presence of LV apical calcium.

Fig. 16. LV angiogram in a patient with LVEMF, showing the obliteration of the LV
apex, transverse diameter more than the longitudinal diameter and no MR (Primary
diastolic HF).

Fig. 17. RV angiogram in a patient with RVEMF, showing obliteration of the RV apex
and body, RVOF dilatation and significant TR.
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Fig. 18. Echocardiogram, Apical 4 chamber view, showing the presence of calcium at the LV apex.

Fig. 19. Perfusion MRI, 4 chamber view in diastole showing fibrosis and obliteration
of RV apex (white arrow) [RV – right ventricle, RA – Right atrium, LA – left atrium].
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� Ventricular arrhythmias are infrequent and prophylactic ICD/
CRT not indicated in view of preserved LVEF in the vast
majority.
� Severely symptomatic patients – surgery with mitral valve
replacement and LV endocardiectomy
� The short term, intermediate and long term outcome is
excellent, though underlying myocardial dysfunction, extend
of restoration of LV cavity and LV compliance at surgery are
confounding factors.

3. BVEMF with hemodynamically significant biventricular involve-
ment:
� Most difficult subset of patients to manage medically as well
as surgically
� Medical therapy is supportive with optimal diuretic use,
ventricular rate control and anticoagulation for AF
� Decision on feasibility of surgery is largely dependent on the
extent of RV involvement and adequacy of RV to support the
entire cardiac output by its structure and function. A
hypertensive RV (RV pressure more than 50 mmHg is a useful
yardstick) indicates adequate systolic function to support the
systemic circulation and these patients can undergo MV
replacement with LV endocardectomy and TV repair ensuring
adequacy of RV cavity volume and systolic RV function. These
patients cannot have Glenn/one and half ventricle repair/
Fontan type surgery along with MV surgery. In the absence of
significant obliterative and contracted volume deficient RV,
these patients have a fair long term surgical outcome.

Severe LV involvement with severe RV involvement character-
ized by severe TR and severe RV cavity obliteration are not offered
surgical options in view of high surgical risk and uncertain long
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term outcome. They are managed as chronic HF and can be listed
for cardiac transplant as there is little risk of recurrence of EMF.

Eosinophilic systemic disease with EMF: Hypereosinophilic
syndrome with tissue infiltration and endo myocardial involve-
ment (Loeffler’s syndrome) can closely mimic tropical EF.

Experience at the Sree Chitra Tirunal Institute for Medical
Sciences and Technology showed 54% survival among 210
medically followed up patients. However those in class 3–4 had
50% mortality at 2 years. 89 patients underwent various surgical
procedures from 1980- 1990.471 Operative mortality at one month
was 30% and additional late mortality of 12%. Late mortality and
morbidity were related to prosthetic valve dysfunction more so in
the tricuspid position with bioprosthesis degeneration and
mechanical prosthesis thrombosis. 27 patients with isolated
RVEMF had TV replacement with RV endocardectomy with early
mortality 30%.13 patients with LVEMF had LV endocardectomy and
MV replacement including 2 TV annuloplasty, with early mortality
23%. 49 patients with significant BVEMF, had MVR + TVR+ BV
endocardectomy in 12, MVR + LVE+ TVA in 15, MVR+ LV
endocardectomy in 11 and TVR + RV endocardectomy in13
(patients with hemodynamically insignificant LV involvement)
with early mortality 30%. Mortality in patients less than 15 years
was 58% compared to 22% in those above 15 years. 3 patients
showed recurrent fibrosis of endocardium at follow up of which,
one had significant cavity obliteration. In view of the unsatisfactory
surgical outcome, only 7 patients out of 11 patients presenting in
1990–2000 period were offered surgery and none was offered TV
replacement. 3 had LV endocardectomy with MVR, one LV
endocardectomy alone, 1 biventricular endocardectomy, 2 bidirec-
tional Glenn shunt. There was no early or intermediate term
mortality, essentially because of case selection, avoiding patients
with severe biventricular disease and resorting to RV bypass
avoiding TV replacement (Table 33).

3.11. Nutritional and metabolic causes of HF

Metabolic derangements are rare but important cause of HF. In
developing countries like India, this becomes even more important
due to higher prevalence of malnutrition and poor general health
care leading to delayed diagnosis and ineffective management of
potentially reversible causes of HF.

Metabolic derangements leading to HF can be divided into
Nutritional causes and Hormonal causes (Table 34).26

3.11.1. Nutritional causes

3.11.1.1. Thiamine deficiency (Beriberi). Asians have higher
incidence of beriberi because the diet consists of a high intake
of polished rice which is deficient in thiamine. Thiamine is
required as a cofactor for energy production via the Krebs cycle at
two steps: oxidative decarboxylation of pyruvate to acetyl
al University from ClinicalKey.com by Elsevier on June 27, 
sion. Copyright ©2022. Elsevier Inc. All rights reserved.



Table 33
Salient features of EMF in India.

� Endomyocardial fibrosis is presently reported sporadically from many parts of India
� There is a remarkable reduction in newly diagnosed cases
� 3 Phases � Thrombotic (acute) phase, sub acute phase and chronic fibrotic phase
� Management � predominantly addressing pulmonary and systemic venous congestion with diuretics, arrhythmia management and anticoagulation
� Various surgical interventions have been attempted, and MV replacement and or LV endocardectomy for isolated LV EMF have similar results to MV replacement in

rheumatic valvular heart disease. Surgical outcome for primary RV involvement is less satisfactory with high surgical mortality and early prosthetic valve thrombosis.

Table 34
Metabolic causes of heart failure.

Nutritional Causes Hormonal causes

Deficiency of micronutrients Thyroid diseases
Thiamine Parathyroid disease
L-carnitine Acromegaly
Selenium GH deficiency
Coenzyme Q10 Hypercortisolemia
Iron Primary hyperaldosteronism
Phosphates Addison’s Disease
Calcium Diabetes mellitus

Complex malnutrition Metabolic Syndrome
Malignancy Pheochromocytoma
AIDS Related to pregnancy and peripartum
Anorexia nervosa

Obesity
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coenzyme A and of alpha ketoglutarate to succinyl coenzyme A.
Thiamine deficiency initially presents as a high-output state
secondary to vasodilation and an increase in blood volume this is
followed by eventual depression of myocardial function and the
development of a low output state. Direct impairment of
myocardial energy production has been proposed as one
possible mechanism of the heart failure seen in beriberi. Exact
mechanism responsible for vasodilation is not clearly
understood.472–475

Classically, beriberi has been divided into two major types: a
“dry” form, in which features of peripheral neuropathy predomi-
nate, and a “wet” form, in which signs and symptoms of right-sided
heart failure with normal or high cardiac output are the presenting
features. Rarely, a fulminant or “pernicious” variant, termed
Shoshinberiberi, may occur with severe biventricular failure,
metabolic acidosis, and variable cardiac output with vascular
collapse, peripheral cyanosis and death. Laboratory diagnosis of
thiamine deficiency can be made on the basis of an increase in
thiamine pyrophosphate effect (TPPE), decrease in blood thiamine
concentration, or a decrease in red cell transketolase activity.

Thiamine supplementation may be initiated depending on the
severity of HF. In mild deficiency states including lactating women
at risk of inadequate thiamine intake, a daily oral dose of 10 mg
thiamine should be given during the first week, followed by 3–
5 mg for at least six weeks. In critically ill child if severe heart
failure, convulsions or coma occur, 25–50 mg of thiamine should
be given very slowly intravenously, followed by a daily intramus-
cular dose of 10 mg for about a week. This should then be followed
by 3–5 mg of thiamine per day orally for at least 6 weeks. In adults
with severe heart failure 50–100 mg thiamine should be adminis-
tered very slowly intravenously, followed by the same oral doses as
for children. With appropriate treatment, the cardiac index and
heart rate are reduced and there is an increase in systemic vascular
resistance. Magnesium may have to be co-administered with
thiamine, particularly in magnesium-depleted patients as magne-
sium depletion alone leads to a blunted response to thiamine
supplementation and loss of thiamine from tissues. Beneficial
effects of thiamine have been demonstrated in Indian population
in some small studies.476,477
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3.11.2. L- carnitine deficiency
Carnitine is a naturally occurring hydrophilic amino acid

derivative, produced endogenously in the kidneys and liver and
derived from meat and dairy products in the diet. It plays an
essential role in the transfer of long-chain fatty acids into the
mitochondria for beta-oxidation.

The three areas of involvement include26 the cardiac muscle,
which is affected by progressive cardiomyopathy (by far, the most
common form of presentation),472 the central nervous system,
which is affected by encephalopathy caused by hypoketotic
hypoglycemia, and473 the skeletal muscle, which is affected by
myopathy. Cardiomyopathy (affecting older children) may occur
with rapidly progressive heart failure. Pericardial effusion has also
been observed in association with primary carnitine deficiency. In
patients with carnitine deficiency, the carnitine level in plasma is
usually less than 5% of normal.

Medical therapy with oral carnitine in primary carnitine
deficiency improves fasting ketogenesis, cardiac function, growth,
and cognitive performance. The usual dose of oral L-carnitine in
children is 100 mg/kg per day in four divided doses. The dose of L-
carnitine in adults is 2 to 6 g daily. For life-threatening events,
intravenous therapy of 100 to 400 mg/kg per day should be
used.478

3.11.3. Selenium deficiency
Selenium (Se) is a trace mineral with a role in multiple biologic

functions. Seafood, kidney and liver, and meat are good sources of
selenium. Drinking water usually contains very little seleni-
um.479,480 The selenium content of grains and seeds is variable and
depends on the selenium content of the soil and the form in which
selenium is present

Severe selenium deficiency is associated with skeletal muscle
dysfunction and cardiomyopathy and may also cause mood
disorders and impaired immune function macrocytosis, and
whitened nailbeds. Keshan disease, an endemic cardiomyopathy
that affects children and women of childbearing age in areas of
China, has been linked to selenium deficiency.481 Several cases of
selenium deficiency in chronic total parenteral nutrition users
have been reported with cardiomyopathy and skeletal muscle
dysfunction.482

The Recommended dietary allowance for selenium is 20 mcg
daily for young children, rising to 55 mcg daily for adults.

3.11.4. Coenzyme Q10 deficiency
Coenzyme Q10 (CoQ10) is a natural antioxidant synthesized

and diet-supplied lipid-soluble cofactor that acts in the mitochon-
drial membrane. Coenzyme Q10 (CoQ10) or ubiquinone can
potentially enhance cardiac function through a variety of mecha-
nisms.483

Coenzyme Q10 deficiency is associated with HF. In patients with
HF, the reduced intake of CoQ10 is correlated with New York Heart
Association (NYHA) functional class, lower left ventricular ejection
fraction (LVEF) and increased NT-proBNP levels.484 Measurement
of total CoQ10 represents the sum of the reduced form (Ubiquinol-
10) and the oxidized form (Ubiqinone-10).
University from ClinicalKey.com by Elsevier on June 27, 
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Two meta-analyses485,486 that have examined pooled data from
13 trials demonstrated an improvement in LVEF of 3.67% (95% CI,
1.6%–5.74%) in those receiving CoQ10 versus placebo. The majority
of benefit of LVEF improvement was in trials published before 1993
(7/13). Lack of contemporary cardiovascular drugs and devices, and
use of more subjective outcomes (such as hospitalizations and
symptoms) limit the strength of these findings. Recent Q-SYMBIO
trial completed in 2014 which enrolled 420 patients demonstrated
that compared with placebo, CoQ10 at 100 mg orally thrice a day
reduced the primary two year end point of cardiovascular death,
hospital stays for HF, or mechanical support or cardiac transplant
(30 versus 57, P = 0.005).487 Cochrane Database review no
conclusions can be drawn on the benefits or harms of coenzyme
Q10 in heart failure at this time as trials published to date lack
information on clinically relevant endpoints. Furthermore, the
existing data are derived from small, heterogeneous trials that
concentrate on physiological measures: their results are inconclu-
sive. Until further evidence emerges to support the use of
coenzyme Q10 in heart failure, there might be a need to re-
evaluate whether further trials testing coenzyme Q10 in heart
failure are desirable.

3.11.5. Iron deficiency
Iron deficiency contributes to cardiac and peripheral dys-

function and is associated with increased risk of death,
independent of the hemoglobin level.488 Iron deficiency affects
nearly 40% of HF patients.489 Jankowska et al. demonstrated that
iron deficiency is a strong and independent predictor of
prognosis in HF, with a 1.58 increased risk of death or heart
transplant.490 In recent INDIC study, iron deficiency was seen in
67.5% patients with systolic heart failure and was associated
with advanced NYHA class.491

In HF patients, iron deficiency can be defined as ferritin
<100 mg/L (absolute iron deficiency, related to depletion of iron
stores), or 100–300 mg/L with transferrin saturation <20%.
CONFIRM-HF trial demonstrated a 61% relative decrease in HF
hospitalization for worsening HF and an improvement in
functional capacity, symptoms, and quality of life in patients
receiving intravenous ferric carboxymaltose.492 A meta-analysis of
five randomized clinical trials suggested that intravenous iron
supplementation reduces cardiovascular hospitalization (OR 0.44),
cardiovascular death or hospitalization for worsening HF (OR 0.39),
while improving quality of life, functional capacity and other
symptoms.23Recent ESC guidelines recommend Intravenous ferric
carboxymaltose in symptomatic patients with Heart failure with
reduced ejection fraction and iron deficiency (serum ferritin
<100 mg/L, or ferritin between 100 and 299 mg/L and transferrin
saturation <20%) in order to alleviate HF symptoms, and improve
exercise capacity and quality of life.26

Advantages of IV iron therapy include the small number of
injections required, rapid improvement in iron parameters and the
cost-effectiveness. Preparation of iv iron like ferric carboxymaltose
(FCM), ferric hydroxide sucrose, ferric gluconate, and ferric
hydroxide dextran are available. The recommended dose for
FCM (750 mg) is higher than that for ferric sucrose (100–400 mg)
or ferric gluconate (125 mg), so fewer injections of FCM are needed
to replenish iron stores.

3.11.6. Hormonal causes

3.11.6.1. Thyroid dysfunction. Thyroid hormone regulates cardiac
performance by acting on the heart and vascular system. Several
important cardiac structural and functional proteins are
transcriptionally regulated by T3, namely, sarcoplasmic
reticulum calcium ATPase (SERCA2), α-myosin heavy chain
(αMHC), β1 adrenergic receptors, sodium/potassium ATPase,
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voltage-gated potassium channels, malic enzyme and atrial and
brain natriuretic hormone.493

Short-term hyperthyroidism is characterized by a high cardiac
output state with a remarkable increase in heart rate and cardiac
preload and a reduction in peripheral vascular resistance, resulting
in a hyperdynamic circulation. T3 promotes relaxation of the
peripheral vasculature and decreases systemic vascular resistance
indirectly by affecting tissue thermogenesis and directly by acting
on vascular smooth muscle cells and endothelial nitric oxide
production. Patients with overt and subclinical hyperthyroidism
are at increased risk of cardiac death. The increased risk of cardiac
mortality might be a consequence of the increased risk of atrial
arrhythmias and of the risk of HF in these individuals. The
development of high-output HF in thyrotoxicosis may be due to
‘tachycardia-mediated cardiomyopathy’.494 The symptoms and
signs of HF occur in the setting of an increased cardiac output with
normal systolic function and low systemic vascular resistance,
whereas blood volume is increased due to the chronic activation of
the RAS and, consequently, cardiac preload is enhanced. Impaired
exercise tolerance can be interpreted as the first symptom of HF in
hyperthyroid patients subsequently patient may complain breath-
lessness at rest, fatigue and fluid retention with peripheral
oedema, pleural effusion, hepatic congestion and increased
pulmonary arterial hypertension. Several case reports suggest
that treatment with β-blockers and diuretics may improve the
congestive circulatory symptoms in these patients.492 Euthyroid-
ism results in a rapid clinical improvement of cardiac function and
symptoms of congestive HF. However, HF may become irreversible
in some cases. Approximately, one-third of patients may develop
hyperthyroid cardiomyopathy.495

Hypothyroidism causes cardiac atrophy due to decreased αMHC
expression and increased βMHC expression. Moreover, hypothy-
roidism leads to chamber dilatation and impaired myocardial
blood flow. Even patients with subclinical hypothyroidism are
increased risk of heart failure. The Health Aging and Body
Composition population-based study showed that patients (aged
70–79 years) with TSH level 7mU/l or greater, who were monitored
for 4 years, had a higher risk of HF events than euthyroid
patients.496 Thyroid function should be evaluated in patients with
HF and non-ischaemic dilated cardiomyopathy to determine
whether hypothyroidism and low T3 syndrome caused the cardiac
disease. The American College of Cardiology guidelines for HF
recommend screening of serum thyrotrophin levels for all cases of
newly diagnosed HF.100 The administration of replacement doses
of L-T4 reduces myocyte apoptosis and improves cardiovascular
performance and ventricular remodeling. Diastolic dysfunction
due to slowed myocardial relaxation and impaired ventricular
filling is reversible after replacement therapy. Patients with TSH
>10 mU/l had an increased risk of HF during the periods of L-T4
withdrawal than during its use497 and replacement doses of L-T4
should be considered in patients with Subclinical Hypothyroidism
and TSH > 10 mU/l to prevent the risk of HF events.

Other less common hormonal causes of heart failure are
summarized in Table 35.

3.12. HIV cardiomyopathy

With the advent of anti-retroviral therapy and better opportu-
nistic infection control, chronic complications of Human Immu-
nodeficiency Virus (HIV) infection, like HIV cardiomyopathy is
gaining prominence. The cause is multi-factorial, including
myocarditis secondary to HIV itself or other infectious agents,
nutritional deficiencies (selenium, carnitine, and vitamins B1 and
B12), autonomic insufficiency, and autoimmune factors (cytokine
imbalances), effects of anti-retroviral drugs etc. Patients living
with HIV/AIDS should be carefully evaluated and screened for
al University from ClinicalKey.com by Elsevier on June 27, 
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Table 35
Other hormonal disorders causing heart failure.

Disorder Characteristics Treatment

Parathyroid diseases � Autonomous adenoma or secondary hyperparathyroidism
secondary to chronic renal disease or vitamin D deficiency

� hypertension, obesity, glucose intolerance, and insulin resis-
tance

� myocyte hypertrophy, diastolic dysfunction, calcification of
aortic valve, mitral valve and myocardium

� Surgical removal of adenoma

Acromegaly � Benign adenoma in >98% cases,
� Hypertension, systolic and diastolic dysfunction, increased

myocardial mass, interstitial fibrosis, ventricular cavity dilata-
tion, and increased systemic vascular resistance, atrial and
ventricular arrhythmias,

� Surgical resection of adenoma, somatostatin analogies
� May reverse hypertrophy, improve diastolic filling and systolic

performance

GH deficiency � Atherosclerosis, decreases in LV mass index, impaired LV
performance at peak exercise, and exercise intolerance

� GH replacement therapy improves cardiac performance and
increases LV mass, LV end diastolic volume, and stroke volume

Cushing’s Syndrome � Due to pituitary adenoma or ectopic ACTH syndrome
� Increased septal and free wall thickness, diastolic dysfunction,

subclinical systolic dysfunction

� Transphenoidal surgery or bilateral adrenalectomy, radiother-
apy

� Reversible with normalisation

Primary hyperaldosteronism � Unilateral adrenal adenoma or bilateral adrenal hyperplasia
� Hypertension, potassium depletion,
� Maladaptive cardiac remodelling, diastolic dysfunction

� Laparoscopic adrenalectomy for unilateral adenoma,
� MRAs for bilateral hyperplasia

Pheochromocytoma � Catecholamine-producing tumours that originate from chro-
maffin cells of the adrenal medulla and the sympathetic ganglia

� Hypertension (episodic or sustained) and paroxysmal symptoms
such as dizziness, headache, flushing, diaphoresis, and palpi-
tations may lead to dilated cardiomyopathy or hypertrophic
cardiomyopathy.

� Surgical resection, with preoperative medical optimization to
obtain adequate blood pressure control and volume expansion

� reversal of cardiomyopathy in early stages after surgery

GH � Growth Hormone, MRAs � Mineralocorticoid Receptor Antagonists.
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presence of HIV cardiomyopathy. Indian data regarding the
prevalence of this condition is inadequate.

In the pre highly active antiretroviral therapy (HAART) era, the
heart failure in HIV-infected individuals was mainly due to
myocarditis, related to direct effects of HIV, opportunistic
infections, autoimmunity, nutritional deficiencies, or severe
immune deficiency.498 After HAART introduction, it has been
proposed that incidence of coronary artery disease is more in HIV
affected individuals, probably due to metabolic derangements
caused by protease inhibitors.

Pre-HAART era: HIV-associated cardiomyopathy was broadly
defined as a decreased left ventricular (LV) ejection fraction or
dilated LV by imaging studies, with or without symptoms of heart
failure and mainly prevalent in the developing countries.

After introduction of HAART, definition of HIV-associated
cardiomyopathy now includes diastolic dysfunction.499–502

3.12.1. Pathological features of HIV-associated cardiomyopathy
Gross examination reveals endocardial fibrosis and mural

thrombus. Histologically, there is evidence of myocyte hypertrophy
and degeneration, with increased interstitial and endocardial
fibrillar collagen often associated with evidence of previous
myocarditis.

3.12.2. Treatment503–512

No randomized trials of heart failure medications have been
performed in HIV cardiomyopathy, and therapy is based on
consensus statements and standard guideline directed medical
treatment for non-HIV heart failure.

3.12.3. The Indian perspective
Studies on cardiovascular manifestations of HIV are sparse in

India, as the clinical picture is still dominated by opportunistic
infections, and cardiological symptoms in these patients are
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frequently ascribed to non-cardiac causes by the treating
physicians due to lack of awareness. However, after initiation of
HAART and better infection control, there has been a prolongation
of life span of HIV patients, and more and more patients are being
diagnosed with cardiomyopathy. According to some case reports,
HAART may prolong life expectancy in HIV cardiomyopathy.513

Echocardiography remains the mainstay of diagnosis in India, and
its use in HIV patients needs to be encouraged. The ensuing table
summarizes the findings of various authors who have studied HIV
related cardiovascular manifestations in the Indian subcontinent
(Table 36).

3.13. Management of heart failure in specific situations: alcohol
induced cardiomyopathy

Alcohol consumption is common modifiable risk factor for
development of Cardiac dysfunction and symptomatic HF. The
diagnosis of Alcohol induced Cardiomyopathy (ACM) is usually one
of exclusion in a patient with DCM with no identified cause and a
long history of heavy alcohol abuse.

Alcohol consumption is very common in the developed world
due to easy availability and low cost In India the prevalence of
alcohol consumption is increasing and has shown 100% rise from
1970 to 1995 and 38% rise from 2003 to 2006

3.13.1. Mechanisms of alcohol toxicity
There are various possible/proposed ways Alcohol can have

deleterious effects on cardiac structure and function and exact
pathogenesis is not fully understood. The cardiac adverse effects
could be due to direct toxicity of ethanol or its metabolites,toxicity
of additives (Arsenic, Cobalt), dietary deficiencies (Thiamine,
Selenium), electrolyte imbalance and associated malnutrition.
Increased prevalence of various co morbid conditions, RAAS
activation and due to genetic factors may also be responsible.
University from ClinicalKey.com by Elsevier on June 27, 
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Fig. 20. HF in Elderly.

Table 36
Major studies on HIV associated cardiomyopathy from India.

Author Year of
publication

Summary of findings

B P Chattopadhyay, et al514 2009 150 patients, Male Female ratio 3:1; Mean age 29.2 years; 50 patients had echo abnormalities.
Pericardial effusion in 22.6%, DCM in 11.3%, PAH in 8.6%, diastolic dysfunction in 3.3%, QT prolongation in 11.3%.
Significant relation with CD4 count.

Santanu Guha et al515 2010 45 asymptomatic HIV ART naive patients; diastolic dysfunction (18%), pericardial effusion (13%) and systolic
dysfunction (7%). Low CD4 count was significantly associated with pericardial effusion

Sakthi Vadivel, V. et al516 2014 150 patients; 16 had abnormal echo. Pericardial effusion (56.25%), dilated cardiomyopathy (31.25%), interventricular
septal hypokinesia (6.25%) and infective endocarditis (6.25%)

Joshi et al517 1998 74 patients; DCM in 10.6%, pericardial effusion 8.5%, vegetation 4.2%, constrictive pericarditis 2.1% and 10.6% had
incidental valvular HD, LVH, IHD

Mishra et al (AIIMS)518 2003 36.7% had diastolic dysfunction and 23.3% had systolic dysfunction
P Kannan et al519 2003 200 patients, LV dysfunction in 28 patients, pericardial effusion in 20, PAH in 6 patients, DCM 1 patient
R. B. Sudagar Singh et al520 2015 100 patients; 30 moderate risk category and 8 high risk category for Framingham 10 year absolute risk.

Echocardiographic abnormalities in 24 patients. Pulmonary hypertension (12%), Pericardial effusion (7%), LV systolic
dysfunction (6%), Diastolic dysfunction (23%), RV dysfunction (1%) and Chamber dilatation in 14%
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3.13.2. Treatment
There are no separate guidelines or recommendations for ACM

so these patients are to be treated as chronic heart failure patients.
ACM patients should be managed with guidelines based therapies
as other patients with HFrEF. Replacement of nutritional deficien-
cies such as B12 and folate, correction of malnutrition and
treatment of electrolyte imbalance is very important. Non
pharmacologic measures such as reduced salt and water intake,
regular exercise, vaccinations and treatment of co morbidities
should be followed as per the guidelines.

The most important part of the treatment of ACM is total and
sustained abstinence from alcohol intake and that should be
strictly enforced.

3.14. Heart failure in the elderly

3.14.1. Introduction
Heart Failure (HF) in the elderly is a complex outcome of the

interactions between age related physiologic changes, prolonged
exposure to the cardiovascular risk factors and co existent
comorbidities. India is witnessing an epidemiological transition
wherein we are increasingly confronted with degenerative
diseases in the older population.

3.14.2. Epidemiology
The definition of the age of the elderly and a chronological age

above 65 years are defined as ‘elderly’ by the World Health
Organization. Patients aged >65 years are disproportionately affected
and more than 80% of HF patients are 65 years of age or older.521 The
prevalence of HF doubles forevery decade after 40 years and is <1% for
age <40 years, and >10% for age >80 years.522 The prevalence of
systolic and solitary diastolic dysfunctionin this group is 5.5% and 36%,
respectively.523Themortalityandtheaveragelengthofhospitalisation
for acute heart failure increases by 2–4 days in this group. The
diagnosis of HF portends a prognosis worse than most cancers.524

3.14.3. The pathobiology of aging and heart failure
Aging is associated with a myriad of changes in cellular

composition and function in the organ systems of the body. These
changes enhance the susceptibility, alter the clinical profile,
influence management and prognosis of HF in the elderly. The
alterations with a significant impact with respect aging and HF
affect the cardio-vascular system, the body composition, pro-
inflammatory state and co-morbid conditions.

3.14.4. The treatment of HF in the elderly
HF in the elderly is a distinctive syndrome and on account of the

age associated decline in organ functions, psycho-social issues,
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subtle presentations and comorbidities is a challenge warrants a
multidisciplinary, specialty intensive and prompts approach. The
recommendations for the treatment of HF emanate from trials
which often excluded the elderly as a consequence of age,
associated comorbidities and limited life expectancy.525,526

The cornerstone of management of HF is drug therapy and this
in the elderly is less predictable on account of the changes in body
composition and slow metabolism. There is increase in body fat, a
reduction in the muscle mass and body water which results in
lower volume of distribution. The levels of hydrophilic drugs
increase whereas the levels of lipophilic drugs decrease.527 This
coupled with the decline the renal and hepatic function alters the
pharmacokinetics, bioavailability and drug interactions.528–530

3.14.5. Recommendations
The treatment of HF in the elderly is a growing concern on

account of the increasing age of the population and a challenge
(Fig. 20). The multitude of issues range from lack of data on optimal
therapy, atypical presentations, coexistent comorbidities, poly-
pharmacy, poorer prognosis, psychosocial isolation and penetra-
tion of health care. There is an urgent need to have multi-
disciplinary and joint effort at all levels to address the preventive
aspects, increase awareness, increase the reach of health care
delivery, adopt a cohesive evidence based management, an
increasing representation in research and a need to develop
dedicated program at all levels of healthcare.

3.15. Management of heart failure in pulmonary hypertension

Management of patients with pulmonary hypertension devel-
oping right ventricular failure is a common challenge encountered
al University from ClinicalKey.com by Elsevier on June 27, 
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in the daily practice. A combination of a low central venous O2
saturation (�60%) with increasing levels of lactate and low or
absent urine production in patients with pulmonary hypertension
are indicator of imminent right heart failure.531 Both right
ventricular dysfunction and pulmonary hypertension portend a
poor prognosis and are associated with significant morbidity and
mortality.

3.15.1. Pathophysiology of Right Ventricular Failure
In pulmonary hypertension, the compensatory RV hypertrophy

results in supply-demand mismatch. Patients with advanced pH
can develop acute RV failure as a result of disease progression
despite appropriate therapy but more commonly it develops
following an triggering event such as medication non- compliance,
systemic infection, upper respiratory infection, anemia, arrhyth-
mias, pulmonary embolism, or changes in overall volume status.532

3.15.2. Principles of management: (Table 37)
Treatment of triggering factors: In patients presenting with

decompensated right ventricular failure and hemodynamic
compromise, infection and anemia must be actively searched
and adequately treated.533 In patients with Eisenmenger syndrome
and cor pulmonale, hyperviscocity and erythrocytosis be watched
and managed accordingly.534 Pulmonary embolism should be
ruled out as it precipitates RV failure. Digoxin, amiodarone, or
diltiazem should be used to control heart in atrial arrhythmias.535

Beta blockers and calcium channel blockers should be avoided in
acute RV failure as they impair ventricular contraction. Amiodar-
one, electrical cardioversion and radiofrequency ablation is often
required for rhythm control .536

Optimization of fluid balance: Volume loading is useful only in
patients with underfilled right ventricles with low central venous
pressures.537 In patients with fluid overload state, loop diuretics
with or without thiazide diuretics targeting a CVP of 6–12 mmHg is
often sufficient.538

Reduction of RV afterload: Pulmonary vasodilators should be
used only after optimization of RV perfusion and cardiac output.
Caution however in needed to avoid systemic hypotension and
pulmonary oedema.539 Inhaled NO has proven beneficial in
improving RV performance in varied scenarios and should be
considered upfront.540 Prostacyclins, including epoprostenol,
treprostinil, and iloprost can improve RV performance by reducing
pulmonary vascular resistance. Because of a global reduction in
systemic vascular resistance and consequent worsening of hypoxia
secondary to ventilatory-perfusion mismatch, intravenous pros-
tacyclins are not preferred. Once stabilized, consideration must be
given for a switch to oral therapy. Though limited, data on their use
in acute setting, has shown promise in facilitating NO weaning and
minimizing rebound pulmonary hypertension following discon-
tinuation of inhaled agents.

Improvement of cardiac output and maintenance of
systemic blood pressure with vasopressors: Dobutamine is
preferred inotrope for management of RV failure but should be
avoided in hypotension. Limitation of catecholamine vasopressors
(eg: noradrenaline) is that they tend to increase pulmonary
Table 37
General Principles of Management.

Treatment of triggering factors

Reduction of RV afterload
Maintenance of systemic blood pressure with vasopressors.
Improvement of cardiac output
Ventilatory Support and Tissue Oxygenation
Mechanical RV support
Balloon atrial septostomy (BAS)
Heart lung or Lung-Lung Transplantation
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vascular resistance at higher doses. Other vasopressors like
Milrinone, vasopressin and Phenylephrine can be used.

Mechanical RV support: Mechanical support can be utilized as
a bridge to recovery or bridge to transplant. Centrifugal pumps can
be surgically implanted (CentriMag, Thoratec Corporation, Pleas-
anton, CA) or percutaneously inserted (TandemHeart, Cardiac
Assist, Pittsburg, PA) in selected patients with pH and RV failure.
The Impella RP (Abiomed Inc, Danvers, MA) is another novel
percutaneous, axial flow pump offering support with a single
vascular access. Veno-arterial extracorporeal membrane oxygen-
ation (ECMO) is preferred approach because of additional benefit of
unloading the RV.

Ventilatory Support and Tissue Oxygenation: Supplemental
oxygen should be given to maintain near-normal systemic oxygen
saturations and adequate hemoglobin level should be maintained
to prevent tissue hypoxia. Endotracheal intubation can cause
systemic hypoperfusion and hemodynamic collapse secondary to
the sedatives administered during intubation. Induction agents
that maintain vascular tone and contractility such as etomidate are
often preferred.

Balloon atrial septostomy (BAS): It is currently reserved for
patients who are in WHO-FC IV with right heart failure refractory
to medical therapy or with severe syncopal symptoms and in
patients awaiting lung transplantation.

Transplantation: Both heart–lung and double-lung transplan-
tation have been performed for PAH, although the threshold for
unrecoverable RV systolic dysfunction and/or LV diastolic dys-
function is unknown.

3.16. HF in GUCH (Grown up congenital heart disease )

3.16.1. Introduction
Prior to the advent of specialized cardiac surgery and

interventional catheterization techniques, less than one fifth of
children born with congenital heart disease (CHD) reached
adulthood.541 Most patients who did survive were those who
had mild lesions and only a minority of those with complex lesions
survived to adulthood. With earlier diagnosis and better manage-
ment facilities being available (especially in the West), the adult
survival rates have increased from �10-15% in the 1960s to >85–
90% in the current era.542,543 The term “grownups with congenital
heart disease” (GUCH) is now often used as a standard terminology
for these patients as it best describes the transition of the pediatric
patient through adolescence to adulthood. Unlike Western
countries, unoperated surviving patients still form a significant
proportion of patients with GUCH in India.

With more and more patients with CHD now reaching
adulthood, most deaths from CHD now occur in adults.544 Frequent
reasons for hospital admissions in operated patients with GUCH
include management of atrial and ventricular arrhythmias,
infective endocarditis, diagnostic or interventional cardiac cathe-
terization procedures and HF (HF), with the latter accounting for
�20% of hospital admissions in these patients.545 Presently
advanced HF, is the leading cause of death in patients with GUCH.

India specific GUCH data: Of all neonates born with CHD in
India, 30–50% have critical disease that requiring early interven-
tions. Since only a minority of these receive requisite therapy, the
number GUCH patients in India is also steadily increasing.
Prevalence estimates of GUCH in India are reported to be 2.4/1000,
which compares with 2.2/1000 in the UK, 3.2/1000 in the
Netherlands and 4.09/1000 in Canada.546–548

Composition of patients presenting to GUCH clinics: The type
of underlying CHD in patients with GUCH is significantly different
from that presenting to a specialist pediatric cardiology unit. The
GUCH clinic is likely to include the following three kinds of
patients:
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� Those with complex CHD which was either not diagnosed or not
treated, representing the more severe end of the CHD spectrum.
� Some patients may have had a palliative surgery in childhood
(a situation especially likely in developing countries like
India) or may be survivors of “definitive surgery” for complex
defects.
� Some patients on the other hand are “natural survivors” who
often reach adulthood without having had or needed surgery.
These include
� Those with minor abnormalities (small ASD, VSD or PDA)
� Those with complex CHD with a balanced physiology (eg.
univentricular heart without PS)
� Those with established pulmonary vascular disease.

Recent studies have reported that although patients with
simple defects still predominate in GUCH clinics, there has been an
appx. 6–7 fold increase in the number of patients with moderate or
complex CHD highlighting the fact that more number of these
patients are surviving to adulthood.549

3.16.2. Pathophysiology of HF in the GUCH population
Causes of HF failure in GUCH patients can be divided into the

following groups:

� Systolic dysfunction of either ventricle (systemic or sub-
pulmonary)
� Systolic dysfunction of the morphological systemic left or sub-
pulmonary right ventricle or morphological systemic right
ventricle or systemic single ventricle

� Acquired heart disease due to coronary artery disease,hyper-
tension, dyslipidaemia, diabetes mellitus, smoking), Congenital
coronary artery abnormalities (anomalous origin and/or course,
extrinsic compression by a dilated pulmonary artery, coronary
kinking after re-implantation of coronary arteries), include the
following mechanisms
� Altered genetic mechanisms

3.16.3. Principles of management of GUCH-HF
As the pathophysiology of cardiorespiratory function in GUCH

with HF is different from that of non-GUCH patients, extrapolation
of published data to GUCH patients may be difficult. The current
guidelines for HF suggest that diuretics, renin–angiotensin–
aldosterone system (RAAS) blockers, b-blockers, and mineralocor-
ticoid receptor antagonists can be safely used in the CHD/GUCH
population. Hence, clinicians taking care of GUCH patients in
general, should follow current treatment recommendations for HF.

Cardiac resynchronization therapy (CRT) in GUCH-HF: Unlike
data for CRT in standard HF population which is based on multiple
randomized clinical trials, evidence for CRT in GUCH-HF is limited
to small studies or anecdotal reports. In general, patients with
NYHA class II–IV symptoms, impaired systemic ventricular EF and
prolonged QRS duration are candidates for CRT. Studies have
shown that presence of a systemic LV predicted a better CRT
response than a systemic RV and those with single ventricle
morphology can achieve further benefit from optimized pacing
sites.550,551 Implantable cardioverter defibrillator (ICD) in
GUCH-HF: Although the overall incidence of sudden cardiac death
(SCD) in patients with CHD is low (<0.1% per year), SCD accounts
for nearly 20–25% of late deaths in GUCH patients. An ICD is
recommended for secondary prevention of SCD in survivors of SCD
due to ventricular fibrillation (VF) or hemodynamically unstable
ventricular tachycardia (VT) without any apparent reversible
cause, patients with spontaneous sustained VT not amenable to
ablation or surgery, syncope with inducible sustained VT/VF at EP
study electrophysiology.
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� Ventricular assist devices (VADs) and Cardiac Transplanta-
tion: In acute decompensated HF patients, if despite maximal
medical treatment haemodynamics remain unstable, consider-
ation should be given to extra-corporal membrane oxygenation
(ECMO) and/or ventricular assist device (VAD) or cardiac
transplantation. Adult CHD accounts for only 5–10% of all CT
indications in patients aged 18–30 years, according to the 2014
International Society for Heart Transplantation (ISHLT) Registry
and the Scientific Registry of Transplant Recipients.552,553

4. Heart failure situations important in Indian settings – II,
prevention and future perspectives

4.1. Role of the heart failure programs

Management of heart failure is complex and evolving. It has
been established that a dedicated heart failure management
programs can improve the delivery of care to the patients and
result in better outcomes. Running of a good heart failure program
depends upon the availability of resources in different centres in
our country.

Over the last 2 decades many important drug and device clinical
trials have been completed in heart failure population. These have
formed the basis of various guidelines that have been published
and regularly updated.26,29 The appropriate application of these
guidelines however, continues to be inadequate in general practice,
resulting in worse outcomes than those reported in clinical
trials.554 This is where the role of specialised Heart Failure clinic
comes. A recent review of 29 randomised control trial of organised
versus usual care showed that heart failure hospitalization reduced
by 26% and mortality reduced by 25% in organised care setting.555–
557 Heart failure setup is an organized way to assess, educate, treat
and monitor patients with heart failure. The program can be
developed in any clinical setting however there are essential
components, which have to be considered while planning such a
facility.

While conceptualizing a heart failure management program the
following areas need focus.

1. Goals and Objectives
2. Infrastructure required
3. Personnel Needed
4. Activities and processes
5. Audits and feedbacks

Goal and Objective of a heart failure setup is primarily to
provide state of the art care to patients diagnosed to have heart
failure in order to minimise the mortality and morbidity. The
program should be flexible and be able to accommodate increasing
number of patients. Infrastructure required to create a good heart
failure setup depends upon the availability of hospital resources.
Provision of adequate manpower to conduct the heart failure
service is of paramount importance for the success of the setup.

The heart failure program has to be tailor-made in our country
keeping in mind the paucity of resources. A hub and spoke model
appears to be suitable for country, where the peripheral centres
should be able to provide at least a guideline mandated
pharmacological treatment and suggestions for lifestyle modifica-
tion to the patients. The medium level centres, where at least
echocardiography is available, can function in further refinement
of the diagnosis. Several hubs can be established at district level
hospitals, which would further establish the etiology and long
term management strategies for these patients with heart failure.
The higher centres could also take the responsibility of training the
peripheral centres through workshops and symposia regarding the
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latest guidelines and the “Do’s and Don’ts in a patient with heart
failure.

Such centres would serve as centres for referral of patients from
primary or secondary care physicians. These centres should have
availability of biomarker estimation, detailed echocardiography,
cardiac catheterization, electrophysiology service and cardiac
surgery. The role of cardiac MRI in diagnosis and management
of heart failure is being increasingly realised, thus the availability
of cardiac MRI along with a trained radiologist in such centres is
the need of the hour.

Personnel for heart failure setup include medical and
paramedical staff trained in the nuances of heart failure along
with technical staff required to provide audits and generate
periodic reports.

Medical staff: Studies have demonstrated better outcomes for
heart failure patients once they are admitted under Heart failure
cardiologists.557–559 During this crucial period the diagnosis must
be clarified or revisited, reversible factors looked for and therapies
reviewed. Co-morbidities should be treated appropriately and post
discharged management should be planned. Especially important
is up-titration of therapies or initiation of therapies which could
not be started earlier for some reasons even if a patient was
asymptomatic. The cardiologist needs to be aware of newer drugs
and devices which can further improve outcomes and use them
judiciously keeping the cost issues in mind.

Nursing Staff: The value of a heart failure specialist nurse in
reducing subsequent hospitalisation and improving outcomes has
been shown in a number of studies.560–562 The calibre and training
of these nurses determines the impact on outcomes. The role of a
heart failure nurse is primarily to spend time in educating the
patient, answer their queries in detail, act as a bridge between the
patient and the cardiologist and follow up with the patient after
their discharge from the hospital via a telephone call or an email. A
regular enquiry about pulse rate, blood pressure and weight
change, presence of swelling over legs, breathlessness and unusual
weakness can help the nurse to ascertain if the patient is doing well
or otherwise. The training to carry out these activities can easily be
conducted even in a primary care facility.

Multi-disciplinary team: Heart failure management is essen-
tially a multidisciplinary management and its appropriate
application has been slow. This is so because heart failure in itself
is a syndrome, which besides impacting various system organs due
to altered circulatory dynamics, has a significant bearing on social
and physical being of the patient. Inclusion of a nutritionist and
physiotherapist in the heart failure management team is important
as many of the patients are malnourished and do not have
adequate counselling regarding DO’s and Don’ts in their diet. Both
these strategies have been shown to be beneficial for the wellbeing
of the patients. As the knowledge of guarded prognosis seeps in
depression is a common result in heart failure patients. Appropri-
ate psychological assessment and counselling is needed for these
patients. Psychologist’s role is even more important in centres
where there is a program for LVAD or heart transplant, where
assessment has to be made for capability of a patient to accept
these procedures and their capacity to deal with the problems that
may arise out of them.

Activities and Processes: There are various activities to be
conducted in a heart failure setup, which include running of a
specialized outpatient clinic for heart failure, diagnostic services,
educating patients and monitoring of their progress, conducting
training and teaching sessions, establishing institutional guide-
lines of heart failure management besides conducting and learning
from periodic data audits.

Outpatient clinic: The primary physician should refer the
patient to a heart failure specialist early in the course of
management. The responsibility of the specialist is to confirm
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the diagnosis, establish the etiology, carry out appropriate
investigations, look of reversible causes and aggravating factors
and ensure that appropriate pharmacologic therapy has been
instituted. The referral back to the GP should include instruction
regarding up titrating the drugs and particular precautions
relevant to that patient. A multidisciplinary approach to HF may
reduce costs,563 decrease length of stay564,565 curtail readmis-
sions,566,567 improve compliance, and reduce mortality. The facility
should advise on appropriate use of advanced heart failure
therapies such as cardiac resynchronization therapy, ICD, heart
transplant or Ventricular assist devices and other newer medical
and surgical therapies about which the primary or secondary care
physician may still be in the dark. Periodic small group CME’s
conducted by the heart failure specialists for primary and
secondary care physicians of their region are very useful for
establishing a rapport between the teams and updating knowl-
edge. These clinics also provide an access to patients who may have
worsening of their clinical status, which may or may not require
hospitalisation.

Who needs to attend heart failure Clinic: Since heart failure
management programs were aimed at reducing morbidity and
mortality the focus generally has been on sicker patients. An
important set of patients are those who have recently been
discharged from the hospital following an episode of acute heart
failure. They have a high incidence of rehospitalisation in first 6–8
weeks and a high mortality in the first month and one year.
Telemonitoring in many of these patients is useful in identifying
patients at higher risk of sudden cardiac death.

Appropriate application of guidelines in heart failure clinics has
been shown to reduce rehospitalisation, mortality and improve the
quality of life in patients with advanced heart failure.

Formulate and adhere to guidelines: There are well estab-
lished guidelines for heart failure from various international
societies. These include European society of cardiology, American
heart association and American college of cardiology etc. These
guidelines thus need to be modified and optimised for our country
and region.

Diagnostic services: At various levels various diagnostic
services may be required.

Primary centre level: Apart from a good history and clinical
examination, ECG, Chest X-Ray, routine haematology and bio-
chemistry should be available.

Secondary Centre level: Apart from the above facilities these
centres should have Echocardiography, NT Pro BNP and CCU with
basic hospitalisation facility.

Tertiary care centre level: If possible they should have state of
art Echo, Cardiac catheterization facilities, nuclear cardiology,
facilities of Cardiac biopsy and Cardio-Pulmonary excise testing.
They should also have facility for cardiac surgery, Electrophysiolo-
gy lab for CRT/D implantation and advanced intensive care unit. A
few selected centres should have transplantation and LV Asset
device available.

Periodic Audits: For improvement of services a periodic audit is
necessary. This can help identify gaps in care which may be missed
knowingly or unknowingly. Evaluation of the program should
focus on the organisational as well as patient perspective.

4.1.1. Conclusion
Heart Failure clinics in our country are few. Keeping specific

problems of resources and personnel in India in mind it is suggested
that a three layer program to be made available. At avery basic level an
MD Physicianwith interest in heart failure should be identified and his
knowledge upgraded to enable him/her to read ECG’s, Chest X-Ray an
instituteguidelinemandated,basicinvestigationandpharmacological
treatment. This should be supplemented by a nurse or a paramedic.
The second level centres should have facilities for good
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Echocardiography, biomarkers, cardiac catheterisation laboratories
and ICU facilities. They may have cardiac surgery backup. The tertiary
care centre should have in addition advanced therapies including
device based therapy, heart transplant cardiac biopsy and advanced
surgical set up with state of the art ICU’s. This three layered approach
will ensure a good basic care for heart failure patients even at the
primary levels and incremental investigative and therapeutic facilities
at central level.

4.2. Stem cell and gene therapy for heart failure

Stem cell therapy and gene therapy has been studied in heart
failure.568

� In the REPAIR-AMI trial, the combined end point of death,
myocardial infarction, need for revascularisation was reduced in
the bone marrow stem cell group.
� In the BALANCE study, at five years follow up, there was a
reduction in mortality.
� Studies from India have also found modest benefits in patients
with chronic ischemic heart disease, dilated cardiomyopathy,
and myocardial infarction.569

� A Cochrane review included 38 randomised controlled trials
involving almost570 2000 patients. Stem Cell therapy reduced
long-term mortality. It was also associated with a long-term
reduction in the incidence of non-fatal myocardial infarction.
The authors found no evidence of reduction in risk of
rehospitalisation for heart failure or composite incidence of
mortality or left ventricular ejection fraction. The Cochrane
review concluded that treatment with bone marrow-derived
stem/progenitor cells reduced mortality and improved left
ventricular ejection fraction and could reduce the incidence of
non-fatal myocardial infarction and improve New York Heart
Association (NYHA) Functional Classification in people with
heart failure. The authors specified that event rates were
generally low, leading to a lack of precision.
� Gene therapy using various virus vectors have been tried in
clinical trials but as yet have not been found to be useful.

Stem cell therapy guidelines for India are based on the ICMR
guidelines and stem cell therapy has been to be given under
Research Protocols with ICMR approval and with ethics approval.
They cannot be used for commercial purposes. The following are
the current patient groups who are likely to benefit and where
trials are going on worldwide:

1. Cell therapy patients: Ischemic HF/dilated cardiomyopathy.
Myocardial infarction may not be an optimal target, as benefit
has not been seen.

2. Attempts to improve cell therapy results are ongoing with more
specific cell types (i.e., mesenchymal stem cells, cardiac
progenitor cells) or ex vivo modified cells.

3. No gene therapy trials are ongoing in India.

4.3. Prevention of heart failure

Preventing or delaying the onset of HF is a feasible task and a
priority for our country because of the cost effectiveness. HF
prevention can be achieved either by targeting those at high risk
(Stage A & B) or by promoting healthy lifestyle for the entire
population.

4.3.1. Population strategy
The measures that need to be taken at population level, to

prevent HF and heart diseases as a whole include. Healthy eating
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and safe cooking: Calorie restriction, Eating in time without
skipping a meal, Choosing whole grains & legumes and variety of
vegetable oils but not exceeding 5 tsp/day, Consuming 4–6 cups of
fruits & vegetables, Limiting red meat, Avoiding processed meat
and transfat and using low fat dairy and 1 tblp of nuts. Avoiding
tobacco, recreational drugs, sugary drinks and excessive salt.
Limiting alcohol (Not to exceed 1 drink for women & 2 drinks for
men. Maintaining ideal BMI (�23 kg/m2). Exercising at least
150 m/week. Minimizing exposure to indoor and atmospheric air
pollution & Coping up with psychosocial stress.

4.3.2. Targeting stage a
(Above heading - Targeting Stage A) Stage A denotes high risk

for HF but without structural heart disease and it includes those
with known risk factors for HF. Major Clinical risk factors for HF
include age, male gender, hypertension, left ventricular hypertro-
phy (LVH), myocardial infarction, valvular heart diseases, obesity,
increased heart rate, arrhythmias (SVT, AF, VPDs) and toxic factors
like alcohol, chemotherapeutic agents, cocaine, glitazones and
NSAIDs. Minor Clinical risk factors are sleep disordered breathing,
CKD including albuminuria, anemia, sedentary lifestyle and low
socioeconomic status. Morphological risk factors consist of LVH,
asymptomatic LV dilatation/dysfunction and LV diastolic dysfunc-
tion. Polymorphisms of alpha 2 adrenergic receptors, beta 1
adrenergic receptors, ACE and AT1 Receptors constitute Genetic
risk factors.

Hypertension is widely prevalent affecting nearly 30% of adults
and it increases the risk of HF by 2–3 fold, either directly or by
acting as a CAD risk factor. LVH or albuminuria add to the risk
requiring aggressive management. In a systematic review,575 every
10 mm Hg reduction in systolic blood pressure yielded 28% risk
reduction of HF. Calcium blockers were inferior, diuretics were
superior and ACEI/ARBs are neutral for HF prevention. Intensive BP
lowering resulted in 38% relative risk reduction (RRR) in HF in
SPRINT trial, but In a meta-analysis571 only a modest effect was
achieved (15% RRR). Early diagnosis, ensuring drug adherence and
achieving the goal value (<130/80) are more important than the
choice of the drug.

Atherosclerotic Coronary Artery Disease is the commonest
cause of heart failure. Nearly 60% of HFrEF is due to CAD, occurring
mostly after MI and rarely due to hibernation caused by chronic
myocardial ischemia. STEMI increases the risk of HF by 2–3 fold
due to adverse LV remodeling. Reducing the time delay in
achieving rapid, effective and sustained reperfusion is important
to salvage the ischemic myocardium. Adequate post reperfusion
pharmacotherapy that includes early administration of optimal
doses of beta blockers, ACEI, Mineralocorticoid receptor antago-
nists and statins are equally important. In our country, where the
resources are limited, the spoke and hub model with the hub
hospitals providing the 'round the clock' primary PCI and spoke
hospitals providing rapid thrombolysis followed by timely transfer
to the nearest hub hospitals for the timely angiography and PCI
yield better outcomes.576 Data from STEMI INDIA programme
suggests non inferiority of pharmaco invasive approach when
compared to primary PCI. Actually heart failure (6.1 vs 7.6%) and
cardiogenic shock (4.4 vs 5.9%) occurred to a lesser extent in them.
Similarly optimal usage of Beta blockers, ACEIs, Statins and
Antiplatelets could help in preventing HF in stable IHD patients.
Pooled data from HOPE, EUROPA and PEACE trials confirmed the
benefit of ACEI in reducing HF admissions by 23% even in those
with normal LV function. Hence ACEI should be given for all those
atherosclerotic CVD. Aspirin or any other antiplatelet drug has not
been proved to decrease HF, though effective in reducing death and
nonfatal MI.

Dyslipidemia is associated with increased risk of HF but it is not
known whether this association is independent of its
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predisposition to atherosclerosis and MI. Among the dyslipidemic
drugs, statins remain the cornerstone of therapy because of robust
data. Statin use for more than 4 years offered a modest benefit (10%
RRR) on HF hospitalizations but without benefit on HF related
mortality. Moreover, intensive statin therapy (atorvastatin 80 mg)
significantly reduced the rate of HF hospitalization by 45% when
compared to moderate dose. However, in those with manifest HF,
statins did not improve outcomes as confirmed by trials like GISSI
HF and CORONA. Moreover there is a theoretical risk of adverse
effect of statins in heart failure in the form of inhibition of CoQ
synthesis and interference with lipoprotein mediated inhibition of
bacterial lipopolysaccharide endotoxins. Thus, unless indicated for
CAD protection (ischemic HF, those with multiple CVD risk factors),
routine use of statins in HF or asymptomatic LV dysfunction is not
justified.

Diabetes mellitus is associated with 2–5 fold increase in risk of
HF. For every 1% increase in HbA1C there is an 8–16% increase in
the risk of hospitalization for HF and for every 1 mmol increase in
fasting blood glucose levels, there is a 5% increase in the risk of HF
admissions. Apart from being a major risk factor for CAD, diabetes
may cause cardiomyopathy as a result of micro vessel disease and
metabolic insult to myocardium. Diabetes is also risk factor for
HFpEF, as LVH and diastolic dysfunction are quite prevalent among
them. In a meta-analysis572 of Turnbull in which the data from
ACCORD, UKPDS, ADVANCE and VADT trials have been pooled,
there was 15% RRR for MI with intensive glucose lowering but no
protection against death or HF hospitalization (HR 1.0). In the
RENALL study, losartan reduced the occurrence of HF in diabetics
manifesting LVH. In HOPE study, Ramipril given for diabetics with
an additional risk factor, heart failure occurrence was reduced by
20% though hospitalization for heart failure did not reduce
significantly. Both the studies underscore the importance of
administering ACEI or ARB in those with diabetes and additional
risk factor particularly those with hypertension, LVH or albumin-
uria, to reduce incident HF.

With respect to the drugs used in managing diabetes, glitazones
have been found to increase the occurrence of HF and are
contraindicated in class II & IV HF. In a meta-analysis of 14 trials
(95502 patients, median follow up for 4.3 years), the risk of
incident HF increased by 42% with glitazones, 25% with Gliptins
and neutral with Insulin Glargine.577 It looked as if the weight gain
with therapies play a role � for every 1 kg weight gain, there was a
7.1% relative increase in the risk of HF. In TECOS trial, Sitagliptin was
not found to increase heart failure (HR 1.00) while other Gliptin
trials have shown mixed results. SGL2 inhibitor, namely Empagli-
fozin was found to significantly reduce HF (HR 0.65). Liraglutide, a
GLP-1 analogue reduces HF by 13%. Early detection, optimal control
of dysglycemia, concomitant management of clustering risk factors
and appropriate choice of diabetic drugs are the measures found to
be useful to prevent HF in diabetics.

Chronic Kidney Disease (CKD) is a strong predictor of HF with
Diabetes and Hypertension being the commonest causes of CKD.
Incidence of HF is 3 fold in those with eGFR of < 60 ml/min/m2. 1/3
of dialyzed patients have HF. Though supportive data are not
available, optimal control of BP & DM, early use of beta blockers,
ACEI/ARB, correction of Ca-P metabolism and Vit D3 deficiency,
optimization of diuretic/dialytic therapy and correction of anemia
could prevent or delay HF in CKD patients.

Obesity is an important risk factor for heart failure. For every
1 kg/m2 increment in BMI, the HF risk increases by 5% in men and
7% in women. But prognosis appears to be better in obese patients
with HF and limited data suggest that weight loss predict worse
prognosis in heart failure. In spite of such contradictory findings,
prevention and treatment of obesity can reduce the HF burden and
heart disease in general. Sleep disordered breathing may be a risk
factor for HF. An apnea-hypopnea index of > 11, increases HF by 2.4
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fold. Despite lack of data, promoting weight loss and nocturnal
CPAP therapy may prevent HF.

Valvular heart diseases (VHD) contribute to nearly 20% of heart
failure in our country. Effective primary and secondary prophylaxis
for rheumatic fever is the most cost effective method of reducing
heart failure due to RHD. Among those with chronic VHD of various
causes, HF can be prevented by prompt surgical or transcatheter
management, once the symptoms manifest or when any of the
following high risk features is encountered in asymptomatic
individuals – LV dysfunction in all VHD, rapid progression or dense
calcification in aortic stenosis; pulmonary hypertension, atrial
fibrillation or LVESD >40 mm in mitral regurgitation, LVEDD
>65 mm or LVESD >50 mm in aortic regurgitation. It is reasonable
to offer surgery to asymptomatic VHD patients if biomarkers (BNP)
are high or when long axis function of LV declines. Prevention or
aggressive treatment of infective endocarditis could also reduce
HF. Though optimal treatment of co-existing hypertension is
definitely indicated, routine vasodilator therapy in chronic
regurgitant lesions is not justified.

Alcohol consumption has a J or U shaped relationship to heart
failure as it has with hypertension, diabetes and MI.578 Epidemio-
logic data suggest that consuming less than 14 drinks per week
lowers the risk of HF by 34 to 59% when compared to abstainers. In
contrast, heavy drinking increases the risk of HF by 1.7 fold. Among
individuals with ischemic LV dysfunction, moderate consumption
was associated with 23% lower risk of mortality compared with
abstainers. However, because of lack of adequate data, it is prudent
to advise abstinence for those with LV dysfunction. Obviously
abstinence is strongly indicated in alcoholic cardiomyopathy and
clinically manifest HF.

Apart from being a major risk factor for CAD including MI and
death related to it, Cigarette smoking is also a strong predictor for
the development of HF, sudden death in patients with HF and of
mortality in idiopathic dilated cardiomyopathy. Nonsmokers have
30% lower mortality, which underscores the importance of
achieving abstinence in smokers.

Physical inactivity is risk factor for HF and there is an inverse
dose response relationship between physical activity and the HF
risk. In a pooled analysis of 12 prospective cohort studies with a
median follow up of 13 years,574 guideline recommended
minimum activity (500 MET-min/week) was found to have a
modest reduction of HF risk (10%). Higher levels of activity resulted
in much better outcomes – hazard ratio for 1000 MET-min/week
was 0.81 and 0.65 for 2000 MET-min/week. Apart from favorably
modifying the conventional risk factors, exercise may have direct
beneficial action on LV compliance, skeletal muscle performance,
peripheral vasculature, heart rate and lung function all of which
could be responsible for reduction of HF risk.

Drugs like NSAIDs, anti-arrhythmic drugs and tricyclic anti-
depressants may cause or exacerbate HF. Appetite suppressants,
ergot alkaloids and dopaminergic agonists used for Parkinsonism
(cabergoline, pergolide) may cause valve diseases which are
preventable by surveillance. Cancer chemotherapeutic agents,
particularly anthracyclines (doxorubicin, daunorubicin, epirubicin,
idarubicin) and Transtuzumab may cause cardiomyopathy and
heart failure.579 Anthracycline mediated LV dysfunction is either
irreversible or partially reversible and dose related (Type I) while
transtuzumab causes reversible LV dysfunction and not cumulative
dose related (Type II). Prevention of heart failure may be achieved
by avoiding their use and choosing an alternative agent in those
with baseline LVEF <50%, Limiting the cumulative dose of
doxorubicin to <450 mg/m2, administration by infusion rather
than bolus, by using liposomal formulation, reducing or stopping
the drug if EF falls by >10% or decrease in global longitudinal strain
by >15% or if troponin gets elevated. Baseline echo should be done
for all those who receive potentially cardiotoxic drugs and it should
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be repeated after completion and 3–6 months later. For type I
agents, echo should be repeated when the dose exceeds 240 mg/
m2 and before each subsequent dose of 50 mg/m2. Limited data
suggest that beta blockers particularly Carvedilol, ACEI/ARB and
statins when given prophylactically, could minimize the decline in
LVEF and occurrence of HF. Dexrazoxane, a cytoprotective agent
has also been approved for this purpose.

Incessant tachycardias particularly ectopic atrial tachycardia,
permanent form of junctional reciprocating tachycardia, atrial
flutter/fibrillation, ventricular tachycardia etc. may lead to a
reversible form of cardiomyopathy and HF. Prompt restoration of
sinus rhythm or control of ventricular rate either by drugs or
catheter ablation is an effective method of preventing HF in such
individuals. Emerging data indicate that frequent ventricular
premature beats (>10% of overall beats) could also lead to LV
dysfunction and HF.580 Apart from frequency, broader QRS and
epicardial origin may imply an increased risk of LV dysfunction.
Despite lack of randomized studies, it is worthwhile to consider
catheter ablation in such patients to prevent HF.

Since as many as 20–50% of dilated cardiomyopathies are
familial, first degree relatives should be screened to identify those
with asymptomatic LV dysfunction, who will benefit from early
therapy with neurohormonal agents. Moreover the inheritance
pattern and genetic testing may help the clinician to provide
genetic counseling. By avoiding late pregnancy and multiple
pregnancies and prompt treatment of hypertension/pre-eclamp-
sia, incidence of peripartum cardiomyopathy can be reduced.
Prevention of recurrence is possible by appropriate advice on
subsequent pregnancies based on recovery of LV function after the
index pregnancy.

4.3.3. Targeting stage B
Stage B includes those who have structural heart disease but no

current or prior symptoms of HF. The patients with asymptomatic
LV dysfunction (ALVD – systolic & diastolic, ischemic or non-
ischemic) form the majority of such patients and the other
structural changes that precede HF include LVH, Post MI
remodeling and asymptomatic VHD. As much as 3–6% of adults
in the community have asymptomatic LVSD and outnumber
symptomatic HF by fourfold. 13–30% of such individuals develop
HF sooner and 5–7% die suddenly. In a meta-analysis of 11 studies
of ALVD581 (25369 patients followed up for 7.9 years), the absolute
risk of progression to HF was 8.4 per 100 person years in those with
systolic dysfunction, 2.8 person years in those with diastolic
dysfunction and 1.04 person years in those without any dysfunc-
tion. The relative risk of HF per 1 standard deviation of lower EF
was 1.4. Multiple RCTs including SOLVD, SAVE and TRACE have
shown benefit of ACEIs and ARBs in these subset of patient. Beta
blockers provide additional benefit in lowering mortality,
slowing progression to Heart failure along with better reverse
remodeling.

4.4. FUTURE DIRECTIONS IN HEART FAILURE – INDIAN
PRESPECTIVE

Heart failure is reaching epidemic proportions and is a public
health challenge in India. Since it affects Indians a decade earlier, it
Impacts on the productivity and Disability adjusted life years lost
(DALYs). The limited Indian data shows that we have a higher
mortality, which lead to huge social and economic costs.

We also know that the therapy of HF is resource intensive. Since
80–90% of Indians spend out-of-pocket for their health, the
available therapies are unaffordable to the vast majority of the
population. Considering the vastness of the country and the
concentration of healthcare facilities in the cities, there are issues
of accessibility and availability.
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So there is an urgent need to intervene at every stage of the
disease right from understanding the disease burden to early
identification to better management.

4.4.1. Need for generation of data
Country-wide data on HF is sparse and hence the difficulty to

quantify the real burden which might be much higher than the
projections estimated currently in various studies, mostly based on
western figures. This data is critical for planning strategies
focused on relevant parameters, which enable managing this
burden more effectively with proper allocation of funds and
resources. Hence, the need of the hour is a national HF registry
which is a mammoth task considering the population and the
clinical burden on doctors.

With the Indian governments’ decision to introduce a standard
based system for creation and maintenance of electronic health
records (EHRs) by healthcare providers, data collection may
become easier.582

4.4.2. Primary prevention of HF
We know that the therapy to manage HF, once the disease has

already set in, is unaffordable to the vast majority of Indian.
Governments cannot prioritize treatment of such end stage
diseases over strategies like immunization in children and
maternal health.

So primary and primordial prevention assumes prime impor-
tance. This is of paramount importance as damage to the heart can
only be controlled and not reversed. Identifying risk factors early
enough and appropriate modification strategies to reduce the
same can go a long way in reducing the HF burden. Various
stakeholders (government, health care professionals, patients,
general public) will need to be involved, educated and supported to
implement preventive strategies.

Salt restriction and tobacco control are cost effective strategies
to initiate. Increasing taxation on tobacco (cigarettes and bidis) has
been used to help reduce consumption. Increasing education of the
optimum salt intake and highlighting the salt content in various
foods, especially processed foods is important. Packaged foods
should have labels indicating the salt and trans-fat content to help
people make the right choices.

The importance of regular physical activity and the benefits of
vegetable and fruit intake should be emphasised.

Implementing regular screening program scan identify impor-
tant HF risk factors like hypertension, diabetes, coronary artery
disease and rheumatic heart disease. These programs can be
implemented in high-risk individuals which can be a more
effective targeted approach to identify patients likely to develop
HF and thereby intervene at an early stage. We have data from the
west which emphasizes that HF can be prevented and that the
progression of HF can be interrupted.

The Western guidelines recommend focusing on stage A
patients, those without symptoms or detectable LV dysfunction.
Hypertension was considered as the most powerful risk factor, and
their recommendation was to think of hypertension as pre-heart
failure situation. Increasing education and awareness regarding
the importance of regular screening tests and regular follow-up to
ensure control of risk factors can improve detection and control.
Enforcing a mandatory annual HF risk factor screening program in
the corporate sector, Industrial workers and government employ-
ees could be a strategy to increase detection and improve
awareness of this condition.

Increasing awareness amongst the entire community is also an
important lever. Media campaigns can help increase disease
awareness about HF amongst the general population. Social media
is also an important tool. Technology can be an effective way to
reach our youth and to access remote areas.
al University from ClinicalKey.com by Elsevier on June 27, 
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Healthcare professionals (HCP) across all clinical disciplines
should be educated to identify patients with risk factors for HF and
intervene appropriately to screen, refer or treat as needed. Often
the general practitioner is the first point of contact followed by
general physicians. Patients present earlier in the course of disease
to these physicians providing an opportunity to prevent disease
progression. So increasing the awareness about HF among primary
care physicians is very important.

4.4.3. Impacting HF diagnosis
Clinical approach is the mainstay of heart failure diagnosis and

a detailed clinical examination should be a priority over laboratory
and imaging modalities of diagnosis. The primary care physicians
and the general medical specialists should be given adequate
training to detect cases of HF.

ECHO is an extremely important tool to diagnose heart failure and
should be ideally done in all patients. In India, it is an easily available
tool and not too expensive. Biomarkers like NT-proBNP help
differentiate HF from chronic obstructive pulmonary disease (COPD)
and should be done wherever feasible. With the availability of point-
of-care devices, which are cost-effective, authorities can make this
equipment available in all PHCs. The Awareness regarding the
usefulness of biomarkers needs to be increased to help improve to
diagnosis when somebody is in doubt after clinical examination.

4.4.4. Encouraging guidelines recommended therapy
However, the challenge is that despite clear recommendations

and proven mortality benefits, evidence based guideline recom-
mended therapies are not implemented in majority of the patients
as seen in the Trivandrum registry. The lack of GDMT increases
mortality. Various factors impact this ranging from lack of
education to an incorrect prescription to poor compliance due
to various factors, an important one being cost of therapy.

Training programs (planned and conducted by national
societies) focusing on clinical quality for general physicians/
consulting physicians is a clear mandate to make them understand
the need for guideline directed therapy and its impact in mortality
reduction. They also should understand the need for appropriate
and timely referrals to cardiologists or heart failure clinics when
the need arises for more specialized interventions. Timely referral
is critical in ensuring best treatment for the patients’ condition.

Quality improvement programs are very important in Indian
settings. The ACS = QUIK initiative in Kerala which improved the
compliance to therapy is such an initiative. It should be mandatory
for physicians managing HF patients to participate in quality
improvement programs like PIQIP.154

The cost of various devices and therapies is a limiting factor in
implementation of guideline-based therapy in the Indian health-
care system as these therapies are beyond the reach of many
patients. To overcome this barrier there is a need for the
government, insurance sector and industry to develop programs
to address this affordability challenge and help more patients to
get guideline-based therapies. Government mandated price
controls as done for coronary stents recently, may allow a greater
application of device use in HF in India.

Affordability to drugs is a very important problem in manage-
ment of HF as these patients require lifelong therapy. Generic drugs
can solve the issue to some extent. Authorities should ensure
quality of generics and should ensure availability in PHCs.

4.4.5. Role of physician associations
The role physician associations in increasing the awareness and

decimation of HF problems and good practice management in the care
of these patients is very important. Now we have CME programs
dedicated to heart failure which is attracting a large number of
delegates thereby increasing the quality of HF management in our
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country. These associations should get affiliated with various world HF
bodies allowing our physicians to interact with world authorities on
HF. It is likely that in the near future, HF will emerge as a separate sub
specialty in cardiology in India and this will further enhance the
management this growing problem.

4.4.6. Heart failure clinics
The role of dedicated HF clinics is very important in the

specialized management of HF. WE have already described this in a
previous section (Vide Supra)

Vision for reducing HF mortality.
1. Treatment of HF once the disease has set in, is non-affordable

to the patients and the already constrained Indian health
system. So primary prevention is the key, which is focussing
on the control of risk factors. – Concentrating on stage A of HF
will prevent progression and probably lead to far greater
reductions in mortality than more sophisticated and expensive
therapies applied at a much later stage.

2. To emphasize that heart failure can be prevented – To focus
on risk factors that lead to HF and concentrate on aggressive
management of these factors even when the patient feels and
looks good.

3. To get the most out of known effective interventions within
the limitations of available resources – Within the constraints
of limited health care budgets and infrastructure, we need to
focus on proven effective interventions suited to our population
rather than all the recommended interventions by global
societies.

4. To ensure HF healthcare access for all patients – Overcoming
the challenge of affordability with better insurance programs
can help patients access guideline based therapy thereby
improving their quality of life and reducing mortality.
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With improved outcomes of valvular heart diseases and prosthetic valves, many 
women now survive into child-bearing age and pregnancy. However, the presence 
of prosthetic valves in pregnancy has an adverse impact on both maternal and fetal 
 outcomes. The bioprosthetic or tissue valves are less thrombogenic. They do not need 
any anticoagulation and lead to normal pregnancy with normal baseline valve func-
tion. However, they have high rate of structural degeneration, especially in the young 
with an attendant need of reoperation leading to morbidity. Mechanical valves have 
excellent hemodynamics during pregnancy but are inherently thrombogenic lead-
ing to thromboembolic complications, necessitating uninterrupted anticoagulation. 
 Anticoagulation itself leads to a host of maternal and fetal bleeding complication as 
well as adverse fetal anomalies. The use of low-dose warfarin throughout pregnancy 
has the best maternal safety profile. Added to this regimen, targeted replacement 
with  parenteral heparin during the first (6–12 weeks) and late third trimesters (beyond 
36 weeks) leads to virtual elimination of embryopathy as well as appreciable  reductions 
of maternal mortality. Proper preconception counseling and antenatal care coupled 
with planned labor or delivery is essential to ensure best outcomes. These patients 
are best managed in a tertiary care center with proper expertise in managing adverse 
cardiovascular, obstetric, and neonatal outcomes.
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Introduction
Prosthetic heart valves pose unique challenges in pregnan-
cy with increased maternal and fetal morbidity. The choice of 
prosthetic valve in pregnancy is a difficult one. On the one hand 
are the mechanical valves with excellent  hemodynamic param-
eters during pregnancy, but the need for seamless anticoagula-
tion increases risk for both the mother and fetus. On the other 
hand are bioprosthetic valves that obviate the need for anticoag-
ulation but compromise on the valve  durability and there is also 
an increased risk of prosthetic valve dysfunction. In this review, 
we briefly discuss the risks associated with prosthetic valve in 
pregnancy, the determinants and salient features of manage-
ment in a pregnant woman with prosthetic valve in situ.

Pregnancy and Altered Cardiovascular 
Hemodynamics
Physiologic adaptations are seen in pregnancy to optimize 
fetal growth and development. The major cardiovascular 
hemodynamic changes seen in pregnancy include increased 
cardiac output, expanded blood volume, and reduced 
 systemic vascular resistance and blood pressure. Increased 
preload (due to the expansion of the blood  volume), 
decreased afterload (due to the decreased systemic  vascular 
resistance), and increased maternal heart rate all lead to 
increased  cardiac output and workload.1,2 Pregnancy is also 
considered as a hypercoagulable state. Changes in several 
clotting  factors are seen in pregnancy:
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1. Increase in procoagulants

a. Increase in factors I, II, V, VII, VIII, X, and XII
b. Increased platelet adhesiveness
c. Increased activity of plasminogen activator inhibitors

2. Decrease in anticoagulants

a. Decrease in free protein S
b. Increase in activated protein C resistance

This hypercoagulable state of the pregnancy is an  adaptive 
feature of the pregnancy to decrease blood loss.  However, 
on the other hand, it increases risk of thromboembolic 
 complications in patients with prosthetic valves, which 
can be catastrophic for both the mother and child.2 Var-
ious types of arrhythmia are also seen in pregnancy with 
increased  frequency. The exact mechanism of this is 
unknown, but various hemodynamic, hormonal, and auto-
nomic changes  related to pregnancy are considered as prob-
able mechanisms.

Risk Stratification with Prosthetic Valves
Risk of cardiovascular complications in pregnancy 
depends on three factors: disease-specific factors,  general 
 pregnancy-related factors, and patient-related  specific 
variables. Maternal and neonatal health conditions are 
 interrelated. In most studies, risk factors for both maternal 
and neonatal cardiovascular events have been studied.

Risk Prediction Scores—ZAHARA, WHO, and CARPREG
Commonly used risk scores to predict complications 
during pregnancy in women with cardiac disease are the 
Cardiac Disease in Pregnancy (CARPREG), Zwangerschap 
bij Aangeboren Hartafwijkingen (ZAHARA) risk scores, 
and World Health Organization (WHO) maternal risk 
classification (recommended in 2018 European Society of 
Cardiology [ESC] guidelines).3–6 Prosthetic valves are not 
included for risk stratification in CAPREG score whereas 
they are included as a predictor of maternal cardiovascular 
events in ZAHARA system. The modified WHO maternal 
cardiovascular risk classifies bioprosthetic valve as class 
II–III risk (maternal cardiac event rate of 10–19%) whereas 
mechanical valves are placed in class III risk (maternal cardiac 
event rate of 19–27%).7,8

Apart from the presence of prosthetic valves, other cardiac 
modifiers of maternal cardiovascular outcomes include low 
left ventricular ejection fraction (LVEF) (< 40%), presence of 
pulmonary artery hypertension, left-sided obstructive lesions 
(moderate to severe), reduced subpulmonary ventricular 
function (tricuspid annular plane systolic excursion [TAPSE] 
< 16 mm), atrioventricular valve regurgitation, and cyanotic 
heart disease. Clinical features predictive of worse maternal 
outcomes include presence of cyanosis, elevated NT-proBNP, 
history of prior cardiac events, use of cardiac medications, 
New York Heart Association (NYHA) class III/IV, and smok-
ing. Many of these factors such as NYHA class III/IV, left heart 
obstruction, and smoking also predict worse fetal neonatal 
outcomes (►Tables 1, 2).

In the ROPAC (Registry of Pregnancy and Cardiac  Disease) 
registry, 58% of women with mechanical heart valves had 
adverse event-free pregnancy compared with 79% with  tissue 
valves.9 The odd of having complications during pregnancy 
were significantly higher with mechanical valve vis- a-vis 
 tissue valves.

Maternal Risk versus Fetal Risk
The spectrum maternal complications include miscarriage, 
thromboembolic complications, obstetric  hemorrhage, and 
most severe maternal mortality.10 Cardiac complications 
include heart failure, arrhythmia, prosthetic valve 
 thrombosis (PVT), and infective endocarditis (IE). Use of 
anticoagulation additionally predisposes to peripartum 
 bleeding, thrombocytopenia, and osteoporosis.

Table 1 Predictors of maternal cardiovascular events with 
commonly used risk scores in pregnancy

CARPREG ZAHARA ESC 2018

Prior  cardiac 
events or 
arrhythmia

Presence of 
cyanotic heart 
disease

Prior cardiac event 
(heart failure, 
transient ischemic 
attack, stroke, 
arrhythmia)

Poor functional 
class or cyanosis

Use of cardiac 
medication be-
fore pregnancy

NYHA class III/IV

Left heart 
obstruction

Left heart 
obstruction

Left heart obstruc-
tion (moderate to 
severe)

Left ventric-
ular systolic 
dysfunction

Mechanical valve 
replacement

Reduced systemic 
ventricular systolic 
function (ejection 
fraction < 40%)

Systemic or 
pulmonary atrio-
ventricular valve 
regurgitation 
related with the 
underlying (mod-
erately) complex 
congenital heart 
diseases

Systemic atrioven-
tricular valve regur-
gitation (moderate 
to severe)

Reduced sub-
pulmonary 
 ventricular function 
(TAPSE < 16 mm)

Pulmonary 
 atrioventricular 
valve  regurgitation 
(moderate to 
severe)

Pulmonary arterial 
hypertension

Mechanical valves

Smoking

Cyanosis

Elevated 
NT-proBNP

Abbreviations: CARPREG, Cardiac Disease in Pregnancy; ESC,  European 
Society of Cardiology; NYHA, New York Heart Association; TAPSE, 
 tricuspid annular plane systolic excursion; ZAHARA, Zwangerschap bij 
Aangeboren Hartafwijkingen.
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The fetus or neonate is also at risk for a host of 
complications, including intrauterine growth retardation, 
preterm birth, perinatal mortality, and small for 
gestational age.  Anticoagulation exposure via the placenta 
leads to  specific complications in the fetus referred commonly 
as “ embryopathy” (when occurring due to exposure between 
6 and 10 weeks and “fetopathy” due to exposure in the late 
gestation period).11 Vitamin K antagonists (VKAs) are noto-
rious for both whereas unfractionated heparin (UFH) can 
cause fetopathy while used as the sole agent throughout. 
Low- molecular-weight heparins (LMWHs) have the lowest 
rate of adverse fetal outcomes as anticoagulants.

Bioprosthetic Valves versus Mechanical Valves
Bioprosthetic Valves and Pregnancy
Bioprosthetic valves (homografts, heterografts, or autografts) 
are much less thrombogenic than mechanical valves.12,13 
However, there still remains a risk of valve thrombosis. Egbe 
and colleagues estimated the incidence of bio PVT as 1.5% 

based on data of 3,161 patients with an implanted biopros-
thetic valve who underwent follow-up echocardiography at 
their institution over 6 years.14 The incidence may have been 
underestimated as only the patients who underwent surgical 
exploration of PVT were included whereas others who were 
medically managed were excluded.

However, they do obviate the need of long-term 
anticoagulation, thereby resulting in better maternal and 
fetal outcomes, as seen in ROPAC registry. Women with 
well-functioning bioprosthetic heart valves and those who 
do not have other cardiac risk factors often have uncompli-
cated pregnancies. However, there remains a substantial risk 
of structural deterioration in bioprosthetic valves in young 
women.12 Structural valve deterioration (SVD) occurs rel-
atively early and rapidly in young patients. Jamieson et al 
found that proportion of patients free of SVD after 10 years 
of operation was highly dependent on age, and values in 
patients younger than 30 years, between 30 and 59 years, and 
older than 60 years were 27%, 77%, and 84%,  respectively.15 
The mitral valve tends to be more vulnerable than the 
aortic valve for structural deterioration although no such 
predilection was found by Egbe et al for valve thrombosis.13 
Flameng et al found that lack of antimineralization 
treatment of valves and patient-prosthesis mismatch are the 
major determinants of structural valve degeneration with 
bioprosthetic heart valves.16 There is an  controversy about 
acceleration of structural valve degeneration by  pregnancy. 
Few authors support this hypothesis whereas others are 
against it.13,17 However, there is general agreement that 
degeneration occurs early in young age.16 As the risk of 
SVD in young women is high, this may be seen in women 
during pregnancy or during postpartum period. There is a 
significant risk of complications in patient with dysfunc-
tional bioprosthetic valve. Dysfunctional valve may require 
reoperation.

Cardiovascular morbidity and mortality in pregnant 
women with bioprosthetic valve was studied in the ROPAC 
study. In the ROPAC study, maternal mortality was 1.5%. In 
this study, heart failure was reported in 8.2% of pregnant 
women, endocarditis and thrombotic complications in 0.7%, 
and hemorrhagic complications in 5.1% of pregnant patients 
with bioprosthetic valves.9

ROSS procedure (pulmonary autograft for aortic valve 
disease and placing a homograft for pulmonary valve) is a 
complex procedure. Although technically demanding, there 
is no risk of valve thrombosis and hemodynamic results are 
good. Homografts have the same rate of SVD as heterografts; 
data are not available for pregnant women with long-term 
follow-up. Grunkemeier et al showed 0 to 10% reoperation 
rate within 6 months and 0.4 to 1.5% late reoperation rate 
after Ross procedure.18 Transcatheter aortic valves are not 
currently indicated for young patients.

Mechanical Valves in Pregnancy
Mechanical valves have excellent durability and 
hemodynamic profile. Mechanical prosthetic valves, however, 
are thrombogenic and require lifelong anticoagulation to 
prevent thromboembolic complications.

Table 2 Predictors of neonatal complications with commonly 
used risk scores in pregnancy

CARPREG ZAHARA ESC 2018

Anticoagulation Cyanotic heart 
disease (repaired 
or unrepaired)

Cyanosis during 
baseline prenatal 
visit
Low maternal 
oxygen saturation 
(< 90%)

Poor functional 
class or cyanosis

The use of  cardiac 
medication 
 before pregnancy

NYHA class III/IV

Left heart 
obstruction

Maternal smoking Maternal left heart 
obstruction

Multiple 
gestations

Mechanical valve 
replacement

Smoking during 
pregnancy

Smoking Multiple 
gestations

Multiple gestations

Use of anticoagu-
lants throughout 
pregnancy

Cardiac med-
ication before 
pregnancy

Mechanical valve 
prosthesis

“At birth” cyanotic 
heart disease

Maternal  cardiac 
event during 
pregnancy

Maternal decline 
in cardiac output 
during pregnancy

Abnormal utero-
placental Doppler 
flow

Abbreviations: CARPREG, Cardiac Disease in Pregnancy; ESC, European 
Society of Cardiology; NYHA, New York Heart Association;  ZAHARA, 
Zwangerschap bij Aangeboren Hartafwijkingen.
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Pregnancy in a woman with a mechanical heart valve is 
associated with high maternal and fetal complications. In 
women with mechanical valves, pregnancy is associated with 
a very high risk of complications (modified WHO risk classi-
fication III).8 In the ROPAC registry, there were 212 patients 
with mechanical valve. Maternal mortality was 1.4% in this 
registry. Hemorrhagic complications were noted in 23% 
patients whereas thrombotic complications occurred in 6.1%, 
valve thrombosis was seen in 4.7%, and miscarriage in 15.6%.9 
About 7.5% of pregnancies were  complicated by heart failure 
whereas supraventricular and  ventricular  arrhythmias 
occurred in 2.8% and 0.5% of pregnancies, respectively. Post-
partum hemorrhage directly after delivery and up to 24 
hours postpartum occurred in 10.4%.

Recently in a population-based study in the 
United  Kingdom, Vause et al studied pregnancy outcomes in 
 women with mechanical prosthetic valves. They studied data 
of 58 pregnant women with mechanical valves (incidence 
3.7/100,000 maternities). Only 28% women had a good 
maternal and fetal outcome. Poor fetal outcome was noted 
in 47%  women. In this cohort, they observed 9% maternal 
mortality and 41% serious maternal morbidity. LMWH was 
used throughout  pregnancy by 71% women in this study 
(the ROPAC registry mainly used warfarin, either  throughout 
or during the second and third trimesters). Hemorrhagic 
 complications occurred in 29% women.19

The choice of anticoagulation dictates maternal and 
fetal risk in mechanical valves during pregnancy. Maternal 
 mortality estimates range between 1% and 15%, depending 

on the series and anticoagulation strategy.20,21 Heparins 
(LMWH or UFH) are associated with relatively high risk of 
valve thrombosis.22,23 ESC 2018 guideline says that the use 
of VKAs throughout pregnancy, under strict  international 
 normalized ratio (INR) control, is the safest regimen to 
 prevent valve thrombosis. LMWH is possibly superior to UFH 
for preventing valve thrombosis.8

“Warfarin embryopathy” is a known complication of 
 warfarin therapy during pregnancy, mainly between the 
6th and 12th weeks of pregnancy. It is characterized by 
nasal hypoplasia, low birth weight, slower growth, mental 
retardation, malformed bones, cartilage and joints, stippled 
epiphyses, deafness, and small head size.24,25 Between 6 and 
12 weeks of gestation, bone and cartilage formation in the 
fetus may be impaired by transplacental passage of  warfarin, 
resulting in the warfarin embryopathy. The teratogenicity 
of warfarin is found to be somewhat dose dependent, 
with more frequent and more serious fetal malformations 
 occurring when warfarin doses of greater than 5 mg/day are 
given. UFH use in the last 2 weeks of pregnancy may be used 
to decrease the risk of peripartum hemorrhage and bleeding 
complications in the newborn. Elective cesarean section 
in the 38th week of pregnancy has also been suggested to 
reduce the risk of hemorrhage. A systematic review of the 
literature published in 2000 showed that use of heparin alone 
or early first- trimester conversion (≤ 6 weeks) from warfarin 
to heparin entirely prevented the incidence of congenital 
anomalies. The guidance to choose either type of prosthetic 
valve in pregnancy is presented in ►Fig. 1.

Fig. 1 Benefits and risk of type of prosthetic valves over each other. PVT, prosthetic valve thrombosis.
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Anticoagulants in Pregnancy
Mechanical prosthetic valves need lifelong anticoagulation, 
and guidelines recommend target INRs to be maintained 
based of the type and anatomical position. Anticoagulation 
becomes of paramount importance in pregnant patients 
as it is a state of heightened risk of thrombosis. Multiple 
 mechanisms may contribute to the elevated risk of thrombosis 
including elevated clotting factors, increased platelet activity, 
decreased fibrinolysis, and resistance to naturally occurring 
anticoagulants.26 In the ROPAC registry, the rates of throm-
boembolic complication were seen in 6.1% of  pregnancies.9 
Bioprosthetic valves have an edge over prosthetic valves as 
they do not require lifelong anticoagulation. While anticoag-
ulation is deemed necessary from the  preceding arguments, 
it also predisposes the mother to multitude of complications 
such as postpartum hemorrhage, fetal loss, preterm delivery, 
and low birth weight. In addition, some anticoagulants can 
cross the placenta and lead to teratogenicity in the fetus if 
administered during embryogenesis. Three types of anti-
coagulant regimen are used in pregnancy with mechanical 
heart valves: warfarin throughout, LMWH/UFH throughout, 
LMWH/UFH in the first trimester then  warfarin until the 
mid-late trimester then switching back again to heparin 
(LMWH or UFH). The role of various  currently available anti-
coagulants is discussed as follows.

Vitamin K Antagonists
Oral VKAs warfarin and acenocoumarol together form 
the mainstay of oral anticoagulation in patients with 
 mechanical heart valves. The recommended target INRs 
in pregnancy is between 2.5 and 3.5, and it should be 
monitored on a fortnightly basis, if not on a weekly basis 
 whenever  feasible. Even in pregnancy, they have  lowest 
maternal mortality (0.9–1.9%) and thromboembolic 
 episodes (2–3.9%).11,20,21 However, by virtue of their  ability 
to cross the placental barrier, they lead to anomalies in 
the fetus commonly referred to as “warfarin embryopa-
thy” (►Table 3).24,25 The incidence varies in the literature 
with previous studies reporting a high incidence of around 
6.4 to 7.4% whereas the recent studies peg the incidence 
at 2 to 3.7%.11,20,21,24 In addition to embryopathy, they can 

cause prematurity (7.5%), spontaneous abortions (23%), 
and fetal wastage due to any cause (33%). Because of high 
risk of fetal intracranial hemorrhage, vaginal delivery is 
contraindicated when mother is on VKAs.

Two strategies have been used to mitigate the risk of fetal 
damage with VKAs: dose alteration and replacing with hepa-
rins in the first trimester. Various studies have found that the 
teratogenic effects are dose dependent. The seminal studies 
by Vitale et al and Cotrufo et al done almost two decades 
ago first demonstrated the dose dependency of  teratogenic 
effect of VKAs and found that a 5-mg dose is the ceiling 
beyond which adverse outcomes are prevalent.27,28 The recent 
meta-analysis by D’Souza et al also affirmed the same and 
showed that the fetus-related adverse events were drastically 
reduced in less than 5 mg group at 2.3% versus the higher dose 
group at 12.4%.11 On the contrary, the ROPAC registry failed to 
establish the dose dependency of adverse effects with VKAs. 
Another prudent strategy of using heparins (which do not 
cross the placental barrier) during the first trimester (prefer-
ably 6–13 weeks) and VKAs during the rest of pregnancy has 
also shown to alleviate the fetal risk. This strategy avoids the 
detrimental effects of warfarin on embryogenesis and has 
been shown to virtually eliminate the fetal embryopathy risk 
(0.4% vs. 3.7%).21 The rates of spontaneous abortions and fetal 
death due to any cause were also lower with this regimen.

The thrombogenicity of newer-generation bileaflet valves 
(Carbomedics, Medtronic-Hall, St. Jude, and ATS) is lower than 
that of previously used ball-cage and tilting disc valves. The 
recent guidelines advocate a lower target INR of 2.5 versus 
3.5 in older-generation valves (Star-Edwards, Bjork- Shiley, 
and Omniscience).7,29 Absence of other potential high-risk 
 features such as mitral or tricuspid position, previous throm-
boembolism, concomitant atrial fibrillation (AF), LVEF less 
than 35%, and mitral stenosis also allows for a moderation in 
 target INR. These considerations will apply while selecting the 
anticoagulation regimen and the type of mechanical valve as a 
lower INR will ultimately reflect in potentially lower warfarin 
doses with fewer complications. The message on the board is 
clear to use the lowest possible warfarin dose in pregnancy 
and replacing it with heparins during 6 to 13 weeks.

Heparins
Heparins (UFH and LMWH) do not cross the placenta and 
appear promising as they eliminate the risk of embryop-
athy or fetopathy seen with VKAs. However, their use in 
 pregnancy for thromboprophylaxis is fraught with many 
challenges such as lesser efficacy, poor compliance, difficulty 
in monitoring activated partial thromboplastin time (aPTT), 
thrombocytopenia, osteoporosis, and parenteral administra-
tion of drug.

Unfractionated Heparin
The use of UFH is associated with four times increased risk of 
thromboembolism as compared with warfarin.24 The thrombo-
embolic complication rates and maternal mortality were high 
at 33% and 15%, respectively.20 However, the recent  literature 
suggests that the rate have may come down to 11.2–13% 

Table 3 Adverse effects on warfarin or other vitamin K 
antagonists on fetus

“Warfarin embryopathy”—3.7–6.4% overall incidence

Exposure during 6–12 wk of gestation—nasal hypoplasia, 
stippled epiphyses, mental retardation

Later exposure in gestation (fetopathy)—neurologic and eye 
defects and intracranial hemorrhage during delivery

Fetal death from exposure at any age (33% all-cause fetal 
death)

Prematurity (7.5%) and spontaneous abortions (23%)

Lower incidence of fetal adverse events at doses < 5 mg/
day (2.3% vs. 12%)

Higher rate of live births at doses < 5 mg/day (84% vs. 44%)
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and 3.4–5%, respectively.11,21 The promising results can be 
 attributed to use of less thrombogenic valves and proper hep-
arin dosing in the recent studies.21  Nevertheless, owing to high 
thrombotic complications, their use as standalone therapy is 
not recommended by guidelines.7,30  However, as a combina-
tion therapy with VKAs, they have high safety risk profile 
and are popular. The dosing should be targeted to aPTT more 
than two times of normal, and after attaining  target aPTT only 
weekly monitoring is advised.

Low-Molecular-Weight Heparins
Low-molecular-weight heparins represent more feasible 
alternative to UFH with advantages of predictable pharma-
cokinetics, twice-daily dosing, subcutaneous  administration, 
and obviating the need for aPTT monitoring. Although they 
represent a significant advance over heparin outside the 
pregnancy setting, their use in pregnancy has high throm-
boembolic risk (8.7%) and maternal mortality (2.9%).11 
Because of increased renal clearance, the dose of LMWH is 
needs to be adjusted to monitored plasma anti-Xa levels.31 
Although suboptimal levels and poor compliance are con-
tributors to valve thrombosis, some reports also emerged 
of valve thrombosis with adequate level of anti-Xa.32 The 
 recommended dose of enoxaparin is 1 mg/kg twice daily, 
and peak anti-Xa level (4–6 hours post dose) is to be kept at 
0.8 to 1.2 IU/mL whereas trough levels at greater than 0.6 IU/
mL. The corresponding dose of dalteparin is 100 U/kg. Dos-
ing should be altered daily until peak levels are attained and 
then checked weekly.33

Novel Oral Anticoagulants
The novel oral anticoagulants are not indicated in pregnancy 
as well as with prosthetic valves.

Low-Dose Aspirin
Aspirin in low doses of 75 to 100 mg, when added to VKAs, 
leads to decrease in major embolism, death, stroke, and 
mortality in patients with prosthetic valve although at the 
risk of increased bleeding.34 Based on these premises, the 
ACC/AHA (American College of Cardiology/American Heart 
 Association) guidelines recommend continuing the low-dose 
aspirin therapy during pregnancy. ESC guidelines take a con-
servative stance and recommend against use of routine use of 
low-dose aspirin even in a nonpregnant setting.

Simplified Anticoagulant Regimen
The advantages and disadvantages of each anticoagulant 
should be discussed with the patient and family members. 
The primary determinant in planning of the regimen is the 
dose of warfarin (or acenocoumarol) required to maintain 
the INR in therapeutic levels. The core principle remains 
that VKAs are the most potent regimen to decrease throm-
boembolic events in the mother.

Low-Dose Group—Warfarin < 5 mg/day 
(or acenocoumarol < 2 mg/day)
Because of the low risk of fetal damage in this group, 
 continuing warfarin throughout pregnancy is the safest 

option. VKAs should be continued until 36 weeks. Because 
of high risk of maternal and fetal bleeding in  anticoagulated 
women, she should be changed to intravenous UFH or 
twice-daily LMWH based on local resources and cost about 
2 weeks prior to anticipated delivery. Parenteral heparin 
should be stopped 4 to 6 hours prior to labor and started 
4 to 6 hours after delivery or when bleeding has stopped.

If a woman desires so, she can also switch to parenteral 
anticoagulation with heparin form 6 to 12 weeks. Interest-
ingly, in the ROPAC registry up to 50% of valve thrombosis 
occurred during switching from VKA, and switching should 
ideally performed in hospitalized setting.9

High-Dose Group—Warfarin > 5 mg/day 
(or acenocoumarol > 2 mg/day)
Because of high risk of embryopathy at such high doses, it 
is ideal to switch to intravenous UFH or twice-daily LMWH 
from 6 to 12 weeks of gestation and continue with oral VKAs 
for rest of pregnancy. As discussed previously, this regimen 
virtually has eliminated the risk of warfarin embryopathy. 
The choice between the two parenteral regimens would 
depend on cost, availability of anti-Xa assay, and facility of 
hospitalization. In absence of an anti-Xa assay, the guide-
lines advocate against use of LMWH that would be the 
case in many parts of our country. On the other hand, the 
ability to administer LMWH in an outpatient basis appears 
 appealing and can help reduce cost of hospitalization in an 
already overburdened health system. Remaining part of the 
management remains the same as in case of low-dose group. 
INR  monitoring on VKA is recommended on a fortnightly 
basis. An algorithm for anticoagulation in pregnancy with 
 mechanical valves is presented in ►Fig. 2.

General Principles of Management of Pregnancy
Prepartum Counseling
Women of child-bearing age group with prosthetic valves should 
have preconception counseling about the maternal cardiac and 
obstetric risks with pregnancy. Additionally, fetal and neonatal 
risks also need to be detailed. The option of avoiding  pregnancy 
should also be clearly discussed. Baseline documentation of 
symptoms and echocardiographic parameters of prosthetic valve 
serves as a guide should the woman become pregnant.

Antepartum Phase
Prosthetic valves constitute a high-risk pregnancy and 
should be managed at experienced centers by team 
comprising the cardiologist, obstetrician (preferably with 
 expertise in handling high-risk pregnancies), and fetal 
medicine expert. At the first antenatal visit, it is imperative 
to perform a full physical examination, electrocardiogram, 
and two-dimensional (2D) echocardiogram to assess valve 
hemodynamics. Detailed assessment of medical therapy 
is essential to discontinue drugs that are contraindicated 
in pregnancy such as angiotensin-converting enzyme 
(ACE) inhibitors, angiotensin receptor blockers (ARBs), 
and aldosterone antagonists. Discussion regarding various 
options for anticoagulation also is vital in women with 
a mechanical valve. The type of mechanical valve and 
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Fig. 2 Proposed algorithm for anticoagulation during pregnancy. *Equivalent doses of acenocoumarol—2 mg/day and phenprocoumon 3 mg/
day; LMWH, low-molecular-weight heparin; UFH, unfractionated heparin].
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baseline valve functions determine the follow-up intervals. 
 Bioprosthetic valves with good functioning can be monitored 
at ease in each trimester. Those with poor baseline valve 
function need to be monitored more frequently. For 
mechanical valves, need  frequent monitoring for adequate 
anticoagulation fortnightly or preferably weekly is essential. 
Monthly echocardiogram and clinical follow-up are also rec-
ommended by guidelines. Any deterioration in clinical sta-
tus  warrants urgent attention of physician, and high index 
of suspicion is required for early detection of complications.

Management of Delivery
Having a predefined protocol for managing for labor and 
delivery leads to better maternal and fetal outcomes. For 
women with bioprosthetic valves, vaginal delivery is pre-
ferred. For those with a mechanical heart valve, management 
of anticoagulation in peripartum period is of paramount 
importance. Because of high risk of fetal intracranial hem-
orrhage, vaginal delivery on VKAs needs to be avoided. Such 
women need to be electively hospitalized at 36 or 2 weeks 
prior to scheduled delivery for switching to parenteral hep-
arins (UFH or LMWH). For patients on LMWH, it needs to 
be discontinued and UFH must be started 36 hours prior 
to delivery and continued up to 4 to 6 hours prior to it. Its 
emergency delivery is required in the woman on LMWH or 
UFH. Protamine can be used to reverse the effects of UFH and 
LMWH (partial reversal possible). Elective cesarean section 
can also be considered in women on VKAs to minimize the 
interruption in anticoagulation.

For women on VKAs who present in active or preterm 
labor, cesarean section is the only choice. Fresh frozen  plasma 
needs to be administered, supplemented by oral vitamin, 
 prior to surgery to attain INR less than 2. Because of placental 
travel, the fetus also becomes anticoagulated and needs fresh 
frozen plasma and vitamin K.

Postpartum Phase
All the anticoagulants can be safely prescribed during 
breast-feeding. Minimizing the interruption of VKAs is 
essential in patients with mechanical valves, and switch 
from parenteral heparin to VKAs should be done as soon 
as  feasible. Diuretics (except spironolactone), β-blockers 
(preferably, metoprolol), and digoxin can be safely admin-
istered. Renin-angiotensin-aldosterone system (RAAS) (ACE 
 inhibitors and ARBs) blockers are secreted in breast milk 
and are best avoided. When absolutely unavoidable, capto-
pril, benazepril, and enalapril are advocated by the recent 
ESC guideline.8

Contraception
Because of the heightened risk of thrombosis in  pregnancy, 
choice of contraception needs to be addressed carefully. 
 Estrogen-containing pills have a risk of arterial and venous 
thrombosis and are best avoided. The other options to be 
 considered are barriers methods and progesterone-based 
contraceptives. Failures rates are high with barrier methods 
and progesterone-based contraceptives like pills, intrauterine 
devices, etc. need to be considered in whom pregnancy will 

be extremely high risk (e.g., patients with double mechanical 
valves, prior history of PVT, prosthetic valve dysfunction). Apt 
consideration needs to be given to permanent  contraception 
in patients with already completed family. The general 
 principles of management are summarized in ►Fig. 3.

Management of Complications

Prosthetic Valve Thrombosis
High index of suspicion is required for diagnosis of PVT. 
 Worsening of dyspnea, thrombotic events, and arrhythmias 
should alert the physician. Combination of clinical assess-
ment, transthoracic and transesophageal echocardiography, 
and rarely, fluoroscopy should clinch the diagnosis. Man-
agement options are similar to the nonpregnant setting and 
include parenteral anticoagulation, fibrinolysis, and surgery. 
The patient’s clinical status, anatomical position, and size 
of thrombus guide the selection of management strategy. 
Parenteral anticoagulation (UFH or LMWH) is ideal for the 
patient who is hemodynamically stable and gives past histo-
ry of inadequate or interrupted anticoagulation. Fibrinolysis 
should be reserved for right-sided endocarditis, critically ill 
left-sided endocarditis with high risk for surgery or nonavail-
ability of surgery, and finally in noncritical patients when 
parenteral heparin has failed. Generally, fibrinolytic agents 
do not cross the placenta because of their high molecular 
weight, but there remains a risk of placental abruption and 
embolization to fetus. Low-dose and slow-infusion throm-
bolysis with alteplase has been demonstrated to be safe and 
effective in PVT in pregnancy.35

Emergency surgery is required when the patient is hemo-
dynamically unstable with obstructive thrombus and when 
medical therapy fails in noncritically ill patients. However, the 
limitations of surgery include problem of availability in odd 
hours and high rate of fetal (30%) as well as maternal loss (6%).36

Infective Endocarditis
Infective endocarditis during pregnancy is not very common, 
and estimated rates are 3 to 12 per 1,000 with prosthetic 
valves.37 The maternal and fetal mortality rates remain high 
at 33% and 29%, respectively. Management principles should 
follow the guidelines for management in IE in nonpregnant 
situation. Care should be undertaken to use antibiotics safe 
in pregnancy such as penicillin, ampicillin, amoxicillin, eryth-
romycin, and cephalosporins. Aminoglycosides and tetra-
cyclines are harmful for the fetus at all times, and their use 
should be restricted as far as practical. Surgery becomes 
indispensable when the patient has refractory heart failure 
or cardiogenic shock, but fetal mortality remains high as 
 previously alluded to.

Arrhythmias
Supraventricular arrhythmia and AF are the most common 
arrhythmias in pregnant women with cardiac disease. Ven-
tricular tachyarrhythmias, though uncommon, predispose 
the patient to the risk of sudden cardiac death in presence of 
structural heart diseases.
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For paroxysmal supraventricular tachycardia, adenos-
ine is recommended for acute termination. β-Blocking 
agents, except (atenolol), are advised for prophylaxis. For 
atrial flutter and AF, the patient’s hemodynamic status 
will guide the therapy. DC cardioversion is the therapy of 
choice in unstable patients whereas ibutilide or flecain-
ide should be considered in stable patients. β-Blockers are 
again useful for rate control for long term.

For ventricular tachycardia (VT) with  hemodynamic insta-
bility, DC cardioversion is required. In absence of adverse 
hemodynamic profile, intravenous sotalol or procainamide 
are preferred agents for rate control. Amiodarone should 
be reserved or refractory cases. β- Blocker again comes 
into picture for prophylaxis. An implantable cardioverter- 
defibrillator (ICD) should be implanted before pregnancy 
in high-risk  clinical situations, but it can also be given for 
therapy- resistant VTs during pregnancy.

Heart Failure
Principles of management are same as those of out of preg-
nancy. However, the medical treatment needs to be tailored 
or adapted for pregnancy. ACE inhibitors, ARB, and direct 

renin inhibitors are avoided due to enhanced risk of fetal 
toxicity.38,39 Hydralazine and nitrate are safer alternatives to 
RAAS blockers. Dopamine and levosimendan are preferred 
inotropes. Diuretics should be used judiciously as they can be 
diminished placental flow. Spironolactone and eplerenone 
should be avoided. β1 selective agents such as metoprolol 
should be preferred over atenolol.40

Conclusion
Pregnancy with prosthetic valves is a high-risk situation with 
increased maternal and fetal morbidity. Adequate risk strati-
fication and continuous monitoring are the key to preempt-
ing complications. Tissue valves overall fare  better with low 
thrombogenic risk and lack of dependency on  anticoagulation 
but suffer the risk of structural degeneration of valve. Mechan-
ical valves have excellent durability, but the need for seamless 
anticoagulation adds an additional burden of complications 
apart from the inherent thrombotic risk. However, use of low-
dose VKAs and targeted substitution with parenteral heparin 
have brought down the  maternal and fetal adverse events. 
However, despite improved  outcomes, irrespective of valve 
used (tissue, mechanical–new or old, Ross procedure), there 

Fig. 3 General principles of management in prosthetic vales with pregnancy. VKA, vitamin K antagonists.
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remains an enhanced risk vis-à-vis the cohort without any 
prosthetic valve. These patients are best managed in tertiary 
care center with a team expert comprising the obstetrician, 
cardiologist, hematologist, and neonatologist.
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With improved outcomes of valvular heart diseases and prosthetic valves, many 
women now survive into child-bearing age and pregnancy. However, the presence 
of prosthetic valves in pregnancy has an adverse impact on both maternal and fetal 
 outcomes. The bioprosthetic or tissue valves are less thrombogenic. They do not need 
any anticoagulation and lead to normal pregnancy with normal baseline valve func-
tion. However, they have high rate of structural degeneration, especially in the young 
with an attendant need of reoperation leading to morbidity. Mechanical valves have 
excellent hemodynamics during pregnancy but are inherently thrombogenic lead-
ing to thromboembolic complications, necessitating uninterrupted anticoagulation. 
 Anticoagulation itself leads to a host of maternal and fetal bleeding complication as 
well as adverse fetal anomalies. The use of low-dose warfarin throughout pregnancy 
has the best maternal safety profile. Added to this regimen, targeted replacement 
with  parenteral heparin during the first (6–12 weeks) and late third trimesters (beyond 
36 weeks) leads to virtual elimination of embryopathy as well as appreciable  reductions 
of maternal mortality. Proper preconception counseling and antenatal care coupled 
with planned labor or delivery is essential to ensure best outcomes. These patients 
are best managed in a tertiary care center with proper expertise in managing adverse 
cardiovascular, obstetric, and neonatal outcomes.
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Introduction
Prosthetic heart valves pose unique challenges in pregnan-
cy with increased maternal and fetal morbidity. The choice of 
prosthetic valve in pregnancy is a difficult one. On the one hand 
are the mechanical valves with excellent  hemodynamic param-
eters during pregnancy, but the need for seamless anticoagula-
tion increases risk for both the mother and fetus. On the other 
hand are bioprosthetic valves that obviate the need for anticoag-
ulation but compromise on the valve  durability and there is also 
an increased risk of prosthetic valve dysfunction. In this review, 
we briefly discuss the risks associated with prosthetic valve in 
pregnancy, the determinants and salient features of manage-
ment in a pregnant woman with prosthetic valve in situ.

Pregnancy and Altered Cardiovascular 
Hemodynamics
Physiologic adaptations are seen in pregnancy to optimize 
fetal growth and development. The major cardiovascular 
hemodynamic changes seen in pregnancy include increased 
cardiac output, expanded blood volume, and reduced 
 systemic vascular resistance and blood pressure. Increased 
preload (due to the expansion of the blood  volume), 
decreased afterload (due to the decreased systemic  vascular 
resistance), and increased maternal heart rate all lead to 
increased  cardiac output and workload.1,2 Pregnancy is also 
considered as a hypercoagulable state. Changes in several 
clotting  factors are seen in pregnancy:
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1. Increase in procoagulants

a. Increase in factors I, II, V, VII, VIII, X, and XII
b. Increased platelet adhesiveness
c. Increased activity of plasminogen activator inhibitors

2. Decrease in anticoagulants

a. Decrease in free protein S
b. Increase in activated protein C resistance

This hypercoagulable state of the pregnancy is an  adaptive 
feature of the pregnancy to decrease blood loss.  However, 
on the other hand, it increases risk of thromboembolic 
 complications in patients with prosthetic valves, which 
can be catastrophic for both the mother and child.2 Var-
ious types of arrhythmia are also seen in pregnancy with 
increased  frequency. The exact mechanism of this is 
unknown, but various hemodynamic, hormonal, and auto-
nomic changes  related to pregnancy are considered as prob-
able mechanisms.

Risk Stratification with Prosthetic Valves
Risk of cardiovascular complications in pregnancy 
depends on three factors: disease-specific factors,  general 
 pregnancy-related factors, and patient-related  specific 
variables. Maternal and neonatal health conditions are 
 interrelated. In most studies, risk factors for both maternal 
and neonatal cardiovascular events have been studied.

Risk Prediction Scores—ZAHARA, WHO, and CARPREG
Commonly used risk scores to predict complications 
during pregnancy in women with cardiac disease are the 
Cardiac Disease in Pregnancy (CARPREG), Zwangerschap 
bij Aangeboren Hartafwijkingen (ZAHARA) risk scores, 
and World Health Organization (WHO) maternal risk 
classification (recommended in 2018 European Society of 
Cardiology [ESC] guidelines).3–6 Prosthetic valves are not 
included for risk stratification in CAPREG score whereas 
they are included as a predictor of maternal cardiovascular 
events in ZAHARA system. The modified WHO maternal 
cardiovascular risk classifies bioprosthetic valve as class 
II–III risk (maternal cardiac event rate of 10–19%) whereas 
mechanical valves are placed in class III risk (maternal cardiac 
event rate of 19–27%).7,8

Apart from the presence of prosthetic valves, other cardiac 
modifiers of maternal cardiovascular outcomes include low 
left ventricular ejection fraction (LVEF) (< 40%), presence of 
pulmonary artery hypertension, left-sided obstructive lesions 
(moderate to severe), reduced subpulmonary ventricular 
function (tricuspid annular plane systolic excursion [TAPSE] 
< 16 mm), atrioventricular valve regurgitation, and cyanotic 
heart disease. Clinical features predictive of worse maternal 
outcomes include presence of cyanosis, elevated NT-proBNP, 
history of prior cardiac events, use of cardiac medications, 
New York Heart Association (NYHA) class III/IV, and smok-
ing. Many of these factors such as NYHA class III/IV, left heart 
obstruction, and smoking also predict worse fetal neonatal 
outcomes (►Tables 1, 2).

In the ROPAC (Registry of Pregnancy and Cardiac  Disease) 
registry, 58% of women with mechanical heart valves had 
adverse event-free pregnancy compared with 79% with  tissue 
valves.9 The odd of having complications during pregnancy 
were significantly higher with mechanical valve vis- a-vis 
 tissue valves.

Maternal Risk versus Fetal Risk
The spectrum maternal complications include miscarriage, 
thromboembolic complications, obstetric  hemorrhage, and 
most severe maternal mortality.10 Cardiac complications 
include heart failure, arrhythmia, prosthetic valve 
 thrombosis (PVT), and infective endocarditis (IE). Use of 
anticoagulation additionally predisposes to peripartum 
 bleeding, thrombocytopenia, and osteoporosis.

Table 1 Predictors of maternal cardiovascular events with 
commonly used risk scores in pregnancy

CARPREG ZAHARA ESC 2018

Prior  cardiac 
events or 
arrhythmia

Presence of 
cyanotic heart 
disease

Prior cardiac event 
(heart failure, 
transient ischemic 
attack, stroke, 
arrhythmia)

Poor functional 
class or cyanosis

Use of cardiac 
medication be-
fore pregnancy

NYHA class III/IV

Left heart 
obstruction

Left heart 
obstruction

Left heart obstruc-
tion (moderate to 
severe)

Left ventric-
ular systolic 
dysfunction

Mechanical valve 
replacement

Reduced systemic 
ventricular systolic 
function (ejection 
fraction < 40%)

Systemic or 
pulmonary atrio-
ventricular valve 
regurgitation 
related with the 
underlying (mod-
erately) complex 
congenital heart 
diseases

Systemic atrioven-
tricular valve regur-
gitation (moderate 
to severe)

Reduced sub-
pulmonary 
 ventricular function 
(TAPSE < 16 mm)

Pulmonary 
 atrioventricular 
valve  regurgitation 
(moderate to 
severe)

Pulmonary arterial 
hypertension

Mechanical valves

Smoking

Cyanosis

Elevated 
NT-proBNP

Abbreviations: CARPREG, Cardiac Disease in Pregnancy; ESC,  European 
Society of Cardiology; NYHA, New York Heart Association; TAPSE, 
 tricuspid annular plane systolic excursion; ZAHARA, Zwangerschap bij 
Aangeboren Hartafwijkingen.
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The fetus or neonate is also at risk for a host of 
complications, including intrauterine growth retardation, 
preterm birth, perinatal mortality, and small for 
gestational age.  Anticoagulation exposure via the placenta 
leads to  specific complications in the fetus referred commonly 
as “ embryopathy” (when occurring due to exposure between 
6 and 10 weeks and “fetopathy” due to exposure in the late 
gestation period).11 Vitamin K antagonists (VKAs) are noto-
rious for both whereas unfractionated heparin (UFH) can 
cause fetopathy while used as the sole agent throughout. 
Low- molecular-weight heparins (LMWHs) have the lowest 
rate of adverse fetal outcomes as anticoagulants.

Bioprosthetic Valves versus Mechanical Valves
Bioprosthetic Valves and Pregnancy
Bioprosthetic valves (homografts, heterografts, or autografts) 
are much less thrombogenic than mechanical valves.12,13 
However, there still remains a risk of valve thrombosis. Egbe 
and colleagues estimated the incidence of bio PVT as 1.5% 

based on data of 3,161 patients with an implanted biopros-
thetic valve who underwent follow-up echocardiography at 
their institution over 6 years.14 The incidence may have been 
underestimated as only the patients who underwent surgical 
exploration of PVT were included whereas others who were 
medically managed were excluded.

However, they do obviate the need of long-term 
anticoagulation, thereby resulting in better maternal and 
fetal outcomes, as seen in ROPAC registry. Women with 
well-functioning bioprosthetic heart valves and those who 
do not have other cardiac risk factors often have uncompli-
cated pregnancies. However, there remains a substantial risk 
of structural deterioration in bioprosthetic valves in young 
women.12 Structural valve deterioration (SVD) occurs rel-
atively early and rapidly in young patients. Jamieson et al 
found that proportion of patients free of SVD after 10 years 
of operation was highly dependent on age, and values in 
patients younger than 30 years, between 30 and 59 years, and 
older than 60 years were 27%, 77%, and 84%,  respectively.15 
The mitral valve tends to be more vulnerable than the 
aortic valve for structural deterioration although no such 
predilection was found by Egbe et al for valve thrombosis.13 
Flameng et al found that lack of antimineralization 
treatment of valves and patient-prosthesis mismatch are the 
major determinants of structural valve degeneration with 
bioprosthetic heart valves.16 There is an  controversy about 
acceleration of structural valve degeneration by  pregnancy. 
Few authors support this hypothesis whereas others are 
against it.13,17 However, there is general agreement that 
degeneration occurs early in young age.16 As the risk of 
SVD in young women is high, this may be seen in women 
during pregnancy or during postpartum period. There is a 
significant risk of complications in patient with dysfunc-
tional bioprosthetic valve. Dysfunctional valve may require 
reoperation.

Cardiovascular morbidity and mortality in pregnant 
women with bioprosthetic valve was studied in the ROPAC 
study. In the ROPAC study, maternal mortality was 1.5%. In 
this study, heart failure was reported in 8.2% of pregnant 
women, endocarditis and thrombotic complications in 0.7%, 
and hemorrhagic complications in 5.1% of pregnant patients 
with bioprosthetic valves.9

ROSS procedure (pulmonary autograft for aortic valve 
disease and placing a homograft for pulmonary valve) is a 
complex procedure. Although technically demanding, there 
is no risk of valve thrombosis and hemodynamic results are 
good. Homografts have the same rate of SVD as heterografts; 
data are not available for pregnant women with long-term 
follow-up. Grunkemeier et al showed 0 to 10% reoperation 
rate within 6 months and 0.4 to 1.5% late reoperation rate 
after Ross procedure.18 Transcatheter aortic valves are not 
currently indicated for young patients.

Mechanical Valves in Pregnancy
Mechanical valves have excellent durability and 
hemodynamic profile. Mechanical prosthetic valves, however, 
are thrombogenic and require lifelong anticoagulation to 
prevent thromboembolic complications.

Table 2 Predictors of neonatal complications with commonly 
used risk scores in pregnancy

CARPREG ZAHARA ESC 2018

Anticoagulation Cyanotic heart 
disease (repaired 
or unrepaired)

Cyanosis during 
baseline prenatal 
visit
Low maternal 
oxygen saturation 
(< 90%)

Poor functional 
class or cyanosis

The use of  cardiac 
medication 
 before pregnancy

NYHA class III/IV

Left heart 
obstruction

Maternal smoking Maternal left heart 
obstruction

Multiple 
gestations

Mechanical valve 
replacement

Smoking during 
pregnancy

Smoking Multiple 
gestations

Multiple gestations

Use of anticoagu-
lants throughout 
pregnancy

Cardiac med-
ication before 
pregnancy

Mechanical valve 
prosthesis

“At birth” cyanotic 
heart disease

Maternal  cardiac 
event during 
pregnancy

Maternal decline 
in cardiac output 
during pregnancy

Abnormal utero-
placental Doppler 
flow

Abbreviations: CARPREG, Cardiac Disease in Pregnancy; ESC, European 
Society of Cardiology; NYHA, New York Heart Association;  ZAHARA, 
Zwangerschap bij Aangeboren Hartafwijkingen.
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Pregnancy in a woman with a mechanical heart valve is 
associated with high maternal and fetal complications. In 
women with mechanical valves, pregnancy is associated with 
a very high risk of complications (modified WHO risk classi-
fication III).8 In the ROPAC registry, there were 212 patients 
with mechanical valve. Maternal mortality was 1.4% in this 
registry. Hemorrhagic complications were noted in 23% 
patients whereas thrombotic complications occurred in 6.1%, 
valve thrombosis was seen in 4.7%, and miscarriage in 15.6%.9 
About 7.5% of pregnancies were  complicated by heart failure 
whereas supraventricular and  ventricular  arrhythmias 
occurred in 2.8% and 0.5% of pregnancies, respectively. Post-
partum hemorrhage directly after delivery and up to 24 
hours postpartum occurred in 10.4%.

Recently in a population-based study in the 
United  Kingdom, Vause et al studied pregnancy outcomes in 
 women with mechanical prosthetic valves. They studied data 
of 58 pregnant women with mechanical valves (incidence 
3.7/100,000 maternities). Only 28% women had a good 
maternal and fetal outcome. Poor fetal outcome was noted 
in 47%  women. In this cohort, they observed 9% maternal 
mortality and 41% serious maternal morbidity. LMWH was 
used throughout  pregnancy by 71% women in this study 
(the ROPAC registry mainly used warfarin, either  throughout 
or during the second and third trimesters). Hemorrhagic 
 complications occurred in 29% women.19

The choice of anticoagulation dictates maternal and 
fetal risk in mechanical valves during pregnancy. Maternal 
 mortality estimates range between 1% and 15%, depending 

on the series and anticoagulation strategy.20,21 Heparins 
(LMWH or UFH) are associated with relatively high risk of 
valve thrombosis.22,23 ESC 2018 guideline says that the use 
of VKAs throughout pregnancy, under strict  international 
 normalized ratio (INR) control, is the safest regimen to 
 prevent valve thrombosis. LMWH is possibly superior to UFH 
for preventing valve thrombosis.8

“Warfarin embryopathy” is a known complication of 
 warfarin therapy during pregnancy, mainly between the 
6th and 12th weeks of pregnancy. It is characterized by 
nasal hypoplasia, low birth weight, slower growth, mental 
retardation, malformed bones, cartilage and joints, stippled 
epiphyses, deafness, and small head size.24,25 Between 6 and 
12 weeks of gestation, bone and cartilage formation in the 
fetus may be impaired by transplacental passage of  warfarin, 
resulting in the warfarin embryopathy. The teratogenicity 
of warfarin is found to be somewhat dose dependent, 
with more frequent and more serious fetal malformations 
 occurring when warfarin doses of greater than 5 mg/day are 
given. UFH use in the last 2 weeks of pregnancy may be used 
to decrease the risk of peripartum hemorrhage and bleeding 
complications in the newborn. Elective cesarean section 
in the 38th week of pregnancy has also been suggested to 
reduce the risk of hemorrhage. A systematic review of the 
literature published in 2000 showed that use of heparin alone 
or early first- trimester conversion (≤ 6 weeks) from warfarin 
to heparin entirely prevented the incidence of congenital 
anomalies. The guidance to choose either type of prosthetic 
valve in pregnancy is presented in ►Fig. 1.

Fig. 1 Benefits and risk of type of prosthetic valves over each other. PVT, prosthetic valve thrombosis.
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Anticoagulants in Pregnancy
Mechanical prosthetic valves need lifelong anticoagulation, 
and guidelines recommend target INRs to be maintained 
based of the type and anatomical position. Anticoagulation 
becomes of paramount importance in pregnant patients 
as it is a state of heightened risk of thrombosis. Multiple 
 mechanisms may contribute to the elevated risk of thrombosis 
including elevated clotting factors, increased platelet activity, 
decreased fibrinolysis, and resistance to naturally occurring 
anticoagulants.26 In the ROPAC registry, the rates of throm-
boembolic complication were seen in 6.1% of  pregnancies.9 
Bioprosthetic valves have an edge over prosthetic valves as 
they do not require lifelong anticoagulation. While anticoag-
ulation is deemed necessary from the  preceding arguments, 
it also predisposes the mother to multitude of complications 
such as postpartum hemorrhage, fetal loss, preterm delivery, 
and low birth weight. In addition, some anticoagulants can 
cross the placenta and lead to teratogenicity in the fetus if 
administered during embryogenesis. Three types of anti-
coagulant regimen are used in pregnancy with mechanical 
heart valves: warfarin throughout, LMWH/UFH throughout, 
LMWH/UFH in the first trimester then  warfarin until the 
mid-late trimester then switching back again to heparin 
(LMWH or UFH). The role of various  currently available anti-
coagulants is discussed as follows.

Vitamin K Antagonists
Oral VKAs warfarin and acenocoumarol together form 
the mainstay of oral anticoagulation in patients with 
 mechanical heart valves. The recommended target INRs 
in pregnancy is between 2.5 and 3.5, and it should be 
monitored on a fortnightly basis, if not on a weekly basis 
 whenever  feasible. Even in pregnancy, they have  lowest 
maternal mortality (0.9–1.9%) and thromboembolic 
 episodes (2–3.9%).11,20,21 However, by virtue of their  ability 
to cross the placental barrier, they lead to anomalies in 
the fetus commonly referred to as “warfarin embryopa-
thy” (►Table 3).24,25 The incidence varies in the literature 
with previous studies reporting a high incidence of around 
6.4 to 7.4% whereas the recent studies peg the incidence 
at 2 to 3.7%.11,20,21,24 In addition to embryopathy, they can 

cause prematurity (7.5%), spontaneous abortions (23%), 
and fetal wastage due to any cause (33%). Because of high 
risk of fetal intracranial hemorrhage, vaginal delivery is 
contraindicated when mother is on VKAs.

Two strategies have been used to mitigate the risk of fetal 
damage with VKAs: dose alteration and replacing with hepa-
rins in the first trimester. Various studies have found that the 
teratogenic effects are dose dependent. The seminal studies 
by Vitale et al and Cotrufo et al done almost two decades 
ago first demonstrated the dose dependency of  teratogenic 
effect of VKAs and found that a 5-mg dose is the ceiling 
beyond which adverse outcomes are prevalent.27,28 The recent 
meta-analysis by D’Souza et al also affirmed the same and 
showed that the fetus-related adverse events were drastically 
reduced in less than 5 mg group at 2.3% versus the higher dose 
group at 12.4%.11 On the contrary, the ROPAC registry failed to 
establish the dose dependency of adverse effects with VKAs. 
Another prudent strategy of using heparins (which do not 
cross the placental barrier) during the first trimester (prefer-
ably 6–13 weeks) and VKAs during the rest of pregnancy has 
also shown to alleviate the fetal risk. This strategy avoids the 
detrimental effects of warfarin on embryogenesis and has 
been shown to virtually eliminate the fetal embryopathy risk 
(0.4% vs. 3.7%).21 The rates of spontaneous abortions and fetal 
death due to any cause were also lower with this regimen.

The thrombogenicity of newer-generation bileaflet valves 
(Carbomedics, Medtronic-Hall, St. Jude, and ATS) is lower than 
that of previously used ball-cage and tilting disc valves. The 
recent guidelines advocate a lower target INR of 2.5 versus 
3.5 in older-generation valves (Star-Edwards, Bjork- Shiley, 
and Omniscience).7,29 Absence of other potential high-risk 
 features such as mitral or tricuspid position, previous throm-
boembolism, concomitant atrial fibrillation (AF), LVEF less 
than 35%, and mitral stenosis also allows for a moderation in 
 target INR. These considerations will apply while selecting the 
anticoagulation regimen and the type of mechanical valve as a 
lower INR will ultimately reflect in potentially lower warfarin 
doses with fewer complications. The message on the board is 
clear to use the lowest possible warfarin dose in pregnancy 
and replacing it with heparins during 6 to 13 weeks.

Heparins
Heparins (UFH and LMWH) do not cross the placenta and 
appear promising as they eliminate the risk of embryop-
athy or fetopathy seen with VKAs. However, their use in 
 pregnancy for thromboprophylaxis is fraught with many 
challenges such as lesser efficacy, poor compliance, difficulty 
in monitoring activated partial thromboplastin time (aPTT), 
thrombocytopenia, osteoporosis, and parenteral administra-
tion of drug.

Unfractionated Heparin
The use of UFH is associated with four times increased risk of 
thromboembolism as compared with warfarin.24 The thrombo-
embolic complication rates and maternal mortality were high 
at 33% and 15%, respectively.20 However, the recent  literature 
suggests that the rate have may come down to 11.2–13% 

Table 3 Adverse effects on warfarin or other vitamin K 
antagonists on fetus

“Warfarin embryopathy”—3.7–6.4% overall incidence

Exposure during 6–12 wk of gestation—nasal hypoplasia, 
stippled epiphyses, mental retardation

Later exposure in gestation (fetopathy)—neurologic and eye 
defects and intracranial hemorrhage during delivery

Fetal death from exposure at any age (33% all-cause fetal 
death)

Prematurity (7.5%) and spontaneous abortions (23%)

Lower incidence of fetal adverse events at doses < 5 mg/
day (2.3% vs. 12%)

Higher rate of live births at doses < 5 mg/day (84% vs. 44%)
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and 3.4–5%, respectively.11,21 The promising results can be 
 attributed to use of less thrombogenic valves and proper hep-
arin dosing in the recent studies.21  Nevertheless, owing to high 
thrombotic complications, their use as standalone therapy is 
not recommended by guidelines.7,30  However, as a combina-
tion therapy with VKAs, they have high safety risk profile 
and are popular. The dosing should be targeted to aPTT more 
than two times of normal, and after attaining  target aPTT only 
weekly monitoring is advised.

Low-Molecular-Weight Heparins
Low-molecular-weight heparins represent more feasible 
alternative to UFH with advantages of predictable pharma-
cokinetics, twice-daily dosing, subcutaneous  administration, 
and obviating the need for aPTT monitoring. Although they 
represent a significant advance over heparin outside the 
pregnancy setting, their use in pregnancy has high throm-
boembolic risk (8.7%) and maternal mortality (2.9%).11 
Because of increased renal clearance, the dose of LMWH is 
needs to be adjusted to monitored plasma anti-Xa levels.31 
Although suboptimal levels and poor compliance are con-
tributors to valve thrombosis, some reports also emerged 
of valve thrombosis with adequate level of anti-Xa.32 The 
 recommended dose of enoxaparin is 1 mg/kg twice daily, 
and peak anti-Xa level (4–6 hours post dose) is to be kept at 
0.8 to 1.2 IU/mL whereas trough levels at greater than 0.6 IU/
mL. The corresponding dose of dalteparin is 100 U/kg. Dos-
ing should be altered daily until peak levels are attained and 
then checked weekly.33

Novel Oral Anticoagulants
The novel oral anticoagulants are not indicated in pregnancy 
as well as with prosthetic valves.

Low-Dose Aspirin
Aspirin in low doses of 75 to 100 mg, when added to VKAs, 
leads to decrease in major embolism, death, stroke, and 
mortality in patients with prosthetic valve although at the 
risk of increased bleeding.34 Based on these premises, the 
ACC/AHA (American College of Cardiology/American Heart 
 Association) guidelines recommend continuing the low-dose 
aspirin therapy during pregnancy. ESC guidelines take a con-
servative stance and recommend against use of routine use of 
low-dose aspirin even in a nonpregnant setting.

Simplified Anticoagulant Regimen
The advantages and disadvantages of each anticoagulant 
should be discussed with the patient and family members. 
The primary determinant in planning of the regimen is the 
dose of warfarin (or acenocoumarol) required to maintain 
the INR in therapeutic levels. The core principle remains 
that VKAs are the most potent regimen to decrease throm-
boembolic events in the mother.

Low-Dose Group—Warfarin < 5 mg/day 
(or acenocoumarol < 2 mg/day)
Because of the low risk of fetal damage in this group, 
 continuing warfarin throughout pregnancy is the safest 

option. VKAs should be continued until 36 weeks. Because 
of high risk of maternal and fetal bleeding in  anticoagulated 
women, she should be changed to intravenous UFH or 
twice-daily LMWH based on local resources and cost about 
2 weeks prior to anticipated delivery. Parenteral heparin 
should be stopped 4 to 6 hours prior to labor and started 
4 to 6 hours after delivery or when bleeding has stopped.

If a woman desires so, she can also switch to parenteral 
anticoagulation with heparin form 6 to 12 weeks. Interest-
ingly, in the ROPAC registry up to 50% of valve thrombosis 
occurred during switching from VKA, and switching should 
ideally performed in hospitalized setting.9

High-Dose Group—Warfarin > 5 mg/day 
(or acenocoumarol > 2 mg/day)
Because of high risk of embryopathy at such high doses, it 
is ideal to switch to intravenous UFH or twice-daily LMWH 
from 6 to 12 weeks of gestation and continue with oral VKAs 
for rest of pregnancy. As discussed previously, this regimen 
virtually has eliminated the risk of warfarin embryopathy. 
The choice between the two parenteral regimens would 
depend on cost, availability of anti-Xa assay, and facility of 
hospitalization. In absence of an anti-Xa assay, the guide-
lines advocate against use of LMWH that would be the 
case in many parts of our country. On the other hand, the 
ability to administer LMWH in an outpatient basis appears 
 appealing and can help reduce cost of hospitalization in an 
already overburdened health system. Remaining part of the 
management remains the same as in case of low-dose group. 
INR  monitoring on VKA is recommended on a fortnightly 
basis. An algorithm for anticoagulation in pregnancy with 
 mechanical valves is presented in ►Fig. 2.

General Principles of Management of Pregnancy
Prepartum Counseling
Women of child-bearing age group with prosthetic valves should 
have preconception counseling about the maternal cardiac and 
obstetric risks with pregnancy. Additionally, fetal and neonatal 
risks also need to be detailed. The option of avoiding  pregnancy 
should also be clearly discussed. Baseline documentation of 
symptoms and echocardiographic parameters of prosthetic valve 
serves as a guide should the woman become pregnant.

Antepartum Phase
Prosthetic valves constitute a high-risk pregnancy and 
should be managed at experienced centers by team 
comprising the cardiologist, obstetrician (preferably with 
 expertise in handling high-risk pregnancies), and fetal 
medicine expert. At the first antenatal visit, it is imperative 
to perform a full physical examination, electrocardiogram, 
and two-dimensional (2D) echocardiogram to assess valve 
hemodynamics. Detailed assessment of medical therapy 
is essential to discontinue drugs that are contraindicated 
in pregnancy such as angiotensin-converting enzyme 
(ACE) inhibitors, angiotensin receptor blockers (ARBs), 
and aldosterone antagonists. Discussion regarding various 
options for anticoagulation also is vital in women with 
a mechanical valve. The type of mechanical valve and 
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Fig. 2 Proposed algorithm for anticoagulation during pregnancy. *Equivalent doses of acenocoumarol—2 mg/day and phenprocoumon 3 mg/
day; LMWH, low-molecular-weight heparin; UFH, unfractionated heparin].
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baseline valve functions determine the follow-up intervals. 
 Bioprosthetic valves with good functioning can be monitored 
at ease in each trimester. Those with poor baseline valve 
function need to be monitored more frequently. For 
mechanical valves, need  frequent monitoring for adequate 
anticoagulation fortnightly or preferably weekly is essential. 
Monthly echocardiogram and clinical follow-up are also rec-
ommended by guidelines. Any deterioration in clinical sta-
tus  warrants urgent attention of physician, and high index 
of suspicion is required for early detection of complications.

Management of Delivery
Having a predefined protocol for managing for labor and 
delivery leads to better maternal and fetal outcomes. For 
women with bioprosthetic valves, vaginal delivery is pre-
ferred. For those with a mechanical heart valve, management 
of anticoagulation in peripartum period is of paramount 
importance. Because of high risk of fetal intracranial hem-
orrhage, vaginal delivery on VKAs needs to be avoided. Such 
women need to be electively hospitalized at 36 or 2 weeks 
prior to scheduled delivery for switching to parenteral hep-
arins (UFH or LMWH). For patients on LMWH, it needs to 
be discontinued and UFH must be started 36 hours prior 
to delivery and continued up to 4 to 6 hours prior to it. Its 
emergency delivery is required in the woman on LMWH or 
UFH. Protamine can be used to reverse the effects of UFH and 
LMWH (partial reversal possible). Elective cesarean section 
can also be considered in women on VKAs to minimize the 
interruption in anticoagulation.

For women on VKAs who present in active or preterm 
labor, cesarean section is the only choice. Fresh frozen  plasma 
needs to be administered, supplemented by oral vitamin, 
 prior to surgery to attain INR less than 2. Because of placental 
travel, the fetus also becomes anticoagulated and needs fresh 
frozen plasma and vitamin K.

Postpartum Phase
All the anticoagulants can be safely prescribed during 
breast-feeding. Minimizing the interruption of VKAs is 
essential in patients with mechanical valves, and switch 
from parenteral heparin to VKAs should be done as soon 
as  feasible. Diuretics (except spironolactone), β-blockers 
(preferably, metoprolol), and digoxin can be safely admin-
istered. Renin-angiotensin-aldosterone system (RAAS) (ACE 
 inhibitors and ARBs) blockers are secreted in breast milk 
and are best avoided. When absolutely unavoidable, capto-
pril, benazepril, and enalapril are advocated by the recent 
ESC guideline.8

Contraception
Because of the heightened risk of thrombosis in  pregnancy, 
choice of contraception needs to be addressed carefully. 
 Estrogen-containing pills have a risk of arterial and venous 
thrombosis and are best avoided. The other options to be 
 considered are barriers methods and progesterone-based 
contraceptives. Failures rates are high with barrier methods 
and progesterone-based contraceptives like pills, intrauterine 
devices, etc. need to be considered in whom pregnancy will 

be extremely high risk (e.g., patients with double mechanical 
valves, prior history of PVT, prosthetic valve dysfunction). Apt 
consideration needs to be given to permanent  contraception 
in patients with already completed family. The general 
 principles of management are summarized in ►Fig. 3.

Management of Complications

Prosthetic Valve Thrombosis
High index of suspicion is required for diagnosis of PVT. 
 Worsening of dyspnea, thrombotic events, and arrhythmias 
should alert the physician. Combination of clinical assess-
ment, transthoracic and transesophageal echocardiography, 
and rarely, fluoroscopy should clinch the diagnosis. Man-
agement options are similar to the nonpregnant setting and 
include parenteral anticoagulation, fibrinolysis, and surgery. 
The patient’s clinical status, anatomical position, and size 
of thrombus guide the selection of management strategy. 
Parenteral anticoagulation (UFH or LMWH) is ideal for the 
patient who is hemodynamically stable and gives past histo-
ry of inadequate or interrupted anticoagulation. Fibrinolysis 
should be reserved for right-sided endocarditis, critically ill 
left-sided endocarditis with high risk for surgery or nonavail-
ability of surgery, and finally in noncritical patients when 
parenteral heparin has failed. Generally, fibrinolytic agents 
do not cross the placenta because of their high molecular 
weight, but there remains a risk of placental abruption and 
embolization to fetus. Low-dose and slow-infusion throm-
bolysis with alteplase has been demonstrated to be safe and 
effective in PVT in pregnancy.35

Emergency surgery is required when the patient is hemo-
dynamically unstable with obstructive thrombus and when 
medical therapy fails in noncritically ill patients. However, the 
limitations of surgery include problem of availability in odd 
hours and high rate of fetal (30%) as well as maternal loss (6%).36

Infective Endocarditis
Infective endocarditis during pregnancy is not very common, 
and estimated rates are 3 to 12 per 1,000 with prosthetic 
valves.37 The maternal and fetal mortality rates remain high 
at 33% and 29%, respectively. Management principles should 
follow the guidelines for management in IE in nonpregnant 
situation. Care should be undertaken to use antibiotics safe 
in pregnancy such as penicillin, ampicillin, amoxicillin, eryth-
romycin, and cephalosporins. Aminoglycosides and tetra-
cyclines are harmful for the fetus at all times, and their use 
should be restricted as far as practical. Surgery becomes 
indispensable when the patient has refractory heart failure 
or cardiogenic shock, but fetal mortality remains high as 
 previously alluded to.

Arrhythmias
Supraventricular arrhythmia and AF are the most common 
arrhythmias in pregnant women with cardiac disease. Ven-
tricular tachyarrhythmias, though uncommon, predispose 
the patient to the risk of sudden cardiac death in presence of 
structural heart diseases.
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For paroxysmal supraventricular tachycardia, adenos-
ine is recommended for acute termination. β-Blocking 
agents, except (atenolol), are advised for prophylaxis. For 
atrial flutter and AF, the patient’s hemodynamic status 
will guide the therapy. DC cardioversion is the therapy of 
choice in unstable patients whereas ibutilide or flecain-
ide should be considered in stable patients. β-Blockers are 
again useful for rate control for long term.

For ventricular tachycardia (VT) with  hemodynamic insta-
bility, DC cardioversion is required. In absence of adverse 
hemodynamic profile, intravenous sotalol or procainamide 
are preferred agents for rate control. Amiodarone should 
be reserved or refractory cases. β- Blocker again comes 
into picture for prophylaxis. An implantable cardioverter- 
defibrillator (ICD) should be implanted before pregnancy 
in high-risk  clinical situations, but it can also be given for 
therapy- resistant VTs during pregnancy.

Heart Failure
Principles of management are same as those of out of preg-
nancy. However, the medical treatment needs to be tailored 
or adapted for pregnancy. ACE inhibitors, ARB, and direct 

renin inhibitors are avoided due to enhanced risk of fetal 
toxicity.38,39 Hydralazine and nitrate are safer alternatives to 
RAAS blockers. Dopamine and levosimendan are preferred 
inotropes. Diuretics should be used judiciously as they can be 
diminished placental flow. Spironolactone and eplerenone 
should be avoided. β1 selective agents such as metoprolol 
should be preferred over atenolol.40

Conclusion
Pregnancy with prosthetic valves is a high-risk situation with 
increased maternal and fetal morbidity. Adequate risk strati-
fication and continuous monitoring are the key to preempt-
ing complications. Tissue valves overall fare  better with low 
thrombogenic risk and lack of dependency on  anticoagulation 
but suffer the risk of structural degeneration of valve. Mechan-
ical valves have excellent durability, but the need for seamless 
anticoagulation adds an additional burden of complications 
apart from the inherent thrombotic risk. However, use of low-
dose VKAs and targeted substitution with parenteral heparin 
have brought down the  maternal and fetal adverse events. 
However, despite improved  outcomes, irrespective of valve 
used (tissue, mechanical–new or old, Ross procedure), there 

Fig. 3 General principles of management in prosthetic vales with pregnancy. VKA, vitamin K antagonists.
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remains an enhanced risk vis-à-vis the cohort without any 
prosthetic valve. These patients are best managed in tertiary 
care center with a team expert comprising the obstetrician, 
cardiologist, hematologist, and neonatologist.
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With improved outcomes of valvular heart diseases and prosthetic valves, many 
women now survive into child-bearing age and pregnancy. However, the presence 
of prosthetic valves in pregnancy has an adverse impact on both maternal and fetal 
 outcomes. The bioprosthetic or tissue valves are less thrombogenic. They do not need 
any anticoagulation and lead to normal pregnancy with normal baseline valve func-
tion. However, they have high rate of structural degeneration, especially in the young 
with an attendant need of reoperation leading to morbidity. Mechanical valves have 
excellent hemodynamics during pregnancy but are inherently thrombogenic lead-
ing to thromboembolic complications, necessitating uninterrupted anticoagulation. 
 Anticoagulation itself leads to a host of maternal and fetal bleeding complication as 
well as adverse fetal anomalies. The use of low-dose warfarin throughout pregnancy 
has the best maternal safety profile. Added to this regimen, targeted replacement 
with  parenteral heparin during the first (6–12 weeks) and late third trimesters (beyond 
36 weeks) leads to virtual elimination of embryopathy as well as appreciable  reductions 
of maternal mortality. Proper preconception counseling and antenatal care coupled 
with planned labor or delivery is essential to ensure best outcomes. These patients 
are best managed in a tertiary care center with proper expertise in managing adverse 
cardiovascular, obstetric, and neonatal outcomes.
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Introduction
Prosthetic heart valves pose unique challenges in pregnan-
cy with increased maternal and fetal morbidity. The choice of 
prosthetic valve in pregnancy is a difficult one. On the one hand 
are the mechanical valves with excellent  hemodynamic param-
eters during pregnancy, but the need for seamless anticoagula-
tion increases risk for both the mother and fetus. On the other 
hand are bioprosthetic valves that obviate the need for anticoag-
ulation but compromise on the valve  durability and there is also 
an increased risk of prosthetic valve dysfunction. In this review, 
we briefly discuss the risks associated with prosthetic valve in 
pregnancy, the determinants and salient features of manage-
ment in a pregnant woman with prosthetic valve in situ.

Pregnancy and Altered Cardiovascular 
Hemodynamics
Physiologic adaptations are seen in pregnancy to optimize 
fetal growth and development. The major cardiovascular 
hemodynamic changes seen in pregnancy include increased 
cardiac output, expanded blood volume, and reduced 
 systemic vascular resistance and blood pressure. Increased 
preload (due to the expansion of the blood  volume), 
decreased afterload (due to the decreased systemic  vascular 
resistance), and increased maternal heart rate all lead to 
increased  cardiac output and workload.1,2 Pregnancy is also 
considered as a hypercoagulable state. Changes in several 
clotting  factors are seen in pregnancy:
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1. Increase in procoagulants

a. Increase in factors I, II, V, VII, VIII, X, and XII
b. Increased platelet adhesiveness
c. Increased activity of plasminogen activator inhibitors

2. Decrease in anticoagulants

a. Decrease in free protein S
b. Increase in activated protein C resistance

This hypercoagulable state of the pregnancy is an  adaptive 
feature of the pregnancy to decrease blood loss.  However, 
on the other hand, it increases risk of thromboembolic 
 complications in patients with prosthetic valves, which 
can be catastrophic for both the mother and child.2 Var-
ious types of arrhythmia are also seen in pregnancy with 
increased  frequency. The exact mechanism of this is 
unknown, but various hemodynamic, hormonal, and auto-
nomic changes  related to pregnancy are considered as prob-
able mechanisms.

Risk Stratification with Prosthetic Valves
Risk of cardiovascular complications in pregnancy 
depends on three factors: disease-specific factors,  general 
 pregnancy-related factors, and patient-related  specific 
variables. Maternal and neonatal health conditions are 
 interrelated. In most studies, risk factors for both maternal 
and neonatal cardiovascular events have been studied.

Risk Prediction Scores—ZAHARA, WHO, and CARPREG
Commonly used risk scores to predict complications 
during pregnancy in women with cardiac disease are the 
Cardiac Disease in Pregnancy (CARPREG), Zwangerschap 
bij Aangeboren Hartafwijkingen (ZAHARA) risk scores, 
and World Health Organization (WHO) maternal risk 
classification (recommended in 2018 European Society of 
Cardiology [ESC] guidelines).3–6 Prosthetic valves are not 
included for risk stratification in CAPREG score whereas 
they are included as a predictor of maternal cardiovascular 
events in ZAHARA system. The modified WHO maternal 
cardiovascular risk classifies bioprosthetic valve as class 
II–III risk (maternal cardiac event rate of 10–19%) whereas 
mechanical valves are placed in class III risk (maternal cardiac 
event rate of 19–27%).7,8

Apart from the presence of prosthetic valves, other cardiac 
modifiers of maternal cardiovascular outcomes include low 
left ventricular ejection fraction (LVEF) (< 40%), presence of 
pulmonary artery hypertension, left-sided obstructive lesions 
(moderate to severe), reduced subpulmonary ventricular 
function (tricuspid annular plane systolic excursion [TAPSE] 
< 16 mm), atrioventricular valve regurgitation, and cyanotic 
heart disease. Clinical features predictive of worse maternal 
outcomes include presence of cyanosis, elevated NT-proBNP, 
history of prior cardiac events, use of cardiac medications, 
New York Heart Association (NYHA) class III/IV, and smok-
ing. Many of these factors such as NYHA class III/IV, left heart 
obstruction, and smoking also predict worse fetal neonatal 
outcomes (►Tables 1, 2).

In the ROPAC (Registry of Pregnancy and Cardiac  Disease) 
registry, 58% of women with mechanical heart valves had 
adverse event-free pregnancy compared with 79% with  tissue 
valves.9 The odd of having complications during pregnancy 
were significantly higher with mechanical valve vis- a-vis 
 tissue valves.

Maternal Risk versus Fetal Risk
The spectrum maternal complications include miscarriage, 
thromboembolic complications, obstetric  hemorrhage, and 
most severe maternal mortality.10 Cardiac complications 
include heart failure, arrhythmia, prosthetic valve 
 thrombosis (PVT), and infective endocarditis (IE). Use of 
anticoagulation additionally predisposes to peripartum 
 bleeding, thrombocytopenia, and osteoporosis.

Table 1 Predictors of maternal cardiovascular events with 
commonly used risk scores in pregnancy

CARPREG ZAHARA ESC 2018

Prior  cardiac 
events or 
arrhythmia

Presence of 
cyanotic heart 
disease

Prior cardiac event 
(heart failure, 
transient ischemic 
attack, stroke, 
arrhythmia)

Poor functional 
class or cyanosis

Use of cardiac 
medication be-
fore pregnancy

NYHA class III/IV

Left heart 
obstruction

Left heart 
obstruction

Left heart obstruc-
tion (moderate to 
severe)

Left ventric-
ular systolic 
dysfunction

Mechanical valve 
replacement

Reduced systemic 
ventricular systolic 
function (ejection 
fraction < 40%)

Systemic or 
pulmonary atrio-
ventricular valve 
regurgitation 
related with the 
underlying (mod-
erately) complex 
congenital heart 
diseases

Systemic atrioven-
tricular valve regur-
gitation (moderate 
to severe)

Reduced sub-
pulmonary 
 ventricular function 
(TAPSE < 16 mm)

Pulmonary 
 atrioventricular 
valve  regurgitation 
(moderate to 
severe)

Pulmonary arterial 
hypertension

Mechanical valves

Smoking

Cyanosis

Elevated 
NT-proBNP

Abbreviations: CARPREG, Cardiac Disease in Pregnancy; ESC,  European 
Society of Cardiology; NYHA, New York Heart Association; TAPSE, 
 tricuspid annular plane systolic excursion; ZAHARA, Zwangerschap bij 
Aangeboren Hartafwijkingen.
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The fetus or neonate is also at risk for a host of 
complications, including intrauterine growth retardation, 
preterm birth, perinatal mortality, and small for 
gestational age.  Anticoagulation exposure via the placenta 
leads to  specific complications in the fetus referred commonly 
as “ embryopathy” (when occurring due to exposure between 
6 and 10 weeks and “fetopathy” due to exposure in the late 
gestation period).11 Vitamin K antagonists (VKAs) are noto-
rious for both whereas unfractionated heparin (UFH) can 
cause fetopathy while used as the sole agent throughout. 
Low- molecular-weight heparins (LMWHs) have the lowest 
rate of adverse fetal outcomes as anticoagulants.

Bioprosthetic Valves versus Mechanical Valves
Bioprosthetic Valves and Pregnancy
Bioprosthetic valves (homografts, heterografts, or autografts) 
are much less thrombogenic than mechanical valves.12,13 
However, there still remains a risk of valve thrombosis. Egbe 
and colleagues estimated the incidence of bio PVT as 1.5% 

based on data of 3,161 patients with an implanted biopros-
thetic valve who underwent follow-up echocardiography at 
their institution over 6 years.14 The incidence may have been 
underestimated as only the patients who underwent surgical 
exploration of PVT were included whereas others who were 
medically managed were excluded.

However, they do obviate the need of long-term 
anticoagulation, thereby resulting in better maternal and 
fetal outcomes, as seen in ROPAC registry. Women with 
well-functioning bioprosthetic heart valves and those who 
do not have other cardiac risk factors often have uncompli-
cated pregnancies. However, there remains a substantial risk 
of structural deterioration in bioprosthetic valves in young 
women.12 Structural valve deterioration (SVD) occurs rel-
atively early and rapidly in young patients. Jamieson et al 
found that proportion of patients free of SVD after 10 years 
of operation was highly dependent on age, and values in 
patients younger than 30 years, between 30 and 59 years, and 
older than 60 years were 27%, 77%, and 84%,  respectively.15 
The mitral valve tends to be more vulnerable than the 
aortic valve for structural deterioration although no such 
predilection was found by Egbe et al for valve thrombosis.13 
Flameng et al found that lack of antimineralization 
treatment of valves and patient-prosthesis mismatch are the 
major determinants of structural valve degeneration with 
bioprosthetic heart valves.16 There is an  controversy about 
acceleration of structural valve degeneration by  pregnancy. 
Few authors support this hypothesis whereas others are 
against it.13,17 However, there is general agreement that 
degeneration occurs early in young age.16 As the risk of 
SVD in young women is high, this may be seen in women 
during pregnancy or during postpartum period. There is a 
significant risk of complications in patient with dysfunc-
tional bioprosthetic valve. Dysfunctional valve may require 
reoperation.

Cardiovascular morbidity and mortality in pregnant 
women with bioprosthetic valve was studied in the ROPAC 
study. In the ROPAC study, maternal mortality was 1.5%. In 
this study, heart failure was reported in 8.2% of pregnant 
women, endocarditis and thrombotic complications in 0.7%, 
and hemorrhagic complications in 5.1% of pregnant patients 
with bioprosthetic valves.9

ROSS procedure (pulmonary autograft for aortic valve 
disease and placing a homograft for pulmonary valve) is a 
complex procedure. Although technically demanding, there 
is no risk of valve thrombosis and hemodynamic results are 
good. Homografts have the same rate of SVD as heterografts; 
data are not available for pregnant women with long-term 
follow-up. Grunkemeier et al showed 0 to 10% reoperation 
rate within 6 months and 0.4 to 1.5% late reoperation rate 
after Ross procedure.18 Transcatheter aortic valves are not 
currently indicated for young patients.

Mechanical Valves in Pregnancy
Mechanical valves have excellent durability and 
hemodynamic profile. Mechanical prosthetic valves, however, 
are thrombogenic and require lifelong anticoagulation to 
prevent thromboembolic complications.

Table 2 Predictors of neonatal complications with commonly 
used risk scores in pregnancy

CARPREG ZAHARA ESC 2018

Anticoagulation Cyanotic heart 
disease (repaired 
or unrepaired)

Cyanosis during 
baseline prenatal 
visit
Low maternal 
oxygen saturation 
(< 90%)

Poor functional 
class or cyanosis

The use of  cardiac 
medication 
 before pregnancy

NYHA class III/IV

Left heart 
obstruction

Maternal smoking Maternal left heart 
obstruction

Multiple 
gestations

Mechanical valve 
replacement

Smoking during 
pregnancy

Smoking Multiple 
gestations

Multiple gestations

Use of anticoagu-
lants throughout 
pregnancy

Cardiac med-
ication before 
pregnancy

Mechanical valve 
prosthesis

“At birth” cyanotic 
heart disease

Maternal  cardiac 
event during 
pregnancy

Maternal decline 
in cardiac output 
during pregnancy

Abnormal utero-
placental Doppler 
flow

Abbreviations: CARPREG, Cardiac Disease in Pregnancy; ESC, European 
Society of Cardiology; NYHA, New York Heart Association;  ZAHARA, 
Zwangerschap bij Aangeboren Hartafwijkingen.
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Pregnancy in a woman with a mechanical heart valve is 
associated with high maternal and fetal complications. In 
women with mechanical valves, pregnancy is associated with 
a very high risk of complications (modified WHO risk classi-
fication III).8 In the ROPAC registry, there were 212 patients 
with mechanical valve. Maternal mortality was 1.4% in this 
registry. Hemorrhagic complications were noted in 23% 
patients whereas thrombotic complications occurred in 6.1%, 
valve thrombosis was seen in 4.7%, and miscarriage in 15.6%.9 
About 7.5% of pregnancies were  complicated by heart failure 
whereas supraventricular and  ventricular  arrhythmias 
occurred in 2.8% and 0.5% of pregnancies, respectively. Post-
partum hemorrhage directly after delivery and up to 24 
hours postpartum occurred in 10.4%.

Recently in a population-based study in the 
United  Kingdom, Vause et al studied pregnancy outcomes in 
 women with mechanical prosthetic valves. They studied data 
of 58 pregnant women with mechanical valves (incidence 
3.7/100,000 maternities). Only 28% women had a good 
maternal and fetal outcome. Poor fetal outcome was noted 
in 47%  women. In this cohort, they observed 9% maternal 
mortality and 41% serious maternal morbidity. LMWH was 
used throughout  pregnancy by 71% women in this study 
(the ROPAC registry mainly used warfarin, either  throughout 
or during the second and third trimesters). Hemorrhagic 
 complications occurred in 29% women.19

The choice of anticoagulation dictates maternal and 
fetal risk in mechanical valves during pregnancy. Maternal 
 mortality estimates range between 1% and 15%, depending 

on the series and anticoagulation strategy.20,21 Heparins 
(LMWH or UFH) are associated with relatively high risk of 
valve thrombosis.22,23 ESC 2018 guideline says that the use 
of VKAs throughout pregnancy, under strict  international 
 normalized ratio (INR) control, is the safest regimen to 
 prevent valve thrombosis. LMWH is possibly superior to UFH 
for preventing valve thrombosis.8

“Warfarin embryopathy” is a known complication of 
 warfarin therapy during pregnancy, mainly between the 
6th and 12th weeks of pregnancy. It is characterized by 
nasal hypoplasia, low birth weight, slower growth, mental 
retardation, malformed bones, cartilage and joints, stippled 
epiphyses, deafness, and small head size.24,25 Between 6 and 
12 weeks of gestation, bone and cartilage formation in the 
fetus may be impaired by transplacental passage of  warfarin, 
resulting in the warfarin embryopathy. The teratogenicity 
of warfarin is found to be somewhat dose dependent, 
with more frequent and more serious fetal malformations 
 occurring when warfarin doses of greater than 5 mg/day are 
given. UFH use in the last 2 weeks of pregnancy may be used 
to decrease the risk of peripartum hemorrhage and bleeding 
complications in the newborn. Elective cesarean section 
in the 38th week of pregnancy has also been suggested to 
reduce the risk of hemorrhage. A systematic review of the 
literature published in 2000 showed that use of heparin alone 
or early first- trimester conversion (≤ 6 weeks) from warfarin 
to heparin entirely prevented the incidence of congenital 
anomalies. The guidance to choose either type of prosthetic 
valve in pregnancy is presented in ►Fig. 1.

Fig. 1 Benefits and risk of type of prosthetic valves over each other. PVT, prosthetic valve thrombosis.
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Anticoagulants in Pregnancy
Mechanical prosthetic valves need lifelong anticoagulation, 
and guidelines recommend target INRs to be maintained 
based of the type and anatomical position. Anticoagulation 
becomes of paramount importance in pregnant patients 
as it is a state of heightened risk of thrombosis. Multiple 
 mechanisms may contribute to the elevated risk of thrombosis 
including elevated clotting factors, increased platelet activity, 
decreased fibrinolysis, and resistance to naturally occurring 
anticoagulants.26 In the ROPAC registry, the rates of throm-
boembolic complication were seen in 6.1% of  pregnancies.9 
Bioprosthetic valves have an edge over prosthetic valves as 
they do not require lifelong anticoagulation. While anticoag-
ulation is deemed necessary from the  preceding arguments, 
it also predisposes the mother to multitude of complications 
such as postpartum hemorrhage, fetal loss, preterm delivery, 
and low birth weight. In addition, some anticoagulants can 
cross the placenta and lead to teratogenicity in the fetus if 
administered during embryogenesis. Three types of anti-
coagulant regimen are used in pregnancy with mechanical 
heart valves: warfarin throughout, LMWH/UFH throughout, 
LMWH/UFH in the first trimester then  warfarin until the 
mid-late trimester then switching back again to heparin 
(LMWH or UFH). The role of various  currently available anti-
coagulants is discussed as follows.

Vitamin K Antagonists
Oral VKAs warfarin and acenocoumarol together form 
the mainstay of oral anticoagulation in patients with 
 mechanical heart valves. The recommended target INRs 
in pregnancy is between 2.5 and 3.5, and it should be 
monitored on a fortnightly basis, if not on a weekly basis 
 whenever  feasible. Even in pregnancy, they have  lowest 
maternal mortality (0.9–1.9%) and thromboembolic 
 episodes (2–3.9%).11,20,21 However, by virtue of their  ability 
to cross the placental barrier, they lead to anomalies in 
the fetus commonly referred to as “warfarin embryopa-
thy” (►Table 3).24,25 The incidence varies in the literature 
with previous studies reporting a high incidence of around 
6.4 to 7.4% whereas the recent studies peg the incidence 
at 2 to 3.7%.11,20,21,24 In addition to embryopathy, they can 

cause prematurity (7.5%), spontaneous abortions (23%), 
and fetal wastage due to any cause (33%). Because of high 
risk of fetal intracranial hemorrhage, vaginal delivery is 
contraindicated when mother is on VKAs.

Two strategies have been used to mitigate the risk of fetal 
damage with VKAs: dose alteration and replacing with hepa-
rins in the first trimester. Various studies have found that the 
teratogenic effects are dose dependent. The seminal studies 
by Vitale et al and Cotrufo et al done almost two decades 
ago first demonstrated the dose dependency of  teratogenic 
effect of VKAs and found that a 5-mg dose is the ceiling 
beyond which adverse outcomes are prevalent.27,28 The recent 
meta-analysis by D’Souza et al also affirmed the same and 
showed that the fetus-related adverse events were drastically 
reduced in less than 5 mg group at 2.3% versus the higher dose 
group at 12.4%.11 On the contrary, the ROPAC registry failed to 
establish the dose dependency of adverse effects with VKAs. 
Another prudent strategy of using heparins (which do not 
cross the placental barrier) during the first trimester (prefer-
ably 6–13 weeks) and VKAs during the rest of pregnancy has 
also shown to alleviate the fetal risk. This strategy avoids the 
detrimental effects of warfarin on embryogenesis and has 
been shown to virtually eliminate the fetal embryopathy risk 
(0.4% vs. 3.7%).21 The rates of spontaneous abortions and fetal 
death due to any cause were also lower with this regimen.

The thrombogenicity of newer-generation bileaflet valves 
(Carbomedics, Medtronic-Hall, St. Jude, and ATS) is lower than 
that of previously used ball-cage and tilting disc valves. The 
recent guidelines advocate a lower target INR of 2.5 versus 
3.5 in older-generation valves (Star-Edwards, Bjork- Shiley, 
and Omniscience).7,29 Absence of other potential high-risk 
 features such as mitral or tricuspid position, previous throm-
boembolism, concomitant atrial fibrillation (AF), LVEF less 
than 35%, and mitral stenosis also allows for a moderation in 
 target INR. These considerations will apply while selecting the 
anticoagulation regimen and the type of mechanical valve as a 
lower INR will ultimately reflect in potentially lower warfarin 
doses with fewer complications. The message on the board is 
clear to use the lowest possible warfarin dose in pregnancy 
and replacing it with heparins during 6 to 13 weeks.

Heparins
Heparins (UFH and LMWH) do not cross the placenta and 
appear promising as they eliminate the risk of embryop-
athy or fetopathy seen with VKAs. However, their use in 
 pregnancy for thromboprophylaxis is fraught with many 
challenges such as lesser efficacy, poor compliance, difficulty 
in monitoring activated partial thromboplastin time (aPTT), 
thrombocytopenia, osteoporosis, and parenteral administra-
tion of drug.

Unfractionated Heparin
The use of UFH is associated with four times increased risk of 
thromboembolism as compared with warfarin.24 The thrombo-
embolic complication rates and maternal mortality were high 
at 33% and 15%, respectively.20 However, the recent  literature 
suggests that the rate have may come down to 11.2–13% 

Table 3 Adverse effects on warfarin or other vitamin K 
antagonists on fetus

“Warfarin embryopathy”—3.7–6.4% overall incidence

Exposure during 6–12 wk of gestation—nasal hypoplasia, 
stippled epiphyses, mental retardation

Later exposure in gestation (fetopathy)—neurologic and eye 
defects and intracranial hemorrhage during delivery

Fetal death from exposure at any age (33% all-cause fetal 
death)

Prematurity (7.5%) and spontaneous abortions (23%)

Lower incidence of fetal adverse events at doses < 5 mg/
day (2.3% vs. 12%)

Higher rate of live births at doses < 5 mg/day (84% vs. 44%)
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and 3.4–5%, respectively.11,21 The promising results can be 
 attributed to use of less thrombogenic valves and proper hep-
arin dosing in the recent studies.21  Nevertheless, owing to high 
thrombotic complications, their use as standalone therapy is 
not recommended by guidelines.7,30  However, as a combina-
tion therapy with VKAs, they have high safety risk profile 
and are popular. The dosing should be targeted to aPTT more 
than two times of normal, and after attaining  target aPTT only 
weekly monitoring is advised.

Low-Molecular-Weight Heparins
Low-molecular-weight heparins represent more feasible 
alternative to UFH with advantages of predictable pharma-
cokinetics, twice-daily dosing, subcutaneous  administration, 
and obviating the need for aPTT monitoring. Although they 
represent a significant advance over heparin outside the 
pregnancy setting, their use in pregnancy has high throm-
boembolic risk (8.7%) and maternal mortality (2.9%).11 
Because of increased renal clearance, the dose of LMWH is 
needs to be adjusted to monitored plasma anti-Xa levels.31 
Although suboptimal levels and poor compliance are con-
tributors to valve thrombosis, some reports also emerged 
of valve thrombosis with adequate level of anti-Xa.32 The 
 recommended dose of enoxaparin is 1 mg/kg twice daily, 
and peak anti-Xa level (4–6 hours post dose) is to be kept at 
0.8 to 1.2 IU/mL whereas trough levels at greater than 0.6 IU/
mL. The corresponding dose of dalteparin is 100 U/kg. Dos-
ing should be altered daily until peak levels are attained and 
then checked weekly.33

Novel Oral Anticoagulants
The novel oral anticoagulants are not indicated in pregnancy 
as well as with prosthetic valves.

Low-Dose Aspirin
Aspirin in low doses of 75 to 100 mg, when added to VKAs, 
leads to decrease in major embolism, death, stroke, and 
mortality in patients with prosthetic valve although at the 
risk of increased bleeding.34 Based on these premises, the 
ACC/AHA (American College of Cardiology/American Heart 
 Association) guidelines recommend continuing the low-dose 
aspirin therapy during pregnancy. ESC guidelines take a con-
servative stance and recommend against use of routine use of 
low-dose aspirin even in a nonpregnant setting.

Simplified Anticoagulant Regimen
The advantages and disadvantages of each anticoagulant 
should be discussed with the patient and family members. 
The primary determinant in planning of the regimen is the 
dose of warfarin (or acenocoumarol) required to maintain 
the INR in therapeutic levels. The core principle remains 
that VKAs are the most potent regimen to decrease throm-
boembolic events in the mother.

Low-Dose Group—Warfarin < 5 mg/day 
(or acenocoumarol < 2 mg/day)
Because of the low risk of fetal damage in this group, 
 continuing warfarin throughout pregnancy is the safest 

option. VKAs should be continued until 36 weeks. Because 
of high risk of maternal and fetal bleeding in  anticoagulated 
women, she should be changed to intravenous UFH or 
twice-daily LMWH based on local resources and cost about 
2 weeks prior to anticipated delivery. Parenteral heparin 
should be stopped 4 to 6 hours prior to labor and started 
4 to 6 hours after delivery or when bleeding has stopped.

If a woman desires so, she can also switch to parenteral 
anticoagulation with heparin form 6 to 12 weeks. Interest-
ingly, in the ROPAC registry up to 50% of valve thrombosis 
occurred during switching from VKA, and switching should 
ideally performed in hospitalized setting.9

High-Dose Group—Warfarin > 5 mg/day 
(or acenocoumarol > 2 mg/day)
Because of high risk of embryopathy at such high doses, it 
is ideal to switch to intravenous UFH or twice-daily LMWH 
from 6 to 12 weeks of gestation and continue with oral VKAs 
for rest of pregnancy. As discussed previously, this regimen 
virtually has eliminated the risk of warfarin embryopathy. 
The choice between the two parenteral regimens would 
depend on cost, availability of anti-Xa assay, and facility of 
hospitalization. In absence of an anti-Xa assay, the guide-
lines advocate against use of LMWH that would be the 
case in many parts of our country. On the other hand, the 
ability to administer LMWH in an outpatient basis appears 
 appealing and can help reduce cost of hospitalization in an 
already overburdened health system. Remaining part of the 
management remains the same as in case of low-dose group. 
INR  monitoring on VKA is recommended on a fortnightly 
basis. An algorithm for anticoagulation in pregnancy with 
 mechanical valves is presented in ►Fig. 2.

General Principles of Management of Pregnancy
Prepartum Counseling
Women of child-bearing age group with prosthetic valves should 
have preconception counseling about the maternal cardiac and 
obstetric risks with pregnancy. Additionally, fetal and neonatal 
risks also need to be detailed. The option of avoiding  pregnancy 
should also be clearly discussed. Baseline documentation of 
symptoms and echocardiographic parameters of prosthetic valve 
serves as a guide should the woman become pregnant.

Antepartum Phase
Prosthetic valves constitute a high-risk pregnancy and 
should be managed at experienced centers by team 
comprising the cardiologist, obstetrician (preferably with 
 expertise in handling high-risk pregnancies), and fetal 
medicine expert. At the first antenatal visit, it is imperative 
to perform a full physical examination, electrocardiogram, 
and two-dimensional (2D) echocardiogram to assess valve 
hemodynamics. Detailed assessment of medical therapy 
is essential to discontinue drugs that are contraindicated 
in pregnancy such as angiotensin-converting enzyme 
(ACE) inhibitors, angiotensin receptor blockers (ARBs), 
and aldosterone antagonists. Discussion regarding various 
options for anticoagulation also is vital in women with 
a mechanical valve. The type of mechanical valve and 
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Fig. 2 Proposed algorithm for anticoagulation during pregnancy. *Equivalent doses of acenocoumarol—2 mg/day and phenprocoumon 3 mg/
day; LMWH, low-molecular-weight heparin; UFH, unfractionated heparin].
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baseline valve functions determine the follow-up intervals. 
 Bioprosthetic valves with good functioning can be monitored 
at ease in each trimester. Those with poor baseline valve 
function need to be monitored more frequently. For 
mechanical valves, need  frequent monitoring for adequate 
anticoagulation fortnightly or preferably weekly is essential. 
Monthly echocardiogram and clinical follow-up are also rec-
ommended by guidelines. Any deterioration in clinical sta-
tus  warrants urgent attention of physician, and high index 
of suspicion is required for early detection of complications.

Management of Delivery
Having a predefined protocol for managing for labor and 
delivery leads to better maternal and fetal outcomes. For 
women with bioprosthetic valves, vaginal delivery is pre-
ferred. For those with a mechanical heart valve, management 
of anticoagulation in peripartum period is of paramount 
importance. Because of high risk of fetal intracranial hem-
orrhage, vaginal delivery on VKAs needs to be avoided. Such 
women need to be electively hospitalized at 36 or 2 weeks 
prior to scheduled delivery for switching to parenteral hep-
arins (UFH or LMWH). For patients on LMWH, it needs to 
be discontinued and UFH must be started 36 hours prior 
to delivery and continued up to 4 to 6 hours prior to it. Its 
emergency delivery is required in the woman on LMWH or 
UFH. Protamine can be used to reverse the effects of UFH and 
LMWH (partial reversal possible). Elective cesarean section 
can also be considered in women on VKAs to minimize the 
interruption in anticoagulation.

For women on VKAs who present in active or preterm 
labor, cesarean section is the only choice. Fresh frozen  plasma 
needs to be administered, supplemented by oral vitamin, 
 prior to surgery to attain INR less than 2. Because of placental 
travel, the fetus also becomes anticoagulated and needs fresh 
frozen plasma and vitamin K.

Postpartum Phase
All the anticoagulants can be safely prescribed during 
breast-feeding. Minimizing the interruption of VKAs is 
essential in patients with mechanical valves, and switch 
from parenteral heparin to VKAs should be done as soon 
as  feasible. Diuretics (except spironolactone), β-blockers 
(preferably, metoprolol), and digoxin can be safely admin-
istered. Renin-angiotensin-aldosterone system (RAAS) (ACE 
 inhibitors and ARBs) blockers are secreted in breast milk 
and are best avoided. When absolutely unavoidable, capto-
pril, benazepril, and enalapril are advocated by the recent 
ESC guideline.8

Contraception
Because of the heightened risk of thrombosis in  pregnancy, 
choice of contraception needs to be addressed carefully. 
 Estrogen-containing pills have a risk of arterial and venous 
thrombosis and are best avoided. The other options to be 
 considered are barriers methods and progesterone-based 
contraceptives. Failures rates are high with barrier methods 
and progesterone-based contraceptives like pills, intrauterine 
devices, etc. need to be considered in whom pregnancy will 

be extremely high risk (e.g., patients with double mechanical 
valves, prior history of PVT, prosthetic valve dysfunction). Apt 
consideration needs to be given to permanent  contraception 
in patients with already completed family. The general 
 principles of management are summarized in ►Fig. 3.

Management of Complications

Prosthetic Valve Thrombosis
High index of suspicion is required for diagnosis of PVT. 
 Worsening of dyspnea, thrombotic events, and arrhythmias 
should alert the physician. Combination of clinical assess-
ment, transthoracic and transesophageal echocardiography, 
and rarely, fluoroscopy should clinch the diagnosis. Man-
agement options are similar to the nonpregnant setting and 
include parenteral anticoagulation, fibrinolysis, and surgery. 
The patient’s clinical status, anatomical position, and size 
of thrombus guide the selection of management strategy. 
Parenteral anticoagulation (UFH or LMWH) is ideal for the 
patient who is hemodynamically stable and gives past histo-
ry of inadequate or interrupted anticoagulation. Fibrinolysis 
should be reserved for right-sided endocarditis, critically ill 
left-sided endocarditis with high risk for surgery or nonavail-
ability of surgery, and finally in noncritical patients when 
parenteral heparin has failed. Generally, fibrinolytic agents 
do not cross the placenta because of their high molecular 
weight, but there remains a risk of placental abruption and 
embolization to fetus. Low-dose and slow-infusion throm-
bolysis with alteplase has been demonstrated to be safe and 
effective in PVT in pregnancy.35

Emergency surgery is required when the patient is hemo-
dynamically unstable with obstructive thrombus and when 
medical therapy fails in noncritically ill patients. However, the 
limitations of surgery include problem of availability in odd 
hours and high rate of fetal (30%) as well as maternal loss (6%).36

Infective Endocarditis
Infective endocarditis during pregnancy is not very common, 
and estimated rates are 3 to 12 per 1,000 with prosthetic 
valves.37 The maternal and fetal mortality rates remain high 
at 33% and 29%, respectively. Management principles should 
follow the guidelines for management in IE in nonpregnant 
situation. Care should be undertaken to use antibiotics safe 
in pregnancy such as penicillin, ampicillin, amoxicillin, eryth-
romycin, and cephalosporins. Aminoglycosides and tetra-
cyclines are harmful for the fetus at all times, and their use 
should be restricted as far as practical. Surgery becomes 
indispensable when the patient has refractory heart failure 
or cardiogenic shock, but fetal mortality remains high as 
 previously alluded to.

Arrhythmias
Supraventricular arrhythmia and AF are the most common 
arrhythmias in pregnant women with cardiac disease. Ven-
tricular tachyarrhythmias, though uncommon, predispose 
the patient to the risk of sudden cardiac death in presence of 
structural heart diseases.
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For paroxysmal supraventricular tachycardia, adenos-
ine is recommended for acute termination. β-Blocking 
agents, except (atenolol), are advised for prophylaxis. For 
atrial flutter and AF, the patient’s hemodynamic status 
will guide the therapy. DC cardioversion is the therapy of 
choice in unstable patients whereas ibutilide or flecain-
ide should be considered in stable patients. β-Blockers are 
again useful for rate control for long term.

For ventricular tachycardia (VT) with  hemodynamic insta-
bility, DC cardioversion is required. In absence of adverse 
hemodynamic profile, intravenous sotalol or procainamide 
are preferred agents for rate control. Amiodarone should 
be reserved or refractory cases. β- Blocker again comes 
into picture for prophylaxis. An implantable cardioverter- 
defibrillator (ICD) should be implanted before pregnancy 
in high-risk  clinical situations, but it can also be given for 
therapy- resistant VTs during pregnancy.

Heart Failure
Principles of management are same as those of out of preg-
nancy. However, the medical treatment needs to be tailored 
or adapted for pregnancy. ACE inhibitors, ARB, and direct 

renin inhibitors are avoided due to enhanced risk of fetal 
toxicity.38,39 Hydralazine and nitrate are safer alternatives to 
RAAS blockers. Dopamine and levosimendan are preferred 
inotropes. Diuretics should be used judiciously as they can be 
diminished placental flow. Spironolactone and eplerenone 
should be avoided. β1 selective agents such as metoprolol 
should be preferred over atenolol.40

Conclusion
Pregnancy with prosthetic valves is a high-risk situation with 
increased maternal and fetal morbidity. Adequate risk strati-
fication and continuous monitoring are the key to preempt-
ing complications. Tissue valves overall fare  better with low 
thrombogenic risk and lack of dependency on  anticoagulation 
but suffer the risk of structural degeneration of valve. Mechan-
ical valves have excellent durability, but the need for seamless 
anticoagulation adds an additional burden of complications 
apart from the inherent thrombotic risk. However, use of low-
dose VKAs and targeted substitution with parenteral heparin 
have brought down the  maternal and fetal adverse events. 
However, despite improved  outcomes, irrespective of valve 
used (tissue, mechanical–new or old, Ross procedure), there 

Fig. 3 General principles of management in prosthetic vales with pregnancy. VKA, vitamin K antagonists.
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remains an enhanced risk vis-à-vis the cohort without any 
prosthetic valve. These patients are best managed in tertiary 
care center with a team expert comprising the obstetrician, 
cardiologist, hematologist, and neonatologist.
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ABSTRACT
Background: Therapy that targets cancer stem cells has the potential to eradicate cancer and
prevent tumour recurrence. Therefore, we hypothesized the combined prognostic significance
of stem cell markers CD44 (prevalent in basal layer of urothelial carcinoma) and Nanog
(embryonic stem cell transcription factor) in bladder cancer.
Material and Methods: CD44 and Nanog expression were determined by immunohistochemistry
in 112 bladder cancer cases of which 79 were non-muscle invasive and 33 muscle invasive.
Results: A significant correlation was found between CD44 and Nanog expression (r = 0.41,
p < 0.001). The bladder cancer patients with high CD44 and Nanog expression had poor
recurrence-free survival and poor overall survival (all p < 0.01). Multivariate Cox regression
analysis identified lymph node positivity (hazard ratio; HR 3.81, 95% confidence interval; CI
1.66–8.75), CD44 (HR/95%CI 7.03 [3.04–16.22]) and Nanog (HR/95%CI 2.89 [1.23–6.77]) as
independent prognostic biomarkers for recurrence-free survival, whilst a combined index of
CD44 and Nanog expression (high expression group; HR/95%CI 25.45 [6.71-96.50] for
recurrence-free survival) and lymph node positivity (HR/95%CI 3.68 [1.63-8.33] for recur-
rence-free survival) were independent prognostic biomarkers for recurrence-free survival
and overall survival (all p < 0.001).
Conclusions: A combined index of CD44 and Nanog expression is a promising prognostic
predictor of recurrence-free survival and overall survival in bladder cancer. It may help identi-
fication of patients who will benefit from intensive treatment.
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Introduction

Bladder cancer is present in 3% of both sexes worldwide,
and is characterized by a poor prognosis with a 5-year
recurrence-free survival rate of 58–80% post-treatment
[1,2]. The high incidence of post-treatment recurrence
contributes to the economic burden as well as poor
clinical outcome of the patients [3]. Therefore, prognostic
biomarkers are required to predict the risk of recurrence
for the development of personalized therapeutic strate-
gies. Accumulating evidence has led to the discovery of
a subset of a tumour population known as cancer stem
cells, with characteristics of self-proliferation and
self-renewal in addition to chemotherapy resistance, sug-
gesting they may be candidates for the evaluation of
prognosis of tumour recurrence post-treatment [4–6].

Animal data indicate that the basal layer of urothe-
lium hosts bladder stem cells, revealed on staining
with bromodeoxyuridine, where 9% of stained basal
cells had longer life span and low proliferation compe-
tence [7]. Moreover, bladder stem cells at different
tumour locations are linked to poor recurrence-free
survival [8]. Cluster of differentiation 44 (CD44) is
a cancer stem cell marker ubiquitously expressed in

the basal layer of the bladder, interacting with extra-
cellular matrix protein such as hyaluronan and promot-
ing stem cell-like properties [9]. The stem cell
properties of CD44 are enhanced by its interaction
with embryonic stem cell transcription factor Nanog
[6]. Nanog is one of the most important pluripotency
regulating factors which is encoded by NANOG1, its
upregulation in a number of solid tumours promotes
poor prognosis [10]. The reduced expression of Nanog
inhibits multidrug resistance protein 1 gene expression
and causes efflux of chemotherapy drugs in ovarian
(SK-OV-3) and breast (MCF-7) cancer cell lines [6].
CD44+ cells have the unique tendency to express
stem cell markers Oct-4, Nanog and Sox-2. The pre-
sence of these proteins acts on cancer stem cells and
causes epithelial to mesenchymal transition [11].

Therefore, both cancer stem cells markers CD44 and
Nanog predict poor clinical outcomes in cancer
patients. A significant association was found with the
co-expression of CD44++/Nanog++ and poor overall
survival in tongue squamous cell carcinoma [12].
Human bladder tumour initiating cells subpopulation
was analysed for CD44+ expression, and only 36% of
the total population showed CD44 expression

CONTACT AN Srivastava ans4csmmu@gmail.com Department of Pathology, Era’s Lucknow Medical College & Hospital, Era University, Lucknow,
Uttar Pradesh 226003, India

BRITISH JOURNAL OF BIOMEDICAL SCIENCE
2020, VOL. 77, NO. 2, 69–75
https://doi.org/10.1080/09674845.2019.1692761

© 2019 British Journal of Biomedical Science

http://orcid.org/0000-0003-4384-197X
http://orcid.org/0000-0001-9633-9903
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/09674845.2019.1692761&domain=pdf&date_stamp=2020-02-27


whereas, in another study, positive Nanog expression
was detected in all 100 bladder cancer cases with high
expression in 85% of the cases [13,14]. However, the
combination of CD44 and Nanog expression profile
has not been fully studied in bladder cancer patients.
Therefore, we hypothesized that different or equal
expression profiles of cancer stem cell markers, CD44
and Nanog, in an individual has an impact on bladder
tumour recurrence post-treatment. To test this hypoth-
esis we developed a CD44/Nanog index as a marker for
evaluation of combined effect of these markers on
bladder cancer prognosis.

Material and methods

The study included 112 patients with histopathologi-
cally proven bladder cancer from September 2014 till
February 2015. Fresh tissue samples were collected
from the Department of Surgery, Era’s Lucknow
Medical College and Hospital (ELMC&H), and the
Department of Urology, King George’s Medical
University, Lucknow, India. All the tissue samples
were fixed in 10% formalin for the preparation of
Formalin-fixed paraffin-embedded (FFPE) blocks. The
samples were obtained prior to any treatment. Tumour
staging and grading were performed in accordance to
the American Joint Committee on Cancer/TNM 2010
stage and the World Health Organization/International
Society of Urological Pathology 2004 grading system,
respectively.

A written consent was obtained prior to enrolment
in the study, and the Institutional Ethics Committee,
ELMC&H; Lucknow, India approved the study proce-
dure. The study was performed in accordance with the
Declaration of Helsinki.

Bladder cancer comprises two pathophysiological
sub-types non-muscle invasive bladder cancer
(NMIBC) and muscle-invasive bladder cancer (MIBC),
and majority of patients experience recurrence despite
treatment. Patients with intermediate and high risk
NMIBC (having tumour size ≥3 cm and/or high grade
and/or multiple tumours) were treated with Bacillus
Calmette Gurein (n = 59) for 6 weeks after 3 to 4
weeks of transurethral resection of bladder tumour
(TURBT) while the patients with low-risk NMIBC (having
tumour size <3 cm and/or, low grade and/or single
tumour) underwent TURBT alone (n = 20). Patients
with MIBC were treated with radical cystectomy with
adjuvant chemotherapy (gemcitabine and cisplatin,
n = 16) and without adjuvant chemotherapy (n = 17).

The follow-up procedure for NMIBC patients
included cystoscopic surveillance every 3 months for
2 years, and every 6 months thereafter till the desig-
nated time period of the study. For MIBC patients who
underwent radical cystectomy and had T2, N0 disease
renal ultrasound and computed tomography/mag-
netic resonance imaging (CT/MRI) were performed

every 6 months for the first 2 years and annually there-
after along with an annual bone scan. While patients
with ≥T3 or N + disease had CT/MRI every 3 months for
the first 2 years and annually thereafter along with
a bone scan at every 6 months.

Primary antibodies targeting CD44 (BioGenex, CA,
USA) and Nanog (Proteintech, USA) were used. All FFPE
cut sections used were 3–5 µm thick and fixed on poly-
L-lysine coated glass slides which were dried at 60°C
for 1 h. The sections were de-paraffinized in xylene
followed by rehydration in gradient alcohol (100%,
70%, and 50%) each for 3 min. Microwave antigen
retrieval procedure was performed using antigen
retrieval buffer (EnVisionTM FLEX, TARGET RETRIEVAL
SOLUTION, HIGH pH {50X}, DAKO) pH 9, EnVisionTM

FLEX, Dako). Tissues were washed with Tris buffer (pH
7.4) and hydrogen peroxide was used to block non-
specific peroxidase reactions. Sections were incubated
with CD44 and Nanog for 120 minutes (at room tem-
perature) and overnight (at 4 degrees C) respectively.
After three washes with Tris buffer, each slide was
incubated with secondary antibody (EnVisionTM FLEX/
HRP, DAKO) for 30 min., followed by three washes with
Tris buffer. Finally, each slide was incubated for 5 min
in chromagen (3,3ʹ-diaminobenzidine; DAB) to develop
a brown colour stain followed by Tris washing.
Haematoxylin was used for counterstaining.

CD44 staining was generally membranous. The final
scoring was obtained by multiplying percentage of posi-
tive cells (0 = none, 1 = 1–9% of stained cells, 2 = 10–50%
of stained cells, 3 = 51–80% of stained cells and
4 = 81–100%) with the intensity of staining
(0 = none, 1 = weak, 2 = moderate and 3 = strong).
CD44 expression was categorized into high and low
based on the findings, i.e. 0–8 was defined as low CD44
expression while 9–12 was defined as high CD44 expres-
sion [15]. Nanog staining was nuclear and cytoplasmic.
Final scoringwas calculated by the same formula as CD44
expression but the score for positive percent cells was
assigned 0 = none, 1 = 1–9%, 2 = 10–50% and 3 = more
than 50%. The value of 0–4was considered as low expres-
sion while 6–9 as high expression [14]. Examination of
slideswas doneby two independent observers,whowere
unaware of the clinical findings. The CD44/Nanog index
classification was done into three groups: low expression
group (n = 38) included patients with both low CD44 and
low Nanog; intermediate expression group (n = 34) com-
prised patients with low CD44 and high Nanog or high
CD44 and low Nanog, while high expression group (n =
40) had high CD44 and high Nanog expression.

Data analysis was done by SPSS software (version
20; IBM, US). Sample size was calculated on the basis of
hazard ratio (HR) of CD44 [16], giving a final sample
size of 112. The Pearson’s chi-square test was per-
formed to find association between CD44 and Nanog
with clinical parameters. The correlation was deter-
mined by Spearman’s method. Data are presented as
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mean with standard deviation [SD]. The overall survival
and recurrence-free survival was determined by the
Kaplan–Meier method using log-rank test. The overall
survival was calculated from the date of treatment till
death or the completion of follow-up while recurrence-
free survival was calculated from the date of treatment
till the first recurrence event or death. The significant
prognostic variables in univariate analysis were built-in
multivariate Cox proportional hazard regression
model. In this instance, significance is present as
hazard ratio (HR) with 95% confidence interval (CI).
All analysis was two-sided and p < 0.05 was considered
to indicate a statistically significant difference.

Results

The mean [SD] age of the patients was 58.6 [11.2] years.
Of the 112 patients, 70.5% had NMIBC (Ta-T1), 40.5%
were high-risk tumours, 34.2% were intermediate-risk
tumours, and 25.3% were low-risk tumours. Fifty-eight
per cent of the tumours were high grade, and 41.9%
tumourswere low grade. Tumour sizewas 3.52 [1.52] cm
in the longest diameter: 36.6% had tumour size <3 cm,
whereas 63.3% had ≥3 cm. Positive urine cytology was
found in 53.8% of high-grade tumours. Lymph node
positivity was present in 12.5% of patients.

Positive CD44 staining was observed in 90.2% of the
cases of which low CD44 expression (Figure 1(b)) was
present in 45.6% while high CD44 (Figure 1(c)) expres-
sion was present in 44.6%. The expression was predo-
minantly on the cell membrane in addition to basal
cells. Among 101 CD44 positively stained specimens

strong intensity staining was observed in 51.5%, mod-
erate staining in 26.7% and weak staining patterns in
21.8%. Associations of CD44 with clinical parameters
are shown in Table 1. Nanog positive staining was
observed in 95.5% of the cases with 38.4% low
Nanog expression (Figure 1(e)) and 44.6% high
Nanog expression (Figure 1(f)).

Statistical analysis between Nanog expression and
clinical parameters are shown in Table 1. Nanog positive
nuclear and cytoplasmic staining was observed in 50.5%,
cytoplasmic localization in 43.9% and nuclear expression
in 5.6%. Among 107 Nanog positive cases, 19.6% were
weakly stained, 29% were moderately stained while
51.4%were strongly stained. CD44 andNanog expression
were strongly correlated (r = 0.41, p < 0.001).

Kaplan-Meier survival analysis found that high CD44
expression was significantly associated with a decrease
in mean survival and cumulative survival at 4 years in
both overall survival (p < 0.001) and recurrence-free
survival (Figure 2(a); p < 0.001). Patients with low CD44
expression had a mean overall survival of 46.2 months
(95%CI 44.6–47.7) and a mean recurrence-free survival
of 44 months (95%CI 41.4–46.6), while those with high
CD44 expression had a mean overall survival of 37.9
months (95%CI 34.5–41.3) and a mean recurrence-free
survival of 22.5 months (95%CI 18.6–26.4). NMIBC
patients with high CD44 expression had a higher
mean recurrence-free survival of 25.8 months than in
MIBC at 16.3 months (p < 0.001).

High Nanog expression was linked to shorter over-
all survival (p = 0.004) and recurrence-free survival
(Figure 2(b); p < 0.001) at 4 years. The mean overall

Figure 1. Evaluation of cancer stem cell markers in bladder cancer. (a) Negative control for CD44 (IHC, 400X), (b) Low expression of
CD44 membranous staining (IHC, 400X) (c) High expression of CD44 membranous staining (IHC, 400X) (d) Negative control for
Nanog (IHC, 400X) (e) Low expression of Nanog cytoplasmic staining (IHC, 400X) (f) High expression of Nanog cytoplasmic staining
(IHC, 400X).
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survival was 45.2 months (95%CI 43.0–47.4) and
a mean recurrence-free survival was 44.3 months
(95%CI 41.4–47.1) for patients with low Nanog
expression in contrast to high Nanog expression
with a mean overall survival of 40.4 months (95%
CI 37.6–43.2) and a mean recurrence-free survival of
27.2 months (95% CI 23.3–31.1). A shorter mean
recurrence-free survival was found in MIBC patients
with high Nanog expression (20.5 months) than
NMIBC (30.4 months) (p < 0.001).

The multivariate Cox regression models (Table 2(a))
showed no significant association of overall survival with
tumour grade, CD44 and Nanog expression except for
lymph node positivity (p < 0.001). Therefore, only lymph
node status appears to an independent prognostic factor
for overall survival. On the contrary, the multivariate Cox
regressionmodels (Table 2(a)) for recurrence-free survival
showed lymph node status (p = 0.002), CD44 (p < 0.001)
and Nanog (p = 0.014) expression were independent

prognostic factors. Both the cancer stem cell markers
CD44 and Nanog are thus associated with increased risk
of bladder tumour recurrence.

The survival analysis in regard of the CD44/Nanog
index and overall survival and recurrence-free survival
expectancy is as follows. The mean overall survival was
46.7 months (95% CI 44.9–48.4), 43.7 months (95% CI
40.7–46.7) and 37.4 months (95% CI 33.6–41.3) in low
expression, intermediate expression and high expres-
sion group, respectively (p < 0.001). In recurrence-free
survival (Figure 2(c)) low expression group had a mean
survival of 46.5 months (95%CI 44.0–48.9); intermediate
expression group had mean survival of 38.5 months
(95%CI 34.0–43.0) while the high expression group had
mean survival of 19.5 months (95%CI 15.7–23.4)(p <
0.001). Furthermore, a multivariate Cox regression ana-
lysis (Table 2(b)) showed the CD44/Nanog index to be
an independent prognostic factor for both overall survi-
val and recurrence-free survival along with lymph node
positivity in bladder cancer patients.

Discussion

The concept of cancer stem cells has been a major
breakthrough in the field of oncology, with evidence
of their ability to resist chemotherapy, differentiate and
self-renew [4]. Thus, we require good cancer stem cells
prognostic biomarkers for bladder cancer surveillance
and prediction of patient’s outcome. For this, we inves-
tigated CD44 and Nanog expression profile in bladder
cancer and also evaluated their combined significance
on bladder cancer recurrence and overall survival. CD44
is an important cell surface molecule which plays an
important role in bladder cancer recurrence and pro-
gression [17,18]. CD44, upon activation by the IL6/STAT3
signalling pathway, promotes tumour invasion and
epithelial to mesenchymal transition, whilst IL-6 urinary
levels were significantly elevated in CD44+ patients [18].
Their study also reported that 52.3% of MIBC expressed
CD44 + compared to 32.6% found in our study.

The non-muscle invasive papillary upper tract
urothelial carcinoma exhibits 46.9% of negative
CD44 expression in high-grade tumours and was
significantly associated with poor progression-free
survival [19]. Szarvas et al. analysed expression of
CD44 with tumour stage, grade, muscle invasion,
lymph node positivity and recurrence, but found
no association, whilst Cox univariate analysis of
both CD44 and CD44 protein expression failed to
link to overall survival, disease-specific survival and
metastasis-free survival [20]. Others [21] found
a highly significant correlation between CD44
expression and pathological features of low-grade
tumours, high-grade tumours, carcinoma in situ
and invasion [21]. Our present data confirm these
findings, with a significant association of high
CD44 expression with tumour grade, lymph node

Table 1. Association of UBC patient’s clinical parameter with
the status of CD44 and Nanog expression.

CD44 expression NANOG expression

Low High Low High

Clinical parameters n = 62 n = 50 p-value n = 48 n = 64 p-value

Age
<50 years 15 9 0.268 12 12 0.102
50–70 years 41 31 33 39
>70 years 6 10 3 13
Gender
Male 49 40 0.9 39 50 0.685
Female 13 10 9 14
Tumour grade
Low 39 8 <0.001 30 17 <0.001
High 23 42 18 47
Tumour stage
Ta-T1 47 32 0.173 35 44 0.632
T2-T4 15 18 13 20
Tumour Size
<3 cm 25 16 0.363 20 21 0.336
≥3 cm 37 34 28 43
Type of tumour

growth
Solitary 42 23 0.02 30 35 0.407
Multiple 20 27 18 29
Tumour location
Posterior wall 13 13 0.019 9 17 0.002
Trigone 13 23 8 28
Left wall 12 7 12 7
Right wall 9 4 10 3
Anterior wall 5 2 2 5
Dome 10 1 7 4
Lymph node status
N– 59 39 0.006 46 52 0.021
N+ 3 11 2 12
Urine cytology
Negative 41 22 0.019 35 28 0.002
Positive 21 28 13 36
Treatment

Modality
Non-BCG 18 2 0.005 13 7 0.057
BCG 29 30 22 37
RC with adjuvant

therapy
6 10 4 12

RC without adjuvant
therapy

9 8 9 8

Tumour recurrence
No 51 9 <0.001 40 20 <0.001
Yes 11 41 8 44

BCG: Bacillus Calmette Gurein, RC: Radical cystectomy.
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positivity and recurrence. On analysing tumour
recurrence at biopsy, CD44 was linked to an
hazard ratio of 2.51 (95% CI: 1.1–5.85) [21].
A meta-analysis of five studies with 417 bladder
cancer patients reported high CD44 expression to
significantly worsen overall survival (HR/95% CI
2.03 [1.08–3.79]), whilst three studies with 317
bladder cancer patients found the CD44 expres-
sion was not linked to overall survival at ≥5
years (HR = 2.34, 95% CI 0.89–2.50) [22]. Others
have also failed to link CD44 expression to overall
survival [23] or recurrence-free survival [22]. These
are in contrast to the significant association
between high CD44 expression and poor overall
survival along with recurrence-free survival in the
existing study. Low CD44 methylation frequency
has significantly been linked with recurring
NMIBC [24]. CD44 proves to be a predictor of
poor disease outcome after treatment in MIBC

[25]. The MIBC patients with high CD44 expression
in the current study also showed poor survival
outcomes post-treatment. The presence of high
CD44 splice variant 6, CD47 and integrin beta-4
expression in tumours located at posterior wall
had significant poor recurrence-free survival.
Moreover, multivariate Cox regression analysis
identified high ΔNp63, CD47 and integrin beta-4
expression as independent prognostic biomarkers
for tumours located at trigone or posterior wall of
bladder [8]. Both high CD44 and Nanog expression
were significant with tumours located at trigone of
the bladder. High Nanog expression was present
in 91.3% high staged bladder tumours (MIBC) in
contrast to 71.8% present in low staged bladder
tumours (NMIBC) [14]. Higher tumour stages
exhibited 60.6% of high Nanog expression while
55.6% were present in low tumour stages in our
study. But we found no significant association
between high Nanog as well as high CD44 expres-
sion with tumour stage. Nanog positive expression
was observed in 80% of prostate cancer cases,
90% of bladder cancer cases and 100% of colon
cancer cases. On comparing the tumour grades of
all the three cancers Amini et al. found 100%
Nanog expression in grade 3 [26]. Few studies
have reported high Nanog expression to be non-
significant with lymph node positivity in bladder
cancer but similar to our findings it was observed
significantly in tongue squamous cell carcinoma
cases [12]. A random model (I2 = 37%) depicted
that high Nanog expression had an unfavourable
overall survival (HR 2.19, 95%CI 1.87–2.58) in solid
cancers [10]. CD44 and Nanog expression were
high in tumour spheres from adenocarcinoma
patients at cell membranes and nuclear, respec-
tively, but neither was significantly linked with
overall survival [27]. In contrast, high Nanog
expression was significantly associated with overall
survival in the present study.

We conclude that lymph node status and the
intermediate/high CD44/Nanog combined score
index are linked to overall survival with roughly
similar hazard ratios (4.81, 4.79, 5.62, respectively).
However, in predicting recurrence-free survival, the
hazard ratio of lymph node involvement (3.68) was
inferior to that of the intermediate score (6.12),
which was, in turn, inferior to that of the high
expression score (25.45). If confirmed, these data
may have a role in medical/surgical management of
bladder cancer in a different treatment modality to
that practised to date and therefore may help facil-
itate the survival of patients.

This work represents an advance in biomedical
science because it shows the combination of CD44
and Nanog staining may be of value for risk stratifica-
tion and bladder cancer prognosis.

Figure 2. Survival curves of overall cohort panel, n = 112.
Kaplan–Meier curves representing recurrence-free survival
(RFS) for (a) CD44 (median RFS = 18 months for high CD44
expression), (b) Nanog (median RFS = 25 months for high
Nanog expression), and (c) CD44/Nanog index (median RFS
= 15 for high expression group).
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Summary table

What is known about this subject:
● Increased tissue expression of CD44 and Nanog are linked to the
prognosis of bladder cancer, although some have failed to confirm
this finding.

What this paper adds:
● High CD44 and Nanog expression is significantly associated with
poorer bladder cancer prognosis.
A score combining expression of CD44 and Nanog predicts both
bladder cancer survival and recurrence.
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Table 2. (a) Univariate and multivariate Cox regression analysis of associated factors with overall and recurrence-free survival. (b)
Univariate and multivariate Cox regression analysis of CD44/Nanog index with overall and recurrence-free survival.

Overall Survival Recurrence free survival

Univariate Cox Multivariate Cox Univariate Cox Multivariate Cox

HR (95% CI) p-value HR (95% CI) p-Value HR (95% CI) p-value HR (95% CI) p-value

(a)
Tumour Grade 5.65 0.001 2.19 0.195 3.96 <0.001 0.81 0.67

(1.97–16.22) (0.67–7.18) (2.03–7.76) (0.31–2.08)
Type of tumour growth 1.43 0.321 1.35 0.276

(0.70–2.94) (0.78–2.33)
Tumour Location (trigone versus
remaining tumour location)

0.93 0.863 2.69 <0.001 1.47 0.215
(0.42–2.03) (1.55–4.65) (0.79–2.72)

Lymph node status 7.96 <0.001 4.38 <0.001 4.51 <0.001 3.81 0.002
(3.74–16.92) (1.94–9.85) (2.27–8.97) (1.66–8.75)

Urine cytology 1.86 0.09 2.49
(1.43–4.34)

0.001 1.81 0.061
(0.90–3.84) (0.97–3.37)

Treatment modality
Non-BCG Reference
BCG 3.18 0.121 3.02 0.039 0.94 0.926

(0.73–13.79) (1.05–8.62) (0.25–3.43)
RC with adjuvant therapy 3.64 0.122 7.02 0.001 1.63 0.512

(0.70–18.78) (2.27–21.67) (0.37–7.02)
RC without adjuvant therapy 4.23 0.077 2.62 0.125 0.63 0.536

(0.85–21.00) (0.76–8.96) (0.15–2.66)
CD44 expression 5.14 <0.001 2.63 0.056 9.91 <0.001 7.03 <0.001

(2.20–12.02) (0.97–7.09) (4.99–19.68) (3.04–16.22)
Nanog expression 3.37 (1.37–8.24) 0.008 1.32

(0.47–3.67)
0.593 6.83

(3.20–14.61)
<0.001 2.89

(1.23–6.77)
0.014

(b)
Tumour Grade 5.65 0.001 2.22 0.175 3.96 <0.001 0.86 0.763

(1.97–16.22) (0.70–7.08) (2.03–7.76) (0.34–2.19)
Type of tumour growth 1.43 0.321 1.35 0.276

(0.70–2.94) (0.78–2.33)
Tumour Location (trigone versus
remaining tumour location)

0.93 0.863 2.69 <0.001 1.46 0.223
(0.42–2.03) (1.55–4.65) (0.79–2.70)

Lymph node status 7.96 <0.001 4.81 <0.001 4.51 <0.001 3.68 0.002
(3.74–16.92) (2.09–11.05) (2.27–8.97) (1.63–8.33)

Urine cytology 1.86 0.09 2.49 0.001 1.78 0.068
(0.90–3.84) (1.43–4.34) (0.95–3.31)

Treatment modality
Non-BCG Reference
BCG 3.18 0.121 3.02 0.039 1.03 0.955

(0.73–13.79) (1.05–8.62) (0.28–3.73)
RC with adjuvant therapy 3.64 0.122 7.02 0.001 1.74 0.455

(0.70–18.78) (2.27–21.67) (0.40–7.46)
RC without adjuvant therapy 4.23 0.077 2.62 0.125 0.73 0.676

(0.85–21.00) (0.76–8.96) (0.178–3.06)
CD44/Nanog index
Low expression group Reference
Intermediate expression group 5.38 0.031 4.79

(1.01–22.6)
0.048 6.36 0.004 6.12 0.006

(1.16–24.91) (1.81–22.39) (1.68–22.2)
High expression group 11.59

(2.69–49.84)
0.001 5.62

(1.22–25.91)
0.027 32.52 <0.001 25.45 <0.001

(9.79–107.99) (6.71–96.50)

BCG: Bacillus Calmette Gurein, RC: Radical cystectomy.
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Synergic effects of cancer stem cells markers, CD44 and embryonic stem cell
transcription factor Nanog, on bladder cancer prognosis
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ABSTRACT
Background: Therapy that targets cancer stem cells has the potential to eradicate cancer and
prevent tumour recurrence. Therefore, we hypothesized the combined prognostic significance
of stem cell markers CD44 (prevalent in basal layer of urothelial carcinoma) and Nanog
(embryonic stem cell transcription factor) in bladder cancer.
Material and Methods: CD44 and Nanog expression were determined by immunohistochemistry
in 112 bladder cancer cases of which 79 were non-muscle invasive and 33 muscle invasive.
Results: A significant correlation was found between CD44 and Nanog expression (r = 0.41,
p < 0.001). The bladder cancer patients with high CD44 and Nanog expression had poor
recurrence-free survival and poor overall survival (all p < 0.01). Multivariate Cox regression
analysis identified lymph node positivity (hazard ratio; HR 3.81, 95% confidence interval; CI
1.66–8.75), CD44 (HR/95%CI 7.03 [3.04–16.22]) and Nanog (HR/95%CI 2.89 [1.23–6.77]) as
independent prognostic biomarkers for recurrence-free survival, whilst a combined index of
CD44 and Nanog expression (high expression group; HR/95%CI 25.45 [6.71-96.50] for
recurrence-free survival) and lymph node positivity (HR/95%CI 3.68 [1.63-8.33] for recur-
rence-free survival) were independent prognostic biomarkers for recurrence-free survival
and overall survival (all p < 0.001).
Conclusions: A combined index of CD44 and Nanog expression is a promising prognostic
predictor of recurrence-free survival and overall survival in bladder cancer. It may help identi-
fication of patients who will benefit from intensive treatment.
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Introduction

Bladder cancer is present in 3% of both sexes worldwide,
and is characterized by a poor prognosis with a 5-year
recurrence-free survival rate of 58–80% post-treatment
[1,2]. The high incidence of post-treatment recurrence
contributes to the economic burden as well as poor
clinical outcome of the patients [3]. Therefore, prognostic
biomarkers are required to predict the risk of recurrence
for the development of personalized therapeutic strate-
gies. Accumulating evidence has led to the discovery of
a subset of a tumour population known as cancer stem
cells, with characteristics of self-proliferation and
self-renewal in addition to chemotherapy resistance, sug-
gesting they may be candidates for the evaluation of
prognosis of tumour recurrence post-treatment [4–6].

Animal data indicate that the basal layer of urothe-
lium hosts bladder stem cells, revealed on staining
with bromodeoxyuridine, where 9% of stained basal
cells had longer life span and low proliferation compe-
tence [7]. Moreover, bladder stem cells at different
tumour locations are linked to poor recurrence-free
survival [8]. Cluster of differentiation 44 (CD44) is
a cancer stem cell marker ubiquitously expressed in

the basal layer of the bladder, interacting with extra-
cellular matrix protein such as hyaluronan and promot-
ing stem cell-like properties [9]. The stem cell
properties of CD44 are enhanced by its interaction
with embryonic stem cell transcription factor Nanog
[6]. Nanog is one of the most important pluripotency
regulating factors which is encoded by NANOG1, its
upregulation in a number of solid tumours promotes
poor prognosis [10]. The reduced expression of Nanog
inhibits multidrug resistance protein 1 gene expression
and causes efflux of chemotherapy drugs in ovarian
(SK-OV-3) and breast (MCF-7) cancer cell lines [6].
CD44+ cells have the unique tendency to express
stem cell markers Oct-4, Nanog and Sox-2. The pre-
sence of these proteins acts on cancer stem cells and
causes epithelial to mesenchymal transition [11].

Therefore, both cancer stem cells markers CD44 and
Nanog predict poor clinical outcomes in cancer
patients. A significant association was found with the
co-expression of CD44++/Nanog++ and poor overall
survival in tongue squamous cell carcinoma [12].
Human bladder tumour initiating cells subpopulation
was analysed for CD44+ expression, and only 36% of
the total population showed CD44 expression
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whereas, in another study, positive Nanog expression
was detected in all 100 bladder cancer cases with high
expression in 85% of the cases [13,14]. However, the
combination of CD44 and Nanog expression profile
has not been fully studied in bladder cancer patients.
Therefore, we hypothesized that different or equal
expression profiles of cancer stem cell markers, CD44
and Nanog, in an individual has an impact on bladder
tumour recurrence post-treatment. To test this hypoth-
esis we developed a CD44/Nanog index as a marker for
evaluation of combined effect of these markers on
bladder cancer prognosis.

Material and methods

The study included 112 patients with histopathologi-
cally proven bladder cancer from September 2014 till
February 2015. Fresh tissue samples were collected
from the Department of Surgery, Era’s Lucknow
Medical College and Hospital (ELMC&H), and the
Department of Urology, King George’s Medical
University, Lucknow, India. All the tissue samples
were fixed in 10% formalin for the preparation of
Formalin-fixed paraffin-embedded (FFPE) blocks. The
samples were obtained prior to any treatment. Tumour
staging and grading were performed in accordance to
the American Joint Committee on Cancer/TNM 2010
stage and the World Health Organization/International
Society of Urological Pathology 2004 grading system,
respectively.

A written consent was obtained prior to enrolment
in the study, and the Institutional Ethics Committee,
ELMC&H; Lucknow, India approved the study proce-
dure. The study was performed in accordance with the
Declaration of Helsinki.

Bladder cancer comprises two pathophysiological
sub-types non-muscle invasive bladder cancer
(NMIBC) and muscle-invasive bladder cancer (MIBC),
and majority of patients experience recurrence despite
treatment. Patients with intermediate and high risk
NMIBC (having tumour size ≥3 cm and/or high grade
and/or multiple tumours) were treated with Bacillus
Calmette Gurein (n = 59) for 6 weeks after 3 to 4
weeks of transurethral resection of bladder tumour
(TURBT) while the patients with low-risk NMIBC (having
tumour size <3 cm and/or, low grade and/or single
tumour) underwent TURBT alone (n = 20). Patients
with MIBC were treated with radical cystectomy with
adjuvant chemotherapy (gemcitabine and cisplatin,
n = 16) and without adjuvant chemotherapy (n = 17).

The follow-up procedure for NMIBC patients
included cystoscopic surveillance every 3 months for
2 years, and every 6 months thereafter till the desig-
nated time period of the study. For MIBC patients who
underwent radical cystectomy and had T2, N0 disease
renal ultrasound and computed tomography/mag-
netic resonance imaging (CT/MRI) were performed

every 6 months for the first 2 years and annually there-
after along with an annual bone scan. While patients
with ≥T3 or N + disease had CT/MRI every 3 months for
the first 2 years and annually thereafter along with
a bone scan at every 6 months.

Primary antibodies targeting CD44 (BioGenex, CA,
USA) and Nanog (Proteintech, USA) were used. All FFPE
cut sections used were 3–5 µm thick and fixed on poly-
L-lysine coated glass slides which were dried at 60°C
for 1 h. The sections were de-paraffinized in xylene
followed by rehydration in gradient alcohol (100%,
70%, and 50%) each for 3 min. Microwave antigen
retrieval procedure was performed using antigen
retrieval buffer (EnVisionTM FLEX, TARGET RETRIEVAL
SOLUTION, HIGH pH {50X}, DAKO) pH 9, EnVisionTM

FLEX, Dako). Tissues were washed with Tris buffer (pH
7.4) and hydrogen peroxide was used to block non-
specific peroxidase reactions. Sections were incubated
with CD44 and Nanog for 120 minutes (at room tem-
perature) and overnight (at 4 degrees C) respectively.
After three washes with Tris buffer, each slide was
incubated with secondary antibody (EnVisionTM FLEX/
HRP, DAKO) for 30 min., followed by three washes with
Tris buffer. Finally, each slide was incubated for 5 min
in chromagen (3,3ʹ-diaminobenzidine; DAB) to develop
a brown colour stain followed by Tris washing.
Haematoxylin was used for counterstaining.

CD44 staining was generally membranous. The final
scoring was obtained by multiplying percentage of posi-
tive cells (0 = none, 1 = 1–9% of stained cells, 2 = 10–50%
of stained cells, 3 = 51–80% of stained cells and
4 = 81–100%) with the intensity of staining
(0 = none, 1 = weak, 2 = moderate and 3 = strong).
CD44 expression was categorized into high and low
based on the findings, i.e. 0–8 was defined as low CD44
expression while 9–12 was defined as high CD44 expres-
sion [15]. Nanog staining was nuclear and cytoplasmic.
Final scoringwas calculated by the same formula as CD44
expression but the score for positive percent cells was
assigned 0 = none, 1 = 1–9%, 2 = 10–50% and 3 = more
than 50%. The value of 0–4was considered as low expres-
sion while 6–9 as high expression [14]. Examination of
slideswas doneby two independent observers,whowere
unaware of the clinical findings. The CD44/Nanog index
classification was done into three groups: low expression
group (n = 38) included patients with both low CD44 and
low Nanog; intermediate expression group (n = 34) com-
prised patients with low CD44 and high Nanog or high
CD44 and low Nanog, while high expression group (n =
40) had high CD44 and high Nanog expression.

Data analysis was done by SPSS software (version
20; IBM, US). Sample size was calculated on the basis of
hazard ratio (HR) of CD44 [16], giving a final sample
size of 112. The Pearson’s chi-square test was per-
formed to find association between CD44 and Nanog
with clinical parameters. The correlation was deter-
mined by Spearman’s method. Data are presented as
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mean with standard deviation [SD]. The overall survival
and recurrence-free survival was determined by the
Kaplan–Meier method using log-rank test. The overall
survival was calculated from the date of treatment till
death or the completion of follow-up while recurrence-
free survival was calculated from the date of treatment
till the first recurrence event or death. The significant
prognostic variables in univariate analysis were built-in
multivariate Cox proportional hazard regression
model. In this instance, significance is present as
hazard ratio (HR) with 95% confidence interval (CI).
All analysis was two-sided and p < 0.05 was considered
to indicate a statistically significant difference.

Results

The mean [SD] age of the patients was 58.6 [11.2] years.
Of the 112 patients, 70.5% had NMIBC (Ta-T1), 40.5%
were high-risk tumours, 34.2% were intermediate-risk
tumours, and 25.3% were low-risk tumours. Fifty-eight
per cent of the tumours were high grade, and 41.9%
tumourswere low grade. Tumour sizewas 3.52 [1.52] cm
in the longest diameter: 36.6% had tumour size <3 cm,
whereas 63.3% had ≥3 cm. Positive urine cytology was
found in 53.8% of high-grade tumours. Lymph node
positivity was present in 12.5% of patients.

Positive CD44 staining was observed in 90.2% of the
cases of which low CD44 expression (Figure 1(b)) was
present in 45.6% while high CD44 (Figure 1(c)) expres-
sion was present in 44.6%. The expression was predo-
minantly on the cell membrane in addition to basal
cells. Among 101 CD44 positively stained specimens

strong intensity staining was observed in 51.5%, mod-
erate staining in 26.7% and weak staining patterns in
21.8%. Associations of CD44 with clinical parameters
are shown in Table 1. Nanog positive staining was
observed in 95.5% of the cases with 38.4% low
Nanog expression (Figure 1(e)) and 44.6% high
Nanog expression (Figure 1(f)).

Statistical analysis between Nanog expression and
clinical parameters are shown in Table 1. Nanog positive
nuclear and cytoplasmic staining was observed in 50.5%,
cytoplasmic localization in 43.9% and nuclear expression
in 5.6%. Among 107 Nanog positive cases, 19.6% were
weakly stained, 29% were moderately stained while
51.4%were strongly stained. CD44 andNanog expression
were strongly correlated (r = 0.41, p < 0.001).

Kaplan-Meier survival analysis found that high CD44
expression was significantly associated with a decrease
in mean survival and cumulative survival at 4 years in
both overall survival (p < 0.001) and recurrence-free
survival (Figure 2(a); p < 0.001). Patients with low CD44
expression had a mean overall survival of 46.2 months
(95%CI 44.6–47.7) and a mean recurrence-free survival
of 44 months (95%CI 41.4–46.6), while those with high
CD44 expression had a mean overall survival of 37.9
months (95%CI 34.5–41.3) and a mean recurrence-free
survival of 22.5 months (95%CI 18.6–26.4). NMIBC
patients with high CD44 expression had a higher
mean recurrence-free survival of 25.8 months than in
MIBC at 16.3 months (p < 0.001).

High Nanog expression was linked to shorter over-
all survival (p = 0.004) and recurrence-free survival
(Figure 2(b); p < 0.001) at 4 years. The mean overall

Figure 1. Evaluation of cancer stem cell markers in bladder cancer. (a) Negative control for CD44 (IHC, 400X), (b) Low expression of
CD44 membranous staining (IHC, 400X) (c) High expression of CD44 membranous staining (IHC, 400X) (d) Negative control for
Nanog (IHC, 400X) (e) Low expression of Nanog cytoplasmic staining (IHC, 400X) (f) High expression of Nanog cytoplasmic staining
(IHC, 400X).
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survival was 45.2 months (95%CI 43.0–47.4) and
a mean recurrence-free survival was 44.3 months
(95%CI 41.4–47.1) for patients with low Nanog
expression in contrast to high Nanog expression
with a mean overall survival of 40.4 months (95%
CI 37.6–43.2) and a mean recurrence-free survival of
27.2 months (95% CI 23.3–31.1). A shorter mean
recurrence-free survival was found in MIBC patients
with high Nanog expression (20.5 months) than
NMIBC (30.4 months) (p < 0.001).

The multivariate Cox regression models (Table 2(a))
showed no significant association of overall survival with
tumour grade, CD44 and Nanog expression except for
lymph node positivity (p < 0.001). Therefore, only lymph
node status appears to an independent prognostic factor
for overall survival. On the contrary, the multivariate Cox
regressionmodels (Table 2(a)) for recurrence-free survival
showed lymph node status (p = 0.002), CD44 (p < 0.001)
and Nanog (p = 0.014) expression were independent

prognostic factors. Both the cancer stem cell markers
CD44 and Nanog are thus associated with increased risk
of bladder tumour recurrence.

The survival analysis in regard of the CD44/Nanog
index and overall survival and recurrence-free survival
expectancy is as follows. The mean overall survival was
46.7 months (95% CI 44.9–48.4), 43.7 months (95% CI
40.7–46.7) and 37.4 months (95% CI 33.6–41.3) in low
expression, intermediate expression and high expres-
sion group, respectively (p < 0.001). In recurrence-free
survival (Figure 2(c)) low expression group had a mean
survival of 46.5 months (95%CI 44.0–48.9); intermediate
expression group had mean survival of 38.5 months
(95%CI 34.0–43.0) while the high expression group had
mean survival of 19.5 months (95%CI 15.7–23.4)(p <
0.001). Furthermore, a multivariate Cox regression ana-
lysis (Table 2(b)) showed the CD44/Nanog index to be
an independent prognostic factor for both overall survi-
val and recurrence-free survival along with lymph node
positivity in bladder cancer patients.

Discussion

The concept of cancer stem cells has been a major
breakthrough in the field of oncology, with evidence
of their ability to resist chemotherapy, differentiate and
self-renew [4]. Thus, we require good cancer stem cells
prognostic biomarkers for bladder cancer surveillance
and prediction of patient’s outcome. For this, we inves-
tigated CD44 and Nanog expression profile in bladder
cancer and also evaluated their combined significance
on bladder cancer recurrence and overall survival. CD44
is an important cell surface molecule which plays an
important role in bladder cancer recurrence and pro-
gression [17,18]. CD44, upon activation by the IL6/STAT3
signalling pathway, promotes tumour invasion and
epithelial to mesenchymal transition, whilst IL-6 urinary
levels were significantly elevated in CD44+ patients [18].
Their study also reported that 52.3% of MIBC expressed
CD44 + compared to 32.6% found in our study.

The non-muscle invasive papillary upper tract
urothelial carcinoma exhibits 46.9% of negative
CD44 expression in high-grade tumours and was
significantly associated with poor progression-free
survival [19]. Szarvas et al. analysed expression of
CD44 with tumour stage, grade, muscle invasion,
lymph node positivity and recurrence, but found
no association, whilst Cox univariate analysis of
both CD44 and CD44 protein expression failed to
link to overall survival, disease-specific survival and
metastasis-free survival [20]. Others [21] found
a highly significant correlation between CD44
expression and pathological features of low-grade
tumours, high-grade tumours, carcinoma in situ
and invasion [21]. Our present data confirm these
findings, with a significant association of high
CD44 expression with tumour grade, lymph node

Table 1. Association of UBC patient’s clinical parameter with
the status of CD44 and Nanog expression.

CD44 expression NANOG expression

Low High Low High

Clinical parameters n = 62 n = 50 p-value n = 48 n = 64 p-value

Age
<50 years 15 9 0.268 12 12 0.102
50–70 years 41 31 33 39
>70 years 6 10 3 13
Gender
Male 49 40 0.9 39 50 0.685
Female 13 10 9 14
Tumour grade
Low 39 8 <0.001 30 17 <0.001
High 23 42 18 47
Tumour stage
Ta-T1 47 32 0.173 35 44 0.632
T2-T4 15 18 13 20
Tumour Size
<3 cm 25 16 0.363 20 21 0.336
≥3 cm 37 34 28 43
Type of tumour

growth
Solitary 42 23 0.02 30 35 0.407
Multiple 20 27 18 29
Tumour location
Posterior wall 13 13 0.019 9 17 0.002
Trigone 13 23 8 28
Left wall 12 7 12 7
Right wall 9 4 10 3
Anterior wall 5 2 2 5
Dome 10 1 7 4
Lymph node status
N– 59 39 0.006 46 52 0.021
N+ 3 11 2 12
Urine cytology
Negative 41 22 0.019 35 28 0.002
Positive 21 28 13 36
Treatment

Modality
Non-BCG 18 2 0.005 13 7 0.057
BCG 29 30 22 37
RC with adjuvant

therapy
6 10 4 12

RC without adjuvant
therapy

9 8 9 8

Tumour recurrence
No 51 9 <0.001 40 20 <0.001
Yes 11 41 8 44

BCG: Bacillus Calmette Gurein, RC: Radical cystectomy.
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positivity and recurrence. On analysing tumour
recurrence at biopsy, CD44 was linked to an
hazard ratio of 2.51 (95% CI: 1.1–5.85) [21].
A meta-analysis of five studies with 417 bladder
cancer patients reported high CD44 expression to
significantly worsen overall survival (HR/95% CI
2.03 [1.08–3.79]), whilst three studies with 317
bladder cancer patients found the CD44 expres-
sion was not linked to overall survival at ≥5
years (HR = 2.34, 95% CI 0.89–2.50) [22]. Others
have also failed to link CD44 expression to overall
survival [23] or recurrence-free survival [22]. These
are in contrast to the significant association
between high CD44 expression and poor overall
survival along with recurrence-free survival in the
existing study. Low CD44 methylation frequency
has significantly been linked with recurring
NMIBC [24]. CD44 proves to be a predictor of
poor disease outcome after treatment in MIBC

[25]. The MIBC patients with high CD44 expression
in the current study also showed poor survival
outcomes post-treatment. The presence of high
CD44 splice variant 6, CD47 and integrin beta-4
expression in tumours located at posterior wall
had significant poor recurrence-free survival.
Moreover, multivariate Cox regression analysis
identified high ΔNp63, CD47 and integrin beta-4
expression as independent prognostic biomarkers
for tumours located at trigone or posterior wall of
bladder [8]. Both high CD44 and Nanog expression
were significant with tumours located at trigone of
the bladder. High Nanog expression was present
in 91.3% high staged bladder tumours (MIBC) in
contrast to 71.8% present in low staged bladder
tumours (NMIBC) [14]. Higher tumour stages
exhibited 60.6% of high Nanog expression while
55.6% were present in low tumour stages in our
study. But we found no significant association
between high Nanog as well as high CD44 expres-
sion with tumour stage. Nanog positive expression
was observed in 80% of prostate cancer cases,
90% of bladder cancer cases and 100% of colon
cancer cases. On comparing the tumour grades of
all the three cancers Amini et al. found 100%
Nanog expression in grade 3 [26]. Few studies
have reported high Nanog expression to be non-
significant with lymph node positivity in bladder
cancer but similar to our findings it was observed
significantly in tongue squamous cell carcinoma
cases [12]. A random model (I2 = 37%) depicted
that high Nanog expression had an unfavourable
overall survival (HR 2.19, 95%CI 1.87–2.58) in solid
cancers [10]. CD44 and Nanog expression were
high in tumour spheres from adenocarcinoma
patients at cell membranes and nuclear, respec-
tively, but neither was significantly linked with
overall survival [27]. In contrast, high Nanog
expression was significantly associated with overall
survival in the present study.

We conclude that lymph node status and the
intermediate/high CD44/Nanog combined score
index are linked to overall survival with roughly
similar hazard ratios (4.81, 4.79, 5.62, respectively).
However, in predicting recurrence-free survival, the
hazard ratio of lymph node involvement (3.68) was
inferior to that of the intermediate score (6.12),
which was, in turn, inferior to that of the high
expression score (25.45). If confirmed, these data
may have a role in medical/surgical management of
bladder cancer in a different treatment modality to
that practised to date and therefore may help facil-
itate the survival of patients.

This work represents an advance in biomedical
science because it shows the combination of CD44
and Nanog staining may be of value for risk stratifica-
tion and bladder cancer prognosis.

Figure 2. Survival curves of overall cohort panel, n = 112.
Kaplan–Meier curves representing recurrence-free survival
(RFS) for (a) CD44 (median RFS = 18 months for high CD44
expression), (b) Nanog (median RFS = 25 months for high
Nanog expression), and (c) CD44/Nanog index (median RFS
= 15 for high expression group).
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Summary table

What is known about this subject:
● Increased tissue expression of CD44 and Nanog are linked to the
prognosis of bladder cancer, although some have failed to confirm
this finding.

What this paper adds:
● High CD44 and Nanog expression is significantly associated with
poorer bladder cancer prognosis.
A score combining expression of CD44 and Nanog predicts both
bladder cancer survival and recurrence.
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Table 2. (a) Univariate and multivariate Cox regression analysis of associated factors with overall and recurrence-free survival. (b)
Univariate and multivariate Cox regression analysis of CD44/Nanog index with overall and recurrence-free survival.

Overall Survival Recurrence free survival

Univariate Cox Multivariate Cox Univariate Cox Multivariate Cox

HR (95% CI) p-value HR (95% CI) p-Value HR (95% CI) p-value HR (95% CI) p-value

(a)
Tumour Grade 5.65 0.001 2.19 0.195 3.96 <0.001 0.81 0.67

(1.97–16.22) (0.67–7.18) (2.03–7.76) (0.31–2.08)
Type of tumour growth 1.43 0.321 1.35 0.276

(0.70–2.94) (0.78–2.33)
Tumour Location (trigone versus
remaining tumour location)

0.93 0.863 2.69 <0.001 1.47 0.215
(0.42–2.03) (1.55–4.65) (0.79–2.72)

Lymph node status 7.96 <0.001 4.38 <0.001 4.51 <0.001 3.81 0.002
(3.74–16.92) (1.94–9.85) (2.27–8.97) (1.66–8.75)

Urine cytology 1.86 0.09 2.49
(1.43–4.34)

0.001 1.81 0.061
(0.90–3.84) (0.97–3.37)

Treatment modality
Non-BCG Reference
BCG 3.18 0.121 3.02 0.039 0.94 0.926

(0.73–13.79) (1.05–8.62) (0.25–3.43)
RC with adjuvant therapy 3.64 0.122 7.02 0.001 1.63 0.512

(0.70–18.78) (2.27–21.67) (0.37–7.02)
RC without adjuvant therapy 4.23 0.077 2.62 0.125 0.63 0.536

(0.85–21.00) (0.76–8.96) (0.15–2.66)
CD44 expression 5.14 <0.001 2.63 0.056 9.91 <0.001 7.03 <0.001

(2.20–12.02) (0.97–7.09) (4.99–19.68) (3.04–16.22)
Nanog expression 3.37 (1.37–8.24) 0.008 1.32

(0.47–3.67)
0.593 6.83

(3.20–14.61)
<0.001 2.89

(1.23–6.77)
0.014

(b)
Tumour Grade 5.65 0.001 2.22 0.175 3.96 <0.001 0.86 0.763

(1.97–16.22) (0.70–7.08) (2.03–7.76) (0.34–2.19)
Type of tumour growth 1.43 0.321 1.35 0.276

(0.70–2.94) (0.78–2.33)
Tumour Location (trigone versus
remaining tumour location)

0.93 0.863 2.69 <0.001 1.46 0.223
(0.42–2.03) (1.55–4.65) (0.79–2.70)

Lymph node status 7.96 <0.001 4.81 <0.001 4.51 <0.001 3.68 0.002
(3.74–16.92) (2.09–11.05) (2.27–8.97) (1.63–8.33)

Urine cytology 1.86 0.09 2.49 0.001 1.78 0.068
(0.90–3.84) (1.43–4.34) (0.95–3.31)

Treatment modality
Non-BCG Reference
BCG 3.18 0.121 3.02 0.039 1.03 0.955

(0.73–13.79) (1.05–8.62) (0.28–3.73)
RC with adjuvant therapy 3.64 0.122 7.02 0.001 1.74 0.455

(0.70–18.78) (2.27–21.67) (0.40–7.46)
RC without adjuvant therapy 4.23 0.077 2.62 0.125 0.73 0.676

(0.85–21.00) (0.76–8.96) (0.178–3.06)
CD44/Nanog index
Low expression group Reference
Intermediate expression group 5.38 0.031 4.79

(1.01–22.6)
0.048 6.36 0.004 6.12 0.006

(1.16–24.91) (1.81–22.39) (1.68–22.2)
High expression group 11.59

(2.69–49.84)
0.001 5.62

(1.22–25.91)
0.027 32.52 <0.001 25.45 <0.001

(9.79–107.99) (6.71–96.50)

BCG: Bacillus Calmette Gurein, RC: Radical cystectomy.
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With improved outcomes of valvular heart diseases and prosthetic valves, many 
women now survive into child-bearing age and pregnancy. However, the presence 
of prosthetic valves in pregnancy has an adverse impact on both maternal and fetal 
 outcomes. The bioprosthetic or tissue valves are less thrombogenic. They do not need 
any anticoagulation and lead to normal pregnancy with normal baseline valve func-
tion. However, they have high rate of structural degeneration, especially in the young 
with an attendant need of reoperation leading to morbidity. Mechanical valves have 
excellent hemodynamics during pregnancy but are inherently thrombogenic lead-
ing to thromboembolic complications, necessitating uninterrupted anticoagulation. 
 Anticoagulation itself leads to a host of maternal and fetal bleeding complication as 
well as adverse fetal anomalies. The use of low-dose warfarin throughout pregnancy 
has the best maternal safety profile. Added to this regimen, targeted replacement 
with  parenteral heparin during the first (6–12 weeks) and late third trimesters (beyond 
36 weeks) leads to virtual elimination of embryopathy as well as appreciable  reductions 
of maternal mortality. Proper preconception counseling and antenatal care coupled 
with planned labor or delivery is essential to ensure best outcomes. These patients 
are best managed in a tertiary care center with proper expertise in managing adverse 
cardiovascular, obstetric, and neonatal outcomes.

Abstract

Keywords
 ► antenatal care
 ► bioprosthetic valve
 ► embryopathy
 ► mechanical valve
 ► warfarin

Indian J Cardiovasc Dis Women-WINCARS 2018;3:115–125

DOI https://doi.org/ 
10.1055/s-0038-1677056

©2018 Women in Cardiology and 
Related Sciences

Introduction
Prosthetic heart valves pose unique challenges in pregnan-
cy with increased maternal and fetal morbidity. The choice of 
prosthetic valve in pregnancy is a difficult one. On the one hand 
are the mechanical valves with excellent  hemodynamic param-
eters during pregnancy, but the need for seamless anticoagula-
tion increases risk for both the mother and fetus. On the other 
hand are bioprosthetic valves that obviate the need for anticoag-
ulation but compromise on the valve  durability and there is also 
an increased risk of prosthetic valve dysfunction. In this review, 
we briefly discuss the risks associated with prosthetic valve in 
pregnancy, the determinants and salient features of manage-
ment in a pregnant woman with prosthetic valve in situ.

Pregnancy and Altered Cardiovascular 
Hemodynamics
Physiologic adaptations are seen in pregnancy to optimize 
fetal growth and development. The major cardiovascular 
hemodynamic changes seen in pregnancy include increased 
cardiac output, expanded blood volume, and reduced 
 systemic vascular resistance and blood pressure. Increased 
preload (due to the expansion of the blood  volume), 
decreased afterload (due to the decreased systemic  vascular 
resistance), and increased maternal heart rate all lead to 
increased  cardiac output and workload.1,2 Pregnancy is also 
considered as a hypercoagulable state. Changes in several 
clotting  factors are seen in pregnancy:
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1. Increase in procoagulants

a. Increase in factors I, II, V, VII, VIII, X, and XII
b. Increased platelet adhesiveness
c. Increased activity of plasminogen activator inhibitors

2. Decrease in anticoagulants

a. Decrease in free protein S
b. Increase in activated protein C resistance

This hypercoagulable state of the pregnancy is an  adaptive 
feature of the pregnancy to decrease blood loss.  However, 
on the other hand, it increases risk of thromboembolic 
 complications in patients with prosthetic valves, which 
can be catastrophic for both the mother and child.2 Var-
ious types of arrhythmia are also seen in pregnancy with 
increased  frequency. The exact mechanism of this is 
unknown, but various hemodynamic, hormonal, and auto-
nomic changes  related to pregnancy are considered as prob-
able mechanisms.

Risk Stratification with Prosthetic Valves
Risk of cardiovascular complications in pregnancy 
depends on three factors: disease-specific factors,  general 
 pregnancy-related factors, and patient-related  specific 
variables. Maternal and neonatal health conditions are 
 interrelated. In most studies, risk factors for both maternal 
and neonatal cardiovascular events have been studied.

Risk Prediction Scores—ZAHARA, WHO, and CARPREG
Commonly used risk scores to predict complications 
during pregnancy in women with cardiac disease are the 
Cardiac Disease in Pregnancy (CARPREG), Zwangerschap 
bij Aangeboren Hartafwijkingen (ZAHARA) risk scores, 
and World Health Organization (WHO) maternal risk 
classification (recommended in 2018 European Society of 
Cardiology [ESC] guidelines).3–6 Prosthetic valves are not 
included for risk stratification in CAPREG score whereas 
they are included as a predictor of maternal cardiovascular 
events in ZAHARA system. The modified WHO maternal 
cardiovascular risk classifies bioprosthetic valve as class 
II–III risk (maternal cardiac event rate of 10–19%) whereas 
mechanical valves are placed in class III risk (maternal cardiac 
event rate of 19–27%).7,8

Apart from the presence of prosthetic valves, other cardiac 
modifiers of maternal cardiovascular outcomes include low 
left ventricular ejection fraction (LVEF) (< 40%), presence of 
pulmonary artery hypertension, left-sided obstructive lesions 
(moderate to severe), reduced subpulmonary ventricular 
function (tricuspid annular plane systolic excursion [TAPSE] 
< 16 mm), atrioventricular valve regurgitation, and cyanotic 
heart disease. Clinical features predictive of worse maternal 
outcomes include presence of cyanosis, elevated NT-proBNP, 
history of prior cardiac events, use of cardiac medications, 
New York Heart Association (NYHA) class III/IV, and smok-
ing. Many of these factors such as NYHA class III/IV, left heart 
obstruction, and smoking also predict worse fetal neonatal 
outcomes (►Tables 1, 2).

In the ROPAC (Registry of Pregnancy and Cardiac  Disease) 
registry, 58% of women with mechanical heart valves had 
adverse event-free pregnancy compared with 79% with  tissue 
valves.9 The odd of having complications during pregnancy 
were significantly higher with mechanical valve vis- a-vis 
 tissue valves.

Maternal Risk versus Fetal Risk
The spectrum maternal complications include miscarriage, 
thromboembolic complications, obstetric  hemorrhage, and 
most severe maternal mortality.10 Cardiac complications 
include heart failure, arrhythmia, prosthetic valve 
 thrombosis (PVT), and infective endocarditis (IE). Use of 
anticoagulation additionally predisposes to peripartum 
 bleeding, thrombocytopenia, and osteoporosis.

Table 1 Predictors of maternal cardiovascular events with 
commonly used risk scores in pregnancy

CARPREG ZAHARA ESC 2018

Prior  cardiac 
events or 
arrhythmia

Presence of 
cyanotic heart 
disease

Prior cardiac event 
(heart failure, 
transient ischemic 
attack, stroke, 
arrhythmia)

Poor functional 
class or cyanosis

Use of cardiac 
medication be-
fore pregnancy

NYHA class III/IV

Left heart 
obstruction

Left heart 
obstruction

Left heart obstruc-
tion (moderate to 
severe)

Left ventric-
ular systolic 
dysfunction

Mechanical valve 
replacement

Reduced systemic 
ventricular systolic 
function (ejection 
fraction < 40%)

Systemic or 
pulmonary atrio-
ventricular valve 
regurgitation 
related with the 
underlying (mod-
erately) complex 
congenital heart 
diseases

Systemic atrioven-
tricular valve regur-
gitation (moderate 
to severe)

Reduced sub-
pulmonary 
 ventricular function 
(TAPSE < 16 mm)

Pulmonary 
 atrioventricular 
valve  regurgitation 
(moderate to 
severe)

Pulmonary arterial 
hypertension

Mechanical valves

Smoking

Cyanosis

Elevated 
NT-proBNP

Abbreviations: CARPREG, Cardiac Disease in Pregnancy; ESC,  European 
Society of Cardiology; NYHA, New York Heart Association; TAPSE, 
 tricuspid annular plane systolic excursion; ZAHARA, Zwangerschap bij 
Aangeboren Hartafwijkingen.
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The fetus or neonate is also at risk for a host of 
complications, including intrauterine growth retardation, 
preterm birth, perinatal mortality, and small for 
gestational age.  Anticoagulation exposure via the placenta 
leads to  specific complications in the fetus referred commonly 
as “ embryopathy” (when occurring due to exposure between 
6 and 10 weeks and “fetopathy” due to exposure in the late 
gestation period).11 Vitamin K antagonists (VKAs) are noto-
rious for both whereas unfractionated heparin (UFH) can 
cause fetopathy while used as the sole agent throughout. 
Low- molecular-weight heparins (LMWHs) have the lowest 
rate of adverse fetal outcomes as anticoagulants.

Bioprosthetic Valves versus Mechanical Valves
Bioprosthetic Valves and Pregnancy
Bioprosthetic valves (homografts, heterografts, or autografts) 
are much less thrombogenic than mechanical valves.12,13 
However, there still remains a risk of valve thrombosis. Egbe 
and colleagues estimated the incidence of bio PVT as 1.5% 

based on data of 3,161 patients with an implanted biopros-
thetic valve who underwent follow-up echocardiography at 
their institution over 6 years.14 The incidence may have been 
underestimated as only the patients who underwent surgical 
exploration of PVT were included whereas others who were 
medically managed were excluded.

However, they do obviate the need of long-term 
anticoagulation, thereby resulting in better maternal and 
fetal outcomes, as seen in ROPAC registry. Women with 
well-functioning bioprosthetic heart valves and those who 
do not have other cardiac risk factors often have uncompli-
cated pregnancies. However, there remains a substantial risk 
of structural deterioration in bioprosthetic valves in young 
women.12 Structural valve deterioration (SVD) occurs rel-
atively early and rapidly in young patients. Jamieson et al 
found that proportion of patients free of SVD after 10 years 
of operation was highly dependent on age, and values in 
patients younger than 30 years, between 30 and 59 years, and 
older than 60 years were 27%, 77%, and 84%,  respectively.15 
The mitral valve tends to be more vulnerable than the 
aortic valve for structural deterioration although no such 
predilection was found by Egbe et al for valve thrombosis.13 
Flameng et al found that lack of antimineralization 
treatment of valves and patient-prosthesis mismatch are the 
major determinants of structural valve degeneration with 
bioprosthetic heart valves.16 There is an  controversy about 
acceleration of structural valve degeneration by  pregnancy. 
Few authors support this hypothesis whereas others are 
against it.13,17 However, there is general agreement that 
degeneration occurs early in young age.16 As the risk of 
SVD in young women is high, this may be seen in women 
during pregnancy or during postpartum period. There is a 
significant risk of complications in patient with dysfunc-
tional bioprosthetic valve. Dysfunctional valve may require 
reoperation.

Cardiovascular morbidity and mortality in pregnant 
women with bioprosthetic valve was studied in the ROPAC 
study. In the ROPAC study, maternal mortality was 1.5%. In 
this study, heart failure was reported in 8.2% of pregnant 
women, endocarditis and thrombotic complications in 0.7%, 
and hemorrhagic complications in 5.1% of pregnant patients 
with bioprosthetic valves.9

ROSS procedure (pulmonary autograft for aortic valve 
disease and placing a homograft for pulmonary valve) is a 
complex procedure. Although technically demanding, there 
is no risk of valve thrombosis and hemodynamic results are 
good. Homografts have the same rate of SVD as heterografts; 
data are not available for pregnant women with long-term 
follow-up. Grunkemeier et al showed 0 to 10% reoperation 
rate within 6 months and 0.4 to 1.5% late reoperation rate 
after Ross procedure.18 Transcatheter aortic valves are not 
currently indicated for young patients.

Mechanical Valves in Pregnancy
Mechanical valves have excellent durability and 
hemodynamic profile. Mechanical prosthetic valves, however, 
are thrombogenic and require lifelong anticoagulation to 
prevent thromboembolic complications.

Table 2 Predictors of neonatal complications with commonly 
used risk scores in pregnancy

CARPREG ZAHARA ESC 2018

Anticoagulation Cyanotic heart 
disease (repaired 
or unrepaired)

Cyanosis during 
baseline prenatal 
visit
Low maternal 
oxygen saturation 
(< 90%)

Poor functional 
class or cyanosis

The use of  cardiac 
medication 
 before pregnancy

NYHA class III/IV

Left heart 
obstruction

Maternal smoking Maternal left heart 
obstruction

Multiple 
gestations

Mechanical valve 
replacement

Smoking during 
pregnancy

Smoking Multiple 
gestations

Multiple gestations

Use of anticoagu-
lants throughout 
pregnancy

Cardiac med-
ication before 
pregnancy

Mechanical valve 
prosthesis

“At birth” cyanotic 
heart disease

Maternal  cardiac 
event during 
pregnancy

Maternal decline 
in cardiac output 
during pregnancy

Abnormal utero-
placental Doppler 
flow

Abbreviations: CARPREG, Cardiac Disease in Pregnancy; ESC, European 
Society of Cardiology; NYHA, New York Heart Association;  ZAHARA, 
Zwangerschap bij Aangeboren Hartafwijkingen.
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Pregnancy in a woman with a mechanical heart valve is 
associated with high maternal and fetal complications. In 
women with mechanical valves, pregnancy is associated with 
a very high risk of complications (modified WHO risk classi-
fication III).8 In the ROPAC registry, there were 212 patients 
with mechanical valve. Maternal mortality was 1.4% in this 
registry. Hemorrhagic complications were noted in 23% 
patients whereas thrombotic complications occurred in 6.1%, 
valve thrombosis was seen in 4.7%, and miscarriage in 15.6%.9 
About 7.5% of pregnancies were  complicated by heart failure 
whereas supraventricular and  ventricular  arrhythmias 
occurred in 2.8% and 0.5% of pregnancies, respectively. Post-
partum hemorrhage directly after delivery and up to 24 
hours postpartum occurred in 10.4%.

Recently in a population-based study in the 
United  Kingdom, Vause et al studied pregnancy outcomes in 
 women with mechanical prosthetic valves. They studied data 
of 58 pregnant women with mechanical valves (incidence 
3.7/100,000 maternities). Only 28% women had a good 
maternal and fetal outcome. Poor fetal outcome was noted 
in 47%  women. In this cohort, they observed 9% maternal 
mortality and 41% serious maternal morbidity. LMWH was 
used throughout  pregnancy by 71% women in this study 
(the ROPAC registry mainly used warfarin, either  throughout 
or during the second and third trimesters). Hemorrhagic 
 complications occurred in 29% women.19

The choice of anticoagulation dictates maternal and 
fetal risk in mechanical valves during pregnancy. Maternal 
 mortality estimates range between 1% and 15%, depending 

on the series and anticoagulation strategy.20,21 Heparins 
(LMWH or UFH) are associated with relatively high risk of 
valve thrombosis.22,23 ESC 2018 guideline says that the use 
of VKAs throughout pregnancy, under strict  international 
 normalized ratio (INR) control, is the safest regimen to 
 prevent valve thrombosis. LMWH is possibly superior to UFH 
for preventing valve thrombosis.8

“Warfarin embryopathy” is a known complication of 
 warfarin therapy during pregnancy, mainly between the 
6th and 12th weeks of pregnancy. It is characterized by 
nasal hypoplasia, low birth weight, slower growth, mental 
retardation, malformed bones, cartilage and joints, stippled 
epiphyses, deafness, and small head size.24,25 Between 6 and 
12 weeks of gestation, bone and cartilage formation in the 
fetus may be impaired by transplacental passage of  warfarin, 
resulting in the warfarin embryopathy. The teratogenicity 
of warfarin is found to be somewhat dose dependent, 
with more frequent and more serious fetal malformations 
 occurring when warfarin doses of greater than 5 mg/day are 
given. UFH use in the last 2 weeks of pregnancy may be used 
to decrease the risk of peripartum hemorrhage and bleeding 
complications in the newborn. Elective cesarean section 
in the 38th week of pregnancy has also been suggested to 
reduce the risk of hemorrhage. A systematic review of the 
literature published in 2000 showed that use of heparin alone 
or early first- trimester conversion (≤ 6 weeks) from warfarin 
to heparin entirely prevented the incidence of congenital 
anomalies. The guidance to choose either type of prosthetic 
valve in pregnancy is presented in ►Fig. 1.

Fig. 1 Benefits and risk of type of prosthetic valves over each other. PVT, prosthetic valve thrombosis.
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Anticoagulants in Pregnancy
Mechanical prosthetic valves need lifelong anticoagulation, 
and guidelines recommend target INRs to be maintained 
based of the type and anatomical position. Anticoagulation 
becomes of paramount importance in pregnant patients 
as it is a state of heightened risk of thrombosis. Multiple 
 mechanisms may contribute to the elevated risk of thrombosis 
including elevated clotting factors, increased platelet activity, 
decreased fibrinolysis, and resistance to naturally occurring 
anticoagulants.26 In the ROPAC registry, the rates of throm-
boembolic complication were seen in 6.1% of  pregnancies.9 
Bioprosthetic valves have an edge over prosthetic valves as 
they do not require lifelong anticoagulation. While anticoag-
ulation is deemed necessary from the  preceding arguments, 
it also predisposes the mother to multitude of complications 
such as postpartum hemorrhage, fetal loss, preterm delivery, 
and low birth weight. In addition, some anticoagulants can 
cross the placenta and lead to teratogenicity in the fetus if 
administered during embryogenesis. Three types of anti-
coagulant regimen are used in pregnancy with mechanical 
heart valves: warfarin throughout, LMWH/UFH throughout, 
LMWH/UFH in the first trimester then  warfarin until the 
mid-late trimester then switching back again to heparin 
(LMWH or UFH). The role of various  currently available anti-
coagulants is discussed as follows.

Vitamin K Antagonists
Oral VKAs warfarin and acenocoumarol together form 
the mainstay of oral anticoagulation in patients with 
 mechanical heart valves. The recommended target INRs 
in pregnancy is between 2.5 and 3.5, and it should be 
monitored on a fortnightly basis, if not on a weekly basis 
 whenever  feasible. Even in pregnancy, they have  lowest 
maternal mortality (0.9–1.9%) and thromboembolic 
 episodes (2–3.9%).11,20,21 However, by virtue of their  ability 
to cross the placental barrier, they lead to anomalies in 
the fetus commonly referred to as “warfarin embryopa-
thy” (►Table 3).24,25 The incidence varies in the literature 
with previous studies reporting a high incidence of around 
6.4 to 7.4% whereas the recent studies peg the incidence 
at 2 to 3.7%.11,20,21,24 In addition to embryopathy, they can 

cause prematurity (7.5%), spontaneous abortions (23%), 
and fetal wastage due to any cause (33%). Because of high 
risk of fetal intracranial hemorrhage, vaginal delivery is 
contraindicated when mother is on VKAs.

Two strategies have been used to mitigate the risk of fetal 
damage with VKAs: dose alteration and replacing with hepa-
rins in the first trimester. Various studies have found that the 
teratogenic effects are dose dependent. The seminal studies 
by Vitale et al and Cotrufo et al done almost two decades 
ago first demonstrated the dose dependency of  teratogenic 
effect of VKAs and found that a 5-mg dose is the ceiling 
beyond which adverse outcomes are prevalent.27,28 The recent 
meta-analysis by D’Souza et al also affirmed the same and 
showed that the fetus-related adverse events were drastically 
reduced in less than 5 mg group at 2.3% versus the higher dose 
group at 12.4%.11 On the contrary, the ROPAC registry failed to 
establish the dose dependency of adverse effects with VKAs. 
Another prudent strategy of using heparins (which do not 
cross the placental barrier) during the first trimester (prefer-
ably 6–13 weeks) and VKAs during the rest of pregnancy has 
also shown to alleviate the fetal risk. This strategy avoids the 
detrimental effects of warfarin on embryogenesis and has 
been shown to virtually eliminate the fetal embryopathy risk 
(0.4% vs. 3.7%).21 The rates of spontaneous abortions and fetal 
death due to any cause were also lower with this regimen.

The thrombogenicity of newer-generation bileaflet valves 
(Carbomedics, Medtronic-Hall, St. Jude, and ATS) is lower than 
that of previously used ball-cage and tilting disc valves. The 
recent guidelines advocate a lower target INR of 2.5 versus 
3.5 in older-generation valves (Star-Edwards, Bjork- Shiley, 
and Omniscience).7,29 Absence of other potential high-risk 
 features such as mitral or tricuspid position, previous throm-
boembolism, concomitant atrial fibrillation (AF), LVEF less 
than 35%, and mitral stenosis also allows for a moderation in 
 target INR. These considerations will apply while selecting the 
anticoagulation regimen and the type of mechanical valve as a 
lower INR will ultimately reflect in potentially lower warfarin 
doses with fewer complications. The message on the board is 
clear to use the lowest possible warfarin dose in pregnancy 
and replacing it with heparins during 6 to 13 weeks.

Heparins
Heparins (UFH and LMWH) do not cross the placenta and 
appear promising as they eliminate the risk of embryop-
athy or fetopathy seen with VKAs. However, their use in 
 pregnancy for thromboprophylaxis is fraught with many 
challenges such as lesser efficacy, poor compliance, difficulty 
in monitoring activated partial thromboplastin time (aPTT), 
thrombocytopenia, osteoporosis, and parenteral administra-
tion of drug.

Unfractionated Heparin
The use of UFH is associated with four times increased risk of 
thromboembolism as compared with warfarin.24 The thrombo-
embolic complication rates and maternal mortality were high 
at 33% and 15%, respectively.20 However, the recent  literature 
suggests that the rate have may come down to 11.2–13% 

Table 3 Adverse effects on warfarin or other vitamin K 
antagonists on fetus

“Warfarin embryopathy”—3.7–6.4% overall incidence

Exposure during 6–12 wk of gestation—nasal hypoplasia, 
stippled epiphyses, mental retardation

Later exposure in gestation (fetopathy)—neurologic and eye 
defects and intracranial hemorrhage during delivery

Fetal death from exposure at any age (33% all-cause fetal 
death)

Prematurity (7.5%) and spontaneous abortions (23%)

Lower incidence of fetal adverse events at doses < 5 mg/
day (2.3% vs. 12%)

Higher rate of live births at doses < 5 mg/day (84% vs. 44%)
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and 3.4–5%, respectively.11,21 The promising results can be 
 attributed to use of less thrombogenic valves and proper hep-
arin dosing in the recent studies.21  Nevertheless, owing to high 
thrombotic complications, their use as standalone therapy is 
not recommended by guidelines.7,30  However, as a combina-
tion therapy with VKAs, they have high safety risk profile 
and are popular. The dosing should be targeted to aPTT more 
than two times of normal, and after attaining  target aPTT only 
weekly monitoring is advised.

Low-Molecular-Weight Heparins
Low-molecular-weight heparins represent more feasible 
alternative to UFH with advantages of predictable pharma-
cokinetics, twice-daily dosing, subcutaneous  administration, 
and obviating the need for aPTT monitoring. Although they 
represent a significant advance over heparin outside the 
pregnancy setting, their use in pregnancy has high throm-
boembolic risk (8.7%) and maternal mortality (2.9%).11 
Because of increased renal clearance, the dose of LMWH is 
needs to be adjusted to monitored plasma anti-Xa levels.31 
Although suboptimal levels and poor compliance are con-
tributors to valve thrombosis, some reports also emerged 
of valve thrombosis with adequate level of anti-Xa.32 The 
 recommended dose of enoxaparin is 1 mg/kg twice daily, 
and peak anti-Xa level (4–6 hours post dose) is to be kept at 
0.8 to 1.2 IU/mL whereas trough levels at greater than 0.6 IU/
mL. The corresponding dose of dalteparin is 100 U/kg. Dos-
ing should be altered daily until peak levels are attained and 
then checked weekly.33

Novel Oral Anticoagulants
The novel oral anticoagulants are not indicated in pregnancy 
as well as with prosthetic valves.

Low-Dose Aspirin
Aspirin in low doses of 75 to 100 mg, when added to VKAs, 
leads to decrease in major embolism, death, stroke, and 
mortality in patients with prosthetic valve although at the 
risk of increased bleeding.34 Based on these premises, the 
ACC/AHA (American College of Cardiology/American Heart 
 Association) guidelines recommend continuing the low-dose 
aspirin therapy during pregnancy. ESC guidelines take a con-
servative stance and recommend against use of routine use of 
low-dose aspirin even in a nonpregnant setting.

Simplified Anticoagulant Regimen
The advantages and disadvantages of each anticoagulant 
should be discussed with the patient and family members. 
The primary determinant in planning of the regimen is the 
dose of warfarin (or acenocoumarol) required to maintain 
the INR in therapeutic levels. The core principle remains 
that VKAs are the most potent regimen to decrease throm-
boembolic events in the mother.

Low-Dose Group—Warfarin < 5 mg/day 
(or acenocoumarol < 2 mg/day)
Because of the low risk of fetal damage in this group, 
 continuing warfarin throughout pregnancy is the safest 

option. VKAs should be continued until 36 weeks. Because 
of high risk of maternal and fetal bleeding in  anticoagulated 
women, she should be changed to intravenous UFH or 
twice-daily LMWH based on local resources and cost about 
2 weeks prior to anticipated delivery. Parenteral heparin 
should be stopped 4 to 6 hours prior to labor and started 
4 to 6 hours after delivery or when bleeding has stopped.

If a woman desires so, she can also switch to parenteral 
anticoagulation with heparin form 6 to 12 weeks. Interest-
ingly, in the ROPAC registry up to 50% of valve thrombosis 
occurred during switching from VKA, and switching should 
ideally performed in hospitalized setting.9

High-Dose Group—Warfarin > 5 mg/day 
(or acenocoumarol > 2 mg/day)
Because of high risk of embryopathy at such high doses, it 
is ideal to switch to intravenous UFH or twice-daily LMWH 
from 6 to 12 weeks of gestation and continue with oral VKAs 
for rest of pregnancy. As discussed previously, this regimen 
virtually has eliminated the risk of warfarin embryopathy. 
The choice between the two parenteral regimens would 
depend on cost, availability of anti-Xa assay, and facility of 
hospitalization. In absence of an anti-Xa assay, the guide-
lines advocate against use of LMWH that would be the 
case in many parts of our country. On the other hand, the 
ability to administer LMWH in an outpatient basis appears 
 appealing and can help reduce cost of hospitalization in an 
already overburdened health system. Remaining part of the 
management remains the same as in case of low-dose group. 
INR  monitoring on VKA is recommended on a fortnightly 
basis. An algorithm for anticoagulation in pregnancy with 
 mechanical valves is presented in ►Fig. 2.

General Principles of Management of Pregnancy
Prepartum Counseling
Women of child-bearing age group with prosthetic valves should 
have preconception counseling about the maternal cardiac and 
obstetric risks with pregnancy. Additionally, fetal and neonatal 
risks also need to be detailed. The option of avoiding  pregnancy 
should also be clearly discussed. Baseline documentation of 
symptoms and echocardiographic parameters of prosthetic valve 
serves as a guide should the woman become pregnant.

Antepartum Phase
Prosthetic valves constitute a high-risk pregnancy and 
should be managed at experienced centers by team 
comprising the cardiologist, obstetrician (preferably with 
 expertise in handling high-risk pregnancies), and fetal 
medicine expert. At the first antenatal visit, it is imperative 
to perform a full physical examination, electrocardiogram, 
and two-dimensional (2D) echocardiogram to assess valve 
hemodynamics. Detailed assessment of medical therapy 
is essential to discontinue drugs that are contraindicated 
in pregnancy such as angiotensin-converting enzyme 
(ACE) inhibitors, angiotensin receptor blockers (ARBs), 
and aldosterone antagonists. Discussion regarding various 
options for anticoagulation also is vital in women with 
a mechanical valve. The type of mechanical valve and 
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Fig. 2 Proposed algorithm for anticoagulation during pregnancy. *Equivalent doses of acenocoumarol—2 mg/day and phenprocoumon 3 mg/
day; LMWH, low-molecular-weight heparin; UFH, unfractionated heparin].
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baseline valve functions determine the follow-up intervals. 
 Bioprosthetic valves with good functioning can be monitored 
at ease in each trimester. Those with poor baseline valve 
function need to be monitored more frequently. For 
mechanical valves, need  frequent monitoring for adequate 
anticoagulation fortnightly or preferably weekly is essential. 
Monthly echocardiogram and clinical follow-up are also rec-
ommended by guidelines. Any deterioration in clinical sta-
tus  warrants urgent attention of physician, and high index 
of suspicion is required for early detection of complications.

Management of Delivery
Having a predefined protocol for managing for labor and 
delivery leads to better maternal and fetal outcomes. For 
women with bioprosthetic valves, vaginal delivery is pre-
ferred. For those with a mechanical heart valve, management 
of anticoagulation in peripartum period is of paramount 
importance. Because of high risk of fetal intracranial hem-
orrhage, vaginal delivery on VKAs needs to be avoided. Such 
women need to be electively hospitalized at 36 or 2 weeks 
prior to scheduled delivery for switching to parenteral hep-
arins (UFH or LMWH). For patients on LMWH, it needs to 
be discontinued and UFH must be started 36 hours prior 
to delivery and continued up to 4 to 6 hours prior to it. Its 
emergency delivery is required in the woman on LMWH or 
UFH. Protamine can be used to reverse the effects of UFH and 
LMWH (partial reversal possible). Elective cesarean section 
can also be considered in women on VKAs to minimize the 
interruption in anticoagulation.

For women on VKAs who present in active or preterm 
labor, cesarean section is the only choice. Fresh frozen  plasma 
needs to be administered, supplemented by oral vitamin, 
 prior to surgery to attain INR less than 2. Because of placental 
travel, the fetus also becomes anticoagulated and needs fresh 
frozen plasma and vitamin K.

Postpartum Phase
All the anticoagulants can be safely prescribed during 
breast-feeding. Minimizing the interruption of VKAs is 
essential in patients with mechanical valves, and switch 
from parenteral heparin to VKAs should be done as soon 
as  feasible. Diuretics (except spironolactone), β-blockers 
(preferably, metoprolol), and digoxin can be safely admin-
istered. Renin-angiotensin-aldosterone system (RAAS) (ACE 
 inhibitors and ARBs) blockers are secreted in breast milk 
and are best avoided. When absolutely unavoidable, capto-
pril, benazepril, and enalapril are advocated by the recent 
ESC guideline.8

Contraception
Because of the heightened risk of thrombosis in  pregnancy, 
choice of contraception needs to be addressed carefully. 
 Estrogen-containing pills have a risk of arterial and venous 
thrombosis and are best avoided. The other options to be 
 considered are barriers methods and progesterone-based 
contraceptives. Failures rates are high with barrier methods 
and progesterone-based contraceptives like pills, intrauterine 
devices, etc. need to be considered in whom pregnancy will 

be extremely high risk (e.g., patients with double mechanical 
valves, prior history of PVT, prosthetic valve dysfunction). Apt 
consideration needs to be given to permanent  contraception 
in patients with already completed family. The general 
 principles of management are summarized in ►Fig. 3.

Management of Complications

Prosthetic Valve Thrombosis
High index of suspicion is required for diagnosis of PVT. 
 Worsening of dyspnea, thrombotic events, and arrhythmias 
should alert the physician. Combination of clinical assess-
ment, transthoracic and transesophageal echocardiography, 
and rarely, fluoroscopy should clinch the diagnosis. Man-
agement options are similar to the nonpregnant setting and 
include parenteral anticoagulation, fibrinolysis, and surgery. 
The patient’s clinical status, anatomical position, and size 
of thrombus guide the selection of management strategy. 
Parenteral anticoagulation (UFH or LMWH) is ideal for the 
patient who is hemodynamically stable and gives past histo-
ry of inadequate or interrupted anticoagulation. Fibrinolysis 
should be reserved for right-sided endocarditis, critically ill 
left-sided endocarditis with high risk for surgery or nonavail-
ability of surgery, and finally in noncritical patients when 
parenteral heparin has failed. Generally, fibrinolytic agents 
do not cross the placenta because of their high molecular 
weight, but there remains a risk of placental abruption and 
embolization to fetus. Low-dose and slow-infusion throm-
bolysis with alteplase has been demonstrated to be safe and 
effective in PVT in pregnancy.35

Emergency surgery is required when the patient is hemo-
dynamically unstable with obstructive thrombus and when 
medical therapy fails in noncritically ill patients. However, the 
limitations of surgery include problem of availability in odd 
hours and high rate of fetal (30%) as well as maternal loss (6%).36

Infective Endocarditis
Infective endocarditis during pregnancy is not very common, 
and estimated rates are 3 to 12 per 1,000 with prosthetic 
valves.37 The maternal and fetal mortality rates remain high 
at 33% and 29%, respectively. Management principles should 
follow the guidelines for management in IE in nonpregnant 
situation. Care should be undertaken to use antibiotics safe 
in pregnancy such as penicillin, ampicillin, amoxicillin, eryth-
romycin, and cephalosporins. Aminoglycosides and tetra-
cyclines are harmful for the fetus at all times, and their use 
should be restricted as far as practical. Surgery becomes 
indispensable when the patient has refractory heart failure 
or cardiogenic shock, but fetal mortality remains high as 
 previously alluded to.

Arrhythmias
Supraventricular arrhythmia and AF are the most common 
arrhythmias in pregnant women with cardiac disease. Ven-
tricular tachyarrhythmias, though uncommon, predispose 
the patient to the risk of sudden cardiac death in presence of 
structural heart diseases.
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For paroxysmal supraventricular tachycardia, adenos-
ine is recommended for acute termination. β-Blocking 
agents, except (atenolol), are advised for prophylaxis. For 
atrial flutter and AF, the patient’s hemodynamic status 
will guide the therapy. DC cardioversion is the therapy of 
choice in unstable patients whereas ibutilide or flecain-
ide should be considered in stable patients. β-Blockers are 
again useful for rate control for long term.

For ventricular tachycardia (VT) with  hemodynamic insta-
bility, DC cardioversion is required. In absence of adverse 
hemodynamic profile, intravenous sotalol or procainamide 
are preferred agents for rate control. Amiodarone should 
be reserved or refractory cases. β- Blocker again comes 
into picture for prophylaxis. An implantable cardioverter- 
defibrillator (ICD) should be implanted before pregnancy 
in high-risk  clinical situations, but it can also be given for 
therapy- resistant VTs during pregnancy.

Heart Failure
Principles of management are same as those of out of preg-
nancy. However, the medical treatment needs to be tailored 
or adapted for pregnancy. ACE inhibitors, ARB, and direct 

renin inhibitors are avoided due to enhanced risk of fetal 
toxicity.38,39 Hydralazine and nitrate are safer alternatives to 
RAAS blockers. Dopamine and levosimendan are preferred 
inotropes. Diuretics should be used judiciously as they can be 
diminished placental flow. Spironolactone and eplerenone 
should be avoided. β1 selective agents such as metoprolol 
should be preferred over atenolol.40

Conclusion
Pregnancy with prosthetic valves is a high-risk situation with 
increased maternal and fetal morbidity. Adequate risk strati-
fication and continuous monitoring are the key to preempt-
ing complications. Tissue valves overall fare  better with low 
thrombogenic risk and lack of dependency on  anticoagulation 
but suffer the risk of structural degeneration of valve. Mechan-
ical valves have excellent durability, but the need for seamless 
anticoagulation adds an additional burden of complications 
apart from the inherent thrombotic risk. However, use of low-
dose VKAs and targeted substitution with parenteral heparin 
have brought down the  maternal and fetal adverse events. 
However, despite improved  outcomes, irrespective of valve 
used (tissue, mechanical–new or old, Ross procedure), there 

Fig. 3 General principles of management in prosthetic vales with pregnancy. VKA, vitamin K antagonists.
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remains an enhanced risk vis-à-vis the cohort without any 
prosthetic valve. These patients are best managed in tertiary 
care center with a team expert comprising the obstetrician, 
cardiologist, hematologist, and neonatologist.
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of coronary tree, abnormal myocardial metabolism, endothelial 
dysfunction, altered platelet reactivity and elevated reinfarction 
rates are putative causative elements. Nevertheless, diminished 
pain perception may lead to episodes of so called “silent infarction” 
or atypical symptoms causing delayed presentation to emergency 
department, both leading to delay in timely reperfusion in STEMI. 

Establishment of prompt reperfusion of infarct related artery 
remains the goal in STEMI management. ST segment resolution is 
rapid and inexpensive tool to assess efficacy of reperfusion therapy 
in STEMI at bedside.7 Various studies have also documented the poor 
prognosis associated with non resolution of ST segment following 
thrombolysis.8,9 Thrombolytic therapy fails to achieve effective 
reperfusion in diabetic subset even in a setting of early presentation.10

In resource poor developing countries the goal of Primary PCI 
for all STEMI patients remains elusive. Recently, the STREAM 
trial investigators have shown non inferiority of a pharmacoinvasive 
strategy compared to Primary PCI.11 Even then transferring all 
patients to PCI capable centers after thrombolytic would impose a 
huge financial and logistic challenge. Then how to triage patients for 
a pharmacoinvasive approach? In light of the previous discussion, 
it suffices to say that Diabetic patients irrespective of ST segment 
resolution status and STEMI patients without ST segment resolution 
or partial resolution after an initial thrombolytic should be primarily 
candidates for this approach. Even in a pharmacoinvasive approach, 
use of a third generation fibrin specific fibrinolytic for a diabetic 
patient is preferable to achieve an early reperfusion enabling the 
diminished risk during transfer.

However the story does not end here. Diabetes also remains a 
predictor of adverse events in setting of PCI in acute MI. Diabetes 
remains a primary mechanism for  “Slow flow” or “No reflow” 
phenomenon in acute coronary syndrome with consistent role in 
adverse outcomes.13 Diabetes mellitus also predicts increased risk 
of  stent thrombosis  after percutaneous coronary intervention in the 
setting of acute MI.12 Etiology of stent thrombosis is multifactorial 
including diffuse disease, low calibre vessels and altered platelet as 
well as endothelial function.

A pragmatic approach is needed for management of acute MI in 
diabetes. Use of potent third generation fibrinolytic like tenecteplase 
would be an initial step in the cascade. Novel anti platelet agent 

Prasugel has been to reduce stent thrombosis and mortality in diabetes 
with STEMI.14 Parenteral Glycoprotein IIb/IIIa antagonist and 
thrombus aspiration are useful for prevention and treatment of slow 
flow.15 Third generation thin strut drug eluting stents have reduced 
both acute thrombosis and late restenosis too.16 High dose statins and 
other drugs for secondary prevention also improve outcomes.

To summarize, diabetes remains a high risk if not equivalent 
condition for development of Myocardial infarction. Appropriate 
selection of treatment strategies is need of hour to mitigate the risk 
associated with it.
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7. Schröder R. Prognostic Impact of Early ST-Segment Resolution in Acute 
ST-Elevation Myocardial Infarction. Circulation. 2004;110:506‒510. 

J Diabetes Metab Disord Control. 2018;5(5):174‒175. 174
© 2018 Pradhan et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and build upon your work non-commercially.

Diabetes and myocardial infarction: revisiting the 
conundrum!

Volume 5 Issue 5 - 2018

Akshyaya Pradhan, Rishi Sethi
Department of Cardiology, King George’s Medical University, 
India

Correspondence: Akshyaya Pradhan, Department of 
Cardiology, King George’s Medical University, India, Tel +91 
8400813739, Email akshyaya33@gmail.com

Received: October 01, 2018  | Published: October 08, 2018

Journal of Diabetes, Metabolic Disorders & Control

Mini Review Open Access

Mini review
The idea of Diabetes Mellitus as a Myocardial infarction (MI) 
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twenty years back.1 and was reaffirmed again in 2005 by Juutilainen 
et al.2 Although recent studies have challenged the concept, 3‒4 the is 
no confusion as to the pivotal role of diabetes in driving coronary 
artery disease (CAD) and diabetes remains one of the most important 
risk factor for developing CAD.  Not only diabetic patients have more 
prevalence of coronary artery disease, it is clearly more extensive too.5 

Unfortunately, mortality rates with acute coronary syndromes in such 
patients is 1.5-2 times higher than non diabetic cohorts.6 Increased 
incidence of congestive heart failure, decreased vasodilatory reserve 
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of coronary tree, abnormal myocardial metabolism, endothelial 
dysfunction, altered platelet reactivity and elevated reinfarction 
rates are putative causative elements. Nevertheless, diminished 
pain perception may lead to episodes of so called “silent infarction” 
or atypical symptoms causing delayed presentation to emergency 
department, both leading to delay in timely reperfusion in STEMI. 

Establishment of prompt reperfusion of infarct related artery 
remains the goal in STEMI management. ST segment resolution is 
rapid and inexpensive tool to assess efficacy of reperfusion therapy 
in STEMI at bedside.7 Various studies have also documented the poor 
prognosis associated with non resolution of ST segment following 
thrombolysis.8,9 Thrombolytic therapy fails to achieve effective 
reperfusion in diabetic subset even in a setting of early presentation.10

In resource poor developing countries the goal of Primary PCI 
for all STEMI patients remains elusive. Recently, the STREAM 
trial investigators have shown non inferiority of a pharmacoinvasive 
strategy compared to Primary PCI.11 Even then transferring all 
patients to PCI capable centers after thrombolytic would impose a 
huge financial and logistic challenge. Then how to triage patients for 
a pharmacoinvasive approach? In light of the previous discussion, 
it suffices to say that Diabetic patients irrespective of ST segment 
resolution status and STEMI patients without ST segment resolution 
or partial resolution after an initial thrombolytic should be primarily 
candidates for this approach. Even in a pharmacoinvasive approach, 
use of a third generation fibrin specific fibrinolytic for a diabetic 
patient is preferable to achieve an early reperfusion enabling the 
diminished risk during transfer.

However the story does not end here. Diabetes also remains a 
predictor of adverse events in setting of PCI in acute MI. Diabetes 
remains a primary mechanism for  “Slow flow” or “No reflow” 
phenomenon in acute coronary syndrome with consistent role in 
adverse outcomes.13 Diabetes mellitus also predicts increased risk 
of  stent thrombosis  after percutaneous coronary intervention in the 
setting of acute MI.12 Etiology of stent thrombosis is multifactorial 
including diffuse disease, low calibre vessels and altered platelet as 
well as endothelial function.

A pragmatic approach is needed for management of acute MI in 
diabetes. Use of potent third generation fibrinolytic like tenecteplase 
would be an initial step in the cascade. Novel anti platelet agent 

Prasugel has been to reduce stent thrombosis and mortality in diabetes 
with STEMI.14 Parenteral Glycoprotein IIb/IIIa antagonist and 
thrombus aspiration are useful for prevention and treatment of slow 
flow.15 Third generation thin strut drug eluting stents have reduced 
both acute thrombosis and late restenosis too.16 High dose statins and 
other drugs for secondary prevention also improve outcomes.

To summarize, diabetes remains a high risk if not equivalent 
condition for development of Myocardial infarction. Appropriate 
selection of treatment strategies is need of hour to mitigate the risk 
associated with it.
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et al.2 Although recent studies have challenged the concept, 3‒4 the is 
no confusion as to the pivotal role of diabetes in driving coronary 
artery disease (CAD) and diabetes remains one of the most important 
risk factor for developing CAD.  Not only diabetic patients have more 
prevalence of coronary artery disease, it is clearly more extensive too.5 

Unfortunately, mortality rates with acute coronary syndromes in such 
patients is 1.5-2 times higher than non diabetic cohorts.6 Increased 
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Background: The lack of information on the association of certain 
factors in the pathophysiology of the chronic inflammatory disorder, 
Asthma limits its early detection and therapy. Keeping these facts in 
view, an endeavour was made to investigate the roles, if any, such as 
IL-17A, FoxP3 and GATA-3 in the occurrence and intensity of asthma 
in north Indian population. 
Objective: The study was conducted to evaluate the level of FoxP3, 
GATA-3 and IL-17A in symptomatic asthma patients as compared to 
healthy controls. 
Methods: In the study we had taken 125 cases and 125 controls. Levels 
of total interleukin 17A, transcription factors FoxP3 and GATA-3 were 
measured by ELISA in serum of asthmatic patients. Student’s T-test 
and ANOVA test was applied for quantitative variables. The qualitative 
variables analyzed using Chi-Square test /Fisher’s exact test.
Results: Clinical symptoms like breathlessness, cough, headache, 
disturbed sleep, congestion, and wheezing were found significantly 
elevated in asthmatics as compared to the controls. Except haemoglobin; 
in the cases the levels of blood eosinophils, Absolute Eosinophil Count 
(AEC), Total Leukocyte Count (TLC) and serum Immunoglobulin E (IgE) 
were observed higher as compared to the controls and also the higher 
serum levels of IL-17A and GATA-3 were found in the cases. Contrary 
to IL-17A and GATA-3; the levels of FoxP3 was increased in the control, 
and was lower in the patient serum. A positive correlation was found 
between total IgE and GATA-3 (Pearson Correlation=0.283, P=0.042). 
We have shown that GATA-3 is increased in the asthmatic patients 
(0.541±0.140) than in the controls (0.312±0.076). The GATA-3 was 
found over expressed in patients with severe asthma.
Conclusion: Increased level of GATA-3 and IL-17A might be useful as 
diagnostic marker for patients with symptomatic asthma there is need 
for further larger scale studies to establish the role of these biomarkers 
in asthmatic patients.

Keywords: Asthma, GATA-3, FOXP3, IL-17A, Indian Population
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Introduction 
Among many persistent inflammatory respiratory diseases, 
asthma is the most common. It has been characterized 
by bronchial hyper-responsiveness, short breaths, and 
frequent events of wheezing, chest tightness, coughing 
and increase in total immunoglobin (IgE) levels.1 Being one 
of the most prevalent chronic diseases of airways, asthma 
has been reported to adversely affect >300 million people 
worldwide for the most part to the children and adults.2 In 
United States, asthma has affected >23 million adults. As 
compared to men, women are more vulnerable to asthma 
with greater morbidity.3 In India, currently about 30 million 
people are reported to be afflicted with this disease. Looking 
at the data of the last one decade, the prevalence of asthma 
in children has been observed to be constantly increasing 
in the Indian subcontinent.

In previous decade, a major investigation has dealt with 
the role of T-helper cells (Th1, Th2 and Th17) and their 
mediators/ cytokines that have been associated in the 
onset of airway inflammatory response in asthma.4 It has 
been reported that the cytokines released by Th2 cells are 
essential for Immunoglobulin E (IgE) synthesis, chemokine 
production, and mucous production in the airways.5 The 
chronic respiratory inflammation and hyper-responsiveness 
have been indicated to be an outcome of a coordinated 
interaction between T and B-cells, as well as the mast 
cells and eosinophils.6 We have demonstrated that Th17 
cells may be responsible for pathogenesis of inflammation 
due to allergy in asthma. They have further indicated that 
allergic asthma may enhance the number of Th17 cells and 
hence the production of Th17 cytokines in the patients.7 
This conclusion suggests that there may be involvement 
of Th17 immunity in the systemic immune responses of 
allergic asthma.8 The results of certain clinical experiments 
have suggested that Th17 mediated inflammation plays 
significant role in the patients suffering from severe 
asthma and neutrophilic inflammation, as well as steroid-
resistance.9 The interleukin 17 (IL17) is the main cytokine 
of Th17 cells which plays a key role in imparting protection 
against infection. IL17 has also been implicated to induce 
and maintain chronic inflammatory disorders.10 The IL-17A 
and IL-17F are the two essential members belonging to the 
IL-17 family of cytokines.11

Recent data have indicated that the expression of IL-17A 
in sub mucosa of bronchia is increased,12 which reflects 
the possible involvement of IL-17A in the pathogenesis 
of asthma.13 Also, Treg has been shown to play a part in 
prevention of the allergic diseases via suppression of the 
production and activities of Th2 cytokines.14,15 Like Treg, 
some other factors which include CD4, CD25, and FoxP3 
(fork head box transcription factor) have been shown to be 
involved in the development as well as in the functioning 

of Th2.16-19 The role of FoxP3 has been assigned to regulate 
differentiation of native T-cells into Treg phenotype.18-20 
These cells suppress the functions of T cells which are auto-
reactive in nature and may control Th2 cells implicated in 
pathogenesis and also the Th1 cells which are expected 
to be involved into initiation of asthma.19 Th2 cells and 
GATA-3 gene have important role in IgE production, allergic 
inflammation and asthma.21 The low expression of GATA-3 
gene in asthmatics found under basal conditions and even 
after in vitro stimulation which was expected to be higher 
alike younger asthmatic groups.22,23 GATA-3 expression in 
both groups was analyzed in basal as well as in activated 
states. The increased FoxP3 transcription factor modulates 
the immune response.20,24 The aim of study was to analyse 
the concentrations of IL-17A, FoxP3, GATA-3 and IgE in 
the blood serum of asthmatic and healthy control groups. 

Materials and Methods 
Period of Study

The study was conducted for 12 month duration in 2016. 
Prior approval was obtained from institutional ethics 
committee constituted by King George’s Medical University 
(KGMU), Lucknow comprising of external experts as 
members.

Study Population 

The study population included cases and control with 
125 cases and 125 controls were enrolled on the bases 
of inclusion and exclusion criteria from the OPD of the 
Department of Pulmonary and Critical Care Medicine, 
and King George’s Medical University (KGMU), Lucknow. 
Spirometry test for both cases and controls were assessed 
in the study for lung function by Spirometry method and 
predicted values of FEV1 were calculated. Spirometry was 
defined by a percentage of FEV1 within 3 hours after included 
in OPD of the Department of Pulmonary and Critical Care 
Medicine, King George’s Medical University (KGMU), were 
considered as one of the parameters.

Collection of Demographic and Epidemiological 
Information 

A pre-designed Performa was employed to collect 
demographic and epidemiological information on age, 
sex, occupation, family history, clinical symptoms with more 
than five days based on records available with the patient 
and history of illness in the last 12 months suggestive of 
infectious nature viz, chest infections, chest tightness, 
Breathlessness, Cough Headache, Disturbed sleep, Chest 
tightness, Wheezing for which treatment was sought from 
local practitioners.

Clinical Specimens

Blood samples were collected from patient’s visiting the 
OPD. The patients were classified as cases and controls and 
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blood were collected in the plain vial for the separation 
of serum. 

Inclusion and Exclusion Criteria
All the samples from controls and cases were categorized 
under following inclusion and exclusion criteria: 

The Inclusion Criteria for Cases

• Age: 18 years to 65 years
• Cases were taken irrespective of the stage of asthma
• Patient who has symptoms of persistent cough, sputum 

production, or dyspnea, and/or a history of exposure to 
risk factors for the disease. The diagnosis is confirmed 
by spirometry (as per GINA criteria)

• Asthma: >12% reversibility of FEV1 with inhaled 
bronchodilators

Exclusion Criteria for Cases

• Age<18 years
• Other associated diseases (TB, Pneumonia and other)
• Pregnancy
• COPD Patients have <80% predicted and FEV1/FVC<70%

Inclusion Criteria of Control 

• Age sex matched
• Not to be primary relative of the patients

Exclusion Criteria for Control

• Age <18 years
• Other associated disease (COPD)
• Pregnancy
• Patients have <80% predicted and FEV1/FVC<70%

The clinical specimens, comprising of blood and serum 
samples, were received by the Department of Pulmonary 
and Critical Care Medicine of KGMU Hospital under standard 
transport conditions. The specimens were processed for 
identification as per standard protocol techniques and the 
levels of haemoglobin, eosinophils, Absolute Eosinophil 
Count (AEC), Total Leukocyte Count (TLC) and serum 
Immunoglobulin E (IgE) were estimated. Total serum protein 
levels was determined for IL-17F, GATA-3 and FoxP3 using 
standard ELISA kits (M/ s Sunred). 17F levels was determined 
using ELISA Kits (Sunred M/ s, ELISA Kit Catalogue no. 201-
12-0047), FOXP3 ELISA Kit Catalogue no. DZE201120693), 
GATA3 ELISA Kit Catalogue no. DZE201123855). The tests 
were performed on 125 cases and 125 controls, as per the 
manufacturer’s protocol. 

The ELISA was performed as per the standard procedure. 
The wells of the ELISA plates were coated with 40 µl of test 
sample to which 10 µl of biotin labelled IL 17F antibody 
were added. Further, 50 µl of Streptavidin HRP was added 
and the plates were sealed and gently mixed. The plates 
were incubated at 37°C for 60 minutes. The membrane 

was carefully removed and the liquid was decanted and 
the wells were briefly washed. 50 µl of chromagen solution 
A and solution B each were added in the order and were 
gently mixed followed by incubation in dark at 37°C for 10 
minutes. The reaction was then stopped by adding 50 of 
the stop solution.

The blank wells were coated with buffer solution in place 
of the samples. Rest of the procedure was same. Similarly, 
standard solution was added in place of the samples in the 
wells labelled as standard.

The plates were read at 450nm wave length soon after 
adding the stop solution. The OD readings were normalized 
using blank reading taken as zero.

Data Evaluation and Statistical Analysis

Quantitative variables were compared using Unpaired 
Student’s T-test between two groups and ANOVA test was 
applied among three groups. Chi-Square test /Fisher’s exact 
test was applied to Qualitative variables and p value found 
<0.05 considered statistically significant. The Statistical 
Package for Social Sciences (SPSS) version 16.0 was used 
to analyze the data.

Result
Characteristics of the Study Population 

The demographic profile of patients suffering from cases and 
the controls have been summarised in Table 1. Our study 
included 125 cases consisting 46 males and 79 females. 
Four samples with 18 years, seventy seven cases between 
18 to 35 years, forty three cases between 36 and 50 years 
and one case above 60 years of age were considered for 
the study. The control group included 45 males and 80 
females of age 18 years, seventy seven controls between 
18 to 35 years, forty two were between 36 and 50 years 
and above 60 years. In the present study, we observed 
tobacco smoking habits were similar in the cases and 
control (Table 2).

Clinical Symptoms in Study Population

The occurrence of breathlessness, cough, headache, 
disturbed sleep, chest tightness, and wheezing were 
recorded to be 89.6%, 87.2%, 84.0%, 76.8%, 76.8%, 91.2% 
and 81.6%, respectively, in the patients. The FEV1 (%) 
changes (18.3520± 5.160) were also observed. The values of 
the clinical indices for above parameters in the cases were 
much higher than that in the controls (Table 3 and Figure 1).

Laboratory Parameters in Study Population 

The values of parameters of laboratory investigations of 
the cases and controls are depicted in Table 4. The levels of 
IgE, Eosinophil, AEC, TLC and Hb (Mean±SD) were observed 
to be 399.6±11.27 IU/ml, 7.330±0.4110 % , 541.2±15.67 
cell/cum and 6861±236.4 cell/cum 10.95±0.1247 (gm/
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dl), respectively, in the cases. Except Hb, the values of 
other clinical parameters were significantly higher than 
the controls. The level of Hb, however, was lower 0.95 ± 
0.1247 (gm/dl) in the cases when compared to the control 
(13.01 ± 0.1567 gm/dl).        

The levels of IL-17A, FOXP3 and GATA-3 in serum by ELISA of 
cases and controls were estimated and the sensitivity and 
specificity was determined as described in the materials 
and methods section. The results thus obtained are been 

summarised in Table 5. The IL-17A levels were found to 
be 0.439±0.110 ng/l in the cases and 0.318±0.073 ng/l 
in the controls. The GATA-3 and FoxP3 levels in cases 
and in controls as shown in Table 5 were estimated to be 
0.541±0.140 ng/l in cases and 0.312±0.076 ng/l in controls. 
The levels of FOXP3 were 0.397± 0.101 ng/l in the asthmatics 
and 0.583±0.143 ng/l in the controls. It was observed in 
cases contained higher levels of IL-17A and GATA-3 but 
there were decreased level of FOXP3 in cases (Figure 2). 

Groups
Total

Cases Controls

Age intervals

18 years
Count 4 5 9

% within Groups 3.2% 4.0% 3.6%

18 to 35 years
Count 77 77 154

% within Groups 61.6% 61.6% 61.6%

36 to 50 years
Count 43 42 85

% within Groups 34.4% 33.6% 34.0%

Above 60 years
Count 1 1 2

% within Groups .8% .8% .8%

Total
Count 125 125 250

% within Groups 100.0% 100.0% 100.0%

Table 1.Demographic profile of asthmatics and control: 
descriptive statistics

Table 2.Status of smoking

Groups
Total

Cases Controls

Status of 
smoking

Absent
Count 64 69 133

% within Groups 51.2% 55.2% 53.2%

Present
Count 61 56 117

% within Groups 48.8% 44.8% 46.8%

Total
Count 125 125 250

% within Groups 100.0% 100.0% 100.0%

Table 3.Clinical symptoms

Symptoms
Cases (N=125) Controls (N=125)

P-value
N % N %

Breathlessness 112 89.6 56 44.8 <0.001*
Cough 109 87.2 69 55.2 <0.001*

Headache 105 84.0 76 60.8 <0.001*
Disturbed sleep 96 76.8 76 60.8 0.006*
Chest tightness 114 91.2 86 68.8 <0.001*

Wheezing 102 81.6 80 64.0 0.002*
Chi-square test Applied. *Significance.
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Figure 1.The symptomatic categories of cases in asthmatic patients. The values of these clinical indices as 
recorded for the above parameters. In the cases the indices were much higher than that in the controls

Table 4.Clinical indices in cases and controls

Groups Number Mean Std. Deviation p-value

Hb (gm/dl)
Cases 125 10.8480 1.15742 <0.001*

Controls 125 12.9712 1.58612

Eosinophil (%)
Cases 125 7.1280 3.81207 <0.001*

Controls 125 3.9920 2.14587

TLC (cell/cum)
Cases 125 6.4667E3 2434.10330 <0.001*

Controls 125 4.7287E3 1254.31956

IGE (IU/mL)
Cases 125 4.0147E2 112.58293 <0.001*

Controls 125 1.9281E2 78.27698

AEC (cell/cum)
Cases 125 5.3013E2 146.65842 <0.001*

Controls 125 4.2441E2 84.45824

FEV1 (%)
Cases 125 18.3520 5.16073 <0.001*

Controls 125 8.8080 1.67859

Table 5.The levels of IL-17 A, FOXP3, GATA3 in serum

Protein Groups Number Mean Std. Deviation p-value

IL-17 A (ng/l)
Cases 125 0.439 0.110

<0.001*
Controls 125 0.318 0.073

FOXP3 (ng/l)
Cases 125 0.429 0.124

<0.001*
Controls 125 0.583 0.143

GATA3 (ng/l)
Cases 125 0.541 0.140

<0.001*
Controls 125 0.312 0.076

Correlation among Interleukin and Transcription 
Factors in Different Categories of Cases 

The correlations among the proteins IL-17F, GATA-3, FoxP3 
and IgE have been shown in Table 6. A positive correlation 
established between total IgE and GATA-3 levels (Pearson 
Correlation=0.283, P=0.042) (Figure 3A). But there no 

correlation was found for the other transcription factor 
(FoxP3) and IL-17A, with the IgE values (Figure 3B and 
C).Statistical differences were observed between these 
analytes of asthmatics and controls for the IL-17A/ GATA-
3 (Figure 2). The balance between Treg/ Th effector cells 
may also regulate the level of inflammation in asthmatic 
(Figure 3). 
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Table 6.Correlations among the Proteins

IGE (IU/mL) IL-17 A (ng/l) GATA3 (ng/l) FOXP3 (ng/l)

IGE (IU/mL)
Pearson correlation 1.0 0.097 0.182* -0.103

Sig. (2-tailed) 0.283 0.042 0.255
N 125.0 125.0 125.0 125.0

IL-17 A (ng/l)
Pearson correlation 0.097 1.0 0.230** 0.063

Sig. (2-tailed) 0.283 0.010 0.488
N 125.0 125.0 125.0 125.0

GATA3 (ng/l)
Pearson correlation 0.182* 0.230** 1.0 0.026

Sig. (2-tailed) 0.042 0.010 0.775
N 125.0 125.0 125.0 125.0

FOXP3 (ng/l)
Pearson correlation -0.103 0.063 0.026 1.0

Sig. (2-tailed) 0.255 0.488 0.775
N 125.0 125.0 125.0 125.0

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

Figure 3. Correlations of IgE with all the three antigenic proteins (IL-17A, GATA-3 
and FoxP3) as determined by ELISA. GATA-3 and IgE show a positive correlation

Figure 2.IL-17A, FoxP3 and GATA3 value for asthma patients (n=25) and healthy control (n=25) groups. 
Results are expressed as ng/l. The results are statistically significant p-value= <0.001*. IL-17A, FoxP3 and 

GATA3 Mean+Standard Deviation, Asthma vs control. 0.439±0.110 vs 0.318±0.101., 0.397±0.101 vs 0.583± 
0.143 and  0.541±0.140 vs 0.312±0.076
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levels of IL-17A, FoxP3 and GATA-3 in smokers and in non-
smokers. Surprisingly, the levels of IL-17A (Figure 4a and 
4 b), FoxP3 (Figure 5a and 5b) and GATA-3 (Figure 6a and 
4b) were not able to discriminate the patients between 
smokers and non-smoker groups.

Discussion 
Asthma, a chronic disease affecting kids, young and adults 
at greater intensity, is often characterized by different levels 
of chronic inflammation as well as structural alterations 
in airway causing morbidity and mortality. Alyasin et al. 
have demonstrated that both the inflammatory as well 
as structural changes (airway remodeling) may be cause 
of inflammation in asthma.25,26 The structural changes 
include sub-epithelial thickening, epithelial detachment, 
airway smooth muscle hypertrophy, hyperplasia of goblet 
cell, enlargement of bronchial gland, angiogenesis and 
changes in the components of extracellular matrix, which 
are influenced by a complex cytokines network.27 Thus, 
a thorough knowledge about the cytokine network’s 
modulation during asthma may significantly contribute to 
understanding of pathogenesis of disease and also towards 
developing new therapeutic strategies to cure.

The data obtained from this study suggested that though 
the age and height were almost the same in asthmatics 
and in the controls; the cases displayed loss of weight 
in comparison to that of controls. Also among the total 
people recruited for this study, the smokers in the cases 
were higher with longer smoking duration than controls. 
However, the family history of asthma, breathlessness, 
cough, headache, disturbed sleep, chest tightness and 
wheezing were significantly higher in the asthmatics in 
comparison to the controls. Our results corroborate with 
the findings earlier reported while studying the expression 
of mRNA IL-17A in atopic asthmatics.28

In the onset of asthma attacks, the cytokine IL-17A plays 
a crucial role but in varied ways.  It has been shown by 
various groups that IL-17 is involved in influencing the 
number of respiratory tract neutrophil, generates hyper-
reactivity in respiratory tract, induces hyper-secretion of 
mucus, causes remodelling of airway, and also the steroid 
resistance.29-32 possibly, these cascades of events are the 
causes of pathogenesis of inflammation of airway due 
to allergic reactions. The variations in different genes 
associated with the occurrence and severity of asthma 
have also been recently demonstrated by Piva SR et al.33

The results from the present investigation reflected 
enhanced Immunoglobulin E (IgE) levels, eosinophils, AEC 
and TLC in the cases. However, the Hb content was lower in 
the cases in comparison to the controls. The elevated total 
IgE level is considered as one of the chief characteristics in 
the atopic asthmatics or allergic asthmatics.28 Mowahed 

Figure 4.The comparison of antigenic response 
between smokers (a) and non-smokers (b) using 

IL-17A.  The ELISA was repeated three times and 
mean±SD was determined

Figure 5.The comparison of antigenic response 
between smokers (a) and non-smokers (b) using 
FoxP3.  The ELISA was repeated three times and 

mean±SD was determined

Figure 6.The comparison of antigenic response 
between smokers (a) and non-smokers (b) using 

GATA-3. The ELISA was repeated three times and 
mean±SD was determined

Comparative of Smoking and Non-smoking 
Asthmatics 

In order to look for the correlation between the expression 
of different factors and the effect of tobacco inhalation in 
asthmatic patients, we have categorically determined the 
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M et al. have also reported the significantly higher 
concentration of serum IgE in the asthmatics than the 
normal individuals.34 The results of present investigation 
showing increased levels of eosinophils, AEC and TLC in the 
patients corroborate with the findings earlier presented, 
who have indicated that there could be some asthmatics 
with both eosinophilic and neutrophilic inflammations.35

The recent studies have indicated that T helper 17 (Th17) 
cells may be involved in the onset/ severity of asthma 
via inducing inflammation in airways through secreting 
interleukin IL-17A, a cytokine of Th17. Mowahed et al. 
have indicated that the serum IL-17A concentration got 
significantly elevated in the asthmatics in comparison to 
the controls.34 In our study, this pattern was recorded to be 
equivalent to their finding i.e. the serum IL-17A level was 
higher in the cases than the controls. The increased level of 
serum IL17-A seems to be associated to the pathophysiology 
of allergic asthma. 

Mowahed et al. have further expressed that IL-17A, like the 
IgE, rises in sera of asthmatics as the different indicators 
i.e. IgE increased in the serum consistently with the disease 
severity whereas IL-17A increased in serum with increase in 
severity of the disease.34 Thus they demonstrated almost no 
correlation between these two clinical indices. The results 
of our investigation reflected increase in the levels of these 
two parameters with the onset/ increase in the severity 
of the disease there by indicating a positive correlation 
between them.

In another study, it has been demonstrated that asthmatics 
exhibited a significantly higher level of serum IL-17A in 
comparison to controls (healthy) subjects thereby suggesting 
that IL-17A can be exploited as a potential clinical biomarker 
for prospective diagnosis and therapeutic management 
of asthma.36 In our study, the FoxP3 concentration was 
found significantly higher in asthmatic in comparison to 
healthy controls (p=0.000). The FoxP3 levels were also 
significantly higher in asthmatic group on corticosteroids. 
According to the Hori S et al. FoxP3 expression was also 
higher in CD4+CD25+ Treg cells in asthmatics as anti-
inflammatory.37,38 In contrast; Karengiannidis et al. found 
no significant difference in FoxP3 level in both healthy and 
asthmatics.39 There is an increased level of suppressive 
cytokines and transcription factor FoxP3 expression found 
on corticosteroid treatment.39-42 No data were yet found 
in the previous studies concerning the effect of clinical 
variables and other asthma medications on Treg FoxP3 
expression. Our study have shown that FoxP3 levels were 
not affected by the age, exposure to environmental tobacco 
smoke, disease control, asthma severity, lymphocyte 
percentage, eosinophil percentage or FEV1%. FoxP3 
levels are increased in healthy control as compared to 
asthmatic patients. FoxP3 levels are usually low in smoker 

and non-smoker in asthmatic patients group compare to 
the control group (Figure 5a and b). These findings propose 
that FoxP3 is important to predict the long-lasting asthma 
in the elderly, and can be implied for future therapeutic 
approach and asthma therapy. The zinc finger transcription 
factor GATA-3 has been found to control the expression 
and production of Th2 specific interleukins in isolated cell 
systems and invertebrates, which is found to be crucial 
transcription factor for immune activation.43-45 However, 
there has been demonstrated the expression of GATA-3 
in mast cells and also found to be expressed in airway 
epithelial cells, associated with the allergic reaction.46-48 
In our findings (Table 5) we have shown that GATA-3 is 
increased in the asthmatic patients (0.541 ± 0.140) than 
in the controls (0.312 ± 0.076) indicating over expression 
of GATA-3 in patients with severe asthma as reported by 
other groups.49 

The biomarkers were found to be responsive to the 
asthma in humans. The blood samples of the patients 
with other complications such as, cardiac disease that 
are symptomatically similar to asthma were excluded in 
the study. The response of these biomarkers needs to 
be studied in those complications as well before being 
proposed as diagnostic biomarkers for confirming asthma. 
These biomarkers are thus, candidate for further studies.

Conclusion
The increase in the extent of serum IL-17A, GATA-3, and 
IgE in the asthmatic patients may have a key role in disease 
pathogenesis. FoxP3 is generally increased in the control 
and is lower in patient serum. FoxP3 protein secreted by 
Treg may be a natural anti inflammatory in hyperimmune 
states like bronchial asthma. The FoxP3 production may 
be the cause of anti inflammation by anti-inflammatory 
agent (which is cortisol). Thus, the serum IL-17A, GATA-3 
and FoxP3 as well as IgE, may be exploited as a potential 
clinical biomarker for the suitable diagnosis and timely 
therapy of the disease.
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Background: The lack of information on the association of certain 
factors in the pathophysiology of the chronic inflammatory disorder, 
Asthma limits its early detection and therapy. Keeping these facts in 
view, an endeavour was made to investigate the roles, if any, such as 
IL-17A, FoxP3 and GATA-3 in the occurrence and intensity of asthma 
in north Indian population. 
Objective: The study was conducted to evaluate the level of FoxP3, 
GATA-3 and IL-17A in symptomatic asthma patients as compared to 
healthy controls. 
Methods: In the study we had taken 125 cases and 125 controls. Levels 
of total interleukin 17A, transcription factors FoxP3 and GATA-3 were 
measured by ELISA in serum of asthmatic patients. Student’s T-test 
and ANOVA test was applied for quantitative variables. The qualitative 
variables analyzed using Chi-Square test /Fisher’s exact test.
Results: Clinical symptoms like breathlessness, cough, headache, 
disturbed sleep, congestion, and wheezing were found significantly 
elevated in asthmatics as compared to the controls. Except haemoglobin; 
in the cases the levels of blood eosinophils, Absolute Eosinophil Count 
(AEC), Total Leukocyte Count (TLC) and serum Immunoglobulin E (IgE) 
were observed higher as compared to the controls and also the higher 
serum levels of IL-17A and GATA-3 were found in the cases. Contrary 
to IL-17A and GATA-3; the levels of FoxP3 was increased in the control, 
and was lower in the patient serum. A positive correlation was found 
between total IgE and GATA-3 (Pearson Correlation=0.283, P=0.042). 
We have shown that GATA-3 is increased in the asthmatic patients 
(0.541±0.140) than in the controls (0.312±0.076). The GATA-3 was 
found over expressed in patients with severe asthma.
Conclusion: Increased level of GATA-3 and IL-17A might be useful as 
diagnostic marker for patients with symptomatic asthma there is need 
for further larger scale studies to establish the role of these biomarkers 
in asthmatic patients.

Keywords: Asthma, GATA-3, FOXP3, IL-17A, Indian Population
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Introduction 
Among many persistent inflammatory respiratory diseases, 
asthma is the most common. It has been characterized 
by bronchial hyper-responsiveness, short breaths, and 
frequent events of wheezing, chest tightness, coughing 
and increase in total immunoglobin (IgE) levels.1 Being one 
of the most prevalent chronic diseases of airways, asthma 
has been reported to adversely affect >300 million people 
worldwide for the most part to the children and adults.2 In 
United States, asthma has affected >23 million adults. As 
compared to men, women are more vulnerable to asthma 
with greater morbidity.3 In India, currently about 30 million 
people are reported to be afflicted with this disease. Looking 
at the data of the last one decade, the prevalence of asthma 
in children has been observed to be constantly increasing 
in the Indian subcontinent.

In previous decade, a major investigation has dealt with 
the role of T-helper cells (Th1, Th2 and Th17) and their 
mediators/ cytokines that have been associated in the 
onset of airway inflammatory response in asthma.4 It has 
been reported that the cytokines released by Th2 cells are 
essential for Immunoglobulin E (IgE) synthesis, chemokine 
production, and mucous production in the airways.5 The 
chronic respiratory inflammation and hyper-responsiveness 
have been indicated to be an outcome of a coordinated 
interaction between T and B-cells, as well as the mast 
cells and eosinophils.6 We have demonstrated that Th17 
cells may be responsible for pathogenesis of inflammation 
due to allergy in asthma. They have further indicated that 
allergic asthma may enhance the number of Th17 cells and 
hence the production of Th17 cytokines in the patients.7 
This conclusion suggests that there may be involvement 
of Th17 immunity in the systemic immune responses of 
allergic asthma.8 The results of certain clinical experiments 
have suggested that Th17 mediated inflammation plays 
significant role in the patients suffering from severe 
asthma and neutrophilic inflammation, as well as steroid-
resistance.9 The interleukin 17 (IL17) is the main cytokine 
of Th17 cells which plays a key role in imparting protection 
against infection. IL17 has also been implicated to induce 
and maintain chronic inflammatory disorders.10 The IL-17A 
and IL-17F are the two essential members belonging to the 
IL-17 family of cytokines.11

Recent data have indicated that the expression of IL-17A 
in sub mucosa of bronchia is increased,12 which reflects 
the possible involvement of IL-17A in the pathogenesis 
of asthma.13 Also, Treg has been shown to play a part in 
prevention of the allergic diseases via suppression of the 
production and activities of Th2 cytokines.14,15 Like Treg, 
some other factors which include CD4, CD25, and FoxP3 
(fork head box transcription factor) have been shown to be 
involved in the development as well as in the functioning 

of Th2.16-19 The role of FoxP3 has been assigned to regulate 
differentiation of native T-cells into Treg phenotype.18-20 
These cells suppress the functions of T cells which are auto-
reactive in nature and may control Th2 cells implicated in 
pathogenesis and also the Th1 cells which are expected 
to be involved into initiation of asthma.19 Th2 cells and 
GATA-3 gene have important role in IgE production, allergic 
inflammation and asthma.21 The low expression of GATA-3 
gene in asthmatics found under basal conditions and even 
after in vitro stimulation which was expected to be higher 
alike younger asthmatic groups.22,23 GATA-3 expression in 
both groups was analyzed in basal as well as in activated 
states. The increased FoxP3 transcription factor modulates 
the immune response.20,24 The aim of study was to analyse 
the concentrations of IL-17A, FoxP3, GATA-3 and IgE in 
the blood serum of asthmatic and healthy control groups. 

Materials and Methods 
Period of Study

The study was conducted for 12 month duration in 2016. 
Prior approval was obtained from institutional ethics 
committee constituted by King George’s Medical University 
(KGMU), Lucknow comprising of external experts as 
members.

Study Population 

The study population included cases and control with 
125 cases and 125 controls were enrolled on the bases 
of inclusion and exclusion criteria from the OPD of the 
Department of Pulmonary and Critical Care Medicine, 
and King George’s Medical University (KGMU), Lucknow. 
Spirometry test for both cases and controls were assessed 
in the study for lung function by Spirometry method and 
predicted values of FEV1 were calculated. Spirometry was 
defined by a percentage of FEV1 within 3 hours after included 
in OPD of the Department of Pulmonary and Critical Care 
Medicine, King George’s Medical University (KGMU), were 
considered as one of the parameters.

Collection of Demographic and Epidemiological 
Information 

A pre-designed Performa was employed to collect 
demographic and epidemiological information on age, 
sex, occupation, family history, clinical symptoms with more 
than five days based on records available with the patient 
and history of illness in the last 12 months suggestive of 
infectious nature viz, chest infections, chest tightness, 
Breathlessness, Cough Headache, Disturbed sleep, Chest 
tightness, Wheezing for which treatment was sought from 
local practitioners.

Clinical Specimens

Blood samples were collected from patient’s visiting the 
OPD. The patients were classified as cases and controls and 
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blood were collected in the plain vial for the separation 
of serum. 

Inclusion and Exclusion Criteria
All the samples from controls and cases were categorized 
under following inclusion and exclusion criteria: 

The Inclusion Criteria for Cases

• Age: 18 years to 65 years
• Cases were taken irrespective of the stage of asthma
• Patient who has symptoms of persistent cough, sputum 

production, or dyspnea, and/or a history of exposure to 
risk factors for the disease. The diagnosis is confirmed 
by spirometry (as per GINA criteria)

• Asthma: >12% reversibility of FEV1 with inhaled 
bronchodilators

Exclusion Criteria for Cases

• Age<18 years
• Other associated diseases (TB, Pneumonia and other)
• Pregnancy
• COPD Patients have <80% predicted and FEV1/FVC<70%

Inclusion Criteria of Control 

• Age sex matched
• Not to be primary relative of the patients

Exclusion Criteria for Control

• Age <18 years
• Other associated disease (COPD)
• Pregnancy
• Patients have <80% predicted and FEV1/FVC<70%

The clinical specimens, comprising of blood and serum 
samples, were received by the Department of Pulmonary 
and Critical Care Medicine of KGMU Hospital under standard 
transport conditions. The specimens were processed for 
identification as per standard protocol techniques and the 
levels of haemoglobin, eosinophils, Absolute Eosinophil 
Count (AEC), Total Leukocyte Count (TLC) and serum 
Immunoglobulin E (IgE) were estimated. Total serum protein 
levels was determined for IL-17F, GATA-3 and FoxP3 using 
standard ELISA kits (M/ s Sunred). 17F levels was determined 
using ELISA Kits (Sunred M/ s, ELISA Kit Catalogue no. 201-
12-0047), FOXP3 ELISA Kit Catalogue no. DZE201120693), 
GATA3 ELISA Kit Catalogue no. DZE201123855). The tests 
were performed on 125 cases and 125 controls, as per the 
manufacturer’s protocol. 

The ELISA was performed as per the standard procedure. 
The wells of the ELISA plates were coated with 40 µl of test 
sample to which 10 µl of biotin labelled IL 17F antibody 
were added. Further, 50 µl of Streptavidin HRP was added 
and the plates were sealed and gently mixed. The plates 
were incubated at 37°C for 60 minutes. The membrane 

was carefully removed and the liquid was decanted and 
the wells were briefly washed. 50 µl of chromagen solution 
A and solution B each were added in the order and were 
gently mixed followed by incubation in dark at 37°C for 10 
minutes. The reaction was then stopped by adding 50 of 
the stop solution.

The blank wells were coated with buffer solution in place 
of the samples. Rest of the procedure was same. Similarly, 
standard solution was added in place of the samples in the 
wells labelled as standard.

The plates were read at 450nm wave length soon after 
adding the stop solution. The OD readings were normalized 
using blank reading taken as zero.

Data Evaluation and Statistical Analysis

Quantitative variables were compared using Unpaired 
Student’s T-test between two groups and ANOVA test was 
applied among three groups. Chi-Square test /Fisher’s exact 
test was applied to Qualitative variables and p value found 
<0.05 considered statistically significant. The Statistical 
Package for Social Sciences (SPSS) version 16.0 was used 
to analyze the data.

Result
Characteristics of the Study Population 

The demographic profile of patients suffering from cases and 
the controls have been summarised in Table 1. Our study 
included 125 cases consisting 46 males and 79 females. 
Four samples with 18 years, seventy seven cases between 
18 to 35 years, forty three cases between 36 and 50 years 
and one case above 60 years of age were considered for 
the study. The control group included 45 males and 80 
females of age 18 years, seventy seven controls between 
18 to 35 years, forty two were between 36 and 50 years 
and above 60 years. In the present study, we observed 
tobacco smoking habits were similar in the cases and 
control (Table 2).

Clinical Symptoms in Study Population

The occurrence of breathlessness, cough, headache, 
disturbed sleep, chest tightness, and wheezing were 
recorded to be 89.6%, 87.2%, 84.0%, 76.8%, 76.8%, 91.2% 
and 81.6%, respectively, in the patients. The FEV1 (%) 
changes (18.3520± 5.160) were also observed. The values of 
the clinical indices for above parameters in the cases were 
much higher than that in the controls (Table 3 and Figure 1).

Laboratory Parameters in Study Population 

The values of parameters of laboratory investigations of 
the cases and controls are depicted in Table 4. The levels of 
IgE, Eosinophil, AEC, TLC and Hb (Mean±SD) were observed 
to be 399.6±11.27 IU/ml, 7.330±0.4110 % , 541.2±15.67 
cell/cum and 6861±236.4 cell/cum 10.95±0.1247 (gm/
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dl), respectively, in the cases. Except Hb, the values of 
other clinical parameters were significantly higher than 
the controls. The level of Hb, however, was lower 0.95 ± 
0.1247 (gm/dl) in the cases when compared to the control 
(13.01 ± 0.1567 gm/dl).        

The levels of IL-17A, FOXP3 and GATA-3 in serum by ELISA of 
cases and controls were estimated and the sensitivity and 
specificity was determined as described in the materials 
and methods section. The results thus obtained are been 

summarised in Table 5. The IL-17A levels were found to 
be 0.439±0.110 ng/l in the cases and 0.318±0.073 ng/l 
in the controls. The GATA-3 and FoxP3 levels in cases 
and in controls as shown in Table 5 were estimated to be 
0.541±0.140 ng/l in cases and 0.312±0.076 ng/l in controls. 
The levels of FOXP3 were 0.397± 0.101 ng/l in the asthmatics 
and 0.583±0.143 ng/l in the controls. It was observed in 
cases contained higher levels of IL-17A and GATA-3 but 
there were decreased level of FOXP3 in cases (Figure 2). 

Groups
Total

Cases Controls

Age intervals

18 years
Count 4 5 9

% within Groups 3.2% 4.0% 3.6%

18 to 35 years
Count 77 77 154

% within Groups 61.6% 61.6% 61.6%

36 to 50 years
Count 43 42 85

% within Groups 34.4% 33.6% 34.0%

Above 60 years
Count 1 1 2

% within Groups .8% .8% .8%

Total
Count 125 125 250

% within Groups 100.0% 100.0% 100.0%

Table 1.Demographic profile of asthmatics and control: 
descriptive statistics

Table 2.Status of smoking

Groups
Total

Cases Controls

Status of 
smoking

Absent
Count 64 69 133

% within Groups 51.2% 55.2% 53.2%

Present
Count 61 56 117

% within Groups 48.8% 44.8% 46.8%

Total
Count 125 125 250

% within Groups 100.0% 100.0% 100.0%

Table 3.Clinical symptoms

Symptoms
Cases (N=125) Controls (N=125)

P-value
N % N %

Breathlessness 112 89.6 56 44.8 <0.001*
Cough 109 87.2 69 55.2 <0.001*

Headache 105 84.0 76 60.8 <0.001*
Disturbed sleep 96 76.8 76 60.8 0.006*
Chest tightness 114 91.2 86 68.8 <0.001*

Wheezing 102 81.6 80 64.0 0.002*
Chi-square test Applied. *Significance.
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Figure 1.The symptomatic categories of cases in asthmatic patients. The values of these clinical indices as 
recorded for the above parameters. In the cases the indices were much higher than that in the controls

Table 4.Clinical indices in cases and controls

Groups Number Mean Std. Deviation p-value

Hb (gm/dl)
Cases 125 10.8480 1.15742 <0.001*

Controls 125 12.9712 1.58612

Eosinophil (%)
Cases 125 7.1280 3.81207 <0.001*

Controls 125 3.9920 2.14587

TLC (cell/cum)
Cases 125 6.4667E3 2434.10330 <0.001*

Controls 125 4.7287E3 1254.31956

IGE (IU/mL)
Cases 125 4.0147E2 112.58293 <0.001*

Controls 125 1.9281E2 78.27698

AEC (cell/cum)
Cases 125 5.3013E2 146.65842 <0.001*

Controls 125 4.2441E2 84.45824

FEV1 (%)
Cases 125 18.3520 5.16073 <0.001*

Controls 125 8.8080 1.67859

Table 5.The levels of IL-17 A, FOXP3, GATA3 in serum

Protein Groups Number Mean Std. Deviation p-value

IL-17 A (ng/l)
Cases 125 0.439 0.110

<0.001*
Controls 125 0.318 0.073

FOXP3 (ng/l)
Cases 125 0.429 0.124

<0.001*
Controls 125 0.583 0.143

GATA3 (ng/l)
Cases 125 0.541 0.140

<0.001*
Controls 125 0.312 0.076

Correlation among Interleukin and Transcription 
Factors in Different Categories of Cases 

The correlations among the proteins IL-17F, GATA-3, FoxP3 
and IgE have been shown in Table 6. A positive correlation 
established between total IgE and GATA-3 levels (Pearson 
Correlation=0.283, P=0.042) (Figure 3A). But there no 

correlation was found for the other transcription factor 
(FoxP3) and IL-17A, with the IgE values (Figure 3B and 
C).Statistical differences were observed between these 
analytes of asthmatics and controls for the IL-17A/ GATA-
3 (Figure 2). The balance between Treg/ Th effector cells 
may also regulate the level of inflammation in asthmatic 
(Figure 3). 
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Table 6.Correlations among the Proteins

IGE (IU/mL) IL-17 A (ng/l) GATA3 (ng/l) FOXP3 (ng/l)

IGE (IU/mL)
Pearson correlation 1.0 0.097 0.182* -0.103

Sig. (2-tailed) 0.283 0.042 0.255
N 125.0 125.0 125.0 125.0

IL-17 A (ng/l)
Pearson correlation 0.097 1.0 0.230** 0.063

Sig. (2-tailed) 0.283 0.010 0.488
N 125.0 125.0 125.0 125.0

GATA3 (ng/l)
Pearson correlation 0.182* 0.230** 1.0 0.026

Sig. (2-tailed) 0.042 0.010 0.775
N 125.0 125.0 125.0 125.0

FOXP3 (ng/l)
Pearson correlation -0.103 0.063 0.026 1.0

Sig. (2-tailed) 0.255 0.488 0.775
N 125.0 125.0 125.0 125.0

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

Figure 3. Correlations of IgE with all the three antigenic proteins (IL-17A, GATA-3 
and FoxP3) as determined by ELISA. GATA-3 and IgE show a positive correlation

Figure 2.IL-17A, FoxP3 and GATA3 value for asthma patients (n=25) and healthy control (n=25) groups. 
Results are expressed as ng/l. The results are statistically significant p-value= <0.001*. IL-17A, FoxP3 and 

GATA3 Mean+Standard Deviation, Asthma vs control. 0.439±0.110 vs 0.318±0.101., 0.397±0.101 vs 0.583± 
0.143 and  0.541±0.140 vs 0.312±0.076
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levels of IL-17A, FoxP3 and GATA-3 in smokers and in non-
smokers. Surprisingly, the levels of IL-17A (Figure 4a and 
4 b), FoxP3 (Figure 5a and 5b) and GATA-3 (Figure 6a and 
4b) were not able to discriminate the patients between 
smokers and non-smoker groups.

Discussion 
Asthma, a chronic disease affecting kids, young and adults 
at greater intensity, is often characterized by different levels 
of chronic inflammation as well as structural alterations 
in airway causing morbidity and mortality. Alyasin et al. 
have demonstrated that both the inflammatory as well 
as structural changes (airway remodeling) may be cause 
of inflammation in asthma.25,26 The structural changes 
include sub-epithelial thickening, epithelial detachment, 
airway smooth muscle hypertrophy, hyperplasia of goblet 
cell, enlargement of bronchial gland, angiogenesis and 
changes in the components of extracellular matrix, which 
are influenced by a complex cytokines network.27 Thus, 
a thorough knowledge about the cytokine network’s 
modulation during asthma may significantly contribute to 
understanding of pathogenesis of disease and also towards 
developing new therapeutic strategies to cure.

The data obtained from this study suggested that though 
the age and height were almost the same in asthmatics 
and in the controls; the cases displayed loss of weight 
in comparison to that of controls. Also among the total 
people recruited for this study, the smokers in the cases 
were higher with longer smoking duration than controls. 
However, the family history of asthma, breathlessness, 
cough, headache, disturbed sleep, chest tightness and 
wheezing were significantly higher in the asthmatics in 
comparison to the controls. Our results corroborate with 
the findings earlier reported while studying the expression 
of mRNA IL-17A in atopic asthmatics.28

In the onset of asthma attacks, the cytokine IL-17A plays 
a crucial role but in varied ways.  It has been shown by 
various groups that IL-17 is involved in influencing the 
number of respiratory tract neutrophil, generates hyper-
reactivity in respiratory tract, induces hyper-secretion of 
mucus, causes remodelling of airway, and also the steroid 
resistance.29-32 possibly, these cascades of events are the 
causes of pathogenesis of inflammation of airway due 
to allergic reactions. The variations in different genes 
associated with the occurrence and severity of asthma 
have also been recently demonstrated by Piva SR et al.33

The results from the present investigation reflected 
enhanced Immunoglobulin E (IgE) levels, eosinophils, AEC 
and TLC in the cases. However, the Hb content was lower in 
the cases in comparison to the controls. The elevated total 
IgE level is considered as one of the chief characteristics in 
the atopic asthmatics or allergic asthmatics.28 Mowahed 

Figure 4.The comparison of antigenic response 
between smokers (a) and non-smokers (b) using 

IL-17A.  The ELISA was repeated three times and 
mean±SD was determined

Figure 5.The comparison of antigenic response 
between smokers (a) and non-smokers (b) using 
FoxP3.  The ELISA was repeated three times and 

mean±SD was determined

Figure 6.The comparison of antigenic response 
between smokers (a) and non-smokers (b) using 

GATA-3. The ELISA was repeated three times and 
mean±SD was determined

Comparative of Smoking and Non-smoking 
Asthmatics 

In order to look for the correlation between the expression 
of different factors and the effect of tobacco inhalation in 
asthmatic patients, we have categorically determined the 
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M et al. have also reported the significantly higher 
concentration of serum IgE in the asthmatics than the 
normal individuals.34 The results of present investigation 
showing increased levels of eosinophils, AEC and TLC in the 
patients corroborate with the findings earlier presented, 
who have indicated that there could be some asthmatics 
with both eosinophilic and neutrophilic inflammations.35

The recent studies have indicated that T helper 17 (Th17) 
cells may be involved in the onset/ severity of asthma 
via inducing inflammation in airways through secreting 
interleukin IL-17A, a cytokine of Th17. Mowahed et al. 
have indicated that the serum IL-17A concentration got 
significantly elevated in the asthmatics in comparison to 
the controls.34 In our study, this pattern was recorded to be 
equivalent to their finding i.e. the serum IL-17A level was 
higher in the cases than the controls. The increased level of 
serum IL17-A seems to be associated to the pathophysiology 
of allergic asthma. 

Mowahed et al. have further expressed that IL-17A, like the 
IgE, rises in sera of asthmatics as the different indicators 
i.e. IgE increased in the serum consistently with the disease 
severity whereas IL-17A increased in serum with increase in 
severity of the disease.34 Thus they demonstrated almost no 
correlation between these two clinical indices. The results 
of our investigation reflected increase in the levels of these 
two parameters with the onset/ increase in the severity 
of the disease there by indicating a positive correlation 
between them.

In another study, it has been demonstrated that asthmatics 
exhibited a significantly higher level of serum IL-17A in 
comparison to controls (healthy) subjects thereby suggesting 
that IL-17A can be exploited as a potential clinical biomarker 
for prospective diagnosis and therapeutic management 
of asthma.36 In our study, the FoxP3 concentration was 
found significantly higher in asthmatic in comparison to 
healthy controls (p=0.000). The FoxP3 levels were also 
significantly higher in asthmatic group on corticosteroids. 
According to the Hori S et al. FoxP3 expression was also 
higher in CD4+CD25+ Treg cells in asthmatics as anti-
inflammatory.37,38 In contrast; Karengiannidis et al. found 
no significant difference in FoxP3 level in both healthy and 
asthmatics.39 There is an increased level of suppressive 
cytokines and transcription factor FoxP3 expression found 
on corticosteroid treatment.39-42 No data were yet found 
in the previous studies concerning the effect of clinical 
variables and other asthma medications on Treg FoxP3 
expression. Our study have shown that FoxP3 levels were 
not affected by the age, exposure to environmental tobacco 
smoke, disease control, asthma severity, lymphocyte 
percentage, eosinophil percentage or FEV1%. FoxP3 
levels are increased in healthy control as compared to 
asthmatic patients. FoxP3 levels are usually low in smoker 

and non-smoker in asthmatic patients group compare to 
the control group (Figure 5a and b). These findings propose 
that FoxP3 is important to predict the long-lasting asthma 
in the elderly, and can be implied for future therapeutic 
approach and asthma therapy. The zinc finger transcription 
factor GATA-3 has been found to control the expression 
and production of Th2 specific interleukins in isolated cell 
systems and invertebrates, which is found to be crucial 
transcription factor for immune activation.43-45 However, 
there has been demonstrated the expression of GATA-3 
in mast cells and also found to be expressed in airway 
epithelial cells, associated with the allergic reaction.46-48 
In our findings (Table 5) we have shown that GATA-3 is 
increased in the asthmatic patients (0.541 ± 0.140) than 
in the controls (0.312 ± 0.076) indicating over expression 
of GATA-3 in patients with severe asthma as reported by 
other groups.49 

The biomarkers were found to be responsive to the 
asthma in humans. The blood samples of the patients 
with other complications such as, cardiac disease that 
are symptomatically similar to asthma were excluded in 
the study. The response of these biomarkers needs to 
be studied in those complications as well before being 
proposed as diagnostic biomarkers for confirming asthma. 
These biomarkers are thus, candidate for further studies.

Conclusion
The increase in the extent of serum IL-17A, GATA-3, and 
IgE in the asthmatic patients may have a key role in disease 
pathogenesis. FoxP3 is generally increased in the control 
and is lower in patient serum. FoxP3 protein secreted by 
Treg may be a natural anti inflammatory in hyperimmune 
states like bronchial asthma. The FoxP3 production may 
be the cause of anti inflammation by anti-inflammatory 
agent (which is cortisol). Thus, the serum IL-17A, GATA-3 
and FoxP3 as well as IgE, may be exploited as a potential 
clinical biomarker for the suitable diagnosis and timely 
therapy of the disease.
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of coronary tree, abnormal myocardial metabolism, endothelial 
dysfunction, altered platelet reactivity and elevated reinfarction 
rates are putative causative elements. Nevertheless, diminished 
pain perception may lead to episodes of so called “silent infarction” 
or atypical symptoms causing delayed presentation to emergency 
department, both leading to delay in timely reperfusion in STEMI. 

Establishment of prompt reperfusion of infarct related artery 
remains the goal in STEMI management. ST segment resolution is 
rapid and inexpensive tool to assess efficacy of reperfusion therapy 
in STEMI at bedside.7 Various studies have also documented the poor 
prognosis associated with non resolution of ST segment following 
thrombolysis.8,9 Thrombolytic therapy fails to achieve effective 
reperfusion in diabetic subset even in a setting of early presentation.10

In resource poor developing countries the goal of Primary PCI 
for all STEMI patients remains elusive. Recently, the STREAM 
trial investigators have shown non inferiority of a pharmacoinvasive 
strategy compared to Primary PCI.11 Even then transferring all 
patients to PCI capable centers after thrombolytic would impose a 
huge financial and logistic challenge. Then how to triage patients for 
a pharmacoinvasive approach? In light of the previous discussion, 
it suffices to say that Diabetic patients irrespective of ST segment 
resolution status and STEMI patients without ST segment resolution 
or partial resolution after an initial thrombolytic should be primarily 
candidates for this approach. Even in a pharmacoinvasive approach, 
use of a third generation fibrin specific fibrinolytic for a diabetic 
patient is preferable to achieve an early reperfusion enabling the 
diminished risk during transfer.

However the story does not end here. Diabetes also remains a 
predictor of adverse events in setting of PCI in acute MI. Diabetes 
remains a primary mechanism for  “Slow flow” or “No reflow” 
phenomenon in acute coronary syndrome with consistent role in 
adverse outcomes.13 Diabetes mellitus also predicts increased risk 
of  stent thrombosis  after percutaneous coronary intervention in the 
setting of acute MI.12 Etiology of stent thrombosis is multifactorial 
including diffuse disease, low calibre vessels and altered platelet as 
well as endothelial function.

A pragmatic approach is needed for management of acute MI in 
diabetes. Use of potent third generation fibrinolytic like tenecteplase 
would be an initial step in the cascade. Novel anti platelet agent 

Prasugel has been to reduce stent thrombosis and mortality in diabetes 
with STEMI.14 Parenteral Glycoprotein IIb/IIIa antagonist and 
thrombus aspiration are useful for prevention and treatment of slow 
flow.15 Third generation thin strut drug eluting stents have reduced 
both acute thrombosis and late restenosis too.16 High dose statins and 
other drugs for secondary prevention also improve outcomes.

To summarize, diabetes remains a high risk if not equivalent 
condition for development of Myocardial infarction. Appropriate 
selection of treatment strategies is need of hour to mitigate the risk 
associated with it.
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Mini review
The idea of Diabetes Mellitus as a Myocardial infarction (MI) 

equivalent was first postulated by Haffner et al in their seminal article 
twenty years back.1 and was reaffirmed again in 2005 by Juutilainen 
et al.2 Although recent studies have challenged the concept, 3‒4 the is 
no confusion as to the pivotal role of diabetes in driving coronary 
artery disease (CAD) and diabetes remains one of the most important 
risk factor for developing CAD.  Not only diabetic patients have more 
prevalence of coronary artery disease, it is clearly more extensive too.5 

Unfortunately, mortality rates with acute coronary syndromes in such 
patients is 1.5-2 times higher than non diabetic cohorts.6 Increased 
incidence of congestive heart failure, decreased vasodilatory reserve 

https://www.ncbi.nlm.nih.gov/pubmed/9673301
https://www.ncbi.nlm.nih.gov/pubmed/9673301
https://www.ncbi.nlm.nih.gov/pubmed/9673301
https://www.ncbi.nlm.nih.gov/pubmed/9673301
https://www.ncbi.nlm.nih.gov/pubmed/16306552
https://www.ncbi.nlm.nih.gov/pubmed/16306552
https://www.ncbi.nlm.nih.gov/pubmed/16306552
https://www.ncbi.nlm.nih.gov/pubmed/19236616
https://www.ncbi.nlm.nih.gov/pubmed/19236616
https://www.ncbi.nlm.nih.gov/pubmed/19236616
http://care.diabetesjournals.org/content/34/3/782
http://care.diabetesjournals.org/content/34/3/782
http://care.diabetesjournals.org/content/34/3/782
https://www.ncbi.nlm.nih.gov/pubmed/1512357
https://www.ncbi.nlm.nih.gov/pubmed/1512357
https://www.ncbi.nlm.nih.gov/pubmed/1512357
https://www.ncbi.nlm.nih.gov/pubmed/9036802
https://www.ncbi.nlm.nih.gov/pubmed/9036802
https://www.ncbi.nlm.nih.gov/pubmed/9036802
https://www.ahajournals.org/doi/abs/10.1161/01.cir.0000147778.05979.e6
https://www.ahajournals.org/doi/abs/10.1161/01.cir.0000147778.05979.e6
https://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.15406/jdmdc.2018.05.00160&domain=pdf


Diabetes and myocardial infarction: revisiting the conundrum! 175
Copyright:

©2018 Pradhan et al.

Citation: Pradhan A, Sethi R. Diabetes and myocardial infarction: revisiting the conundrum! J Diabetes Metab Disord Control. 2018;5(5):174‒175. 
DOI: 10.15406/jdmdc.2018.05.00160

8. Bhatia L, Clesham GJ, Turner DR. Clinical implications of ST-segment 
non-resolution after thrombolysis for myocardial infarction. J R Soc Med. 
2004;97:566–570. 

9. de Lemos JA, Braunwald E. ST segment resolution as a tool for assessing 
the efficacy of reperfusion therapy. J Am Coll Cardiol. 2001;38(5):1283–
1294. 

10. Zairis M, Handanis SM, Lyras AG, et al. Type 2 Diabetes and Intravenous 
Thrombolysis Outcome in the Setting of ST Elevation Myocardial 
Infarction. Diabetes Care. 2004;27(4):967–971. 

11. Armstrong PW, Gershlick AH, Goldstein P, et al. Fibrinolysis or primary 
PCI in ST-segment elevation myocardial infarction. N Engl J Med. 
2013;368:1379‒1387.

12. Dangas GD, Caixeta A, Meheran R, et al. Frequency and predictors 
of stent thrombosis after percutaneous coronary intervention in acute 
myocardial infarction. Circulation. 2011(16);123:1745‒1756.

13. Jaffe R, Charron T, Puley G, et al. Micro vascular Obstruction and the 
No-Reflow Phenomenon After Percutaneous Coronary Intervention. 
Circulation. 2008;1179(24):3152‒3156. 

14. Wiviott SD, Braunwald E, Angilillo DJ, et al. Greater clinical benefits of 
more intensive oral antiplatelets with prasugrel in patients with diabetes 
mellitus in the trial to assess improvement in therapeutic outcomes by 
optimizing platelet inhibition with prasugrel- Thrombolysis in Myocardial 
infarction 38. Circulation. 2008(16);118:1626‒1636.

15. Jaffe R, MD, Dick A, Strauss BH. Prevention and Treatment of 
Microvascular Obstruction-Related Myocardial Injury and Coronary No-
Reflow Following Percutaneous Coronary Intervention- A Systematic 
Approach. J Am Coll Cardiol Intv. 2010;3(7):695‒704.

16. Palmerini T, Biondi-Zoccai G, Duella Riva D, et al. Clinical outcomes 
with drug eluting and bare metal stents in patients in with ST segment 
elevation myocardial infarction : evidence from a network meta-analysis. 
J Am Coll Cardiol. 2013;62:496‒504.

https://doi.org/10.15406/jdmdc.2018.05.00160
http://journals.sagepub.com/doi/10.1177/014107680409701203
http://journals.sagepub.com/doi/10.1177/014107680409701203
http://journals.sagepub.com/doi/10.1177/014107680409701203
https://www.ncbi.nlm.nih.gov/pubmed/11691496
https://www.ncbi.nlm.nih.gov/pubmed/11691496
https://www.ncbi.nlm.nih.gov/pubmed/11691496
https://www.ncbi.nlm.nih.gov/pubmed/15047657
https://www.ncbi.nlm.nih.gov/pubmed/15047657
https://www.ncbi.nlm.nih.gov/pubmed/15047657
https://www.nejm.org/doi/full/10.1056/nejmoa1301092
https://www.nejm.org/doi/full/10.1056/nejmoa1301092
https://www.nejm.org/doi/full/10.1056/nejmoa1301092
https://www.ncbi.nlm.nih.gov/pubmed/21482968
https://www.ncbi.nlm.nih.gov/pubmed/21482968
https://www.ncbi.nlm.nih.gov/pubmed/21482968
https://www.ncbi.nlm.nih.gov/pubmed/18559715
https://www.ncbi.nlm.nih.gov/pubmed/18559715
https://www.ncbi.nlm.nih.gov/pubmed/18559715
https://www.ncbi.nlm.nih.gov/pubmed/18757948
https://www.ncbi.nlm.nih.gov/pubmed/18757948
https://www.ncbi.nlm.nih.gov/pubmed/18757948
https://www.ncbi.nlm.nih.gov/pubmed/18757948
https://www.ncbi.nlm.nih.gov/pubmed/18757948
https://www.ncbi.nlm.nih.gov/pubmed/20650430
https://www.ncbi.nlm.nih.gov/pubmed/20650430
https://www.ncbi.nlm.nih.gov/pubmed/20650430
https://www.ncbi.nlm.nih.gov/pubmed/20650430
https://www.ncbi.nlm.nih.gov/pubmed/23747778
https://www.ncbi.nlm.nih.gov/pubmed/23747778
https://www.ncbi.nlm.nih.gov/pubmed/23747778
https://www.ncbi.nlm.nih.gov/pubmed/23747778


1Singh V, et al. BMJ Case Rep 2020;13:e232880. doi:10.1136/bcr-2019-232880

Case report

Vulvar tuberculosis
Vishwajeet Singh,1 Gyanendra Singh,1 Rahul Janak Sinha,1 Suresh Babu2 

Unusual presentation of more common disease/injury

To cite: Singh V, Singh G, 
Sinha RJ, et al. BMJ Case 
Rep 2020;13:e232880. 
doi:10.1136/bcr-2019-
232880

1Urology, King George Medical 
University, Lucknow, Uttar 
Pradesh, India
2Pathology, King George 
Medical University, Lucknow, 
Uttar Pradesh, India

Correspondence to
Dr Gyanendra Singh;  
 sgyanendra24@ gmail. com

Accepted 4 February 2020

© BMJ Publishing Group 
Limited 2020. No commercial 
re- use. See rights and 
permissions. Published by BMJ.

Figure 1 Ulcerated lesion on the right labia majora.

SUMMARY
Genital tuberculosis (TB) in women is a chronic disease 
with low- grade symptoms. Genital tract tuberculosis 
is usually secondary to extragenital TB. The fallopian 
tubes are most commonly affected, and along with 
endometrial involvement, it causes infertility in such 
patients. Involvement of the cervix and the vulva is 
very rare. We present one such rare case of vulvar 
tuberculosis presented with a large ulcer diagnosed 
on histopathology and treated with antitubercular 
chemotherapy.

BACkgRoUnd
Genital tuberculosis (TB) in women usually occurs 
in the reproductive age.1 Haematogenous route 
(with lungs as the common primary focus) is the 
most common mode of spread to the genital tract. 
TB bacilli can rarely infect the genitalia as a primary 
infection through sexual transmission.2 Among the 
genital organs, Mycobacterium tuberculosis almost 
always affects the fallopian tube (95%–100%). In 
the uterus, it usually infects the endometrium (50%–
60%) and rarely the myometrium (2.5%). Ovarian 
and cervical involvement occurs in 20%–30% and 
5%–15% of the cases, respectively.3 Involvement of 
the vulva and vagina is rare (2%). We herein present 
a case of vulvar TB.

CASe pReSenTATion
A 75- year- old multiparous postmenopausal woman 
presented to us with complaint of itchy ulcerative 
lesion over the right labia 1 year ago. There was no 
history of chronic cough, loss of appetite, weight 
loss or low- grade fever. There was no history of any 
previous surgery or multiple sex partners. There was 
no family history of TB. On local examination, the 
patient had an ulcerative lesion of approximately 
3×3 cm over the right labia majora without local 
tenderness (figure 1). On speculum examination, 
there was no abnormal discharge from the vagina 
and no abnormality was noted in the appearance 
of the vagina or the cervix. Right inguinal lymph-
adenopathy was present. Bimanual examination 
revealed a small anteverted uterus and no pelvic 
mass was detected.

inveSTigATionS
Biopsy from the margins of the ulcerative lesion 
was performed. Histopathological examination 
revealed the presence of epitheloid cell granuloma 
with Langerhans giant cells (figure 2). Staining for 
acid- fast bacilli revealed the presence of M. tubercu-
losis. No evidence of malignancy was found.

Fine needle aspiration cytology from the right 
inguinal lymph node was performed and showed 
inflammatory changes only.

TReATMenT
The patient was started on a four- drug regimen, that 
is, rifampin (450 mg), isoniazid (300 mg), etham-
butol (800 mg) and pyrazinamide (1000 mg), for 
the first 2 months followed by a two- drug regimen 
(rifampicin+isoniazid) in the next follow- up.

oUTCoMe And Follow-Up
On the follow- up visit after 2 months, ulcer was 
seen resolving with healing margins (figure 1), and 
right inguinal lymphadenopathy has resolved.

diSCUSSion
Genital tract TB most commonly occurs as a 
secondary infection arriving from affected organs 
via the blood or lymphatic system.4 Female genital 
tract TB may rarely occur as a primary infection by 
direct inoculation, which may occur during sexual 
intercourse with an infected partner.5 Cervical 
TB is rare and is responsible for 0.1%–0.65% of 
all cases of TB and 5%–24% of genital tract TB.6 
TB of the vulva is even rarer and is seen in only 
1%–2% of cases of genital tract TB.7 The latency 
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Figure 2 Granulomatous lesion on histopathology.

learning points

 ► Genital tract tuberculosis (TB) should always be considered as 
the differential diagnosis of suspicious genital ulcerative and 
tumourous lesions.

 ► The aim of reporting these cases is to highlight atypical 
presentations of TB.

 ► Timely diagnosis of genital tract TB helps in preventing 
patients from undergoing unnecessary surgical interventions.
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period between the initial symptomatic or asymptomatic infec-
tion and TB in the genital and urinary tract is usually 5–40 
years.4

TB of the uterine cervix may mimic invasive cervical cancer 
due to its appearance as a papillary or vegetative growth with or 
without ulceration.8 9

Lesions of vulvar TB are usually ulcerative, but a hypertrophic 
variety of vulval TB may occur.10 11

Diagnosis of genital tract TB is not easy and requires a high 
level of suspicion. Only 2% of patients have a history of TB; 
pelvic examination is normal in about 43% of patients; and chest 
radiography is normal in about 75% of women.12 The diagnosis 
of vulvovaginal TB is usually made by histological examination 
of vulvovaginal biopsy specimen. The presence of typical gran-
uloma with giant cells is sufficient for diagnosis, but isolation of 
the mycobacterium is the gold standard. Culture and staining for 
acid- fast bacilli may be unyielding.13

The recommended treatment for genital TB is primarily 
pharmacological. Antitubercular treatment is recommended 
for a duration of 9–12 months. Surgical treatment is usually 
reserved to cases of persistent disease or symptomatic 
exacerbation.4

Contributors VS and RJS treated the case and contributed in paper writing. GS 
contributed to patient care and paper writing. SB performed the histopathological 
examination.
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Figure 1 Ulcerated lesion on the right labia majora.

SUMMARY
Genital tuberculosis (TB) in women is a chronic disease 
with low- grade symptoms. Genital tract tuberculosis 
is usually secondary to extragenital TB. The fallopian 
tubes are most commonly affected, and along with 
endometrial involvement, it causes infertility in such 
patients. Involvement of the cervix and the vulva is 
very rare. We present one such rare case of vulvar 
tuberculosis presented with a large ulcer diagnosed 
on histopathology and treated with antitubercular 
chemotherapy.

BACkgRoUnd
Genital tuberculosis (TB) in women usually occurs 
in the reproductive age.1 Haematogenous route 
(with lungs as the common primary focus) is the 
most common mode of spread to the genital tract. 
TB bacilli can rarely infect the genitalia as a primary 
infection through sexual transmission.2 Among the 
genital organs, Mycobacterium tuberculosis almost 
always affects the fallopian tube (95%–100%). In 
the uterus, it usually infects the endometrium (50%–
60%) and rarely the myometrium (2.5%). Ovarian 
and cervical involvement occurs in 20%–30% and 
5%–15% of the cases, respectively.3 Involvement of 
the vulva and vagina is rare (2%). We herein present 
a case of vulvar TB.

CASe pReSenTATion
A 75- year- old multiparous postmenopausal woman 
presented to us with complaint of itchy ulcerative 
lesion over the right labia 1 year ago. There was no 
history of chronic cough, loss of appetite, weight 
loss or low- grade fever. There was no history of any 
previous surgery or multiple sex partners. There was 
no family history of TB. On local examination, the 
patient had an ulcerative lesion of approximately 
3×3 cm over the right labia majora without local 
tenderness (figure 1). On speculum examination, 
there was no abnormal discharge from the vagina 
and no abnormality was noted in the appearance 
of the vagina or the cervix. Right inguinal lymph-
adenopathy was present. Bimanual examination 
revealed a small anteverted uterus and no pelvic 
mass was detected.

inveSTigATionS
Biopsy from the margins of the ulcerative lesion 
was performed. Histopathological examination 
revealed the presence of epitheloid cell granuloma 
with Langerhans giant cells (figure 2). Staining for 
acid- fast bacilli revealed the presence of M. tubercu-
losis. No evidence of malignancy was found.

Fine needle aspiration cytology from the right 
inguinal lymph node was performed and showed 
inflammatory changes only.

TReATMenT
The patient was started on a four- drug regimen, that 
is, rifampin (450 mg), isoniazid (300 mg), etham-
butol (800 mg) and pyrazinamide (1000 mg), for 
the first 2 months followed by a two- drug regimen 
(rifampicin+isoniazid) in the next follow- up.

oUTCoMe And Follow-Up
On the follow- up visit after 2 months, ulcer was 
seen resolving with healing margins (figure 1), and 
right inguinal lymphadenopathy has resolved.

diSCUSSion
Genital tract TB most commonly occurs as a 
secondary infection arriving from affected organs 
via the blood or lymphatic system.4 Female genital 
tract TB may rarely occur as a primary infection by 
direct inoculation, which may occur during sexual 
intercourse with an infected partner.5 Cervical 
TB is rare and is responsible for 0.1%–0.65% of 
all cases of TB and 5%–24% of genital tract TB.6 
TB of the vulva is even rarer and is seen in only 
1%–2% of cases of genital tract TB.7 The latency 
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Figure 2 Granulomatous lesion on histopathology.

learning points

 ► Genital tract tuberculosis (TB) should always be considered as 
the differential diagnosis of suspicious genital ulcerative and 
tumourous lesions.

 ► The aim of reporting these cases is to highlight atypical 
presentations of TB.

 ► Timely diagnosis of genital tract TB helps in preventing 
patients from undergoing unnecessary surgical interventions.
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period between the initial symptomatic or asymptomatic infec-
tion and TB in the genital and urinary tract is usually 5–40 
years.4

TB of the uterine cervix may mimic invasive cervical cancer 
due to its appearance as a papillary or vegetative growth with or 
without ulceration.8 9

Lesions of vulvar TB are usually ulcerative, but a hypertrophic 
variety of vulval TB may occur.10 11

Diagnosis of genital tract TB is not easy and requires a high 
level of suspicion. Only 2% of patients have a history of TB; 
pelvic examination is normal in about 43% of patients; and chest 
radiography is normal in about 75% of women.12 The diagnosis 
of vulvovaginal TB is usually made by histological examination 
of vulvovaginal biopsy specimen. The presence of typical gran-
uloma with giant cells is sufficient for diagnosis, but isolation of 
the mycobacterium is the gold standard. Culture and staining for 
acid- fast bacilli may be unyielding.13

The recommended treatment for genital TB is primarily 
pharmacological. Antitubercular treatment is recommended 
for a duration of 9–12 months. Surgical treatment is usually 
reserved to cases of persistent disease or symptomatic 
exacerbation.4

Contributors VS and RJS treated the case and contributed in paper writing. GS 
contributed to patient care and paper writing. SB performed the histopathological 
examination.
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of coronary tree, abnormal myocardial metabolism, endothelial 
dysfunction, altered platelet reactivity and elevated reinfarction 
rates are putative causative elements. Nevertheless, diminished 
pain perception may lead to episodes of so called “silent infarction” 
or atypical symptoms causing delayed presentation to emergency 
department, both leading to delay in timely reperfusion in STEMI. 

Establishment of prompt reperfusion of infarct related artery 
remains the goal in STEMI management. ST segment resolution is 
rapid and inexpensive tool to assess efficacy of reperfusion therapy 
in STEMI at bedside.7 Various studies have also documented the poor 
prognosis associated with non resolution of ST segment following 
thrombolysis.8,9 Thrombolytic therapy fails to achieve effective 
reperfusion in diabetic subset even in a setting of early presentation.10

In resource poor developing countries the goal of Primary PCI 
for all STEMI patients remains elusive. Recently, the STREAM 
trial investigators have shown non inferiority of a pharmacoinvasive 
strategy compared to Primary PCI.11 Even then transferring all 
patients to PCI capable centers after thrombolytic would impose a 
huge financial and logistic challenge. Then how to triage patients for 
a pharmacoinvasive approach? In light of the previous discussion, 
it suffices to say that Diabetic patients irrespective of ST segment 
resolution status and STEMI patients without ST segment resolution 
or partial resolution after an initial thrombolytic should be primarily 
candidates for this approach. Even in a pharmacoinvasive approach, 
use of a third generation fibrin specific fibrinolytic for a diabetic 
patient is preferable to achieve an early reperfusion enabling the 
diminished risk during transfer.

However the story does not end here. Diabetes also remains a 
predictor of adverse events in setting of PCI in acute MI. Diabetes 
remains a primary mechanism for  “Slow flow” or “No reflow” 
phenomenon in acute coronary syndrome with consistent role in 
adverse outcomes.13 Diabetes mellitus also predicts increased risk 
of  stent thrombosis  after percutaneous coronary intervention in the 
setting of acute MI.12 Etiology of stent thrombosis is multifactorial 
including diffuse disease, low calibre vessels and altered platelet as 
well as endothelial function.

A pragmatic approach is needed for management of acute MI in 
diabetes. Use of potent third generation fibrinolytic like tenecteplase 
would be an initial step in the cascade. Novel anti platelet agent 

Prasugel has been to reduce stent thrombosis and mortality in diabetes 
with STEMI.14 Parenteral Glycoprotein IIb/IIIa antagonist and 
thrombus aspiration are useful for prevention and treatment of slow 
flow.15 Third generation thin strut drug eluting stents have reduced 
both acute thrombosis and late restenosis too.16 High dose statins and 
other drugs for secondary prevention also improve outcomes.

To summarize, diabetes remains a high risk if not equivalent 
condition for development of Myocardial infarction. Appropriate 
selection of treatment strategies is need of hour to mitigate the risk 
associated with it.
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Mini review
The idea of Diabetes Mellitus as a Myocardial infarction (MI) 

equivalent was first postulated by Haffner et al in their seminal article 
twenty years back.1 and was reaffirmed again in 2005 by Juutilainen 
et al.2 Although recent studies have challenged the concept, 3‒4 the is 
no confusion as to the pivotal role of diabetes in driving coronary 
artery disease (CAD) and diabetes remains one of the most important 
risk factor for developing CAD.  Not only diabetic patients have more 
prevalence of coronary artery disease, it is clearly more extensive too.5 

Unfortunately, mortality rates with acute coronary syndromes in such 
patients is 1.5-2 times higher than non diabetic cohorts.6 Increased 
incidence of congestive heart failure, decreased vasodilatory reserve 
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A 57-year-old male with type 2 diabetes mellitus presented 
to our emergency department with syncope and shortness of 
breath. He manifested tachycardia of 120 beats/minute, a 
blood pressure of 102/68 mmHg, a loud second heart sound 
and a clear chest on auscultation. His peripheral oxygen satu-
ration was 85% on room air. A 12-lead electrocardiogram 
demonstrated right bundle branch block and ‘S1Q3T3’ pat-
tern. The plain antero-posterior chest radiograph was unre-
markable but plasma D-dimer was elevated. Transthoracic 
two-dimensional echocardiography showed a dilated right 
atrium (RA) and right ventricle (RV). There was also severe 
tricuspid regurgitation, mildly elevated pulmonary artery 
systolic pressure (42 mmHg) and RV systolic dysfunction.

Interestingly, multiple thromboemboli were appreciated 
throughout the cardiac cycle in the RA, prolapsing across the 
tricuspid valve into the RV giving a ‘popcorn’ appearance 
(Panel A: LV, left ventricle; RA, right atrium; RV, right ventri-
cle). Panels A-1 and A-2 are different phases of the cardiac 
cycle, showing different size and number of thrombus chunks. 
These findings confirmed the clinical suspicion of acute mas-
sive pulmonary embolus with ‘thromboemboli in transit’. CT 
pulmonary angiography (axial image) revealed well-defined 
non-enhancing isodense thromboemboli within the lumen of 
the RA (top-left [brown] arrow, Panel B), left pulmonary 
artery (right [red] arrow, Panel B) and at the bifurcation of the 
main pulmonary trunk with extension into the segmental 
branch of the right pulmonary artery (bottom [white] arrow; 
Panel B). Coronal reformatted CT images demonstrated 

thromboemboli within the right atria (left [yellow] arrow, 
Panel C-1 and C-2), main pulmonary trunk (right [white] 
arrow, Panel C-1 and C-2) and its segmental lower lobe branch 
(bottom-left [brown] arrow, Panel C-2). The patient under-
went intravenous thrombolysis with bolus reteplase with 
excellent recovery and was discharged on oral rivaroxaban.
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Free-floating right heart thromboemboli are uncommon and 
usually represent clots travelling from the legs to the pulmo-
nary arteries, often referred to as ‘thrombi or emboli-in-transit’. 
They are seen in 4–18% of patients presenting with acute mas-
sive pulmonary embolism.1–3 Echocardiography detects and 
assesses the morphology of the right heart thromboemboli, 
which are divided into two morphological types: A and B. Type 
A have a worm-like shape, are extremely mobile and mostly 
represent peripheral venous clots which temporarily lodge into 
the right heart. Type B thrombi are morphologically similar to 
the left heart thrombi, are less mobile, and attach to the right 
atrial or ventricular wall with a broad-base indicating develop-
ment within the right heart. The presence of right heart throm-
boemboli in pulmonary embolism predicts a worse prognosis 
with a higher mortality rate.4,5 This underscores the importance 
of a rapid diagnosis and prompt treatment. Treatment includes 
thrombolysis (intravenous or catheter directed) and surgical 
removal. Percutaneous removal using a pigtail catheter with 
simultaneous direct thrombolysis appears promising.
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Abstract.
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1. Introduction1

Prostate cancer (PCa) is a commonly diagnosed ma-2

lignant tumor that occurs in aging men. In developed3

European countries, it is recognized as the most com-4

mon solid tumor, with the highest incidence rate [1].5

Incidence of PCa in Indian population is very low than6

United States and European nations. But, as a result of7

migration, changing lifestyle, increasing awareness re-8

garding PCa, more and more cases are being discov-9

ered and at this time PCa is the second most frequently10

diagnosed cancer in metro cities of India [2].11

Risk factors of PCa are multi-factorial, including12

age, environmental factors like pesticides and metals,13

family or personal history of cancer, smoking, tobacco14

chewing etc. Environmental pesticides are subject to15

serious concern because of broad range of toxicity. In16

the majority of cases human exposure is unintentional17

and unintended. Pesticides are lipophilic in nature, they18

remains in environment and body for a long period [3].19

Due to their long biological half life, these compounds20

∗Corresponding author: Vishwajeet Singh, Department of Urol-
ogy, King George’s Medical University, Lucknow 226003, Uttar
Pradesh, India. E-mail: drvishwajeet68@gmail.com.

are widely persistent and even more noxious to hu- 21

man. Studies also suggested that several pesticides and 22

their derivatives have both estrogenic and androgenic 23

effects that disrupt the normal physiological function 24

of endogenous hormone and may act as tumor pro- 25

moter [3–5]. 26

Loss and gain of gene function may manipulate 27

disease susceptibility in an individual. Any variation 28

of xenobiotic metabolizing enzyme, which is respon- 29

sible for detoxification of environmental xenobiotics 30

may have evident effect on metabolism of environ- 31

mental carcinogens in the human body. Cytochrome 32

p450 (CYP) 1A1 is a phase I enzyme required for 33

the metabolism of steroids, xenobiotic chemicals and 34

different potential genotoxic compounds [6]. CYP1A1 35

gene is located on chromosome 15q24.1 and has seven 36

exons and six introns. Among all variant alleles of 37

CYP1A1 gene, four polymorphic alleles m1, m2, m3 38

and m4 have been studied mostly for the association 39

with different cancer [3,6,7]. The m1 gene situated 40

at position 3801 (rs4646903T > C) in the 3’-non- 41

coding region is involved in different cancers, includ- 42

ing head-and-neck cancer, Breast cancer and PCa [4,6], 43

and m2 (rs1048943A > G) has been correlated with 44

lung cancer in Chinese population [8]. To date, data 45
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supporting that CYP1A1 polymorphism contributing to46

pesticides-associated PCa are scanty and controversial.47

The present study was designed to evaluate the role48

of pesticides, induced oxidative stress metabolism and49

CYP1A1 gene polymorphism in the etiology of PCa. In50

this study, m3 and m4 variant are excluded because m151

is prevalent in African-American and m4 was almost52

negligible in Asian population [7].53

2. Materials and methods54

2.1. Chemicals55

Standards of pesticide namely, alpha-hexachlorocy-56

clohexane (α-HCH), beta-(β-HCH), malathion, chlor-57

pyrifos, α-endosulfan; dichlorodiphenyldichloroethy-58

lene (pp-DDE), dichloro diphenyltrichloroethane (pp-59

DDT), β-ensosulfan, cypermethrin, and fenvalerate60

were procured from Sigma Aldrich (St. Louis, Mo.,61

USA), having purity higher than 98%. Lichrosolv62

HPLC grade hexane was obtained from Merck Pvt.63

Ltd., Mumbai, India.64

2.2. Ethical statement and sample size65

Necessary ethical clearance was obtained by the66

Institutional Research Ethics Committee (Reference67

code: 61th ECMII-BP25) of King George’s Medical68

University (KGMU), Lucknow, India. The sample size69

was calculated on the basis of mean difference of stress70

level in exposed benign prostatic hyperplasia (BPH)71

and PCa group. In a study Siddique et al. [9] reported72

that the mean (± SD) oxidative stress in BPH subject73

was 6.7 ± 2.9 while 8.7 ± 4.0 in PCa patients. For get-74

ting final sample size by assuming-Difference = 5.0;75

standard deviation (∂2) = 5.0; an equal number of case76

and control (r = 1:1); Zα/2 = 1.96 (Significant level77

at 5%) and Zβ = 0.84 (power 80%). Then, the re-78

quired sample size was calculated by using the follow-79

ing formula.80

N =
r + 1

1
σ2Zβ + Zα/2

Diffrence
Here, N = Sample size of each group; r = ratio81

of control to case; Differences = effect size; Zα/2 =82

Significant level; Zβ = power (80%). The calculated83

number of sample for this study was 63. But for statis-84

tical point of view we were enrolled 102 cases and 17785

control subjects.86

2.3. Study subject 87

In total, 102 PCa patients and 177 age matched con- 88

trols were enrolled in this study. Prostate specific anti- 89

gen (PSA) is a tissue specific marker that is now widely 90

used for assessment as well as follow-up of PCa pa- 91

tients. In this study, diagnosis of PCa was based on the 92

level of serum PSA (Chemiluminescent Microparticle 93

Immunoassay) followed by histopathological investi- 94

gation (based on Gleason score). Only histopatholog- 95

ically confirmed cases were enrolled as PCa patients. 96

Age match control subjects were subdivided into two 97

groups: symptomatic BPH (S-BPH, n = 107) and 98

asymptomatic BPH (A-BPH, n = 70). S-BPH was re- 99

cruited on the basis of chest x-ray, urine and blood test 100

for PSA, colon enema and abdominal ultrasound. Age 101

matched asymptomatic BPH controls were randomly 102

selected among healthy volunteers visiting the outpa- 103

tient department (OPD) of Urology, King George’s 104

Medical University for their annual physical examina- 105

tion. Subjects with history of acute/chronic prostatitis; 106

liver failure and renal failure, diabetes mellitus were 107

excluded from this study. A written informed consent 108

was obtained from each subject prior to their inclusion 109

in this study. 110

All the subjects were asked about, age, family his- 111

tory of cancer, dietary habit (vegetarian/non vegetar- 112

ian), pesticide exposure history (farmers who actively 113

participated in pesticide mixing and application to con- 114

trol crop pest) and lifestyle factors like alcohol con- 115

sumption (50 drink/year) and smoking. Smoking status 116

was divided into non smoker and established cigarette 117

smoker according to the detail questions which are as 118

follows: “Have you smoked at least 100 cigarettes in 119

your life?” and “Do you now smoke cigarettes?” those 120

respondents considered as non smoker who smoked 121

fewer than 100 cigarettes in their entire life and they 122

have not smoked since 5 years. Current smoker con- 123

sist of those respondents who report smoking more 124

than 100 cigarettes in their lifetime, and currently 125

smoke every day or some day. After written consent, 126

5 ml venous blood was collected from each participant 127

and divided into three parts for pesticide quantifica- 128

tion (1.5 ml), oxidative stress (1.5 ml) and genotyping 129

(2 ml) and stored at −80◦C till analysis. 130

2.4. Pesticides extraction and quantification 131

Extraction of organochlorine (OCPs) and organo- 132

phosphate (OPPs) residue from blood was done ac- 133

cording to method of Bush et al. [10]. The trace 134
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Table 1
List of primer enzyme, PCR condition and product length

Gene Primer Restriction enzyme Product length (base pair)
CYP1A1m1: rs4646903T > C F 5-AAGAGGTGTAGCCGCTGCACT-3 and Msp1 AM-340, Wh-340, HM-200,

R 5-TAGGAGTCTCT-CATGCCT-3 Mh-140
CYP1A1m2: rs1048943A > G (mt)F-5-AAGTGTATCGGTGAGACCA-3, NA (ASP) 205

(wt)F-5-GAAGTGTATCGGTGAG-ACCG-3 and
CommR-5-GTAGACAGAGTCTAGGCCTCA-3.

NA: not applicable; ASP: Allele specific primer; AM: amplified fragment; Wh: wild type Normal homozygous; HM: Heterozygous mutant; Mh:
Mutant homozygous.

level pesticide (mg/ml or ppm) in the blood sample135

was analyzed by using Agilent technologies 7890A136

Gas Chromatograph, equipped with a micro Electron137

Capture Detector (ECD), capillary column DB-5MS138

(Perkin Elmer, CA, USA) of 30 m length, 0.25 mm139

i.d., 0.25 µm thickness and in an auto injector Agilent140

technologies 7683B series split-less mode injector with141

an insert liner of 0.75 mm i.d. The gas chromatograph142

temperature was programmed as follows: injector tem-143

perature: 250◦C, oven temperature: initially ramped144

from 165◦C to 180◦C at a rate of 3◦C, 200◦C at a rate145

of 1.5◦C, 230◦C at a rate of 2◦C, 260◦C at a rate of146

3.5◦C and finally to 280◦C at a rate of 6◦C per min147

withhold time of 1.5, 0.5, 0.5, 0.5, 2 and 2.5 min, re-148

spectively and electron capture detector temperature149

was at 300◦C.150

2.5. Biochemical estimation151

Reactive oxygen species (ROS) (n mole of mal-152

ondialdehyde (MDA)/ml of plasma) were assessed153

by Ohkawa et al. [11] using thiobarbituric acid. The154

antioxidant system including superoxide dismutase155

(SOD), Catalase (CAT) and Glutathione (GSH) were156

also measured as per standard protocol [12–15].157

2.6. DNA isolation and Genotyping158

Genomic DNA was isolated by conventional phe-159

nol chloroform extraction method followed by ethanol160

precipitation and re-suspended in 1 mole Tris-EDTA161

buffer (pH: 8.0) and stored at −20◦C for further162

use. Genotyping of CYP1A1 at site rs4646903T > C163

and rs1048943A > G were carried out by single nu-164

cleotide polymorphism and allele specific polymerase165

chain reaction with specific primers and restriction en-166

zyme (Table 1). Genotyping was done by using Ap-167

plied Biosystem TaqMan SNP genotyping assay with168

stepOnePlus Real-time PCR system (Applied Biosys-169

tem, Foster City, USA).170

2.7. Statistical analysis 171

For continuous data, normality was tested using Kol- 172

mogorov Smirov test. For non normal continuous data, 173

χ2 test, mann whitney U test/kruskal wallis H test 174

were used to compare the groups as appropriate [16]. 175

Categorical data were presented in frequency and per- 176

centage. For PSA, Univariate binary logistic regres- 177

sion analysis was used to calculate unadjusted odds ra- 178

tio (OR) and 95% confidence interval (CI) in differ- 179

ent variables between case controls. One way analy- 180

sis of variance (ANOVA) followed by Tukey post hoc 181

test were applied on multiple comparisons between the 182

stress metabolism and Gleason score (GS). The geno- 183

typic data are in Hardy-Weinberg Equilibrium tested 184

by χ2 test. Genotypic data was compared between case 185

and controls using 2 × 3 and 2 × 2 contingency table 186

calculator available online at (http://faculty.vassar.edu/ 187

lowry/VassarStats.html). In the case of statistical sig- 188

nificance, further genotypic analysis to calculate the 189

OR and CI were undertaken using dominant and re- 190

cessive models of comparison. Statistical analysis was 191

carried out using the statistical package for the social 192

science, version 22 (SPSS-22, IBM, Chicago, USA). 193

P < 0.05 was considered as statistically significant. 194

3. Results 195

3.1. General baseline characters 196

Baseline profiles of selected subjects are shown in 197

Table 2. Tobacco consumption was found to be pre- 198

dominant risk factor for PCa than both BPH group 199

(PCa versus S-BPH: OR: 3.68; 95% CI: 1.7–7.7; p: 200

0.001 and PCa versus A-BPH: OR: 16.9; 95% CI: 201

7.59–37.62; p: 0.001). The proportion of occupational 202

exposure of pesticide was significantly higher in the 203

group with PCa (PCa: 80.4% versus S-BPH: 56.1% 204

and PCa: 80.4% versus A-BPH: 45.7%; All p < 0.05). 205

Stratified analysis showed that high level of serum PSA 206

was strongly associated with PCa risk (all p < 0.001). 207
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Table 2
Baseline characters of subjects

Variable PCa S-BPH A-BPH PCa vs S-BPH PCa vs A-BPH
(n = 102), (n = 107), (n = 70), OR (95% CI), OR (95% CI),

(%) (%) (%) p value p value
Age

6 60 71 39 27 Reference Reference
> 60 31 68 43 0.25 (0.14–0.44), 0.001∗ 0.27 (0.144–0.52), 0.001∗

Tobacco consumption (smoking)
No 11 (10.8) 33 (30.8) 47 (67.1) Reference Reference
Yes 91 (89.2) 74 (69.1) 23 (32.8) 3.68 (1.7–7.8), 0.0004∗ 16.9 (7.59–37.62), 0.001∗

Alcohol consumption
No 16 (15.7) 26 (24.3) 17 (24.2) Reference Reference
Yes 86 (84.3) 81 (75.7) 53 (75.7) 1.72 (0.86–3.44), 0.12 1.72 (0.80–3.7), 0.15

Family history (any type of malignancy)
No 97 (95.3) – –
Yes 5 (4.7) – –

Dietary habit
Non-vegetarian 35 (34.3) 28 (26.2) 18 (25.7) Reference Reference
Vegetarian 67 (65.7) 79 (73.8) 52 (74.2) 0.68 (0.37–1.22), 0.198 0.66 (0.33–1.30), 0.23

Occupational exposure of pesticides
Others 20 (19.6) 47 (43.9) 38 (54.2) Reference Reference
Farmer 82 (80.4) 60 (56.1) 32 (45.7) 3.21 (1.7–5.9), 0.002∗ 4.86 (2.47–9.59), 0.001∗

PSA (ng/ml)
< 4 5 84 – Reference
4–10 20 14 – 24 (7.74–74.41), 0.001∗

10–20 40 7 – 96 (28.69–321.2), 0.001∗

> 20 37 2 – 310 (57.65–1676), 0.001∗

PCa: prostate cancer; S-BPH: Symptomatic BPH; A-BPH: Asymptomatic BPH; For Significance: 2 × 2 chi squire test was used; OR: Odds
ratio; CI: Confidence interval; p: probability; ∗: p < 0.05. In PSA: Univariate logistic regression analysis was used.

Table 3
Distribution of pesticides in prostate cancer (PCa) and BPH control groups

Pesticides (ppm) PCa S-BPH control A-BPH control p value
(n = 102) (n = 107) (n = 70)

25% 50% 75% 25% 50% 75% 25% 50% 75% PCa Vs S-BPH PCa Vs A-BPH
Malathion 1.21 2.20 3.95 0.68 1.26 2.06 0.77 1.16 3.74 0.001∗ 0.09
Chlorpyrifos 0.21 0.29 0.75 0.14 0.22 0.27 0.11 0.22 0.40 0.002∗ 0.14
α-HCH 0.52 0.84 1.85 0.43 0.78 1.38 0.06 0.34 0.51 0.24 0.001∗

β-HCH 0.01 0.01 0.04 0.01 0.003 54.2 0.01 0.002 0.04 0.023∗ 0.611
α-Endosulfan 0.45 0.51 0.80 0.45 0.57 0.85 0.07 0.33 0.49 0.57 0.001∗

pp-DDE 0.17 0.39 0.79 0.16 0.23 0.43 0.14 0.22 0.33 0.05∗ 0.07
β-ensosulfan 0.51 0.62 0.95 0.43 0.53 0.77 0.21 0.34 0.57 0.08 0.0001∗

DDT 0.48 0.69 0.86 0.55 0.70 0.95 0.15 0.34 0.57 0.55 0.002∗

Cypermethrin 0.26 0.56 1.42 0.39 0.62 0.96 0.28 0.51 0.69 0.66 0.244
Fenvalrate 0.86 1.24 2.03 0.51 0.98 1.56 0.38 0.56 0.90 0.04∗ 0.0001∗

S-BPH: Symptomatic BPH; A-BPH: Asymptomatic BPH; for significance calculation Mann whitney U test was used; ∗p < 0.05.

Some PCa Patients recorded normal or low PSA level;208

this may be due to the orchiectomy or radical prosta-209

tectomy that they underwent. We enrolled healthy age210

matched A-BPH subjects and PSA testing was volun-211

tary. Therefore statistical comparison of PSA between212

PCa and A-BPH group was restricted.213

3.2. Quantification of pesticide by gas214

chromatography215

Compared to BPH controls, PCa had high levels of216

pesticides (Fig. 1 and Table 3). For example, pesticides 217

namely malathion, chlorpyrifos, β-HCH, pp-DDE and 218

fenvalerate were 2 to 4 fold higher in PCa than BPH 219

groups (all p < 0.05). However, level of β-HCH and 220

malathion pesticides were correlated with high Glea- 221

son scores (p < 0.05) which are an indicator of tumor 222

aggressiveness (Table 4). 223

3.3. Oxidative stress and their scavenging system 224

Mean level of ROS (n mole of MDA/ml) was 3.91 ± 225
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Fig. 1. GC chromatogram of detected pesticides in Prostate cancer (A), Symptomatic BPH (B) and Asymptomatic BPH (C).
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Table 4
Distribution of pesticides in prostate cancer patients

Pesticides (ppm) Low risk Intermediate risk High Risk ∗p value
GS 5 & 6 GS 7 GS 8 & 9
(N = 19) (N = 47) (N = 36)

Malathion 1.68 (0.80–3.72) 2.08 (0.99–3.89) 3.58 (1.71–4.17) 0.042∗

Chlorpyrifos 0.27 (0.18–0.71) 0.28 (0.21–1.67) 0.29 (0.18–0.59) 0.742
α-HCH 0.67 (0.55–1.68) 0.78 (0.41–1.77) 1.00 (0.65–2.16) 0.24
β-HCH 0.01 (0.001–0.024) 0.02 (0.009–0.04) 0.02 (0.008–0.04) 0.04∗

α-endosulfan 0.45 (0.42–0.73) 0.51 (0.41–0.81) 0.56 (0.46–0.84) 0.444
pp-DDE 0.46 (0.25–0.54) 0.29 (0.14–0.72) 0.43 (0.21–1.07) 0.508
β-ensosulfan 0.52 (0.45–0.63) 0.66 (0.48–0.103) 0.69 (0.58–0.97) 0.245
DDT 0.49 (0.29–0.93) 0.72 (0.51–0.85) 0.65 (0.47–0.98) 0.359
Cypermethrin 0.74 (0.40–1.52) 0.59 (0.31–1.45) 0.51 (0.23–1.27) 0.616
Fenvalrate 1.38 (0.97–5.13) 1.33 (0.68–5.05) 1.21 (0.86–4.57) 0.754

GS: Gleason Score; N is varying in pesticides. Value in Median (inter-quartile). ∗Kruskal-Wallis H
Test was used to calculate significance level; ∗p <0.05.

Fig. 2. Distribution of ROS and Antioxidants (SOD, CAT, GSH) in PCa and Symptomatic and Asymptomatic BPH control. Significance was
calculated by post hoc Tukey one way ANOVA test at p < 0.05.

1.03 and 3.7 ± 0.82 in S-BPH and A-BPH whereas, in226

PCa group it was almost two fold higher (6.04 ± 1.2).227

Further, SOD, CAT and GSH level decreased by 2 to228

2.9 fold in PCa group than both BPH (all p: < 0.01)229

(Fig. 2). Among PCa group, rise in ROS and reduc-230

tion in antioxidant level were associated with increas-231

ing Gleason score (all p: < 0.001) (Fig. 3). The associ-232

ation between ROS and antioxidants with serum PSA 233

was found to be null (data not shown). 234

3.4. Genotyping and their relation with prostate 235

cancer 236

Genotypic frequencies in both control groups were 237
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Fig. 3. Distribution of ROS and antioxidants (SOD, Catalase, and GSH) in PCa. Different alphabets in separate figure showed significant variation.
Significance was calculated by post hoc Tukey one way ANOVA at p < 0.05.

in Hardy-Weinberg equilibrium (S-BPH: p = 0.96 and238

A-BPH: p = 0.903). For rs4646903T > C, the ho-239

mozygous genotype (TT) was found to be high among240

controls (S-BPH: 43.9 and A-BPH: 42.8%). How-241

ever, heterozygous genotype (TC) was significant more242

prevalent among PCa (54.9%) than controls (S-BPH:243

44.8% and A-BPH: 45.7%) (Table 5). The frequency244

of minor allele CC was slightly higher in PCa pa-245

tients (46.1%) than BPH group (S-BPH: 33.6%, A-246

BPH: 36.9%). Further, dominant model, reveals that247

risk was almost 2 fold high in PCa (PCa versus S-BPH:248

OR = 2.17; CI: 1.6–3.8; p = 0.008 and PCa versus249

A-BPH: OR = 2.08; CI: 1.1–3.97; p = 0.024).250

In rs1048943A > G, homozygous genotype (AA)251

was found to be more prevalent among controls (S-252

BPH: 50.4% and A-BPH: 51.4%) than PCa (34.3%).253

The frequency of wild-type allele was higher in group 254

with both BPH controls, whereas minor allele geno- 255

type was higher in PCa patients. Dominant model in- 256

dicated that PCa was associated with risk genotype 257

(AG+GG) of rs1048943A > G (PCa versus S-BPH: 258

OR = 1.95; CI: 1.1–3.4 and PCa versus A-BPH: OR 259

= 2.03; CI: 1.8–3.77, all p < 0.05). We also analyzed 260

genotypic data of symptomatic and asymptomatic BPH 261

subject (Supplementary Table 7). Binary logistic anal- 262

ysis reveals that, symptomatic and asymptomatic BPH 263

group was same at genetic level. Therefore, this com- 264

bination of PCa and asymptomatic BPH was excluded 265

from further genotypic analysis. Only one type of con- 266

trol is enough for comparing the genetic data with PCa 267

group. 268
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Table 5
Frequencies of rs4646903T > C and rs1048943A > G gene polymorphism among prostate cancer (PCa) and control

All subjects 2 × 3 contingency
TT TC CC OR (95% CI), p value

PCa (N , %) 27 (26.5%) 56 (54.9%) 19 (18.6%) P < 0.023∗

S-BPH (N , %) 47 (43.9%) 48 (44.8%) 12 (11.2%)
Allele frequency PCa 110 (53.9%) 94 (46.1%)
Allele frequency S-BPH 142 (66.3%) 72 (33.6%)

Dom TT vs TC+CC
PCa 27 (26.5%) 75 (73.5%) Reference
S-BPH 47 (43.9%) 60 (56.0%) 2.17 (1.21–3.89) 0.008∗

Rec TT+TC vs CC
PCa 83 (81.37%) 19 (18.63%) Reference
S-BPH 95 (88.78%) 12 (11.22%) 1.81 (0.83–3.95) 0.131

AA AG GG
PCa (N , %) 35 (34.3%) 53 (51.9%) 14 (13.7%) 0.05
S-BPH (N , %) 54 (50.4%) 44 (41.1%) 9 (8.41%)
Allele frequency PCa 123 (60.3%) 81 (39.7%)
Allele frequency S-BPH 152 (71%) 62 (28.9%)

Dom AA vs AG+GG
PCa 35 (34.31%) 67 (65.69%) Reference
S-BPH 54 (50.47%) 53 (49.53%) 1.95 (1.12–3.4) 0.025∗

Rec AA+AG vs GG
PCa 88 (86.27%) 14 (13.73%) Reference
S-BPH 98 (91.58%) 9 (8.42%) 1.73 (0.71–4.2) 0.271

TT TC CC OR (95% CI), p value
PCa (N , %) 27 (26.5%) 56 (54.9%) 19 (18.6%) 0.06
A-BPH (N , %) 30 (42.8%) 32 (45.7%) 8 (11.4%)
Allele frequency PCa 110 (53.9%) 94 (46.1%)
Allele frequency A-BPH 82 (63.1%) 48 (36.9%)

Dom TT vs TC+CC
PCa 27 (26.5%) 75 (73.5%) Reference
A-BPH 30 (42.86%) 40 (57.14%) 2.08 (1.1–3.97) 0.024∗

Rec TT+TC vs CC
PCa 83 (83.17%) 19 (18.63%) Reference
A-BPH 62 (88.57%) 8 (11.43%) 1.77 (0.73–4.32) 0.201

AA AG GG
PCa (N , %) 35 (34.3%) 53 (51.9%) 14 (13.7%) 0.062
A-BPH (N , %) 36 (51.4%) 29 (41.4%) 5 (7.1%)
Allele frequency PCa 123 (60.3%) 81 (39.7%)
Allele frequency A-BPH 101 (72.1%) 39 (27.9%)

Dom AA vs AG+GG
PCa 35 (34.32%) 67 (65.68%) Reference
A-BPH 36 (51.42%) 34 (48.58%) 2.03 (1.08–3.77) 0.02∗

Rec AA+AG vs GG
PCa 88 (86.27%) 14 (13.73%) Reference
A-BPH 65 (92.85%) 5 (7.15%) 2.07 (0.71–6.03) 0.176

OR: Odds ratio; CI: 95% confidence interval; Dom: Dominant; Rec: Recessive. S-BPH: Symptomatic BPH; A-BPH:
Asymptomatic BPH. 2 × 3 and 2 × 2 chi squire was used; ∗: Asterisk indicates ∗p < 0.05.

3.5. Association of CYP1A1 genotype with baseline269

risk variable270

For estimation of possible correlation between se-271

lected two single nucleotide gene polymorphism with272

PCa risk, stratified analysis based on two major clin-273

ical risk factors including smoker, non-smoker and274

pesticide exposure and non exposure were performed.275

Dominant model showed that the combined risk geno-276

type (TC+CC and AG+GG) of CYP1A1 gene had a277

significant association to those cancer patients who 278

were smoker and exposed to pesticides. 279

4. Discussion 280

The impact of environmental exposure on different 281

cancer has been studied in various ethnic groups [17, 282

18]. In this study, occupationally exposed men had 3 283

to 4 fold higher risk of PCa. Another notable differ- 284
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Table 6
Statistical comparison of the rs4646903T>C and rs1048943A>G gene with potential risk factors among prostate
cancer (PCa) and Symptomatic BPH (S-BPH)

rs4646903T > C TT TC CC OR (95% CI), p value
Smoker Dom TT vs TC+CC

PCa 26 (28.57%) 65 (71.43%) 1
S-BPH 33 (44.59%) 41 (55.41%) 2.01 (1.05–3.84) 0.033∗

Rec TT+TC vs CC
PCa 74 (81.31%) 17 (18.69%) 1
S-BPH 67 (90.54%) 7 (9.46%) 2.19 (0.85–5.63) 0.094

Non smoker Dom TT vs TC+CC
PCa 4 (28.57%) 10 (71.43%) 1
S-BPH 14 (42.42%) 19 (57.58%) 1.84 (0.48–7.11) 0.371

Rec TT+TC vs CC
PCa 9 (81.82%) 2 (18.18%)
S-BPH 34 (87.18%) 5 (12.82%) Not applicable

Occupational exposure Dom TT vs TC+CC
PCa 14 (17.07%) 68 (82.93%) 1
S-BPH 22 (36.66%) 38 (63.33%) 2.8 (1.29–6.12) 0.008∗

Rec TT+TC vs CC
PCa 69 (84.14%) 13 (15.85%) 1
S-BPH 51 (85%) 9 (15%) 1.06 (0.42–2.68) 0.88

Non exposure Dom TT vs TC+CC
PCa 13 (65%) 7 (35%) 1
S-BPH 24 (52.17%) 22 (47.83%) 0.58 (0.19–1.74) 0.33

Rec TT+TC vs CC
PCa 13 (68.42%) 6 (31.57%) 1
S-BPH 38 (82.60%) 8 (17.40%) 2.55 (0.77–4.44) 0.199

rs1048943A > G AA AG GG OR (95% CI), p value
Smoker Dom AA vs AG+GG

PCa 31 (34.06%) 60 (65.94%) 1
S-BPH 39 (52.7%) 35 (47.3%) 2.15 (1.15–4.04) 0.016∗

Rec AA+AG vs GG
PCa 80 (87.91%) 11 (12.08%) 1
S-BPH 67 (90.54%) 7 (9.46%) 1.32 (0.48–3.58) 0.59

Non smoker Dom AA vs AG+GG
PCa 3 (30%) 7 (70%) Not applicable
S-BPH 15 (45.45%) 18 (54.46)

Rec AA+AG vs GG
PCa 7 (70%) 3 (30%) Not applicable
S-BPH 31 (93.93%) 2 (6.07%)

Occupational exposure Dom AA vs AG+GG
PCa 27 (32.92%) 55 (67.08%) 1
S-BPH 32 (53.33%) 28 (46.67%) 2.32 (1.17–4.61) 0.014∗

Rec AA+AG vs GG
PCa 72 (87.8%) 10 (12.19%) 1
S-BPH 55 (91.66%) 5 (8.33%) 1.52 (0.49–4.72) 0.458

Non exposure Dom AA vs AG+GG
PCa 8 (40%) 12 (60%) 1
S-BPH 21 (45.65%) 25 (54.35%) 1.26 (0.43–3.66) 0.67

Rec AA+AG vs GG
PCa 16 (80%) 4 (20%) Not applicable
S-BPH 42 (91.30%) 4 (8.7%)

OR: Odds ratio; CI: 95% confidence interval; Dom: Dominant; Rec: Recessive; 2 × 2 chi squire was used for
significance calculation; ∗: Asterisk indicates p < 0.05.

ence was found in tobacco consumption in the form285

of smoking. Tobacco consumption in any form af-286

fects plasma steroid hormone level and leads to higher287

testosterone concentration. Nicotine causes lead to288

dihydro-testosterone accumulation in prostate [19]. An289

elevation in prostate androgens, particularly the more290

potent dihydro-testosterone may be lead to an elevated 291

risk of PCa as well as Symptomatic BPH [20]. 292

Chemical pesticides disrupt normal endocrine func- 293

tion and are related to various hormone mediated ma- 294

lignancies [3]. Since, PCa is hormone-dependent ma- 295

lignancy; this study is focused on relationship between 296
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different type of pesticides and PCa. We selected 10297

pesticides on the basis of persistent nature and con-298

sumption rate in northern part of India [21]. Despite299

low concentration, majority of pesticide were detected300

in blood of PCa patients along with both BPH group.301

We found high median level of five and seven pesti-302

cides in PCa group than S-BPH and A-BPH group, re-303

spectively. Pesticides like Fenvalerate and DDT have304

anti-androgenic or estrogenic potential. On other hand,305

HCH pesticide and its isomer have both estrogenic306

and anti-estrogenic potential [21]. These pesticides are307

known to have carcinogenic potential even at very low308

concentration [22]. Stratified analysis of PCa group309

based on Gleason score was found that β-HCH and310

Malathion pesticides were associated with high risk of311

PCa (all p < 0.05). This result was consistent with312

Kumar et al. [7] who previously reported that, there313

was an association between pesticide level and Prostate314

cancer in Indian population. However, it has been re-315

ported that serum concentration of HCH and dieldrin316

were significantly associated with prostate cancer risk317

in the United States population [18]. Moreover, Xu et318

al. [23] found a group of pesticides like methyl bro-319

mide showed prostate specific biological effects. This320

study provides evidence of relationship between PCa321

and ambient pesticide exposures.322

Several mechanisms of carcinogenesis have been323

suggested and proposed, the most important appears to324

be oxidative stress. A significant higher level of ROS325

was found in PCa group than BPH. SOD, CAT and326

GSH are considered primary antioxidants involved in327

direct scavenging of ROS. In our study, SOD, CAT and328

GSH levels were found to be significantly low in PCa329

group [24]. Stratified analysis of PCa group based on330

Gleason score revealed that, Gleason score positively331

correlated with ROS and negatively correlated with an-332

tioxidants. Several independent studies suggest that the333

reduction of antioxidant activity increases the toxic ef-334

fect of ROS and may lead to severe cellular and molec-335

ular damage [25]. SOD catalyzes the dismutation of336

superoxide into H2O2 and O2, while CAT and GSH re-337

move H2O2. Decrease in antioxidant activity can lead338

to excessive accumulation of ROS resulting in initia-339

tion and propagation of cellular damage which induces340

tumor aggressiveness [24].341

In genetic studies, the average effect of single lo-342

cus can be estimated by an additive model. In presence343

of dominance, the additive model is expected to be344

more accurate. Broadly additive model are divided into345

two types dominant and recessive model. In dominant346

model, comparison groups are wild-type homozygous347

genotype verses allele positivity (combination of het- 348

ero and minor allele) whereas in recessive model, com- 349

parison groups are minor allele verses the rest (combi- 350

nation of wild-type and heterozygous genotype). Pub- 351

lished data on rs4646903T > C and rs1048943A > G 352

genes polymorphism in PCa lack consensus. Only one 353

study from Indians have analyzed rs4646903T>C and 354

rs1048943A > G locus in Prostate cancer [7]. Based 355

on dominant model we observed that the rs4646903T 356

> C and rs1048943A>G substitution significantly in- 357

crease the risk of PCa in northern Indian patients. The 358

PCa group exhibits a far high frequency of substitu- 359

tion than BPH. Mittal et al. [26] who previously re- 360

ported that if genotype containing at least one copy of 361

mutated allele (TC, CC or AG, GG) then the risk was 362

two fold high in PCa. Moreover, Ding et al. [27] sug- 363

gested that individual carrying combined risk genotype 364

of CYP1A1 (TC+CC or AG+GG) was more suscepti- 365

ble to PCa. However, these findings were contradicted 366

by a Meta analysis which showed that instead of het- 367

erozygous or mutant genotype, homozygous wild-type 368

genotype of CYP1A1 was associated with increased 369

PCa risk [28]. Another case control study along with a 370

Meta analysis showed that there was no correlation be- 371

tween CYP1A1 gene and PCa [29,30]. The difference 372

of this result might be due to different genetic makeup 373

amongst different ethnicity. 374

Regarding link between CYP1A1 genotype and de- 375

mographic risk factors in men, the most compelling 376

data comes from the agriculture sector [17,31,32]. Sev- 377

eral other factors like pesticide exposure, smoking and 378

diet, may influence the risk of different type of can- 379

cer [6]. In present study, smoking and occupational ex- 380

posure were considering as main baseline risk factors 381

therefore these two variables were subjected into ge- 382

netic analysis. We observed that smoking and occupa- 383

tional exposure had two and three times higher risk for 384

PCa. In corroboration with above findings, studies con- 385

ducted in India and other countries also revealed that 386

baseline risk variables like smoking and occupational 387

exposure may contribute to the genetic etiology of dif- 388

ferent type of cancer including PCa [6,32]. 389

There are few limitations to our study. First, this is 390

a single centric study and sample size is not enough 391

to explain statistical power for stratified analysis. In- 392

dia is being a multi-ethnic country (like Dravidians, 393

Indo-Europian and Tibeto-Burman) and genetic poly- 394

morphism being subject to ethnic variation. The gene 395

pool is still conserve because of caste system, hence 396

results of this study, should be validated by further in- 397

vestigations looking into the ethnic variation involved 398

in these polymorphism from other part of India. 399
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In conclusion, our study suggested that use of pesti-400

cide has affected human health via oxidative pathway.401

Further, rs4646903T > C and rs1048943A > G poly-402

morphism are associated with increased risk of PCa403

and the risk was also influence by smoking and pesti-404

cide exposure. Further, studies are needed to validate405

our results in multi-centric study with large population.406
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Supplementary material

Table 7
Comparison of CYP1A1 genotypic data in symptomatic and asymptomatic BPH

Genotype Symptomatic BPH (N , %) Asymptomatic BPH (N , %) OR (95% CI) p value
rs4646903T > C

TT 47 (43.9%) 30 (42.8%) Reference
TC 48 (44.8%) 32 (45.7%) 0.95 (0.50–1.8) 0.89
CC 12 (11.2%) 8 (11.4%) 0.95 (0.35–2.6) 0.93
TC+CC 60 (56%) 40 (57.1%) 0.95 (0.52–1.76) 0.88

rs1048943A > G
AA 54 (50.4%) 36 (51.4%) Reference
AG 44 (41.1%) 29 (41.4%) 1.01 (0.53–1.9) 0.97
GG 9 (8.41%) 5 (7.1%) 1.2 (0.37–3.8) 0.76
AG+GG 53 (49.5%) 34 (48.5%) 1.03 (0.56–1.89) 0.88

OR: Odds ratio; CI: 95% confidence interval; 2 × 2 chi squire was used for significance calculation; ∗: Asterisk
indicates p < 0.05.
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Abstract.

Keywords:

1. Introduction1

Prostate cancer (PCa) is a commonly diagnosed ma-2

lignant tumor that occurs in aging men. In developed3

European countries, it is recognized as the most com-4

mon solid tumor, with the highest incidence rate [1].5

Incidence of PCa in Indian population is very low than6

United States and European nations. But, as a result of7

migration, changing lifestyle, increasing awareness re-8

garding PCa, more and more cases are being discov-9

ered and at this time PCa is the second most frequently10

diagnosed cancer in metro cities of India [2].11

Risk factors of PCa are multi-factorial, including12

age, environmental factors like pesticides and metals,13

family or personal history of cancer, smoking, tobacco14

chewing etc. Environmental pesticides are subject to15

serious concern because of broad range of toxicity. In16

the majority of cases human exposure is unintentional17

and unintended. Pesticides are lipophilic in nature, they18

remains in environment and body for a long period [3].19

Due to their long biological half life, these compounds20

∗Corresponding author: Vishwajeet Singh, Department of Urol-
ogy, King George’s Medical University, Lucknow 226003, Uttar
Pradesh, India. E-mail: drvishwajeet68@gmail.com.

are widely persistent and even more noxious to hu- 21

man. Studies also suggested that several pesticides and 22

their derivatives have both estrogenic and androgenic 23

effects that disrupt the normal physiological function 24

of endogenous hormone and may act as tumor pro- 25

moter [3–5]. 26

Loss and gain of gene function may manipulate 27

disease susceptibility in an individual. Any variation 28

of xenobiotic metabolizing enzyme, which is respon- 29

sible for detoxification of environmental xenobiotics 30

may have evident effect on metabolism of environ- 31

mental carcinogens in the human body. Cytochrome 32

p450 (CYP) 1A1 is a phase I enzyme required for 33

the metabolism of steroids, xenobiotic chemicals and 34

different potential genotoxic compounds [6]. CYP1A1 35

gene is located on chromosome 15q24.1 and has seven 36

exons and six introns. Among all variant alleles of 37

CYP1A1 gene, four polymorphic alleles m1, m2, m3 38

and m4 have been studied mostly for the association 39

with different cancer [3,6,7]. The m1 gene situated 40

at position 3801 (rs4646903T > C) in the 3’-non- 41

coding region is involved in different cancers, includ- 42

ing head-and-neck cancer, Breast cancer and PCa [4,6], 43

and m2 (rs1048943A > G) has been correlated with 44

lung cancer in Chinese population [8]. To date, data 45

ISSN 1574-0153/20/$35.00 c© 2020 – IOS Press and the authors. All rights reserved
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supporting that CYP1A1 polymorphism contributing to46

pesticides-associated PCa are scanty and controversial.47

The present study was designed to evaluate the role48

of pesticides, induced oxidative stress metabolism and49

CYP1A1 gene polymorphism in the etiology of PCa. In50

this study, m3 and m4 variant are excluded because m151

is prevalent in African-American and m4 was almost52

negligible in Asian population [7].53

2. Materials and methods54

2.1. Chemicals55

Standards of pesticide namely, alpha-hexachlorocy-56

clohexane (α-HCH), beta-(β-HCH), malathion, chlor-57

pyrifos, α-endosulfan; dichlorodiphenyldichloroethy-58

lene (pp-DDE), dichloro diphenyltrichloroethane (pp-59

DDT), β-ensosulfan, cypermethrin, and fenvalerate60

were procured from Sigma Aldrich (St. Louis, Mo.,61

USA), having purity higher than 98%. Lichrosolv62

HPLC grade hexane was obtained from Merck Pvt.63

Ltd., Mumbai, India.64

2.2. Ethical statement and sample size65

Necessary ethical clearance was obtained by the66

Institutional Research Ethics Committee (Reference67

code: 61th ECMII-BP25) of King George’s Medical68

University (KGMU), Lucknow, India. The sample size69

was calculated on the basis of mean difference of stress70

level in exposed benign prostatic hyperplasia (BPH)71

and PCa group. In a study Siddique et al. [9] reported72

that the mean (± SD) oxidative stress in BPH subject73

was 6.7 ± 2.9 while 8.7 ± 4.0 in PCa patients. For get-74

ting final sample size by assuming-Difference = 5.0;75

standard deviation (∂2) = 5.0; an equal number of case76

and control (r = 1:1); Zα/2 = 1.96 (Significant level77

at 5%) and Zβ = 0.84 (power 80%). Then, the re-78

quired sample size was calculated by using the follow-79

ing formula.80

N =
r + 1

1
σ2Zβ + Zα/2

Diffrence
Here, N = Sample size of each group; r = ratio81

of control to case; Differences = effect size; Zα/2 =82

Significant level; Zβ = power (80%). The calculated83

number of sample for this study was 63. But for statis-84

tical point of view we were enrolled 102 cases and 17785

control subjects.86

2.3. Study subject 87

In total, 102 PCa patients and 177 age matched con- 88

trols were enrolled in this study. Prostate specific anti- 89

gen (PSA) is a tissue specific marker that is now widely 90

used for assessment as well as follow-up of PCa pa- 91

tients. In this study, diagnosis of PCa was based on the 92

level of serum PSA (Chemiluminescent Microparticle 93

Immunoassay) followed by histopathological investi- 94

gation (based on Gleason score). Only histopatholog- 95

ically confirmed cases were enrolled as PCa patients. 96

Age match control subjects were subdivided into two 97

groups: symptomatic BPH (S-BPH, n = 107) and 98

asymptomatic BPH (A-BPH, n = 70). S-BPH was re- 99

cruited on the basis of chest x-ray, urine and blood test 100

for PSA, colon enema and abdominal ultrasound. Age 101

matched asymptomatic BPH controls were randomly 102

selected among healthy volunteers visiting the outpa- 103

tient department (OPD) of Urology, King George’s 104

Medical University for their annual physical examina- 105

tion. Subjects with history of acute/chronic prostatitis; 106

liver failure and renal failure, diabetes mellitus were 107

excluded from this study. A written informed consent 108

was obtained from each subject prior to their inclusion 109

in this study. 110

All the subjects were asked about, age, family his- 111

tory of cancer, dietary habit (vegetarian/non vegetar- 112

ian), pesticide exposure history (farmers who actively 113

participated in pesticide mixing and application to con- 114

trol crop pest) and lifestyle factors like alcohol con- 115

sumption (50 drink/year) and smoking. Smoking status 116

was divided into non smoker and established cigarette 117

smoker according to the detail questions which are as 118

follows: “Have you smoked at least 100 cigarettes in 119

your life?” and “Do you now smoke cigarettes?” those 120

respondents considered as non smoker who smoked 121

fewer than 100 cigarettes in their entire life and they 122

have not smoked since 5 years. Current smoker con- 123

sist of those respondents who report smoking more 124

than 100 cigarettes in their lifetime, and currently 125

smoke every day or some day. After written consent, 126

5 ml venous blood was collected from each participant 127

and divided into three parts for pesticide quantifica- 128

tion (1.5 ml), oxidative stress (1.5 ml) and genotyping 129

(2 ml) and stored at −80◦C till analysis. 130

2.4. Pesticides extraction and quantification 131

Extraction of organochlorine (OCPs) and organo- 132

phosphate (OPPs) residue from blood was done ac- 133

cording to method of Bush et al. [10]. The trace 134
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Table 1
List of primer enzyme, PCR condition and product length

Gene Primer Restriction enzyme Product length (base pair)
CYP1A1m1: rs4646903T > C F 5-AAGAGGTGTAGCCGCTGCACT-3 and Msp1 AM-340, Wh-340, HM-200,

R 5-TAGGAGTCTCT-CATGCCT-3 Mh-140
CYP1A1m2: rs1048943A > G (mt)F-5-AAGTGTATCGGTGAGACCA-3, NA (ASP) 205

(wt)F-5-GAAGTGTATCGGTGAG-ACCG-3 and
CommR-5-GTAGACAGAGTCTAGGCCTCA-3.

NA: not applicable; ASP: Allele specific primer; AM: amplified fragment; Wh: wild type Normal homozygous; HM: Heterozygous mutant; Mh:
Mutant homozygous.

level pesticide (mg/ml or ppm) in the blood sample135

was analyzed by using Agilent technologies 7890A136

Gas Chromatograph, equipped with a micro Electron137

Capture Detector (ECD), capillary column DB-5MS138

(Perkin Elmer, CA, USA) of 30 m length, 0.25 mm139

i.d., 0.25 µm thickness and in an auto injector Agilent140

technologies 7683B series split-less mode injector with141

an insert liner of 0.75 mm i.d. The gas chromatograph142

temperature was programmed as follows: injector tem-143

perature: 250◦C, oven temperature: initially ramped144

from 165◦C to 180◦C at a rate of 3◦C, 200◦C at a rate145

of 1.5◦C, 230◦C at a rate of 2◦C, 260◦C at a rate of146

3.5◦C and finally to 280◦C at a rate of 6◦C per min147

withhold time of 1.5, 0.5, 0.5, 0.5, 2 and 2.5 min, re-148

spectively and electron capture detector temperature149

was at 300◦C.150

2.5. Biochemical estimation151

Reactive oxygen species (ROS) (n mole of mal-152

ondialdehyde (MDA)/ml of plasma) were assessed153

by Ohkawa et al. [11] using thiobarbituric acid. The154

antioxidant system including superoxide dismutase155

(SOD), Catalase (CAT) and Glutathione (GSH) were156

also measured as per standard protocol [12–15].157

2.6. DNA isolation and Genotyping158

Genomic DNA was isolated by conventional phe-159

nol chloroform extraction method followed by ethanol160

precipitation and re-suspended in 1 mole Tris-EDTA161

buffer (pH: 8.0) and stored at −20◦C for further162

use. Genotyping of CYP1A1 at site rs4646903T > C163

and rs1048943A > G were carried out by single nu-164

cleotide polymorphism and allele specific polymerase165

chain reaction with specific primers and restriction en-166

zyme (Table 1). Genotyping was done by using Ap-167

plied Biosystem TaqMan SNP genotyping assay with168

stepOnePlus Real-time PCR system (Applied Biosys-169

tem, Foster City, USA).170

2.7. Statistical analysis 171

For continuous data, normality was tested using Kol- 172

mogorov Smirov test. For non normal continuous data, 173

χ2 test, mann whitney U test/kruskal wallis H test 174

were used to compare the groups as appropriate [16]. 175

Categorical data were presented in frequency and per- 176

centage. For PSA, Univariate binary logistic regres- 177

sion analysis was used to calculate unadjusted odds ra- 178

tio (OR) and 95% confidence interval (CI) in differ- 179

ent variables between case controls. One way analy- 180

sis of variance (ANOVA) followed by Tukey post hoc 181

test were applied on multiple comparisons between the 182

stress metabolism and Gleason score (GS). The geno- 183

typic data are in Hardy-Weinberg Equilibrium tested 184

by χ2 test. Genotypic data was compared between case 185

and controls using 2 × 3 and 2 × 2 contingency table 186

calculator available online at (http://faculty.vassar.edu/ 187

lowry/VassarStats.html). In the case of statistical sig- 188

nificance, further genotypic analysis to calculate the 189

OR and CI were undertaken using dominant and re- 190

cessive models of comparison. Statistical analysis was 191

carried out using the statistical package for the social 192

science, version 22 (SPSS-22, IBM, Chicago, USA). 193

P < 0.05 was considered as statistically significant. 194

3. Results 195

3.1. General baseline characters 196

Baseline profiles of selected subjects are shown in 197

Table 2. Tobacco consumption was found to be pre- 198

dominant risk factor for PCa than both BPH group 199

(PCa versus S-BPH: OR: 3.68; 95% CI: 1.7–7.7; p: 200

0.001 and PCa versus A-BPH: OR: 16.9; 95% CI: 201

7.59–37.62; p: 0.001). The proportion of occupational 202

exposure of pesticide was significantly higher in the 203

group with PCa (PCa: 80.4% versus S-BPH: 56.1% 204

and PCa: 80.4% versus A-BPH: 45.7%; All p < 0.05). 205

Stratified analysis showed that high level of serum PSA 206

was strongly associated with PCa risk (all p < 0.001). 207
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Table 2
Baseline characters of subjects

Variable PCa S-BPH A-BPH PCa vs S-BPH PCa vs A-BPH
(n = 102), (n = 107), (n = 70), OR (95% CI), OR (95% CI),

(%) (%) (%) p value p value
Age

6 60 71 39 27 Reference Reference
> 60 31 68 43 0.25 (0.14–0.44), 0.001∗ 0.27 (0.144–0.52), 0.001∗

Tobacco consumption (smoking)
No 11 (10.8) 33 (30.8) 47 (67.1) Reference Reference
Yes 91 (89.2) 74 (69.1) 23 (32.8) 3.68 (1.7–7.8), 0.0004∗ 16.9 (7.59–37.62), 0.001∗

Alcohol consumption
No 16 (15.7) 26 (24.3) 17 (24.2) Reference Reference
Yes 86 (84.3) 81 (75.7) 53 (75.7) 1.72 (0.86–3.44), 0.12 1.72 (0.80–3.7), 0.15

Family history (any type of malignancy)
No 97 (95.3) – –
Yes 5 (4.7) – –

Dietary habit
Non-vegetarian 35 (34.3) 28 (26.2) 18 (25.7) Reference Reference
Vegetarian 67 (65.7) 79 (73.8) 52 (74.2) 0.68 (0.37–1.22), 0.198 0.66 (0.33–1.30), 0.23

Occupational exposure of pesticides
Others 20 (19.6) 47 (43.9) 38 (54.2) Reference Reference
Farmer 82 (80.4) 60 (56.1) 32 (45.7) 3.21 (1.7–5.9), 0.002∗ 4.86 (2.47–9.59), 0.001∗

PSA (ng/ml)
< 4 5 84 – Reference
4–10 20 14 – 24 (7.74–74.41), 0.001∗

10–20 40 7 – 96 (28.69–321.2), 0.001∗

> 20 37 2 – 310 (57.65–1676), 0.001∗

PCa: prostate cancer; S-BPH: Symptomatic BPH; A-BPH: Asymptomatic BPH; For Significance: 2 × 2 chi squire test was used; OR: Odds
ratio; CI: Confidence interval; p: probability; ∗: p < 0.05. In PSA: Univariate logistic regression analysis was used.

Table 3
Distribution of pesticides in prostate cancer (PCa) and BPH control groups

Pesticides (ppm) PCa S-BPH control A-BPH control p value
(n = 102) (n = 107) (n = 70)

25% 50% 75% 25% 50% 75% 25% 50% 75% PCa Vs S-BPH PCa Vs A-BPH
Malathion 1.21 2.20 3.95 0.68 1.26 2.06 0.77 1.16 3.74 0.001∗ 0.09
Chlorpyrifos 0.21 0.29 0.75 0.14 0.22 0.27 0.11 0.22 0.40 0.002∗ 0.14
α-HCH 0.52 0.84 1.85 0.43 0.78 1.38 0.06 0.34 0.51 0.24 0.001∗

β-HCH 0.01 0.01 0.04 0.01 0.003 54.2 0.01 0.002 0.04 0.023∗ 0.611
α-Endosulfan 0.45 0.51 0.80 0.45 0.57 0.85 0.07 0.33 0.49 0.57 0.001∗

pp-DDE 0.17 0.39 0.79 0.16 0.23 0.43 0.14 0.22 0.33 0.05∗ 0.07
β-ensosulfan 0.51 0.62 0.95 0.43 0.53 0.77 0.21 0.34 0.57 0.08 0.0001∗

DDT 0.48 0.69 0.86 0.55 0.70 0.95 0.15 0.34 0.57 0.55 0.002∗

Cypermethrin 0.26 0.56 1.42 0.39 0.62 0.96 0.28 0.51 0.69 0.66 0.244
Fenvalrate 0.86 1.24 2.03 0.51 0.98 1.56 0.38 0.56 0.90 0.04∗ 0.0001∗

S-BPH: Symptomatic BPH; A-BPH: Asymptomatic BPH; for significance calculation Mann whitney U test was used; ∗p < 0.05.

Some PCa Patients recorded normal or low PSA level;208

this may be due to the orchiectomy or radical prosta-209

tectomy that they underwent. We enrolled healthy age210

matched A-BPH subjects and PSA testing was volun-211

tary. Therefore statistical comparison of PSA between212

PCa and A-BPH group was restricted.213

3.2. Quantification of pesticide by gas214

chromatography215

Compared to BPH controls, PCa had high levels of216

pesticides (Fig. 1 and Table 3). For example, pesticides 217

namely malathion, chlorpyrifos, β-HCH, pp-DDE and 218

fenvalerate were 2 to 4 fold higher in PCa than BPH 219

groups (all p < 0.05). However, level of β-HCH and 220

malathion pesticides were correlated with high Glea- 221

son scores (p < 0.05) which are an indicator of tumor 222

aggressiveness (Table 4). 223

3.3. Oxidative stress and their scavenging system 224

Mean level of ROS (n mole of MDA/ml) was 3.91 ± 225
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Fig. 1. GC chromatogram of detected pesticides in Prostate cancer (A), Symptomatic BPH (B) and Asymptomatic BPH (C).
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Table 4
Distribution of pesticides in prostate cancer patients

Pesticides (ppm) Low risk Intermediate risk High Risk ∗p value
GS 5 & 6 GS 7 GS 8 & 9
(N = 19) (N = 47) (N = 36)

Malathion 1.68 (0.80–3.72) 2.08 (0.99–3.89) 3.58 (1.71–4.17) 0.042∗

Chlorpyrifos 0.27 (0.18–0.71) 0.28 (0.21–1.67) 0.29 (0.18–0.59) 0.742
α-HCH 0.67 (0.55–1.68) 0.78 (0.41–1.77) 1.00 (0.65–2.16) 0.24
β-HCH 0.01 (0.001–0.024) 0.02 (0.009–0.04) 0.02 (0.008–0.04) 0.04∗

α-endosulfan 0.45 (0.42–0.73) 0.51 (0.41–0.81) 0.56 (0.46–0.84) 0.444
pp-DDE 0.46 (0.25–0.54) 0.29 (0.14–0.72) 0.43 (0.21–1.07) 0.508
β-ensosulfan 0.52 (0.45–0.63) 0.66 (0.48–0.103) 0.69 (0.58–0.97) 0.245
DDT 0.49 (0.29–0.93) 0.72 (0.51–0.85) 0.65 (0.47–0.98) 0.359
Cypermethrin 0.74 (0.40–1.52) 0.59 (0.31–1.45) 0.51 (0.23–1.27) 0.616
Fenvalrate 1.38 (0.97–5.13) 1.33 (0.68–5.05) 1.21 (0.86–4.57) 0.754

GS: Gleason Score; N is varying in pesticides. Value in Median (inter-quartile). ∗Kruskal-Wallis H
Test was used to calculate significance level; ∗p <0.05.

Fig. 2. Distribution of ROS and Antioxidants (SOD, CAT, GSH) in PCa and Symptomatic and Asymptomatic BPH control. Significance was
calculated by post hoc Tukey one way ANOVA test at p < 0.05.

1.03 and 3.7 ± 0.82 in S-BPH and A-BPH whereas, in226

PCa group it was almost two fold higher (6.04 ± 1.2).227

Further, SOD, CAT and GSH level decreased by 2 to228

2.9 fold in PCa group than both BPH (all p: < 0.01)229

(Fig. 2). Among PCa group, rise in ROS and reduc-230

tion in antioxidant level were associated with increas-231

ing Gleason score (all p: < 0.001) (Fig. 3). The associ-232

ation between ROS and antioxidants with serum PSA 233

was found to be null (data not shown). 234

3.4. Genotyping and their relation with prostate 235

cancer 236

Genotypic frequencies in both control groups were 237
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Fig. 3. Distribution of ROS and antioxidants (SOD, Catalase, and GSH) in PCa. Different alphabets in separate figure showed significant variation.
Significance was calculated by post hoc Tukey one way ANOVA at p < 0.05.

in Hardy-Weinberg equilibrium (S-BPH: p = 0.96 and238

A-BPH: p = 0.903). For rs4646903T > C, the ho-239

mozygous genotype (TT) was found to be high among240

controls (S-BPH: 43.9 and A-BPH: 42.8%). How-241

ever, heterozygous genotype (TC) was significant more242

prevalent among PCa (54.9%) than controls (S-BPH:243

44.8% and A-BPH: 45.7%) (Table 5). The frequency244

of minor allele CC was slightly higher in PCa pa-245

tients (46.1%) than BPH group (S-BPH: 33.6%, A-246

BPH: 36.9%). Further, dominant model, reveals that247

risk was almost 2 fold high in PCa (PCa versus S-BPH:248

OR = 2.17; CI: 1.6–3.8; p = 0.008 and PCa versus249

A-BPH: OR = 2.08; CI: 1.1–3.97; p = 0.024).250

In rs1048943A > G, homozygous genotype (AA)251

was found to be more prevalent among controls (S-252

BPH: 50.4% and A-BPH: 51.4%) than PCa (34.3%).253

The frequency of wild-type allele was higher in group 254

with both BPH controls, whereas minor allele geno- 255

type was higher in PCa patients. Dominant model in- 256

dicated that PCa was associated with risk genotype 257

(AG+GG) of rs1048943A > G (PCa versus S-BPH: 258

OR = 1.95; CI: 1.1–3.4 and PCa versus A-BPH: OR 259

= 2.03; CI: 1.8–3.77, all p < 0.05). We also analyzed 260

genotypic data of symptomatic and asymptomatic BPH 261

subject (Supplementary Table 7). Binary logistic anal- 262

ysis reveals that, symptomatic and asymptomatic BPH 263

group was same at genetic level. Therefore, this com- 264

bination of PCa and asymptomatic BPH was excluded 265

from further genotypic analysis. Only one type of con- 266

trol is enough for comparing the genetic data with PCa 267

group. 268

un
co

rr
ec

te
d 

pr
oo

f v
er

si
on



Galley Proof 3/01/2020; 13:32 File: cbm–1-cbm190636.tex; BOKCTP/xjm p. 8

8 A. Abhishek et al. / Genetic susceptibility of CYP1A1 gene and risk of pesticide exposure in prostate cancer

Table 5
Frequencies of rs4646903T > C and rs1048943A > G gene polymorphism among prostate cancer (PCa) and control

All subjects 2 × 3 contingency
TT TC CC OR (95% CI), p value

PCa (N , %) 27 (26.5%) 56 (54.9%) 19 (18.6%) P < 0.023∗

S-BPH (N , %) 47 (43.9%) 48 (44.8%) 12 (11.2%)
Allele frequency PCa 110 (53.9%) 94 (46.1%)
Allele frequency S-BPH 142 (66.3%) 72 (33.6%)

Dom TT vs TC+CC
PCa 27 (26.5%) 75 (73.5%) Reference
S-BPH 47 (43.9%) 60 (56.0%) 2.17 (1.21–3.89) 0.008∗

Rec TT+TC vs CC
PCa 83 (81.37%) 19 (18.63%) Reference
S-BPH 95 (88.78%) 12 (11.22%) 1.81 (0.83–3.95) 0.131

AA AG GG
PCa (N , %) 35 (34.3%) 53 (51.9%) 14 (13.7%) 0.05
S-BPH (N , %) 54 (50.4%) 44 (41.1%) 9 (8.41%)
Allele frequency PCa 123 (60.3%) 81 (39.7%)
Allele frequency S-BPH 152 (71%) 62 (28.9%)

Dom AA vs AG+GG
PCa 35 (34.31%) 67 (65.69%) Reference
S-BPH 54 (50.47%) 53 (49.53%) 1.95 (1.12–3.4) 0.025∗

Rec AA+AG vs GG
PCa 88 (86.27%) 14 (13.73%) Reference
S-BPH 98 (91.58%) 9 (8.42%) 1.73 (0.71–4.2) 0.271

TT TC CC OR (95% CI), p value
PCa (N , %) 27 (26.5%) 56 (54.9%) 19 (18.6%) 0.06
A-BPH (N , %) 30 (42.8%) 32 (45.7%) 8 (11.4%)
Allele frequency PCa 110 (53.9%) 94 (46.1%)
Allele frequency A-BPH 82 (63.1%) 48 (36.9%)

Dom TT vs TC+CC
PCa 27 (26.5%) 75 (73.5%) Reference
A-BPH 30 (42.86%) 40 (57.14%) 2.08 (1.1–3.97) 0.024∗

Rec TT+TC vs CC
PCa 83 (83.17%) 19 (18.63%) Reference
A-BPH 62 (88.57%) 8 (11.43%) 1.77 (0.73–4.32) 0.201

AA AG GG
PCa (N , %) 35 (34.3%) 53 (51.9%) 14 (13.7%) 0.062
A-BPH (N , %) 36 (51.4%) 29 (41.4%) 5 (7.1%)
Allele frequency PCa 123 (60.3%) 81 (39.7%)
Allele frequency A-BPH 101 (72.1%) 39 (27.9%)

Dom AA vs AG+GG
PCa 35 (34.32%) 67 (65.68%) Reference
A-BPH 36 (51.42%) 34 (48.58%) 2.03 (1.08–3.77) 0.02∗

Rec AA+AG vs GG
PCa 88 (86.27%) 14 (13.73%) Reference
A-BPH 65 (92.85%) 5 (7.15%) 2.07 (0.71–6.03) 0.176

OR: Odds ratio; CI: 95% confidence interval; Dom: Dominant; Rec: Recessive. S-BPH: Symptomatic BPH; A-BPH:
Asymptomatic BPH. 2 × 3 and 2 × 2 chi squire was used; ∗: Asterisk indicates ∗p < 0.05.

3.5. Association of CYP1A1 genotype with baseline269

risk variable270

For estimation of possible correlation between se-271

lected two single nucleotide gene polymorphism with272

PCa risk, stratified analysis based on two major clin-273

ical risk factors including smoker, non-smoker and274

pesticide exposure and non exposure were performed.275

Dominant model showed that the combined risk geno-276

type (TC+CC and AG+GG) of CYP1A1 gene had a277

significant association to those cancer patients who 278

were smoker and exposed to pesticides. 279

4. Discussion 280

The impact of environmental exposure on different 281

cancer has been studied in various ethnic groups [17, 282

18]. In this study, occupationally exposed men had 3 283

to 4 fold higher risk of PCa. Another notable differ- 284
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Table 6
Statistical comparison of the rs4646903T>C and rs1048943A>G gene with potential risk factors among prostate
cancer (PCa) and Symptomatic BPH (S-BPH)

rs4646903T > C TT TC CC OR (95% CI), p value
Smoker Dom TT vs TC+CC

PCa 26 (28.57%) 65 (71.43%) 1
S-BPH 33 (44.59%) 41 (55.41%) 2.01 (1.05–3.84) 0.033∗

Rec TT+TC vs CC
PCa 74 (81.31%) 17 (18.69%) 1
S-BPH 67 (90.54%) 7 (9.46%) 2.19 (0.85–5.63) 0.094

Non smoker Dom TT vs TC+CC
PCa 4 (28.57%) 10 (71.43%) 1
S-BPH 14 (42.42%) 19 (57.58%) 1.84 (0.48–7.11) 0.371

Rec TT+TC vs CC
PCa 9 (81.82%) 2 (18.18%)
S-BPH 34 (87.18%) 5 (12.82%) Not applicable

Occupational exposure Dom TT vs TC+CC
PCa 14 (17.07%) 68 (82.93%) 1
S-BPH 22 (36.66%) 38 (63.33%) 2.8 (1.29–6.12) 0.008∗

Rec TT+TC vs CC
PCa 69 (84.14%) 13 (15.85%) 1
S-BPH 51 (85%) 9 (15%) 1.06 (0.42–2.68) 0.88

Non exposure Dom TT vs TC+CC
PCa 13 (65%) 7 (35%) 1
S-BPH 24 (52.17%) 22 (47.83%) 0.58 (0.19–1.74) 0.33

Rec TT+TC vs CC
PCa 13 (68.42%) 6 (31.57%) 1
S-BPH 38 (82.60%) 8 (17.40%) 2.55 (0.77–4.44) 0.199

rs1048943A > G AA AG GG OR (95% CI), p value
Smoker Dom AA vs AG+GG

PCa 31 (34.06%) 60 (65.94%) 1
S-BPH 39 (52.7%) 35 (47.3%) 2.15 (1.15–4.04) 0.016∗

Rec AA+AG vs GG
PCa 80 (87.91%) 11 (12.08%) 1
S-BPH 67 (90.54%) 7 (9.46%) 1.32 (0.48–3.58) 0.59

Non smoker Dom AA vs AG+GG
PCa 3 (30%) 7 (70%) Not applicable
S-BPH 15 (45.45%) 18 (54.46)

Rec AA+AG vs GG
PCa 7 (70%) 3 (30%) Not applicable
S-BPH 31 (93.93%) 2 (6.07%)

Occupational exposure Dom AA vs AG+GG
PCa 27 (32.92%) 55 (67.08%) 1
S-BPH 32 (53.33%) 28 (46.67%) 2.32 (1.17–4.61) 0.014∗

Rec AA+AG vs GG
PCa 72 (87.8%) 10 (12.19%) 1
S-BPH 55 (91.66%) 5 (8.33%) 1.52 (0.49–4.72) 0.458

Non exposure Dom AA vs AG+GG
PCa 8 (40%) 12 (60%) 1
S-BPH 21 (45.65%) 25 (54.35%) 1.26 (0.43–3.66) 0.67

Rec AA+AG vs GG
PCa 16 (80%) 4 (20%) Not applicable
S-BPH 42 (91.30%) 4 (8.7%)

OR: Odds ratio; CI: 95% confidence interval; Dom: Dominant; Rec: Recessive; 2 × 2 chi squire was used for
significance calculation; ∗: Asterisk indicates p < 0.05.

ence was found in tobacco consumption in the form285

of smoking. Tobacco consumption in any form af-286

fects plasma steroid hormone level and leads to higher287

testosterone concentration. Nicotine causes lead to288

dihydro-testosterone accumulation in prostate [19]. An289

elevation in prostate androgens, particularly the more290

potent dihydro-testosterone may be lead to an elevated 291

risk of PCa as well as Symptomatic BPH [20]. 292

Chemical pesticides disrupt normal endocrine func- 293

tion and are related to various hormone mediated ma- 294

lignancies [3]. Since, PCa is hormone-dependent ma- 295

lignancy; this study is focused on relationship between 296
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different type of pesticides and PCa. We selected 10297

pesticides on the basis of persistent nature and con-298

sumption rate in northern part of India [21]. Despite299

low concentration, majority of pesticide were detected300

in blood of PCa patients along with both BPH group.301

We found high median level of five and seven pesti-302

cides in PCa group than S-BPH and A-BPH group, re-303

spectively. Pesticides like Fenvalerate and DDT have304

anti-androgenic or estrogenic potential. On other hand,305

HCH pesticide and its isomer have both estrogenic306

and anti-estrogenic potential [21]. These pesticides are307

known to have carcinogenic potential even at very low308

concentration [22]. Stratified analysis of PCa group309

based on Gleason score was found that β-HCH and310

Malathion pesticides were associated with high risk of311

PCa (all p < 0.05). This result was consistent with312

Kumar et al. [7] who previously reported that, there313

was an association between pesticide level and Prostate314

cancer in Indian population. However, it has been re-315

ported that serum concentration of HCH and dieldrin316

were significantly associated with prostate cancer risk317

in the United States population [18]. Moreover, Xu et318

al. [23] found a group of pesticides like methyl bro-319

mide showed prostate specific biological effects. This320

study provides evidence of relationship between PCa321

and ambient pesticide exposures.322

Several mechanisms of carcinogenesis have been323

suggested and proposed, the most important appears to324

be oxidative stress. A significant higher level of ROS325

was found in PCa group than BPH. SOD, CAT and326

GSH are considered primary antioxidants involved in327

direct scavenging of ROS. In our study, SOD, CAT and328

GSH levels were found to be significantly low in PCa329

group [24]. Stratified analysis of PCa group based on330

Gleason score revealed that, Gleason score positively331

correlated with ROS and negatively correlated with an-332

tioxidants. Several independent studies suggest that the333

reduction of antioxidant activity increases the toxic ef-334

fect of ROS and may lead to severe cellular and molec-335

ular damage [25]. SOD catalyzes the dismutation of336

superoxide into H2O2 and O2, while CAT and GSH re-337

move H2O2. Decrease in antioxidant activity can lead338

to excessive accumulation of ROS resulting in initia-339

tion and propagation of cellular damage which induces340

tumor aggressiveness [24].341

In genetic studies, the average effect of single lo-342

cus can be estimated by an additive model. In presence343

of dominance, the additive model is expected to be344

more accurate. Broadly additive model are divided into345

two types dominant and recessive model. In dominant346

model, comparison groups are wild-type homozygous347

genotype verses allele positivity (combination of het- 348

ero and minor allele) whereas in recessive model, com- 349

parison groups are minor allele verses the rest (combi- 350

nation of wild-type and heterozygous genotype). Pub- 351

lished data on rs4646903T > C and rs1048943A > G 352

genes polymorphism in PCa lack consensus. Only one 353

study from Indians have analyzed rs4646903T>C and 354

rs1048943A > G locus in Prostate cancer [7]. Based 355

on dominant model we observed that the rs4646903T 356

> C and rs1048943A>G substitution significantly in- 357

crease the risk of PCa in northern Indian patients. The 358

PCa group exhibits a far high frequency of substitu- 359

tion than BPH. Mittal et al. [26] who previously re- 360

ported that if genotype containing at least one copy of 361

mutated allele (TC, CC or AG, GG) then the risk was 362

two fold high in PCa. Moreover, Ding et al. [27] sug- 363

gested that individual carrying combined risk genotype 364

of CYP1A1 (TC+CC or AG+GG) was more suscepti- 365

ble to PCa. However, these findings were contradicted 366

by a Meta analysis which showed that instead of het- 367

erozygous or mutant genotype, homozygous wild-type 368

genotype of CYP1A1 was associated with increased 369

PCa risk [28]. Another case control study along with a 370

Meta analysis showed that there was no correlation be- 371

tween CYP1A1 gene and PCa [29,30]. The difference 372

of this result might be due to different genetic makeup 373

amongst different ethnicity. 374

Regarding link between CYP1A1 genotype and de- 375

mographic risk factors in men, the most compelling 376

data comes from the agriculture sector [17,31,32]. Sev- 377

eral other factors like pesticide exposure, smoking and 378

diet, may influence the risk of different type of can- 379

cer [6]. In present study, smoking and occupational ex- 380

posure were considering as main baseline risk factors 381

therefore these two variables were subjected into ge- 382

netic analysis. We observed that smoking and occupa- 383

tional exposure had two and three times higher risk for 384

PCa. In corroboration with above findings, studies con- 385

ducted in India and other countries also revealed that 386

baseline risk variables like smoking and occupational 387

exposure may contribute to the genetic etiology of dif- 388

ferent type of cancer including PCa [6,32]. 389

There are few limitations to our study. First, this is 390

a single centric study and sample size is not enough 391

to explain statistical power for stratified analysis. In- 392

dia is being a multi-ethnic country (like Dravidians, 393

Indo-Europian and Tibeto-Burman) and genetic poly- 394

morphism being subject to ethnic variation. The gene 395

pool is still conserve because of caste system, hence 396

results of this study, should be validated by further in- 397

vestigations looking into the ethnic variation involved 398

in these polymorphism from other part of India. 399
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In conclusion, our study suggested that use of pesti-400

cide has affected human health via oxidative pathway.401

Further, rs4646903T > C and rs1048943A > G poly-402

morphism are associated with increased risk of PCa403

and the risk was also influence by smoking and pesti-404

cide exposure. Further, studies are needed to validate405

our results in multi-centric study with large population.406
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Table 7
Comparison of CYP1A1 genotypic data in symptomatic and asymptomatic BPH

Genotype Symptomatic BPH (N , %) Asymptomatic BPH (N , %) OR (95% CI) p value
rs4646903T > C

TT 47 (43.9%) 30 (42.8%) Reference
TC 48 (44.8%) 32 (45.7%) 0.95 (0.50–1.8) 0.89
CC 12 (11.2%) 8 (11.4%) 0.95 (0.35–2.6) 0.93
TC+CC 60 (56%) 40 (57.1%) 0.95 (0.52–1.76) 0.88

rs1048943A > G
AA 54 (50.4%) 36 (51.4%) Reference
AG 44 (41.1%) 29 (41.4%) 1.01 (0.53–1.9) 0.97
GG 9 (8.41%) 5 (7.1%) 1.2 (0.37–3.8) 0.76
AG+GG 53 (49.5%) 34 (48.5%) 1.03 (0.56–1.89) 0.88

OR: Odds ratio; CI: 95% confidence interval; 2 × 2 chi squire was used for significance calculation; ∗: Asterisk
indicates p < 0.05.
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A 57-year-old male with type 2 diabetes mellitus presented 
to our emergency department with syncope and shortness of 
breath. He manifested tachycardia of 120 beats/minute, a 
blood pressure of 102/68 mmHg, a loud second heart sound 
and a clear chest on auscultation. His peripheral oxygen satu-
ration was 85% on room air. A 12-lead electrocardiogram 
demonstrated right bundle branch block and ‘S1Q3T3’ pat-
tern. The plain antero-posterior chest radiograph was unre-
markable but plasma D-dimer was elevated. Transthoracic 
two-dimensional echocardiography showed a dilated right 
atrium (RA) and right ventricle (RV). There was also severe 
tricuspid regurgitation, mildly elevated pulmonary artery 
systolic pressure (42 mmHg) and RV systolic dysfunction.

Interestingly, multiple thromboemboli were appreciated 
throughout the cardiac cycle in the RA, prolapsing across the 
tricuspid valve into the RV giving a ‘popcorn’ appearance 
(Panel A: LV, left ventricle; RA, right atrium; RV, right ventri-
cle). Panels A-1 and A-2 are different phases of the cardiac 
cycle, showing different size and number of thrombus chunks. 
These findings confirmed the clinical suspicion of acute mas-
sive pulmonary embolus with ‘thromboemboli in transit’. CT 
pulmonary angiography (axial image) revealed well-defined 
non-enhancing isodense thromboemboli within the lumen of 
the RA (top-left [brown] arrow, Panel B), left pulmonary 
artery (right [red] arrow, Panel B) and at the bifurcation of the 
main pulmonary trunk with extension into the segmental 
branch of the right pulmonary artery (bottom [white] arrow; 
Panel B). Coronal reformatted CT images demonstrated 

thromboemboli within the right atria (left [yellow] arrow, 
Panel C-1 and C-2), main pulmonary trunk (right [white] 
arrow, Panel C-1 and C-2) and its segmental lower lobe branch 
(bottom-left [brown] arrow, Panel C-2). The patient under-
went intravenous thrombolysis with bolus reteplase with 
excellent recovery and was discharged on oral rivaroxaban.
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Free-floating right heart thromboemboli are uncommon and 
usually represent clots travelling from the legs to the pulmo-
nary arteries, often referred to as ‘thrombi or emboli-in-transit’. 
They are seen in 4–18% of patients presenting with acute mas-
sive pulmonary embolism.1–3 Echocardiography detects and 
assesses the morphology of the right heart thromboemboli, 
which are divided into two morphological types: A and B. Type 
A have a worm-like shape, are extremely mobile and mostly 
represent peripheral venous clots which temporarily lodge into 
the right heart. Type B thrombi are morphologically similar to 
the left heart thrombi, are less mobile, and attach to the right 
atrial or ventricular wall with a broad-base indicating develop-
ment within the right heart. The presence of right heart throm-
boemboli in pulmonary embolism predicts a worse prognosis 
with a higher mortality rate.4,5 This underscores the importance 
of a rapid diagnosis and prompt treatment. Treatment includes 
thrombolysis (intravenous or catheter directed) and surgical 
removal. Percutaneous removal using a pigtail catheter with 
simultaneous direct thrombolysis appears promising.
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DesCripTion 
A  coronary artery fistula   (CA F) is a direct connec-
tion between a coronary artery and any one of the 
cardiac chambers, the coronary sinus or superior 
vena cava, or a pulmonary artery or pulmonary 
vein close to the heart. CAF accounts for 48.7% 
of all congenital coronary anomalies.1 The most 
common drainage sites in a decreasing frequency 
are the right ventricle (41%), right atrium (26%), 
pulmonary artery (17%), coronary sinus (7%), 
left atrium (5%), left ventricle (3%) and superior 
vena cava (1%).2 Further occurrence of this CAF 
along with the presence of aortic sinus to pulmo-
nary artery fistula is very rare.

We present a case of a 53-year-old, hyperten-
sive man who had presented with a first episode 
of chest pain of 8 hours’ duration. At presentation 
in the emergency department, his heart rate was 
90/min and blood pressure measured 158/85 mm 
Hg. His cardiac and chest examinations were 
normal. His 12-lead ECG revealed normal sinus 
rhythm with ST-segment elevation in lead V2 to 
V6 suggestive of anterior wall myocardial infarc-
tion. His transthoracic echocardiogram revealed 
left ventricular ejection fraction of 48% with 
hypokinetic anterior and anteroseptal segments. 
He was immediately thrombolysed with strep-
tokinase and thereafter underwent pharmaco-
invasive therapy. His angiogram revealed type 2 
left anterior descending (LAD) artery revealing 
diffuse disease in the distal small calibre segment. 
The left circumflex and the right coronary arteries 
were normal. It was planned to manage him with 
guideline-directed medical therapy. However, his 
right coronary angiogram revealed a fistula arising 
from the right aortic sinus and draining into the 
main pulmonary artery in a serpiginous fashion 

like a snake (figure 1A, red arrow). It was having 
a separate origin from the right coronary ostium. 
The left coronary angiogram also revealed a cres-
cent-shaped fistula arising from the proximal 
segment of the LAD artery which was best seen 
in the right oblique view with caudal angulation 
like crescent moon (figure 1B,yellow arrow). The 
cardiac CT and angiogram further revealed the 
two fistulae (figure 2—coronal view; figure 3—
axial view).

The unique feature of this case is that rare 
congenital anomaly of the aortic sinus–pulmonary 
artery fistula is seen occurring without aneurysm of 
sinus of Valsalva. Also, it coexisting with CAF from 
LAD artery without resulting in any complications 
further add to the uniqueness in this case.

The patient being asymptomatic was managed 
conservatively for these congenital anomalies and 
was asymptomatic at his follow-up visit after 3 
weeks.

Figure 1 (A) Right coronary angiogram (PA view) 
showing fistula arising from right aortic sinus and 
communicating with pulmonary artery in a serpiginous 
fashion like ‘a snake’. (B) Left coronary angiogram (RA 
caudal view) showing crescent-shaped fistula arising 
from the left anterior descending artery appearing like a 
crescent moon. PA, posteroanterior; RA, right anterior.

Figure 2 Cardiac CT (coronal section) showing aortic 
sinus–pulmonary artery fistula (red arrow), coronary 
artery–pulmonary artery fistula (yellow arrow), right 
coronary artery (green arrow), left coronary artery (blue 
arrow).

Figure 3 Cardiac CT(axial view): (A) right coronary 
sinus–pulmonary artery fistula (red arrow), (B) left 
coronary artery–pulmonary artery fistula (yellow arrow).
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Learning points

 ► Asymptomatic occurrence of the two rare congenital coronary 
anomalies, namely the coronary artery–pulmonary artery 
fistula and the aortic sinus–pulmonary artery fistula, together 
in the same individual.

 ► Occurrence of aortic sinus–pulmonary artery fistula in 
the absence of aneurysmal coronary sinus is also a very rare 
manifestation.
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Abstract Objective: Neoadjuvant chemotherapy followed by radical cystectomy is consid-
ered the standard of care for patients with muscle invasive bladder cancer. In the last decade,
interest in neoadjuvant chemotherapy has slowly shifted from methotrexate, vinblastine,
doxorubicin and cisplatin regime to gemcitabine and cisplatin regime. There are many publi-
cations on gemcitabine and cisplatin regime in literature which cover different aspects of
treatment. This review aims to summarise the findings published so far on gemcitabine and
cisplatin regime and present it in a concise manner.
Methods: A systematic literature review was conducted searching the PubMed� database in
December 2016 using the medical subject heading (MeSH) with the terms gemcitabine,
cisplatin, chemotherapy, muscle invasive bladder cancer, and neoadjuvant. All relevant
studies were included and results were analysed.
Results: A total of 13 studies were included which published between 2007 and 2015. These 13
studies comprised of 754 subjects suffering from muscle invasive bladder cancer. The propor-
tion of male patients ranged from 60% to 86.4% and the median age ranged from 54.2 to 77.3
years in various studies. Complete pathological response (pT0) was seen in 30.0% of patients
and pathological downstaging (<pT2) was seen in 48.67% of patients.
Conclusion: As per latest guidelines, neoadjuvant chemotherapy is recommended for patients
with muscle invasive bladder cancer. There is substantial pathological downstaging with low
toxicity in patients of muscle invasive bladder cancer who receive neoadjuvant gemcitabine
and cisplatin regime.
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1. Introduction

Muscle invasive bladder cancer (MIBC) is an aggressive
malignant disease with early systemic spread. Radical cys-
tectomy (RC) with pelvic lymph node dissection is the
standard of care for MIBC [1]. Disease recurrence after RC is
relatively common and occurs with greater frequency at
distant sites compared to loco-regional recurrence (20%e
50% vs. 5%e15%) [2]. This is an indirect evidence that sys-
temic treatment modalities may improve outcome of
locally advanced bladder cancer. Hence, there is a need for
early multimodal therapy to improve prognosis.

There is an emerging trend towards neoadjuvant
chemotherapy (NAC) in MIBC. Several randomized
controlled trials support the use of platinum-based
chemotherapy in MIBC [3,4]. A meta-analysis which
included 11 randomized controlled studies suggested that
NAC followed by cystectomy compared to cystectomy alone
was associated with a 5% improvement in overall survival
and 9% improvement in disease-free survival [5].

The role of NAC was first established by SWOG-8710
trial [6]. It randomized MIBC patients to two groups. One
group received 3 cycles of MVAC (methotrexate, vinblas-
tine, adriamycin, cisplatin) followed by RC and the other
arm directly proceeded to RC. Patients receiving MVAC
were noted to have an improved pT0 rate (38% vs. 15%,
p < 0.001) and showed survival of 77 months compared to
46 months in the surgery alone arm (p Z 0.06). Approxi-
mately 73% of patients exposed to MVAC experienced grade
3/4 toxicities. Although the survival rate significantly
improved in the neoadjuvant group (MVAC regimen),
toxicity (myelosuppression and neutropenia) due to MVAC
regimen appears alarming. This has led to search for other
chemotherapy regimens which can lead to similar results
with lesser toxicity.

A non-randomized study by Dash et al. [7] revealed
similar complete pathologic response rate and disease free
survival in patients receiving GC (gemcitabine and cisplatin)
combination as compared to MVAC with significantly
decreased toxicity. Similarly, study by von der Masse [8, 9]
showed similar response rate (49% vs. 46%), progression-
free survival (7.7 months vs. 8.3 months), median survival
(14.0 months vs. 15.2 months) and markedly less toxicity,
especially in non-hematologic side effects, when compared
with MVAC in locally advanced/metastatic disease.

Hence, the current interest of both medical oncologists
and urologists is shifting towards GC. In the last decade,
publications have started focusing on the role of GC for NAC
in MIBC. In literature, most of the evidences for its use in
neoadjuvant setting comes from small single centre retro-
spective studies or prospective case series [10]. In our
manuscript, we have included all studies which have
described the role of GC in MIBC patients and summarized
the results for better insight.
2. Material and methods

Institutional review board approval was obtained. A sys-
tematic literature review was conducted searching the
PubMed database in December 2016 using the medical
subject heading (MeSH) with the terms gemcitabine,
cisplatin, chemotherapy, muscle invasive bladder cancer,
and neoadjuvant. Only articles published in English and
studies done on humans were included. Patients with
resectable MIBC (cT2e4aN0-N1M0) who underwent NAC
with GC regime were included. Patients with pure transi-
tional cell carcinoma on histopathology or mixed with
squamous/glandular differentiation were included. Pa-
tients with all other variants on histology and cT4b disease
were excluded from the analysis.

After extensive search on PubMed, we found 13 relevant
articles containing data evaluable specifically for neo-
adjuvant GC. The quality assessment of the studies is done
using New Castle Ottawa Scale (NOS) tool [11]. We looked
at the following parameters which were published in the
above mentioned research articles: 1) Type of study, 2)
number of patients treated with neoadjuvant GC, 3) mean
age, 4) male/female ratio, 5) schedule and number of cy-
cles given, 6) toxicity profile, and 7) patients receiving
neoadjuvant GC who were pT0 at cystectomy. If available,
other data elements were also collected, such as 1) average
time between completion of neoadjuvant GC and cys-
tectomy, 2) number of patients with non-muscle invasive
disease (i.e., less than pT2 disease) at cystectomy and 3)
number of cycles of chemotherapy delivered.

We have assessed pathologic responses to chemotherapy,
which was compared amongst different studies. Complete
pathological response (pCR) was defined as pT0N0, and
pathologic downstaging (pR) was defined as < pT2N0
(including pT0/Ta/Tis/T1). Toxicity profile and complete-
ness of chemotherapy schedule were also assessed.

When available, the chemotherapy dosing schedule was
recorded and classified as 1) 70 mg/m2 cisplatin with
2000 mg/m2 gemcitabine of a 21-day cycle, 2) 70 mg/m2

cisplatin with 1000 mg/m2 gemcitabine of a 21-day cycle, or
3) 75 mg/m2 cisplatin with 1200 mg/m2 gemcitabine of a
28-day cycle.

3. Results

3.1. Study identification

Thirteen studies were identified that met the inclusion and
exclusion criteria (Fig. 1). The detailed quality assessment
is shown in Table 1. In summary, these studies included a
total of 754 patients (range: 22 to 150 patients) and were
published between 2007 and 2015 (Table 2). Of these
studies, 11 were retrospective institutional analyses, one

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1 Flowchart of materials and methods.

Table 1 Quality assessment of included studies using NOS tool.

Study Selection domain
(max of 4 points)

Comparability domain
(max of 2 points)

Outcome domain
(max of 3 points)

Quality rating

Kim et al. [12] **** *- *-* Fair
van de Putte et al. [13] **** *- *-* Fair
Galsky et al. [14] *-** ** *-- Poor
Gandhi et al. [15] **** ** **- Good
Chau et al. [16] **** ** *-- Poor
Khaled et al. [17] NA NA NA NA
Fairey et al. [18] **** *- *-* Fair
Pal et al. [19] **** ** *-* Good
Matsubara et al. [20] **** *- *-* Fair
Scosyrev et al. [21] **** -- *-* Poor
Kaneko et al. [22] **** -- *-* Poor
Dash et al. [7] **** ** *-* Good
Herchenhorn et al. [23] NA NA NA NA

*, Each single symbol represents 1 point assigned for the domain; NA, not applicable; -, each single symbol represents no point scored;
NOS, New Castle Ottawa Scale.
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was prospective and other one was a randomized controlled
trial. Most of the studies were conducted in western
hemisphere, with only three studies from Asia and one from
Egypt. The proportion of male patients ranged from 60% to
86.4% and the median age ranged from 54.2 to 77.3 years in
various studies.

3.2. Chemotherapy regimen

Details related to chemotherapy regimen were studied
across the 13 studies included in our analysis as shown in
Table 3. The National Comprehensive Cancer Network
(NCCN) guidelines suggest 3 to 4 cycles of NAC for survival
benefit [24]. Regimen across the studies varied from 3 to 4
weekly cycles with number of cycles ranging from 3 to 4
except for Kaneko et al. [22] and Scosyrev et al. [21] where
only 2 cycles were given. The most frequently administered
regimen was 70 mg/m2 cisplatin on Day 1 with 1000 mg/m2
gemcitabine on Days 1 and 8 of a 21-day cycle. Drug intensity
(DI) was calculated in three studies ranging from 83.8% to
93.0% for gemcitabine and 91.0%e95.4% for cisplatin.

A relative DI (RDI) was first calculated for each agent
administered to each patient by dividing the target dose by
the actual dose rendered. The target dose was generated
using the expectation that patients would receive a total of
3 months of NAC (i.e., 4 cycles of a 3-weekly regimen, or 3
cycles of a 4-weekly regimen). An average DI for each pa-
tient was calculated by averaging the RDI for each agent
rendered to the patient.

3.3. Clinical and pathological outcome

The clinical stage of patients before treatment is shown in
Table 4. All these studies assessed the response of GC
regime by calculating the complete pathological response
(pCR defined as pT0N0) and pathologic downstaging (<pR



Table 2 Demographic characteristics of the studies.

Study Year Country Type of study Length of study Sample size, n Males, n (%) Age (year, median)

Kim et al. [12] 2015 Korea Retrospective 2003e2013 47 38 (80.9) e

van de Putte et al. [13] 2015 e Retrospective 1990e2014 51 36 (70.6) 63
Galsky et al. [14] 2015 USA Retrospective 2005e2012 146 115 (78.8) 63
Gandhi et al. [15] 2015 USA Retrospective 2000e2013 150 123 (82) 62.5
Chau et al. [16] 2015 UK Retrospective 2005e2011 83 60 (72.3) 68
Khaled et al. [17] 2014 Egypt RCT 2000e2002 59 44 (74.6) 54.2
Fairey et al. [18] 2013 USA Retrospective 1985e2011 58 44 (75.9) 67
Pal et al. [19] 2012 USA Retrospective 1995e2012 24 19 (79.2) 77.3
Matsubara et al. [20] 2012 Japan Retrospective 2005e2010 25 15 (60) 67
Scosyrev et al. [21] 2012 USA Retrospective 1999e2009 25 18 (72) 65
Kaneko et al. [22] 2011 Japan Retrospective 2007e2011 22 16 (72.7) 69
Dash et al. [7] 2008 USA Retrospective 2000e2006 42 32 (76.2) 64
Herchenhorn et al. [23] 2007 Brazil Prospective 2002e2005 22 19 (86.4) 63

RCT, randomized control trial; e, not available.

Table 3 Variation in chemotherapy regimen among various studies.

Study No. of cycles Schedule
(3/4 weekly)

Dose of
gemcitabine

Dose of
cisplatin

DI for
gemcitabine (%)

DI for
cisplatin (%)

Kim et al. [12] 3.2 e e e e e

van de Putte et al. [13] 3 3 1000 mg/m2 70 mg/m2 e e

Galsky et al. [14] 3 e e e e e

Gandhi et al. [15] 3,4 3,4 1000 mg/m2 70/35 mg/m2 e e

Chau et al. [16] 3,4 3 1000 mg/m2 70 mg/m2 e e

Khaled et al. [17] 3 3 1250 mg/m2 70 mg/m2 e e

Fairey et al. [18] 4 3 e e e e

Pal et al. [19] 3,4 4,3 e e 93 93
Matsubara et al. [20] 4 4 1000 mg/m2 70 mg/m2 e e

Scosyrev et al. [21] 2,3,4 3 2000 mg/m2 70 mg/m2 e e

Kaneko et al. [22] 2 4 1000 mg/m2 70 mg/m2 83.8 95.4
Dash et al. [7] 4 3 615 mg/m2 weekly 21 mg/m2 weekly 90 91
Herchenhorn et al. [23] 3 3 1200 mg/m2 75 mg/m2 e e

DI, drug intensity; e, not available.

Role of gemcitabine and cisplatin in bladder cancer 225
defined as <pT2N0 including pT0/Ta/Tis/T1) after cys-
tectomy as shown in Table 5. Overall, pCR was achieved in
20%e63% patients except Kim et al. [12] where only 12.5%
patients achieved complete response. Also, pR was ach-
ieved in 36%e63.6% patients.

3.4. Survival analysis

The survival data reported in the studies were analysed.
The detailed survival data are enumerated in Table 6. A few
studies have calculated overall survival while others have
focussed on disease free survival.

3.5. Toxicity

Although the general tolerability of the treatment regimen
was satisfactory, only five studies provided an analysis of
specific toxicities related to neoadjuvant GC. Only grade 3/4
toxicity was analysed across all the studies as it leads to dose
modification and discontinuation of treatment. All these are
as shown in Table 7.

4. Discussion

Bladder cancer accounts for a significant proportion of
hospital occupancy and is an important cause of morbidity
and mortality amongst elderly men. Approximately 70% of
bladder cancers are non-muscle invasive at presentation.
The remaining 30% of bladder cancers are muscle invasive/
metastatic at the time of presentation [2].

Overall 5-year survival after RC with pelvic lymph node
dissection is 50% for organ confined disease, which de-
creases to 30% with extra-vesical extension and lymph node
involvement [2]. Since a significant proportion of these
patients have micro-metastases at the time of surgery,
early multimodal therapy in the form of systemic chemo-
therapy is expected to improve prognosis. Now, there is an
emerging trend towards NAC in MIBC, as also recommended



Table 4 Distribution of patients based on pre-
chemotherapy staging (T stage).

Study T2 n (%) T3 n (%) T4 n (%)

Kim et al. [12] e e e

van de Putte et al. [13] 11 (21.5) 25 (49) 15 (29.4)
Galsky et al. [14] 90 (62) 40 (27) 16 (11)
Gandhi et al. [15] 97 (65) 38 (25) 15 (10)
Chau et al. [16] 43 (51.8) 33 (39.8) 7 (8.4)
Khaled et al. [17] 1 (2) 45 (76) 13 (22)
Fairey et al. [18] 28 (49) 18 (31) 12 (20)
Pal et al. [19] 19 (91.7) 2 (8.3) 0 (0)
Matsubara et al. [20] 9 (36) 16 (64)
Scosyrev et al. [21] 6 (24) 19 (76)
Kaneko et al. [22] 15 (68.2) 6 (27.3) 1 (4.5)
Dash et al. [7] 19 (45) 19 (45) 4 (10)
Herchenhorn et al. [23] 11 (52.4) 2 (9.5) 8 (38.1)

e, not available.

Table 5 Pathological response after neo-adjuvant
chemotherapy and definitive surgery.

Study pT0 (%) <pT2 (%)

Kim et al. [12] 12.5 e

van de Putte et al. [13] 31.4 43.2
Galsky et al. [14] 31 e

Gandhi et al. [15] 35e63 e

Chau et al. [16] 36.9 e

Khaled et al. [17] 25.6 e

Fairey et al. [18] 27.3 45.5
Pal et al. [19] 25 58
Matsubara et al. [20] 40 44
Scosyrev et al. [21] 20 44
Kaneko et al. [22] 50 63.6
Dash et al. [7] 26 36
Herchenhorn et al. [23] 26.7 e

e, not available; pT0, complete pathological response (pCR);
<pT2, pathologic downstaging (pR).

Table 6 Survival analysis.

Study Overall survival (%

Galsky et al. [14] 26.8 months
Gandhi et al. [15] e

Chau et al. [16] 65.8% (3-year) (ag
63.2% (3-year) (ag

Khaled et al. [17] 51.9% (3-year)
Fairey et al. [18] 24.8 months
Pal et al. [19] 104.3 months
Matsubara et al. [20] e

Scosyrev et al. [21] 68%
Dash et al. [7] e

Herchenhorn et al. [23] 36 months

e, not available.
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by European Association of Urology (EAU) [25]. According to
EAU guidelines, patients with T2eT4a, cN0Mo bladder
cancer are offered cisplatin based NAC.

There is level of evidence 1a (LE 1a) and grade of
recommendation A (GR A) from several randomized
controlled trials that supports the use of platinum-based
chemotherapy in MIBC [3,4,25] (LE 1adEvidence obtained
from meta-analysis of randomised trials. GR AdBased on
clinical studies of good quality and consistency addressing
the specific recommendations and including at least one
randomised trial). In the advanced bladder cancer meta-
analysis [5], platinum based chemotherapy showed a 5%
improvement in overall survival at 5 years. Although
cisplatin based NAC followed by RC is the standard treat-
ment for MIBC [26], it has been underused. In surveillance,
epidemiology and end results analysis by Gore and col-
leagues [26], it was demonstrated that only 21% of patients
underwent RC out of 3262 MIBC patients. This could be
attributed to treatment related morbidity and mortality. A
report from National Cancer Database published in the year
2007 revealed that only 1.2% of patients received NAC and
10.4% received adjuvant chemotherapy in a subset of 7000
patients with MIBC. Trend towards NAC is increasing, and
National Cancer Database in 2014 showed that 16.9% of
patients with MIBC received NAC [27].

There are several arguments in favour of cisplatin-based
NAC for patients with MIBC.

i. Systemic chemotherapy is often better tolerated
before surgery, rather than after surgery. Patients are
able to tolerate higher doses and a greater number of
cycles before surgery than post-operatively [28].

ii. Patients who present with micro-metastatic disease
will receive chemotherapy in a more timely manner,
when their burden of disease is potentially low.

iii. NAC has the potential to downstage bulky and locally
advanced tumors, allowing for a higher likelihood for
negative surgical margins that are a known predictor
of local recurrence following cystectomy. A study
reported that 31.2% of patients who received NAC
were downstaged as compared to 7.6% who immedi-
ately underwent RC [29].
) Disease free survival (%)

e

58% (5-year)
e�70 years)
e <70 years)

e

31.8% (3-year)
e

e

66.7%
e

67.5%
57.2%



Table 7 Toxicity profile.

Study Toxicity profile (Grade 3/4)

Anemia, n (%) Neutropenia, n (%) Thrombocyto-penia, n (%) Nausea/Vomiting, n (%) Diarrhea, n (%)

Van de Putte et al. [13] 1 (2.6) 2 (5.1) 0 (0.0) 1 (2.6) e

Khaled et al. [17] 2 (3.4) 3 (5.2) 3 (5.2) 22 (40) 1 (1.7)
Matsubara et al. [20] 8 (32) 10 (40) 10 (40) e e

Kaneko et al. [22] 1 (2.4) 6 (14.3) 9 (21.4) 0 (0) 0 (0)
Herchenhorn et al. [23] 0 (0) 7 (33.3) 1 (4.76) 6 (28.6) e

e, not available.
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ⅳ. NAC allows the clinician to assess each individual’s
response to therapy, and it thus helps in guiding the
adjuvant treatment strategy by identifying ineffec-
tive agents that should be avoided postoperatively
[29].

There are concerns regarding delay in RC in patients who
receive NAC that can result in worse pathological out-
comes, but the report from National Cancer Database
demonstrated similar mean time from diagnosis to RC
(3.3 months vs. 3.8 months) between those who did not or
did receive NAC [27]. Moreover, a study reported that use of
NAC is not correlated with increased risk of complications,
reoperations, wound infection or wound dehiscence [30].

Considering the above facts, there are now several drugs
available for NAC. The most commonly employed chemo-
therapy regimens include: GC, Classic MVAC, ddMVAC (dose
dense methotrexate þ vinblastine þ adriamycin þ cisplatin)
and CMV (cisplatin þ methotrexate þ vinblastine). The
different neoadjuvant regimens have not been compared in
randomized trials; retrospective evidence has not identified
substantial difference between the various regimens [14].

Paradigm has now shifted from using MVAC regime to GC
regime as there is less toxicity in patients given GC regime
with similar pathological outcomes as outlined in introduc-
tion section. Here, we would like to mention the regime of
ddMVAC, as studies have shown that ddMVAC has a safer
toxicity profile, shorter time to surgery, and a similar com-
plete pathologic response compared to historical
MVAC [31,32]. Only a randomized trial comparing ddMVAC
and GC could answer the question in terms of better
response and survival along with lower toxicity profile, and
such a trial is ongoing in France. Due to a lack of study giving
a concise detail of all the studies using GC regime in MIBC
patients, we chose to do research on this topic.

In our review, out of 754 patients with MIBC, we re-
ported pCR in 30.8% patients and pR in 40.86% patients.
Prospective analysis of MVAC in SWOG-8710 analysis showed
pCR rate in 38% of patients [3] compared to 30.8% with GC
exhibited in our present analysis. On applying intention to
treat analysis, pT0 rate was 32% as per SWOG-8710 data.
Other retrospective studies on neoadjuvant MVAC done
in past have shown pT0 ranging between 19% and
31% [7,33,34].

Earlier, overall survival was taken as primary end point to
assess the effect of NAC. Although overall survival still re-
mains the gold standard to assess end point, recently, various
studies have tried examining other clinical parameters that
can be analysed in a shorter time period. Hence, pathological
down staging is now being used as a surrogate indicator for
long-term oncologic control and survival [35,36].

The pathological response rate varies widely amongst
various studies. This heterogeneity in response arises from
different inclusion criteria, varying schedule and dosing of
GC regime, and lack of randomized controlled trials. In a
pooled analysis of seven studies incorporating 164 patients
receiving GC, Yuh et al. [10] reported a pCR rate of 25.6%.
Some studies have analysed the factors predicting pCR
following NAC; cT stage has been found to be a predictor for
overall survival and disease free recurrence in patients
receiving NAC [18].

Five out of 13 studies showed toxicity data for neo-
adjuvant GC regime, of which three studies were retro-
spective in nature. The most common side effects reported
in literature are anemia, leukopenia, thrombocytopenia,
vomiting and diarrhea [13,17,20,22,23]. Frequency of
Grade 3/4 anemia was reported in range of 0e32%. The
frequency of vomiting was 2.6%e40.0% of patients in liter-
ature. Thrombocytopenia was seen in up to 40% of patients
in previous studies. The varying frequency of adverse ef-
fects between various studies is probably due to different
patient profile, dosage forms and number cycles of
chemotherapy. Although the rate of adverse events with GC
regime appears lower than with studies done on MVAC
earlier [7e9], further randomized studies between MVAC
and GC will substantiate the opinion that neoadjuvant GC
has a more favourable toxicity profile.

There are a few limitations in our study. Although
appropriate MeSH terms were used, the heterogeneity in
treatments administered in terms of dosage and schedule,
varying indications for NAC and patients not undergoing
cystectomy following NAC affected the results. Due to lack
of data, we could not assess NAC dose adjustment, growth
factor support, morbidity, mortality, performance status,
renal function and the presence of hydronephrosis.
5. Conclusion

As per latest guidelines, NAC is recommended for patients
with MIBC. NAC is underutilized all over the world. There is
substantial pathological response rate with low toxicity in
patients of MIBC who receive neoadjuvant cisplatin and
gemcitabine.
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Abstract Objective: Neoadjuvant chemotherapy followed by radical cystectomy is consid-
ered the standard of care for patients with muscle invasive bladder cancer. In the last decade,
interest in neoadjuvant chemotherapy has slowly shifted from methotrexate, vinblastine,
doxorubicin and cisplatin regime to gemcitabine and cisplatin regime. There are many publi-
cations on gemcitabine and cisplatin regime in literature which cover different aspects of
treatment. This review aims to summarise the findings published so far on gemcitabine and
cisplatin regime and present it in a concise manner.
Methods: A systematic literature review was conducted searching the PubMed� database in
December 2016 using the medical subject heading (MeSH) with the terms gemcitabine,
cisplatin, chemotherapy, muscle invasive bladder cancer, and neoadjuvant. All relevant
studies were included and results were analysed.
Results: A total of 13 studies were included which published between 2007 and 2015. These 13
studies comprised of 754 subjects suffering from muscle invasive bladder cancer. The propor-
tion of male patients ranged from 60% to 86.4% and the median age ranged from 54.2 to 77.3
years in various studies. Complete pathological response (pT0) was seen in 30.0% of patients
and pathological downstaging (<pT2) was seen in 48.67% of patients.
Conclusion: As per latest guidelines, neoadjuvant chemotherapy is recommended for patients
with muscle invasive bladder cancer. There is substantial pathological downstaging with low
toxicity in patients of muscle invasive bladder cancer who receive neoadjuvant gemcitabine
and cisplatin regime.
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1. Introduction

Muscle invasive bladder cancer (MIBC) is an aggressive
malignant disease with early systemic spread. Radical cys-
tectomy (RC) with pelvic lymph node dissection is the
standard of care for MIBC [1]. Disease recurrence after RC is
relatively common and occurs with greater frequency at
distant sites compared to loco-regional recurrence (20%e
50% vs. 5%e15%) [2]. This is an indirect evidence that sys-
temic treatment modalities may improve outcome of
locally advanced bladder cancer. Hence, there is a need for
early multimodal therapy to improve prognosis.

There is an emerging trend towards neoadjuvant
chemotherapy (NAC) in MIBC. Several randomized
controlled trials support the use of platinum-based
chemotherapy in MIBC [3,4]. A meta-analysis which
included 11 randomized controlled studies suggested that
NAC followed by cystectomy compared to cystectomy alone
was associated with a 5% improvement in overall survival
and 9% improvement in disease-free survival [5].

The role of NAC was first established by SWOG-8710
trial [6]. It randomized MIBC patients to two groups. One
group received 3 cycles of MVAC (methotrexate, vinblas-
tine, adriamycin, cisplatin) followed by RC and the other
arm directly proceeded to RC. Patients receiving MVAC
were noted to have an improved pT0 rate (38% vs. 15%,
p < 0.001) and showed survival of 77 months compared to
46 months in the surgery alone arm (p Z 0.06). Approxi-
mately 73% of patients exposed to MVAC experienced grade
3/4 toxicities. Although the survival rate significantly
improved in the neoadjuvant group (MVAC regimen),
toxicity (myelosuppression and neutropenia) due to MVAC
regimen appears alarming. This has led to search for other
chemotherapy regimens which can lead to similar results
with lesser toxicity.

A non-randomized study by Dash et al. [7] revealed
similar complete pathologic response rate and disease free
survival in patients receiving GC (gemcitabine and cisplatin)
combination as compared to MVAC with significantly
decreased toxicity. Similarly, study by von der Masse [8, 9]
showed similar response rate (49% vs. 46%), progression-
free survival (7.7 months vs. 8.3 months), median survival
(14.0 months vs. 15.2 months) and markedly less toxicity,
especially in non-hematologic side effects, when compared
with MVAC in locally advanced/metastatic disease.

Hence, the current interest of both medical oncologists
and urologists is shifting towards GC. In the last decade,
publications have started focusing on the role of GC for NAC
in MIBC. In literature, most of the evidences for its use in
neoadjuvant setting comes from small single centre retro-
spective studies or prospective case series [10]. In our
manuscript, we have included all studies which have
described the role of GC in MIBC patients and summarized
the results for better insight.
2. Material and methods

Institutional review board approval was obtained. A sys-
tematic literature review was conducted searching the
PubMed database in December 2016 using the medical
subject heading (MeSH) with the terms gemcitabine,
cisplatin, chemotherapy, muscle invasive bladder cancer,
and neoadjuvant. Only articles published in English and
studies done on humans were included. Patients with
resectable MIBC (cT2e4aN0-N1M0) who underwent NAC
with GC regime were included. Patients with pure transi-
tional cell carcinoma on histopathology or mixed with
squamous/glandular differentiation were included. Pa-
tients with all other variants on histology and cT4b disease
were excluded from the analysis.

After extensive search on PubMed, we found 13 relevant
articles containing data evaluable specifically for neo-
adjuvant GC. The quality assessment of the studies is done
using New Castle Ottawa Scale (NOS) tool [11]. We looked
at the following parameters which were published in the
above mentioned research articles: 1) Type of study, 2)
number of patients treated with neoadjuvant GC, 3) mean
age, 4) male/female ratio, 5) schedule and number of cy-
cles given, 6) toxicity profile, and 7) patients receiving
neoadjuvant GC who were pT0 at cystectomy. If available,
other data elements were also collected, such as 1) average
time between completion of neoadjuvant GC and cys-
tectomy, 2) number of patients with non-muscle invasive
disease (i.e., less than pT2 disease) at cystectomy and 3)
number of cycles of chemotherapy delivered.

We have assessed pathologic responses to chemotherapy,
which was compared amongst different studies. Complete
pathological response (pCR) was defined as pT0N0, and
pathologic downstaging (pR) was defined as < pT2N0
(including pT0/Ta/Tis/T1). Toxicity profile and complete-
ness of chemotherapy schedule were also assessed.

When available, the chemotherapy dosing schedule was
recorded and classified as 1) 70 mg/m2 cisplatin with
2000 mg/m2 gemcitabine of a 21-day cycle, 2) 70 mg/m2

cisplatin with 1000 mg/m2 gemcitabine of a 21-day cycle, or
3) 75 mg/m2 cisplatin with 1200 mg/m2 gemcitabine of a
28-day cycle.

3. Results

3.1. Study identification

Thirteen studies were identified that met the inclusion and
exclusion criteria (Fig. 1). The detailed quality assessment
is shown in Table 1. In summary, these studies included a
total of 754 patients (range: 22 to 150 patients) and were
published between 2007 and 2015 (Table 2). Of these
studies, 11 were retrospective institutional analyses, one

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1 Flowchart of materials and methods.

Table 1 Quality assessment of included studies using NOS tool.

Study Selection domain
(max of 4 points)

Comparability domain
(max of 2 points)

Outcome domain
(max of 3 points)

Quality rating

Kim et al. [12] **** *- *-* Fair
van de Putte et al. [13] **** *- *-* Fair
Galsky et al. [14] *-** ** *-- Poor
Gandhi et al. [15] **** ** **- Good
Chau et al. [16] **** ** *-- Poor
Khaled et al. [17] NA NA NA NA
Fairey et al. [18] **** *- *-* Fair
Pal et al. [19] **** ** *-* Good
Matsubara et al. [20] **** *- *-* Fair
Scosyrev et al. [21] **** -- *-* Poor
Kaneko et al. [22] **** -- *-* Poor
Dash et al. [7] **** ** *-* Good
Herchenhorn et al. [23] NA NA NA NA

*, Each single symbol represents 1 point assigned for the domain; NA, not applicable; -, each single symbol represents no point scored;
NOS, New Castle Ottawa Scale.

224 S. Goel et al.
was prospective and other one was a randomized controlled
trial. Most of the studies were conducted in western
hemisphere, with only three studies from Asia and one from
Egypt. The proportion of male patients ranged from 60% to
86.4% and the median age ranged from 54.2 to 77.3 years in
various studies.

3.2. Chemotherapy regimen

Details related to chemotherapy regimen were studied
across the 13 studies included in our analysis as shown in
Table 3. The National Comprehensive Cancer Network
(NCCN) guidelines suggest 3 to 4 cycles of NAC for survival
benefit [24]. Regimen across the studies varied from 3 to 4
weekly cycles with number of cycles ranging from 3 to 4
except for Kaneko et al. [22] and Scosyrev et al. [21] where
only 2 cycles were given. The most frequently administered
regimen was 70 mg/m2 cisplatin on Day 1 with 1000 mg/m2
gemcitabine on Days 1 and 8 of a 21-day cycle. Drug intensity
(DI) was calculated in three studies ranging from 83.8% to
93.0% for gemcitabine and 91.0%e95.4% for cisplatin.

A relative DI (RDI) was first calculated for each agent
administered to each patient by dividing the target dose by
the actual dose rendered. The target dose was generated
using the expectation that patients would receive a total of
3 months of NAC (i.e., 4 cycles of a 3-weekly regimen, or 3
cycles of a 4-weekly regimen). An average DI for each pa-
tient was calculated by averaging the RDI for each agent
rendered to the patient.

3.3. Clinical and pathological outcome

The clinical stage of patients before treatment is shown in
Table 4. All these studies assessed the response of GC
regime by calculating the complete pathological response
(pCR defined as pT0N0) and pathologic downstaging (<pR



Table 2 Demographic characteristics of the studies.

Study Year Country Type of study Length of study Sample size, n Males, n (%) Age (year, median)

Kim et al. [12] 2015 Korea Retrospective 2003e2013 47 38 (80.9) e

van de Putte et al. [13] 2015 e Retrospective 1990e2014 51 36 (70.6) 63
Galsky et al. [14] 2015 USA Retrospective 2005e2012 146 115 (78.8) 63
Gandhi et al. [15] 2015 USA Retrospective 2000e2013 150 123 (82) 62.5
Chau et al. [16] 2015 UK Retrospective 2005e2011 83 60 (72.3) 68
Khaled et al. [17] 2014 Egypt RCT 2000e2002 59 44 (74.6) 54.2
Fairey et al. [18] 2013 USA Retrospective 1985e2011 58 44 (75.9) 67
Pal et al. [19] 2012 USA Retrospective 1995e2012 24 19 (79.2) 77.3
Matsubara et al. [20] 2012 Japan Retrospective 2005e2010 25 15 (60) 67
Scosyrev et al. [21] 2012 USA Retrospective 1999e2009 25 18 (72) 65
Kaneko et al. [22] 2011 Japan Retrospective 2007e2011 22 16 (72.7) 69
Dash et al. [7] 2008 USA Retrospective 2000e2006 42 32 (76.2) 64
Herchenhorn et al. [23] 2007 Brazil Prospective 2002e2005 22 19 (86.4) 63

RCT, randomized control trial; e, not available.

Table 3 Variation in chemotherapy regimen among various studies.

Study No. of cycles Schedule
(3/4 weekly)

Dose of
gemcitabine

Dose of
cisplatin

DI for
gemcitabine (%)

DI for
cisplatin (%)

Kim et al. [12] 3.2 e e e e e

van de Putte et al. [13] 3 3 1000 mg/m2 70 mg/m2 e e

Galsky et al. [14] 3 e e e e e

Gandhi et al. [15] 3,4 3,4 1000 mg/m2 70/35 mg/m2 e e

Chau et al. [16] 3,4 3 1000 mg/m2 70 mg/m2 e e

Khaled et al. [17] 3 3 1250 mg/m2 70 mg/m2 e e

Fairey et al. [18] 4 3 e e e e

Pal et al. [19] 3,4 4,3 e e 93 93
Matsubara et al. [20] 4 4 1000 mg/m2 70 mg/m2 e e

Scosyrev et al. [21] 2,3,4 3 2000 mg/m2 70 mg/m2 e e

Kaneko et al. [22] 2 4 1000 mg/m2 70 mg/m2 83.8 95.4
Dash et al. [7] 4 3 615 mg/m2 weekly 21 mg/m2 weekly 90 91
Herchenhorn et al. [23] 3 3 1200 mg/m2 75 mg/m2 e e

DI, drug intensity; e, not available.
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defined as <pT2N0 including pT0/Ta/Tis/T1) after cys-
tectomy as shown in Table 5. Overall, pCR was achieved in
20%e63% patients except Kim et al. [12] where only 12.5%
patients achieved complete response. Also, pR was ach-
ieved in 36%e63.6% patients.

3.4. Survival analysis

The survival data reported in the studies were analysed.
The detailed survival data are enumerated in Table 6. A few
studies have calculated overall survival while others have
focussed on disease free survival.

3.5. Toxicity

Although the general tolerability of the treatment regimen
was satisfactory, only five studies provided an analysis of
specific toxicities related to neoadjuvant GC. Only grade 3/4
toxicity was analysed across all the studies as it leads to dose
modification and discontinuation of treatment. All these are
as shown in Table 7.

4. Discussion

Bladder cancer accounts for a significant proportion of
hospital occupancy and is an important cause of morbidity
and mortality amongst elderly men. Approximately 70% of
bladder cancers are non-muscle invasive at presentation.
The remaining 30% of bladder cancers are muscle invasive/
metastatic at the time of presentation [2].

Overall 5-year survival after RC with pelvic lymph node
dissection is 50% for organ confined disease, which de-
creases to 30% with extra-vesical extension and lymph node
involvement [2]. Since a significant proportion of these
patients have micro-metastases at the time of surgery,
early multimodal therapy in the form of systemic chemo-
therapy is expected to improve prognosis. Now, there is an
emerging trend towards NAC in MIBC, as also recommended



Table 4 Distribution of patients based on pre-
chemotherapy staging (T stage).

Study T2 n (%) T3 n (%) T4 n (%)

Kim et al. [12] e e e

van de Putte et al. [13] 11 (21.5) 25 (49) 15 (29.4)
Galsky et al. [14] 90 (62) 40 (27) 16 (11)
Gandhi et al. [15] 97 (65) 38 (25) 15 (10)
Chau et al. [16] 43 (51.8) 33 (39.8) 7 (8.4)
Khaled et al. [17] 1 (2) 45 (76) 13 (22)
Fairey et al. [18] 28 (49) 18 (31) 12 (20)
Pal et al. [19] 19 (91.7) 2 (8.3) 0 (0)
Matsubara et al. [20] 9 (36) 16 (64)
Scosyrev et al. [21] 6 (24) 19 (76)
Kaneko et al. [22] 15 (68.2) 6 (27.3) 1 (4.5)
Dash et al. [7] 19 (45) 19 (45) 4 (10)
Herchenhorn et al. [23] 11 (52.4) 2 (9.5) 8 (38.1)

e, not available.

Table 5 Pathological response after neo-adjuvant
chemotherapy and definitive surgery.

Study pT0 (%) <pT2 (%)

Kim et al. [12] 12.5 e

van de Putte et al. [13] 31.4 43.2
Galsky et al. [14] 31 e

Gandhi et al. [15] 35e63 e

Chau et al. [16] 36.9 e

Khaled et al. [17] 25.6 e

Fairey et al. [18] 27.3 45.5
Pal et al. [19] 25 58
Matsubara et al. [20] 40 44
Scosyrev et al. [21] 20 44
Kaneko et al. [22] 50 63.6
Dash et al. [7] 26 36
Herchenhorn et al. [23] 26.7 e

e, not available; pT0, complete pathological response (pCR);
<pT2, pathologic downstaging (pR).

Table 6 Survival analysis.

Study Overall survival (%

Galsky et al. [14] 26.8 months
Gandhi et al. [15] e

Chau et al. [16] 65.8% (3-year) (ag
63.2% (3-year) (ag

Khaled et al. [17] 51.9% (3-year)
Fairey et al. [18] 24.8 months
Pal et al. [19] 104.3 months
Matsubara et al. [20] e

Scosyrev et al. [21] 68%
Dash et al. [7] e

Herchenhorn et al. [23] 36 months

e, not available.
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by European Association of Urology (EAU) [25]. According to
EAU guidelines, patients with T2eT4a, cN0Mo bladder
cancer are offered cisplatin based NAC.

There is level of evidence 1a (LE 1a) and grade of
recommendation A (GR A) from several randomized
controlled trials that supports the use of platinum-based
chemotherapy in MIBC [3,4,25] (LE 1adEvidence obtained
from meta-analysis of randomised trials. GR AdBased on
clinical studies of good quality and consistency addressing
the specific recommendations and including at least one
randomised trial). In the advanced bladder cancer meta-
analysis [5], platinum based chemotherapy showed a 5%
improvement in overall survival at 5 years. Although
cisplatin based NAC followed by RC is the standard treat-
ment for MIBC [26], it has been underused. In surveillance,
epidemiology and end results analysis by Gore and col-
leagues [26], it was demonstrated that only 21% of patients
underwent RC out of 3262 MIBC patients. This could be
attributed to treatment related morbidity and mortality. A
report from National Cancer Database published in the year
2007 revealed that only 1.2% of patients received NAC and
10.4% received adjuvant chemotherapy in a subset of 7000
patients with MIBC. Trend towards NAC is increasing, and
National Cancer Database in 2014 showed that 16.9% of
patients with MIBC received NAC [27].

There are several arguments in favour of cisplatin-based
NAC for patients with MIBC.

i. Systemic chemotherapy is often better tolerated
before surgery, rather than after surgery. Patients are
able to tolerate higher doses and a greater number of
cycles before surgery than post-operatively [28].

ii. Patients who present with micro-metastatic disease
will receive chemotherapy in a more timely manner,
when their burden of disease is potentially low.

iii. NAC has the potential to downstage bulky and locally
advanced tumors, allowing for a higher likelihood for
negative surgical margins that are a known predictor
of local recurrence following cystectomy. A study
reported that 31.2% of patients who received NAC
were downstaged as compared to 7.6% who immedi-
ately underwent RC [29].
) Disease free survival (%)

e

58% (5-year)
e�70 years)
e <70 years)

e

31.8% (3-year)
e

e

66.7%
e

67.5%
57.2%



Table 7 Toxicity profile.

Study Toxicity profile (Grade 3/4)

Anemia, n (%) Neutropenia, n (%) Thrombocyto-penia, n (%) Nausea/Vomiting, n (%) Diarrhea, n (%)

Van de Putte et al. [13] 1 (2.6) 2 (5.1) 0 (0.0) 1 (2.6) e

Khaled et al. [17] 2 (3.4) 3 (5.2) 3 (5.2) 22 (40) 1 (1.7)
Matsubara et al. [20] 8 (32) 10 (40) 10 (40) e e

Kaneko et al. [22] 1 (2.4) 6 (14.3) 9 (21.4) 0 (0) 0 (0)
Herchenhorn et al. [23] 0 (0) 7 (33.3) 1 (4.76) 6 (28.6) e

e, not available.
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ⅳ. NAC allows the clinician to assess each individual’s
response to therapy, and it thus helps in guiding the
adjuvant treatment strategy by identifying ineffec-
tive agents that should be avoided postoperatively
[29].

There are concerns regarding delay in RC in patients who
receive NAC that can result in worse pathological out-
comes, but the report from National Cancer Database
demonstrated similar mean time from diagnosis to RC
(3.3 months vs. 3.8 months) between those who did not or
did receive NAC [27]. Moreover, a study reported that use of
NAC is not correlated with increased risk of complications,
reoperations, wound infection or wound dehiscence [30].

Considering the above facts, there are now several drugs
available for NAC. The most commonly employed chemo-
therapy regimens include: GC, Classic MVAC, ddMVAC (dose
dense methotrexate þ vinblastine þ adriamycin þ cisplatin)
and CMV (cisplatin þ methotrexate þ vinblastine). The
different neoadjuvant regimens have not been compared in
randomized trials; retrospective evidence has not identified
substantial difference between the various regimens [14].

Paradigm has now shifted from using MVAC regime to GC
regime as there is less toxicity in patients given GC regime
with similar pathological outcomes as outlined in introduc-
tion section. Here, we would like to mention the regime of
ddMVAC, as studies have shown that ddMVAC has a safer
toxicity profile, shorter time to surgery, and a similar com-
plete pathologic response compared to historical
MVAC [31,32]. Only a randomized trial comparing ddMVAC
and GC could answer the question in terms of better
response and survival along with lower toxicity profile, and
such a trial is ongoing in France. Due to a lack of study giving
a concise detail of all the studies using GC regime in MIBC
patients, we chose to do research on this topic.

In our review, out of 754 patients with MIBC, we re-
ported pCR in 30.8% patients and pR in 40.86% patients.
Prospective analysis of MVAC in SWOG-8710 analysis showed
pCR rate in 38% of patients [3] compared to 30.8% with GC
exhibited in our present analysis. On applying intention to
treat analysis, pT0 rate was 32% as per SWOG-8710 data.
Other retrospective studies on neoadjuvant MVAC done
in past have shown pT0 ranging between 19% and
31% [7,33,34].

Earlier, overall survival was taken as primary end point to
assess the effect of NAC. Although overall survival still re-
mains the gold standard to assess end point, recently, various
studies have tried examining other clinical parameters that
can be analysed in a shorter time period. Hence, pathological
down staging is now being used as a surrogate indicator for
long-term oncologic control and survival [35,36].

The pathological response rate varies widely amongst
various studies. This heterogeneity in response arises from
different inclusion criteria, varying schedule and dosing of
GC regime, and lack of randomized controlled trials. In a
pooled analysis of seven studies incorporating 164 patients
receiving GC, Yuh et al. [10] reported a pCR rate of 25.6%.
Some studies have analysed the factors predicting pCR
following NAC; cT stage has been found to be a predictor for
overall survival and disease free recurrence in patients
receiving NAC [18].

Five out of 13 studies showed toxicity data for neo-
adjuvant GC regime, of which three studies were retro-
spective in nature. The most common side effects reported
in literature are anemia, leukopenia, thrombocytopenia,
vomiting and diarrhea [13,17,20,22,23]. Frequency of
Grade 3/4 anemia was reported in range of 0e32%. The
frequency of vomiting was 2.6%e40.0% of patients in liter-
ature. Thrombocytopenia was seen in up to 40% of patients
in previous studies. The varying frequency of adverse ef-
fects between various studies is probably due to different
patient profile, dosage forms and number cycles of
chemotherapy. Although the rate of adverse events with GC
regime appears lower than with studies done on MVAC
earlier [7e9], further randomized studies between MVAC
and GC will substantiate the opinion that neoadjuvant GC
has a more favourable toxicity profile.

There are a few limitations in our study. Although
appropriate MeSH terms were used, the heterogeneity in
treatments administered in terms of dosage and schedule,
varying indications for NAC and patients not undergoing
cystectomy following NAC affected the results. Due to lack
of data, we could not assess NAC dose adjustment, growth
factor support, morbidity, mortality, performance status,
renal function and the presence of hydronephrosis.
5. Conclusion

As per latest guidelines, NAC is recommended for patients
with MIBC. NAC is underutilized all over the world. There is
substantial pathological response rate with low toxicity in
patients of MIBC who receive neoadjuvant cisplatin and
gemcitabine.
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DesCripTion 
A  coronary artery fistula   (CA F) is a direct connec-
tion between a coronary artery and any one of the 
cardiac chambers, the coronary sinus or superior 
vena cava, or a pulmonary artery or pulmonary 
vein close to the heart. CAF accounts for 48.7% 
of all congenital coronary anomalies.1 The most 
common drainage sites in a decreasing frequency 
are the right ventricle (41%), right atrium (26%), 
pulmonary artery (17%), coronary sinus (7%), 
left atrium (5%), left ventricle (3%) and superior 
vena cava (1%).2 Further occurrence of this CAF 
along with the presence of aortic sinus to pulmo-
nary artery fistula is very rare.

We present a case of a 53-year-old, hyperten-
sive man who had presented with a first episode 
of chest pain of 8 hours’ duration. At presentation 
in the emergency department, his heart rate was 
90/min and blood pressure measured 158/85 mm 
Hg. His cardiac and chest examinations were 
normal. His 12-lead ECG revealed normal sinus 
rhythm with ST-segment elevation in lead V2 to 
V6 suggestive of anterior wall myocardial infarc-
tion. His transthoracic echocardiogram revealed 
left ventricular ejection fraction of 48% with 
hypokinetic anterior and anteroseptal segments. 
He was immediately thrombolysed with strep-
tokinase and thereafter underwent pharmaco-
invasive therapy. His angiogram revealed type 2 
left anterior descending (LAD) artery revealing 
diffuse disease in the distal small calibre segment. 
The left circumflex and the right coronary arteries 
were normal. It was planned to manage him with 
guideline-directed medical therapy. However, his 
right coronary angiogram revealed a fistula arising 
from the right aortic sinus and draining into the 
main pulmonary artery in a serpiginous fashion 

like a snake (figure 1A, red arrow). It was having 
a separate origin from the right coronary ostium. 
The left coronary angiogram also revealed a cres-
cent-shaped fistula arising from the proximal 
segment of the LAD artery which was best seen 
in the right oblique view with caudal angulation 
like crescent moon (figure 1B,yellow arrow). The 
cardiac CT and angiogram further revealed the 
two fistulae (figure 2—coronal view; figure 3—
axial view).

The unique feature of this case is that rare 
congenital anomaly of the aortic sinus–pulmonary 
artery fistula is seen occurring without aneurysm of 
sinus of Valsalva. Also, it coexisting with CAF from 
LAD artery without resulting in any complications 
further add to the uniqueness in this case.

The patient being asymptomatic was managed 
conservatively for these congenital anomalies and 
was asymptomatic at his follow-up visit after 3 
weeks.

Figure 1 (A) Right coronary angiogram (PA view) 
showing fistula arising from right aortic sinus and 
communicating with pulmonary artery in a serpiginous 
fashion like ‘a snake’. (B) Left coronary angiogram (RA 
caudal view) showing crescent-shaped fistula arising 
from the left anterior descending artery appearing like a 
crescent moon. PA, posteroanterior; RA, right anterior.

Figure 2 Cardiac CT (coronal section) showing aortic 
sinus–pulmonary artery fistula (red arrow), coronary 
artery–pulmonary artery fistula (yellow arrow), right 
coronary artery (green arrow), left coronary artery (blue 
arrow).

Figure 3 Cardiac CT(axial view): (A) right coronary 
sinus–pulmonary artery fistula (red arrow), (B) left 
coronary artery–pulmonary artery fistula (yellow arrow).
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Learning points

 ► Asymptomatic occurrence of the two rare congenital coronary 
anomalies, namely the coronary artery–pulmonary artery 
fistula and the aortic sinus–pulmonary artery fistula, together 
in the same individual.

 ► Occurrence of aortic sinus–pulmonary artery fistula in 
the absence of aneurysmal coronary sinus is also a very rare 
manifestation.
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iant  posterobasal  pseudoaneurysm:  An  unusual  presentation  of  inferior  wall
yocardial  infarction
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a  b  s  t  r  a  c  t

Left  ventricular  pseudoaneurysm  although  a rare complication  following  acute  myocardial  infarction,
is associated  with  high  mortality  if left untreated.  We  report  a case  of  a 55-year-old  male  patient  who
developed  a  giant  pseudoaneurysm  in  the  posterobasal  region  of  the  left  ventricle  following  inferior  wall
eywords:
yocardial infarction

seudoaneurysm
ost infarction

myocardial  infarction.
Our  patient  presented  9  days  after  an  acute  coronary  event  with  episodic  chest  pain  and  worsening

dyspnea.  Twelve  lead electrocardiogram  revealed  Q waves  in  inferior  leads  and  echocardiography  showed
a giant  pseudoaneurysm  in the  posterobasal  region  of the  left ventricle.  He  was  managed  medically  and
discharged on  personal  request.

© 2018  Cardiological  Society  of  India.  Published  by  Elsevier  B.V.  This  is  an open  access  article  under
he CC
t

ntroduction

Left ventricular (LV) pseudoaneurysm although a rare complica-
ion following acute myocardial infarction, is associated with high

ortality if left untreated.1,2 It is formed when cardiac rupture is
ontained by the adherent pericardium, scar tissue or an organised
hrombus. As there is no endocardium or myocardium lining the
seudoaneurysm, it has a high chance of rupture.3 Acute myocar-
ial infarction (MI) accounts for 55% of the LV pseudoaneurysms,
ommonly observed in the posterolateral region following inferior
all MI.1

We  report a case of giant pseudoaneurysm in the posterobasal
egion of the left ventricle following inferior wall myocardial infarc-
ion.

ase report

A 55-year-old male, tobacco chewer and reformed smoker pre-
ented to emergency on 9th day post myocardial infarction with

omplaints of dyspnoea (New York Heart Association (NYHA) Class
II), episodic chest pain and disorientation. He had severe resting
hest pain with diaphoresis 9 days back and was treated medically,
ollowing which he rapidly worsened to his present condition. On
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468-600X/© 2018 Cardiological Society of India. Published by Elsevier B.V. This is an o
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examination he was severely tachypneic with tachycardia, blood
pressure of 134/84 mmHg  and elevated jugular venous pressure of
8 cm above the sternal angle. Auscultation revealed a third heart
sound with a pansystolic murmur at the apex. Twelve lead electro-
cardiogram (ECG) revealed Q waves with splintered QRS complexes
in inferior leads (Fig. 1). Blood investigations revealed leucocy-
tosis with polymorph predominance, deranged kidney functions
and hyponatremia (115 mEq/L). Echocardiography showed a large
dyskinetic segment of 4.3 × 6 cm connected to posterobasal region
of the left ventricle with a narrow neck of 2.1 cm with end-
systolic orifice diameter to maximum aneurysmal diameter ratio
of 0.35 (Figs. 2, 3, Videos 1, 2). A definite discontinuity in the
myocardium was noted with no discernible myocardium sur-
rounding the segment. No thrombus was evident. He was advised
coronary angiography and an early surgical repair of the pseu-
doaneurysm for which he was  not willing. He was  managed with
diuretics, anti-platelets, statins, antibiotics and hypertonic saline
in the initial phase. His dyspnea gradually improved and he was
discharged on personal request in NYHA class II.

Discussion

Left ventricular pseudoaneurysms are known to occur follow-
ing acute MI,  especially of the inferior wall. Other causes include
surgery, trauma and infections.1 Both true and pseudoaneurysms

are known to occur following MI.  While LV aneurysms more
commonly involve the anterior wall, pseudoaneurysm are usually
formed in the posterior and lateral walls.1 LV pseudoaneurysms
following LV free wall rupture usually occur after 3–7 days of
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Fig. 1. ECG at presentation.
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ig. 2. Pseudoaneurysm in modified 3 chamber view during systole. LV = Left Ven-
ricle.

I.4 However a few cases have been reported to occur even after
ne month.5–7 The presentation is varied in the form of sudden
eath, prolonged chest pain over a period of few hours or repeated
pisodes of short duration chest pain over a number of days - as in
ur case.8

While true aneurysms have a reasonably fair outcome, the
rognosis is much worse for pseudoaneurysms without surgical

ntervention. Thus, early detection and differentiation between
rue and pseudoaneurysms is of utmost importance. The ratio

f end-systolic orifice diameter to maximum aneurysmal cav-
ty diameter of < 0.5 and presence of a thrombus go in favor
f pseudoaneurysms.9 In our case although there was no visi-
le thrombus but ratio of orifice diameter to dyskinetic segment
Fig. 3. Pseudoaneurysm in modified parasternal short-axis view. LV = Left Ventricle.

diameter of < 0.5 and its posterior location were more in favor of
pseudoaneurysm.

Most of the patients present with congestive heart failure
and/or chest pain and surgery is the most appropriate treatment
as untreated pseudoaneurysms are at a high risk of rupture. Mor-
tality is considerably more in those managed medically (48%) as
compared to those treated surgically (≤10%).1,2 A few case series
with small number of cases have shown that patients with small LV
pseudoaneurysms less than 3 cm in size, stable hemodynamics and
a high surgical risk may  be managed conservatively.10–12 Larger

studies are needed to validate these findings and the preferred
approach still remains surgical. Our patient however survived the
initial phase but was  lost to follow-up post discharge.
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12. Prêtre R, Linka A, Jenni R, Turina MI.  Surgical treatment of acquired left
ventricular pseudoaneurysms. Ann Thorac Surg. 2000;70:553–557.

13. Konen E, Merchant N, Gutierrez C, Provost Y, Mickleborough L, Paul NS, et al.
True versus false left ventricular aneurysm: differentiation with MR
imaging–initial experience. Radiology.  2005;236:65–70.
M. Saran et al. / IHJ Cardiovascula

Transesophageal echocardiography and cardiac magnetic res-
nance imaging (MRI) are better imaging techniques to diagnose
seudoaneurysms. MRI  outweighs other investigations in differen-
iating a pseudoaneurysm from a true aneurysm with a sensitivity
f 100% and a specificity of 83%13 as it identifies the pericardium,
etects thrombus and helps to accurately demarcate the necrotic
yocardium. MRI  also provides a 3-dimensional view of the loca-

ion, extent and nature of the surrounding structures which helps
n planning surgery. Delayed enhancement is useful in identifying
he non-viable myocardium. Our patient could not undergo these
nvestigations in view of his poor financial status.

This case highlights the importance of high index of clinical sus-
icion, timely echocardiography, the need to differentiate between

 true and a pseudoaneurysm on the basis of echocardiography
lone in a limited resource scenario and a possible role of medical
anagement in hemodynamically stable patients if urgent surgery

s not available.

onclusion

LV pseudoaneurysm is an uncommon but potentially lethal
omplication of acute MI.  Differentiating pseudoaneurysm from
rue aneurysm is important owing to its high risk of rupture and the
eed for early surgical intervention. The diagnosis should be sus-
ected in all patients presenting with persistant dyspnea or pain
–7days following acute MI,  especially involving the inferior and
osterior walls of left ventricle.

ppendix A. Supplementary data
Supplementary material related to this article can be found, in
he online version, at doi:https://doi.org/10.1016/j.ihjccr.2018.04.
06.
 Reports (CVCR) 2 (2018) 99–101 101
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a  b  s  t  r  a  c  t

Left  ventricular  pseudoaneurysm  although  a rare complication  following  acute  myocardial  infarction,
is associated  with  high  mortality  if left untreated.  We  report  a case  of  a 55-year-old  male  patient  who
developed  a  giant  pseudoaneurysm  in  the  posterobasal  region  of  the  left  ventricle  following  inferior  wall
eywords:
yocardial infarction

seudoaneurysm
ost infarction

myocardial  infarction.
Our  patient  presented  9  days  after  an  acute  coronary  event  with  episodic  chest  pain  and  worsening

dyspnea.  Twelve  lead electrocardiogram  revealed  Q waves  in  inferior  leads  and  echocardiography  showed
a giant  pseudoaneurysm  in the  posterobasal  region  of the  left ventricle.  He  was  managed  medically  and
discharged on  personal  request.

© 2018  Cardiological  Society  of  India.  Published  by  Elsevier  B.V.  This  is  an open  access  article  under
he CC
t

ntroduction

Left ventricular (LV) pseudoaneurysm although a rare complica-
ion following acute myocardial infarction, is associated with high

ortality if left untreated.1,2 It is formed when cardiac rupture is
ontained by the adherent pericardium, scar tissue or an organised
hrombus. As there is no endocardium or myocardium lining the
seudoaneurysm, it has a high chance of rupture.3 Acute myocar-
ial infarction (MI) accounts for 55% of the LV pseudoaneurysms,
ommonly observed in the posterolateral region following inferior
all MI.1

We  report a case of giant pseudoaneurysm in the posterobasal
egion of the left ventricle following inferior wall myocardial infarc-
ion.

ase report

A 55-year-old male, tobacco chewer and reformed smoker pre-
ented to emergency on 9th day post myocardial infarction with

omplaints of dyspnoea (New York Heart Association (NYHA) Class
II), episodic chest pain and disorientation. He had severe resting
hest pain with diaphoresis 9 days back and was treated medically,
ollowing which he rapidly worsened to his present condition. On

∗ Corresponding author.
E-mail addresses: mahimsaran2011@gmail.com (M.  Saran),

kshyaya33@gmail.com (A. Pradhan), drrishisethi1@gmail.com (R. Sethi),
narain@yahoo.com (V.S. Narain).

ttps://doi.org/10.1016/j.ihjccr.2018.04.006
468-600X/© 2018 Cardiological Society of India. Published by Elsevier B.V. This is an o

icenses/by-nc-nd/4.0/).
 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

examination he was severely tachypneic with tachycardia, blood
pressure of 134/84 mmHg  and elevated jugular venous pressure of
8 cm above the sternal angle. Auscultation revealed a third heart
sound with a pansystolic murmur at the apex. Twelve lead electro-
cardiogram (ECG) revealed Q waves with splintered QRS complexes
in inferior leads (Fig. 1). Blood investigations revealed leucocy-
tosis with polymorph predominance, deranged kidney functions
and hyponatremia (115 mEq/L). Echocardiography showed a large
dyskinetic segment of 4.3 × 6 cm connected to posterobasal region
of the left ventricle with a narrow neck of 2.1 cm with end-
systolic orifice diameter to maximum aneurysmal diameter ratio
of 0.35 (Figs. 2, 3, Videos 1, 2). A definite discontinuity in the
myocardium was noted with no discernible myocardium sur-
rounding the segment. No thrombus was evident. He was advised
coronary angiography and an early surgical repair of the pseu-
doaneurysm for which he was  not willing. He was  managed with
diuretics, anti-platelets, statins, antibiotics and hypertonic saline
in the initial phase. His dyspnea gradually improved and he was
discharged on personal request in NYHA class II.

Discussion

Left ventricular pseudoaneurysms are known to occur follow-
ing acute MI,  especially of the inferior wall. Other causes include
surgery, trauma and infections.1 Both true and pseudoaneurysms

are known to occur following MI.  While LV aneurysms more
commonly involve the anterior wall, pseudoaneurysm are usually
formed in the posterior and lateral walls.1 LV pseudoaneurysms
following LV free wall rupture usually occur after 3–7 days of

pen access article under the CC BY-NC-ND license (http://creativecommons.org/

https://doi.org/10.1016/j.ihjccr.2018.04.006
http://www.sciencedirect.com/science/journal/2468600X
http://www.elsevier.com/locate/ihjccr
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mahimsaran2011@gmail.com
mailto:akshyaya33@gmail.com
mailto:drrishisethi1@gmail.com
mailto:vnarain@yahoo.com
https://doi.org/10.1016/j.ihjccr.2018.04.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


100 M. Saran et al. / IHJ Cardiovascular Case Reports (CVCR) 2 (2018) 99–101

Fig. 1. ECG at presentation.
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ig. 2. Pseudoaneurysm in modified 3 chamber view during systole. LV = Left Ven-
ricle.

I.4 However a few cases have been reported to occur even after
ne month.5–7 The presentation is varied in the form of sudden
eath, prolonged chest pain over a period of few hours or repeated
pisodes of short duration chest pain over a number of days - as in
ur case.8

While true aneurysms have a reasonably fair outcome, the
rognosis is much worse for pseudoaneurysms without surgical

ntervention. Thus, early detection and differentiation between
rue and pseudoaneurysms is of utmost importance. The ratio

f end-systolic orifice diameter to maximum aneurysmal cav-
ty diameter of < 0.5 and presence of a thrombus go in favor
f pseudoaneurysms.9 In our case although there was no visi-
le thrombus but ratio of orifice diameter to dyskinetic segment
Fig. 3. Pseudoaneurysm in modified parasternal short-axis view. LV = Left Ventricle.

diameter of < 0.5 and its posterior location were more in favor of
pseudoaneurysm.

Most of the patients present with congestive heart failure
and/or chest pain and surgery is the most appropriate treatment
as untreated pseudoaneurysms are at a high risk of rupture. Mor-
tality is considerably more in those managed medically (48%) as
compared to those treated surgically (≤10%).1,2 A few case series
with small number of cases have shown that patients with small LV
pseudoaneurysms less than 3 cm in size, stable hemodynamics and
a high surgical risk may  be managed conservatively.10–12 Larger

studies are needed to validate these findings and the preferred
approach still remains surgical. Our patient however survived the
initial phase but was  lost to follow-up post discharge.
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12. Prêtre R, Linka A, Jenni R, Turina MI.  Surgical treatment of acquired left
ventricular pseudoaneurysms. Ann Thorac Surg. 2000;70:553–557.

13. Konen E, Merchant N, Gutierrez C, Provost Y, Mickleborough L, Paul NS, et al.
True versus false left ventricular aneurysm: differentiation with MR
imaging–initial experience. Radiology.  2005;236:65–70.
M. Saran et al. / IHJ Cardiovascula

Transesophageal echocardiography and cardiac magnetic res-
nance imaging (MRI) are better imaging techniques to diagnose
seudoaneurysms. MRI  outweighs other investigations in differen-
iating a pseudoaneurysm from a true aneurysm with a sensitivity
f 100% and a specificity of 83%13 as it identifies the pericardium,
etects thrombus and helps to accurately demarcate the necrotic
yocardium. MRI  also provides a 3-dimensional view of the loca-

ion, extent and nature of the surrounding structures which helps
n planning surgery. Delayed enhancement is useful in identifying
he non-viable myocardium. Our patient could not undergo these
nvestigations in view of his poor financial status.

This case highlights the importance of high index of clinical sus-
icion, timely echocardiography, the need to differentiate between

 true and a pseudoaneurysm on the basis of echocardiography
lone in a limited resource scenario and a possible role of medical
anagement in hemodynamically stable patients if urgent surgery

s not available.

onclusion

LV pseudoaneurysm is an uncommon but potentially lethal
omplication of acute MI.  Differentiating pseudoaneurysm from
rue aneurysm is important owing to its high risk of rupture and the
eed for early surgical intervention. The diagnosis should be sus-
ected in all patients presenting with persistant dyspnea or pain
–7days following acute MI,  especially involving the inferior and
osterior walls of left ventricle.

ppendix A. Supplementary data
Supplementary material related to this article can be found, in
he online version, at doi:https://doi.org/10.1016/j.ihjccr.2018.04.
06.
 Reports (CVCR) 2 (2018) 99–101 101
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Abstract
Introduction:  Renal cell carcinoma epitomizes a diversified group of tumors which contributes more than
15,000 deaths annually worldwide. In spite of tremendous efforts to identify prognostic factors apart from
grade, histology and tumor size, they are not so obvious yet to fulfill the requirement. In this study, the
prognostic role of serum matrix metalloproteinase (MMP)-2, 9, and vascular endothelial growth factor
(VEGF) levels in patients with pre and postoperative renal cell carcinoma are evaluated to use as biomarker.
Patients and  methods:  A total of 100 patients with a diagnosis of renal cell carcinoma included in the study.
Additionally, hundred healthy kidney donors enrolled as control, serum MMP-2, MMP-9, and VEGF levels
were analyzed in the serum of post and preoperative patients and parallel in control serum samples by
ELISA method.
Result:  Most of the patients with RCC were found to have high concentrations of serum MMP-2,
MMP-9, and VEGF. The levels of MMP-2 in the serum of preoperative patients ranged from 627 to
1117 ng/ml (833.90 ±  111.91), postoperative MMP-2 range 302–913 (553.02 ±  150.08), control range
122–384 (228.33 ±  72.52). In MMP-9 pre-operative range 619–1233 (862.32 ±  119.77), post-operative
range 124–909 (552.88 ±  151.91) and control range 42–467 (245.44 ±  116.52 and in VEGF preoperative

range was 0.792–2.214 (1.35 ±  0.36), postoperative range was 0.315–1.917 (0.81 ±  0.46) and in control it

e observed that preoperative levels of all three markers, were significantly
toperative and control levels (P = 0.001) however, no any significant correla-
related with grade, stage, size, and type for MMP-2 and MMP-9, but VEGF
mparison.
was 0.01–0.39 (0.10 ±  0.09). W
increased if compared with pos
tion found when the levels cor
shows some significance in co
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Conclusion:  The present data shows relevance and strong significant decrease in the level of MMP-2,
MMP-9, and VEGF after surgery, so they could use as biomarkers in early disease diagnosis and also in
monitoring disease recurrence.

© 2018 Pan African Urological Surgeons Association. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ntroduction

enal cell carcinoma (RCC) is also known as hypernephroma, which
s the cancer of the kidney and generally begins from very upper
ayer of the proximal convoluted tubule, which filters the blood to
emove waste products from the body. Nearly three to four percent
f all solid tumors represent RCC and, it is supposed to be the sixth
scorted reason of carcinoma linked fatality, owing to the lack of
herapeutic remedies for locally advanced or in case of metastatic
isease [1]. Tumors limited within renal parenchyma mostly favor
ve years survival rate in up to sixty to seventy percent cases, but

his is low considerably where metastases occurred outside renal
arenchyma, so restricting the tumor at its initial stage is the prime
arget these days as the disease is mostly resistant to chemotherapy
nd also to radiation therapy, only a few cases are seen to respond
ith immunotherapy. It is very piteous that no corroborated RCC
arker is known for detection of first-degree disease or the disease
ithout any symptoms in selected populations for the prognostic or

reatment effectiveness monitoring point of view [2]. High-quality
etection techniques are required for its preliminary identification
n an initial stage and for closely watching the recurrent tumors
o cop them in the preliminary phase after surgery either by total
r partial nephrectomy [3]. Several markers like CD44, VEGF and
lasma amyloid-alpha have been experimented as a prospective tool
or prognostic or indicative factors for RCC [4–8], though they
till need to validate in rigorous trials. It is still an urgent need of
CC tumor biomarker for detecting renal cell carcinoma in its early

tage. Biomarkers especially humoral tumor markers using blood
erum could be ideal for the routine checkup of RCC in scheduled
ollow-ups intended to perceive any progression. In this context, we
eviewed and observed some literature and local studies to presume
hat some markers like MMP-2, MMP-9 and, VEGF have potential
eatures which originate as well as facilitate the progression of RCC.
ndividually if we see, the (vascular endothelial growth factor) has a
ivotal role in couple of physiological process, in the development
f new blood, in embryo formation, skeletal growth, wound repair
ainly, VEGF is a leading cause of pathological angiogenesis and

esponsible for malignancies, inflammation, diabetic retinopathy,
heumatoid arthritis and many conditions [9]. VEGF is also respon-
ible in propagation and voyage of endothelial cells physiologically
s well as pathologically through binding with two congruent VEGF
eceptors of vascular endothelial cells (VEGF receptor-1 and 2)
nd is a glycoprotein of approximately 45 kDa. VEGF’s are mostly
een expressing in neutrophils, fibroblasts, epithelial cells, activated
acrophages, vascular smooth muscle cells which all are combined
nd involved in renal cell activities and lead to renal cell carcinoma
hen influenced with overexpression of VEGF and other factors

10,11]. On the other hand, MMP (matrix metalloproteinase) is a
amily of structural-related zinc-dependent endopeptidase which

r
i
a
o

enerally does its actions by degrading macromolecules of the
xtracellular matrix and has around 28 members in the family, all
omprise different types of actions.

ll together they are responsible for remodeling of tissues and
n many physiological as well as pathological developments like
rthritis, cirrhosis, angiogenesis, tissue repair, morphogenesis etc.
MP-2 and MMP-9 are mostly considered and thought to be

esponsible in case of metastatic disease [12]. MMP and VEGF
re massively studied to enumerate their versatile role in angiogen-
sis as well as metastasis in cases of malignant tumors and also
n RCC. Furthermore, it is now also known that MMP and VEGF
re most active in the progression of the disease through sequential
teps like extravasations and intravasations [13]. MMPs generally
rbitrate basement membrane and extracellular matrix humiliation
uring the very early stage of tumor genesis, which usually con-
ributes to the development of a microenvironment that encourages
he tumor growth. MMPs are also active in the later stages of cancer
rogression in which they result in metastasis of the disease [14].
atest indications recommend that MMPs and VEGF are moreover
ignificant in the initial stage of tumor maturity until metastasis takes
lace. Serum level of MMP-2, MMP-9, and VEGF were reported
o be significantly elevated in tumor tissue and in the urine sample
rom patients with RCC [15,16]. But no such studies were reported
n our Indian population. Due to the aggressiveness of RCC, most
ases are presenting with metastatic disease, due to which patients
ould not find better survival and die in a very short time. Surgical
esection is the only management available at the time of diagno-
is but the devious nature of the disease is reflected by the rate of
he majority of recurrences after surgery. For this reason, the study
as designed to identify disease or recurrence potential patients at

n early stage by using biomarkers, which may help to prescribe
dditional therapy of anti-MMP-2, anti-MMP-9, and anti-VEGF at
xact time required for treatment, which is looking effective in the
mprovement of overall and progression-free survival of the patient.
or this purpose, the preoperative and postoperative serum level
f MMP-2, MMP-9, and VGEF in RCC patients are measure, and
imultaneously marker level has been seen in healthy controls also
nd compared. With the correlation of levels in pre vs. post vs. con-
rol, the levels checked against the stage, grade, size of the tumor and
ifferent types of RCC tumor to see if any correlation seen between
he levels and co-factors for more exploratory information.

n our knowledge, this is the first study from India about the level
f MMP-2, MMP-9, and VEGF in pre-operative and post-operative

enal cell carcinoma, for analyzing the pattern of increasing activ-
ties in conditions and to verify whether they may have potential
s biomarker in providing useful clinical information in recurrence
r having maximum probability of RCC. In the present study, we

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table  1  Clinical characteristics of 100 patients with renal cell
carcinoma.

Variable n %

Patients 100
Gender

Male 71 71
Female 29 29

Age (Y)
Mean (range) 53.29 (21–79)
Less than 65 84 84
More than 65 16 16

Tumor stage
T1 26 26
T2 39 39
T3 22 22
T4 + LN 13 13

Tumor cell type
Clear cell 74 74
Papillary 09 09
Chromophobe 06 06
Others 11 11

Tumor size (cm)
Less than 7 40 40
More than or equal to 7 60 60

Metastatic site
None 60 60
Brain 04 04
Liver 11 11
Lungs 13 13
Bone 03 03
Recurrence 09 09

Addiction
None 57 57
Smoker 06 06
Alcoholic 06 06
Tobacco chewer 15 15
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MMP-2, MMP-9 and VEGF in early prognosis of Renal cell carcin

aimed to determine MMP-2, MMP-9 and VEGF activity levels in
serum from patients with the Clear cell, Papillary, Chromophobe and
some other type of renal cell carcinoma using pre-coated MMP-2,
MMP-9, and VEGF kits.

Patients  and  methods

In this case-control study, 100 outpatients with histological and
related scan confirmation for renal cell carcinoma recruited between
January 2011 to May 2013 from the Outpatient Department of Urol-
ogy, Sanjay Gandhi Post Graduate Institute of Medical Sciences and
King George Medical College, Lucknow, India. Both these medical
institutes are renowned tertiary care multispecialty hospitals with
medical college facility in the northern part of India. The enrolled
patients included 71 male and 29 female with the mean age of 53
years (range 21–79). The patient recruited for the study had a pro-
gressive, inoperable histological confirmed renal cell carcinoma.
Before patient surgery, a full medical examination including chest
X-ray, abdominal–pelvic ultrasonography, computerized tomogra-
phy, bone scan and blood biochemistry was carried out. The patient
enrolled in the study after taking their consent on the proper guide-
lines of the ethics committee of King George’s Medical College,
Lucknow-India, ethics committee approved informed consent doc-
ument. All the patients enrolled in the study were having no any
other malignancy other than renal malignancy. They were in aver-
age ECOG status ≤2 and in better hepatic and bone marrow function.
Patient characteristics are summarized in Table 1.

The control group enrolled to compare the results between disease
and normal. For the purpose 100 healthy kidney donors selected after
tested against any malignancy or disease and they recruited from the
same outpatient departments The control group comprises healthy
kidney donors without any comorbidities. They also enrolled after
taking proper informed consent form. The mean age of recruited
control was 46, ranges between 24 to 71 years.

5 ml of venous blood collected from the patient immediately
(30 min ±  10 min) before their planned surgery of kidney, radical
nephrectomy or partial nephrectomy. Blood collected in EDTA
vacutainer and serum-separating tube II vacutainer and, stored at
−80 ◦C within 15 min of collection. Again after surgery 5 ml of
venous blood collected from the same patient within 48 h after the
surgery and, stored accordingly under the labeling of patient study
code as preoperative samples and postoperative samples. The con-
trol blood samples collected from healthy kidney donors and, stored
in the same manner as in RCC patients after labeling them as control
sample with their code identifier.

Determination  of  serum  matrixmetalloproteinase-2,  9  and  VEGF
levels  by  ELSA

Quantitative analysis of serum MMP-2, MMP-9, and VEGF has
been done by using commercial Human Puregene ELISA kits as per
the manufacturer’s instructions (Genetix Biotech Asia Pvt., Ltd.).
Briefly, Enzyme-Linked Immunosorbent Assay (ELISA) is a diag-
nostic tool which is now a day widely used in the medical sector.
It is working on the principle of antigen-antibody interaction in

which antigen from any specific sample is attached to the surface of
the kit, and an additional specific antibody is applied over the sur-
face which binds to the antigen. Finally, a substrate added, which
contains a specific enzyme, altogether they produce reactions and

4
o
s
p

Multiple 16 16

etectable signals as a change in the colour of the substrate. Work-
ng on the same principle our ELISA kits also based on a two-site
LISA sandwich format. Standards and serum samples incubated

n a microwell plate precoated with anti-MMP-2, anti-MMP-9 and,
nti-VEGF antibody.

t the start of laboratory work standardization of positive controls
known value samples) done as per the given protocol, after that in
rst 8 well which concludes a single row of 12 rows of ELISA kit
96 wells in total), controls transferred in increasing concentration.
rom the second row onward patient serum samples transferred in
uplicate (each patient sample kept in two wells), finally high puri-
ed IgG known as conjugate added in all wells and after that kit
ept for incubation as per protocol required time. MMP-2, MMP-9,
nd VEGF present in samples bound to their specific antibod-
es used in MMP-2, MMP-9, and VEGF kits. Extensive washing
hrough kit specific washing detergent used to remove non targeted
olecules which remain unattached on wells after that kits coated
ith peroxidise-labelled antibody and again incubated. Finally, the

eaction stopped using stop solution and the absorbance was read at
50 nm in a microtiter plate of ELISA Reader. Serum concentrations

f MMP-2, MMP-9, and VEGF obtained from the corresponding
tandard curves and values received in each case of pre-operative,
ost-operative cases and controls.
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Figure  1  A. Serum MMP-2 level in pre operative, post operative RCC patients and controls. B. Level difference of MMP-9 in pre, post operative
RCC patients and in controls. C. Comparision of levels of VEGF in pre operative-post operative and in controls.

Table  2  Serum level MMP-2, MMP-9, and VEGF in patients and control group.

Group Mean ± SD P value (pre vs post) P value (pre vs control)

MMP-2
Patient (pre OP) 833.90 ± 111.91 <0.001 <0.001
Patient (post OP) 553.02 ± 150.08
Control 228.33 ± 72.52

MMP-9
Patient (pre OP) 862.32 ± 119.77 <0.001 <0.001
Patient (post OP) 552.88 ± 151.91
Control 245.44 ± 116.52

VEGF
Patient (pre OP) 1.35 ± 0.36 <0.001 <0.001
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Patient (post OP) 0.81 ± 0.32
Control 0.10 ± 0.04

tatistical  analysis

he study data presented as the mean and the standard deviation
nd analyzed with the statistical analysis software SPSS v20.0,
PSS corp. Elevated serum levels of MMP-2, MMP-9, and VEGF
efined in pre-operative levels above the 95th percentile of the dis-
ribution against post-operative and control subjects. Differences
ere evaluated using the Wilcoxon rank sum test, two-sample t-test,
NOVA and independent sample test for analyzing the level differ-

nce between pre and postoperative MMP-2, MMP-9, and VEGF
ith control. The Mann–Whitney U test (Kruskal–Wallis test) was
sed in evaluating the association case. The statistical significance
f paired differences between pre-treatment and follow-up was mea-
ured using the unpaired t-test. All p-values are two-tailed, no any
djustment did to compare other factors.

esults

atient  characteristics

he clinical data of 100 enrolled subjects abridged in Table 1, out
f 100 patients 71 (71%) were male and 29 (29%) were female.
he majority (84%) of patients were below age 65 and 39% of the
2 stage, 74% had clear cell histology, 60 out of 100 (60%) were
on-metastatic, other were metastatic most commonly involving the

ungs (13%). The majority number of the patients detected with big
umor of more than or equal to 7 cm size (60%), 57% of them were
on addicted apart from that 15% were addicted to tobacco chewing.
ollow-up blood sample has been collected for all patients.

T
(
t

re-post-control  levels  of  MMP-2,  MMP-9  and  VEGF

n case of MMP-2,the result of levels achieved in preoperative renal
ell carcinoma patients was 833.90 ±  111.91 ng/ml (Mean ±  SD),
hich fall down in postoperative cases upto 553.02 ±  150.08 ng/ml

Mean ±  SD), while in control values obtained 28.33 ±  72.52 ng/ml
Mean ±  SD). The p-value of pre vs post was highly signif-
cant (0.001)-graphical comparison of levels can be seen in
ig. 1A. Similarly, in pre-operative cases of MMP-9, the level was
62.32 ±  119.77 ng/ml (Mean ±  SD), while, in post-operative this
evel drops down to 552.88 ±  151.91 ng/ml (Mean ±  SD), in con-
rol, the level was 245.44 ±  116.52 ng/ml (Mean ±  SD) The p-value
ound highly significant (P = 0.001 – see Fig. 1B).

n preoperative cases of VEGF, the level was 1.35 ±  0.36 ng/ml
Mean ±  SD) while, in postoperative cases the level was
.81 ±  0.46 ng/ml and in control group, the level found was
.10 ±  0.09, this result was also highly significant (P = 0.001 – see
ig. 1C).

ummary of result is in Table 2.

orrelation  between  tumor  grade  and  levels  of  MMP-2,  MMP-9
nd  VEGF
here is no correlation observed when MMP-2 (P  = 0.268), MMP-9
P  = 0.011), and VEGF (P  = 0.008) levels correlated with grade of
umor individually, i.e. low grade, intermediate and high grade with
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Figure  2  A(i) Correlation estimation between serum MMP-2 and grade of the tumor, in Fig. 2A(ii) correlation has been seen in case of MMP-
9 concentration and grade of the tumor, similarly in Fig. 2A(iii) correlation is seen between VEGF concentration and grade of the tumor. B(i)
Correlation estimation between serum MMP-2 and stage of the tumor. Fig. 2B(ii) correlation has been seen in case of MMP-9 concentration and
stage of the tumor. Fig. 2B (iii) correlation is seen between VEGF concentration and stage of the tumor. C(i) Correlation estimation between serum
MMP-2 and size of the tumor. Fig. 2C(ii) correlation has been seen in case of MMP-9 concentration and size of the tumor. Fig. 2C (iii) correlation
is seen between VEGF concentration and size of the tumor.  D(i) Correlation estimation between serum MMP-2 and size of the tumor. Fig. 2D(ii)
correlation has been seen in case of MMP-9 concentration and size of the tumor. Fig. 2D (iii) correlation is seen between VEGF concentration and
size of the tumor.
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Table  3  MMP-2, MMP-9 and VEGF correlation with tumor grade, stage, size and type.

Variable n MMP-2 (Sig) MMP-9 (Sig) VEGF (Sig)
Mean ± SD Mean ± SD Mean ± SD

Grade
Low grade 20 812.02 ± 102.60 (0.268) 791.97±  97.70 (0.011) 1.23 ± 0.31 (0.008)
Intermediate 46 825.35 ± 108.32 874.70 ± 115.83 1.28 ± 0.33
High grade + LN 34 858.34 ± 120.43 886.95 ± 124.12 1.50 ± 0.39

Stage
T1 28 828.97 ± 105.91 (0.264) 896.73 ± 115.93 (0.145) 1.30± 0.31 (0.433)
T2 39 859.06 ± 114.86 856.49 ± 102.02 1.35 ± 0.37
T3 22 801.40 ± 114.57 859.94 ± 152.11 1.45 ± 0.40
T4 + LN 11 822.27 ± 104.83 800.14 ± 99.30 1.27 ± 0.36

Size
≥7 cm 60 837.42 ± 124.79 (0.702) 877.45 ± 126.10 (0.122) 1.41 ± 0.38 (0.026)
<7 cm 40 828.63 ± 90.46 839.63 ± 107.13 1.25 ± 0.30

Cell type
Clear cell 74 820.36 ± 107.26 (0.134) 857.78 ± 125.69 (0.597) 1.33 ± 0.35 (0.478)
Papillary 09 883.26 ± 104.94 905.1 ± 123.44 1.27 ± 0.34
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Chromophobe 06 907.95 ± 145.0 

Others 11 844.21 ± 117.10

ymph nodes (Fig. 2A.i–iii). Mann–Whitney U test (Kruskal–Wallis
est) used in evaluating the association case.

orrelation  between  tumor  stage  and  levels  of  MMP-2,  MMP-9
nd  VEGF

here is also no correlation was seen in the case of MMP-2
P  = 0.264), MMP-9 (P  = 0.145), and VEGF (P  = 0.433) levels when
ompared with stages of tumor like T1, T2, T3 and T4 + lymph nodes
Fig. 2B.i–iii), the output result suggests that higher or lower the
tage of tumor does not reflect a high density of MMP-2, MMP-9,
nd VEGF. Mann–Whitney U test (Kruskal–Wallis test) was used
n assessing the association.

orrelation  between  tumor  size  and  levels  of  MMP-2,  MMP-9  and
EGF

he correlation also checked through the Mann–Whitney U test
Kruskal–Wallis test) and here also found that there is no any cor-
elation in case of MMP-2 (P  = 0.702), MMP-9 (P  = 0.122), and
EGF (P  = 0.026) levels with size of i.e. tumor size less than 7 cm

nd size more than or equal to 7 cm (Fig. 2C.i–iii). Findings sug-
ested that more or less the size of the tumor could not summarize
he concentration of MMP-2, MMP-9 or VEGF within.

orrelation  between  tumor  size  and  levels  of  MMP-2,  MMP-9  and
EGF

o ensure any correlation the level of markers in patient serum and
umour cell type i.e clear cell, papillary, chromophobe and other
ypes of the tumor Mann–Whitney U  test (Kruskal–Wallis test)
pplied, we got no correlation result (MMP-2: P = 0.134, MMP-9:

 = 0.597, VEGF: P = 0.478), see Fig. 2D.i–iii.

he correlation observation was the secondary objective of the study

nd it suggests that no any association is embroiled with overex-
ression of MMP-2, MMP-9, and VEGF when they correlate with
arious types of tumor characteristics like tumor grade, stage, size
nd type. See Table 3.

v
t
b
t

827.8 ± 77.22 1.43 ± 0.51
876.5 ± 93.67 1.49 ± 0.33

iscussion

n recent years, MMP’s and VEGF are the most talkable topic when
e are looking over various stages of cancer progression. In many
f the recent approach, MMP’s and VEGF action was inhibited by
sing synthetic inhibitors which seems to open a new era of cancer
reatment [17,18]. Annually, worldwide around 134,000 deaths are
eing recorded due to this disease [19].

t present, no any diagnostic method is available for initial diag-
osis of RCC, rather than detected incidentally sometimes during
ome routine tests or tests suggested for other means and similarly,
o modality is available to observe the recurrence or effectiveness
f treatment given. Biomarkers are easily quantifiable substances
hich can be used to surveil habitual as well as abnormal biological

unction. Lamentably, no existing biomarker is available till date for
etecting RCC. Throughout the course in current years, the salient
ole of MMPs and VEGF in diversified stages of cancer progression
orked over tremendously and found that obstructing the activity
f MMPs and VEGF using synthetic inhibitors could be a recent
pproach in the treatment of cancer [20].

mall molecule MMP and VEGF inhibitors like MMPI, marima-
tat, neovastat,prinomastat, and VGA 1155 have been studied in
dvanced phase clinical trials for the treatment of various types of
ancers [21–24].

ecently, some encouraging results received from clinical trials, in
hich synthetic anti MMP called synthetic MMPIs like marimastat
sed for treating advanced gastric cancer, temozolomide [25,26] for
reating recurrent and progressive glioblastoma multiforme has been
sed similarly anti VEGF were used in clinical trials and supports
DA to give approval for anti VEGF drugs like Clark et al. [27],
llis et al. [28] Yang et al. [29] etc.

lbeit about 300 differential proteins have been recognized from

arious renal tumor tests, cell lines or patient’s serum and from
heir particular controls by proteomic considers, but specified RCC
iomarkers have not been accessible for the detection and anticipa-
ion for early reactions to treatment up until this point [30].
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MMP-2, MMP-9 and VEGF in early prognosis of Renal cell carcin

In some studies, 3-azido withaferin-A induced MMP-2 inhibition
was found very much effective in the treatment of prostate cancer
and cervical cancer [31].

Sorafenib and Sunitinib which are orally administered tyrosine-
kinase inhibitor (TKI) which inhibit VEGFR for disease
management, they are widely using medicine for metastatic RCC
nowadays, these drugs are well tolerated and have significant disease
stabilizing activity and contribute in increasing progression-free sur-
vival (PFS) [32,33]. Some aggravating preliminary clinical retort
data with VEGF inhibition in RCC has provided a prospect for
treatment press forward for this historically resistant malignancy
[34].

Despite improving almost 5-year survival rates, clinicians and
researchers are looking for ways to better guide therapy by improv-
ing outcomes and limiting toxicities. New techniques in surgical
procedure and advancement in radiologic imaging are helping a lot
but, establishing and associating biomarker in treatment line, could
result in most accurate treatment on time when exactly required
and may give healthier treatment outcomes. Looking through all
prospective and the need of biomarkers in RCC we have gone
through many works of literature and observed that MMP-2, MMP-
9, and VEGF activity is found most active in RCC and, hence in this
paper we are trying to establish the role of MMP-2, MMP-9 and
VEGF as biomarker for prognosticating renal cell carcinoma in its
early stage.

Statistically, significantly higher level of MMP-2, MMP-9, and
VEGF was present in pre-operated patients when compared with
post-operated patients and controls.

Renal cell carcinoma introduces a diversified group of cancers that
come in existence from the proximal convoluted tubules of the
kidney. In comparison to other solid tumors, limited studies are
available for prognosticating the presence of renal cell carcinoma
in its early stage, for this reason, diagnosis is delayed and leads to a
huge number of disease-related deaths worldwide, the reason why
biomarkers are very much required to identify renal cell carcinoma
at an early stage.

MMP-2, MMP-9 and VEGF’s generally associated with pathways
creation for tumor generation, invasion and facilitate the tumor to
spread, in present work, we considered the levels of MMP-2, MMP-
9, and VEGF for diagnosing renal cell carcinoma in an early stage.
For the purpose serum sample of hundred patients of renal cell
carcinoma were collected before and after the surgery, conversely,
hundred control samples are collected from healthy kidney donors
before their surgery.

Pre and post-operative levels of patient MMP-2, MMP-9, and VEGF
compared individually and against control samples, furthermore,
according to result it is found that these biomarkers can help in
screening disease and detecting recurrence of RCC, and could be
helpful for starting the treatment in the early stage of diagnosis, to
increase progression-free and overall survival of the patient.

In addition to this, we have also studied that whether the levels have

any impact on the stage, grade, size, and type of the tumor.

Elevated serum MMP-2, MMP-9, and VEGF levels noted in RCC
patients before surgery and in comparison with healthy control, also

S

T
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261

ound associated with low progression-free and overall survival of
he patient. Taken as a whole, the results of our study positively pro-
ounding that MMP-2, MMP-9, and VEGF have important roles
rom initiation to the rapid progression of renal cell carcinoma and
herefore establishing a healthy reference range could be useful in
dentifying elevated levels and start treatment accordingly to stop
he development and progression of RCC. Though, a limited num-
er of patient and control in this study, some larger studies are
eeded to confirm our findings. Some more factors can be looked
hich we have not touched, like the level of MMP-2, MMP-9 and
EGF can be seen all together in patient serum, tissue and urine. In

onclusion, our findings provide substantiation that MMP-2, MMP-
, and VEGF together have important roles at different phases of
etastatic spread. Measurement of these markers in diagnostic as
ell as in follow up stages of the patient may be a milestone in
etecting RCC as well as for patients which are at high risk of
rogression.

onclusion

n summary, the present study has validated preliminary data show-
ng that circulating MMP-2, MMP-9, and VEGF are elevated in
atients with RCC and furthermore associated with poor prognosis.
e suppose it reflects an association between tumor progression and

levation of tumor-derived proteases which aggravates the disease.
urther characterization of MMP-2, MMP-9 and VEGF in humans,
s well as the results of enduring clinical trials, will help explicate
he role of MMP-2, MMP-9, and VEGF in patients with renal cell
arcinoma and its diagnosis in early stage and can be established as
iomarkers for better disease management and for achieving better
atient survival.
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Abstract
Introduction:  Renal cell carcinoma epitomizes a diversified group of tumors which contributes more than
15,000 deaths annually worldwide. In spite of tremendous efforts to identify prognostic factors apart from
grade, histology and tumor size, they are not so obvious yet to fulfill the requirement. In this study, the
prognostic role of serum matrix metalloproteinase (MMP)-2, 9, and vascular endothelial growth factor
(VEGF) levels in patients with pre and postoperative renal cell carcinoma are evaluated to use as biomarker.
Patients and  methods:  A total of 100 patients with a diagnosis of renal cell carcinoma included in the study.
Additionally, hundred healthy kidney donors enrolled as control, serum MMP-2, MMP-9, and VEGF levels
were analyzed in the serum of post and preoperative patients and parallel in control serum samples by
ELISA method.
Result:  Most of the patients with RCC were found to have high concentrations of serum MMP-2,
MMP-9, and VEGF. The levels of MMP-2 in the serum of preoperative patients ranged from 627 to
1117 ng/ml (833.90 ±  111.91), postoperative MMP-2 range 302–913 (553.02 ±  150.08), control range
122–384 (228.33 ±  72.52). In MMP-9 pre-operative range 619–1233 (862.32 ±  119.77), post-operative
range 124–909 (552.88 ±  151.91) and control range 42–467 (245.44 ±  116.52 and in VEGF preoperative

range was 0.792–2.214 (1.35 ±  0.36), postoperative range was 0.315–1.917 (0.81 ±  0.46) and in control it

e observed that preoperative levels of all three markers, were significantly
toperative and control levels (P = 0.001) however, no any significant correla-
related with grade, stage, size, and type for MMP-2 and MMP-9, but VEGF
mparison.
was 0.01–0.39 (0.10 ±  0.09). W
increased if compared with pos
tion found when the levels cor
shows some significance in co
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Conclusion:  The present data shows relevance and strong significant decrease in the level of MMP-2,
MMP-9, and VEGF after surgery, so they could use as biomarkers in early disease diagnosis and also in
monitoring disease recurrence.

© 2018 Pan African Urological Surgeons Association. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ntroduction

enal cell carcinoma (RCC) is also known as hypernephroma, which
s the cancer of the kidney and generally begins from very upper
ayer of the proximal convoluted tubule, which filters the blood to
emove waste products from the body. Nearly three to four percent
f all solid tumors represent RCC and, it is supposed to be the sixth
scorted reason of carcinoma linked fatality, owing to the lack of
herapeutic remedies for locally advanced or in case of metastatic
isease [1]. Tumors limited within renal parenchyma mostly favor
ve years survival rate in up to sixty to seventy percent cases, but

his is low considerably where metastases occurred outside renal
arenchyma, so restricting the tumor at its initial stage is the prime
arget these days as the disease is mostly resistant to chemotherapy
nd also to radiation therapy, only a few cases are seen to respond
ith immunotherapy. It is very piteous that no corroborated RCC
arker is known for detection of first-degree disease or the disease
ithout any symptoms in selected populations for the prognostic or

reatment effectiveness monitoring point of view [2]. High-quality
etection techniques are required for its preliminary identification
n an initial stage and for closely watching the recurrent tumors
o cop them in the preliminary phase after surgery either by total
r partial nephrectomy [3]. Several markers like CD44, VEGF and
lasma amyloid-alpha have been experimented as a prospective tool
or prognostic or indicative factors for RCC [4–8], though they
till need to validate in rigorous trials. It is still an urgent need of
CC tumor biomarker for detecting renal cell carcinoma in its early

tage. Biomarkers especially humoral tumor markers using blood
erum could be ideal for the routine checkup of RCC in scheduled
ollow-ups intended to perceive any progression. In this context, we
eviewed and observed some literature and local studies to presume
hat some markers like MMP-2, MMP-9 and, VEGF have potential
eatures which originate as well as facilitate the progression of RCC.
ndividually if we see, the (vascular endothelial growth factor) has a
ivotal role in couple of physiological process, in the development
f new blood, in embryo formation, skeletal growth, wound repair
ainly, VEGF is a leading cause of pathological angiogenesis and

esponsible for malignancies, inflammation, diabetic retinopathy,
heumatoid arthritis and many conditions [9]. VEGF is also respon-
ible in propagation and voyage of endothelial cells physiologically
s well as pathologically through binding with two congruent VEGF
eceptors of vascular endothelial cells (VEGF receptor-1 and 2)
nd is a glycoprotein of approximately 45 kDa. VEGF’s are mostly
een expressing in neutrophils, fibroblasts, epithelial cells, activated
acrophages, vascular smooth muscle cells which all are combined
nd involved in renal cell activities and lead to renal cell carcinoma
hen influenced with overexpression of VEGF and other factors

10,11]. On the other hand, MMP (matrix metalloproteinase) is a
amily of structural-related zinc-dependent endopeptidase which

r
i
a
o

enerally does its actions by degrading macromolecules of the
xtracellular matrix and has around 28 members in the family, all
omprise different types of actions.

ll together they are responsible for remodeling of tissues and
n many physiological as well as pathological developments like
rthritis, cirrhosis, angiogenesis, tissue repair, morphogenesis etc.
MP-2 and MMP-9 are mostly considered and thought to be

esponsible in case of metastatic disease [12]. MMP and VEGF
re massively studied to enumerate their versatile role in angiogen-
sis as well as metastasis in cases of malignant tumors and also
n RCC. Furthermore, it is now also known that MMP and VEGF
re most active in the progression of the disease through sequential
teps like extravasations and intravasations [13]. MMPs generally
rbitrate basement membrane and extracellular matrix humiliation
uring the very early stage of tumor genesis, which usually con-
ributes to the development of a microenvironment that encourages
he tumor growth. MMPs are also active in the later stages of cancer
rogression in which they result in metastasis of the disease [14].
atest indications recommend that MMPs and VEGF are moreover
ignificant in the initial stage of tumor maturity until metastasis takes
lace. Serum level of MMP-2, MMP-9, and VEGF were reported
o be significantly elevated in tumor tissue and in the urine sample
rom patients with RCC [15,16]. But no such studies were reported
n our Indian population. Due to the aggressiveness of RCC, most
ases are presenting with metastatic disease, due to which patients
ould not find better survival and die in a very short time. Surgical
esection is the only management available at the time of diagno-
is but the devious nature of the disease is reflected by the rate of
he majority of recurrences after surgery. For this reason, the study
as designed to identify disease or recurrence potential patients at

n early stage by using biomarkers, which may help to prescribe
dditional therapy of anti-MMP-2, anti-MMP-9, and anti-VEGF at
xact time required for treatment, which is looking effective in the
mprovement of overall and progression-free survival of the patient.
or this purpose, the preoperative and postoperative serum level
f MMP-2, MMP-9, and VGEF in RCC patients are measure, and
imultaneously marker level has been seen in healthy controls also
nd compared. With the correlation of levels in pre vs. post vs. con-
rol, the levels checked against the stage, grade, size of the tumor and
ifferent types of RCC tumor to see if any correlation seen between
he levels and co-factors for more exploratory information.

n our knowledge, this is the first study from India about the level
f MMP-2, MMP-9, and VEGF in pre-operative and post-operative

enal cell carcinoma, for analyzing the pattern of increasing activ-
ties in conditions and to verify whether they may have potential
s biomarker in providing useful clinical information in recurrence
r having maximum probability of RCC. In the present study, we
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Table  1  Clinical characteristics of 100 patients with renal cell
carcinoma.

Variable n %

Patients 100
Gender

Male 71 71
Female 29 29

Age (Y)
Mean (range) 53.29 (21–79)
Less than 65 84 84
More than 65 16 16

Tumor stage
T1 26 26
T2 39 39
T3 22 22
T4 + LN 13 13

Tumor cell type
Clear cell 74 74
Papillary 09 09
Chromophobe 06 06
Others 11 11

Tumor size (cm)
Less than 7 40 40
More than or equal to 7 60 60

Metastatic site
None 60 60
Brain 04 04
Liver 11 11
Lungs 13 13
Bone 03 03
Recurrence 09 09

Addiction
None 57 57
Smoker 06 06
Alcoholic 06 06
Tobacco chewer 15 15
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MMP-2, MMP-9 and VEGF in early prognosis of Renal cell carcin

aimed to determine MMP-2, MMP-9 and VEGF activity levels in
serum from patients with the Clear cell, Papillary, Chromophobe and
some other type of renal cell carcinoma using pre-coated MMP-2,
MMP-9, and VEGF kits.

Patients  and  methods

In this case-control study, 100 outpatients with histological and
related scan confirmation for renal cell carcinoma recruited between
January 2011 to May 2013 from the Outpatient Department of Urol-
ogy, Sanjay Gandhi Post Graduate Institute of Medical Sciences and
King George Medical College, Lucknow, India. Both these medical
institutes are renowned tertiary care multispecialty hospitals with
medical college facility in the northern part of India. The enrolled
patients included 71 male and 29 female with the mean age of 53
years (range 21–79). The patient recruited for the study had a pro-
gressive, inoperable histological confirmed renal cell carcinoma.
Before patient surgery, a full medical examination including chest
X-ray, abdominal–pelvic ultrasonography, computerized tomogra-
phy, bone scan and blood biochemistry was carried out. The patient
enrolled in the study after taking their consent on the proper guide-
lines of the ethics committee of King George’s Medical College,
Lucknow-India, ethics committee approved informed consent doc-
ument. All the patients enrolled in the study were having no any
other malignancy other than renal malignancy. They were in aver-
age ECOG status ≤2 and in better hepatic and bone marrow function.
Patient characteristics are summarized in Table 1.

The control group enrolled to compare the results between disease
and normal. For the purpose 100 healthy kidney donors selected after
tested against any malignancy or disease and they recruited from the
same outpatient departments The control group comprises healthy
kidney donors without any comorbidities. They also enrolled after
taking proper informed consent form. The mean age of recruited
control was 46, ranges between 24 to 71 years.

5 ml of venous blood collected from the patient immediately
(30 min ±  10 min) before their planned surgery of kidney, radical
nephrectomy or partial nephrectomy. Blood collected in EDTA
vacutainer and serum-separating tube II vacutainer and, stored at
−80 ◦C within 15 min of collection. Again after surgery 5 ml of
venous blood collected from the same patient within 48 h after the
surgery and, stored accordingly under the labeling of patient study
code as preoperative samples and postoperative samples. The con-
trol blood samples collected from healthy kidney donors and, stored
in the same manner as in RCC patients after labeling them as control
sample with their code identifier.

Determination  of  serum  matrixmetalloproteinase-2,  9  and  VEGF
levels  by  ELSA

Quantitative analysis of serum MMP-2, MMP-9, and VEGF has
been done by using commercial Human Puregene ELISA kits as per
the manufacturer’s instructions (Genetix Biotech Asia Pvt., Ltd.).
Briefly, Enzyme-Linked Immunosorbent Assay (ELISA) is a diag-
nostic tool which is now a day widely used in the medical sector.
It is working on the principle of antigen-antibody interaction in

which antigen from any specific sample is attached to the surface of
the kit, and an additional specific antibody is applied over the sur-
face which binds to the antigen. Finally, a substrate added, which
contains a specific enzyme, altogether they produce reactions and

4
o
s
p

Multiple 16 16

etectable signals as a change in the colour of the substrate. Work-
ng on the same principle our ELISA kits also based on a two-site
LISA sandwich format. Standards and serum samples incubated

n a microwell plate precoated with anti-MMP-2, anti-MMP-9 and,
nti-VEGF antibody.

t the start of laboratory work standardization of positive controls
known value samples) done as per the given protocol, after that in
rst 8 well which concludes a single row of 12 rows of ELISA kit
96 wells in total), controls transferred in increasing concentration.
rom the second row onward patient serum samples transferred in
uplicate (each patient sample kept in two wells), finally high puri-
ed IgG known as conjugate added in all wells and after that kit
ept for incubation as per protocol required time. MMP-2, MMP-9,
nd VEGF present in samples bound to their specific antibod-
es used in MMP-2, MMP-9, and VEGF kits. Extensive washing
hrough kit specific washing detergent used to remove non targeted
olecules which remain unattached on wells after that kits coated
ith peroxidise-labelled antibody and again incubated. Finally, the

eaction stopped using stop solution and the absorbance was read at
50 nm in a microtiter plate of ELISA Reader. Serum concentrations

f MMP-2, MMP-9, and VEGF obtained from the corresponding
tandard curves and values received in each case of pre-operative,
ost-operative cases and controls.
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Figure  1  A. Serum MMP-2 level in pre operative, post operative RCC patients and controls. B. Level difference of MMP-9 in pre, post operative
RCC patients and in controls. C. Comparision of levels of VEGF in pre operative-post operative and in controls.

Table  2  Serum level MMP-2, MMP-9, and VEGF in patients and control group.

Group Mean ± SD P value (pre vs post) P value (pre vs control)

MMP-2
Patient (pre OP) 833.90 ± 111.91 <0.001 <0.001
Patient (post OP) 553.02 ± 150.08
Control 228.33 ± 72.52

MMP-9
Patient (pre OP) 862.32 ± 119.77 <0.001 <0.001
Patient (post OP) 552.88 ± 151.91
Control 245.44 ± 116.52

VEGF
Patient (pre OP) 1.35 ± 0.36 <0.001 <0.001
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Patient (post OP) 0.81 ± 0.32
Control 0.10 ± 0.04

tatistical  analysis

he study data presented as the mean and the standard deviation
nd analyzed with the statistical analysis software SPSS v20.0,
PSS corp. Elevated serum levels of MMP-2, MMP-9, and VEGF
efined in pre-operative levels above the 95th percentile of the dis-
ribution against post-operative and control subjects. Differences
ere evaluated using the Wilcoxon rank sum test, two-sample t-test,
NOVA and independent sample test for analyzing the level differ-

nce between pre and postoperative MMP-2, MMP-9, and VEGF
ith control. The Mann–Whitney U test (Kruskal–Wallis test) was
sed in evaluating the association case. The statistical significance
f paired differences between pre-treatment and follow-up was mea-
ured using the unpaired t-test. All p-values are two-tailed, no any
djustment did to compare other factors.

esults

atient  characteristics

he clinical data of 100 enrolled subjects abridged in Table 1, out
f 100 patients 71 (71%) were male and 29 (29%) were female.
he majority (84%) of patients were below age 65 and 39% of the
2 stage, 74% had clear cell histology, 60 out of 100 (60%) were
on-metastatic, other were metastatic most commonly involving the

ungs (13%). The majority number of the patients detected with big
umor of more than or equal to 7 cm size (60%), 57% of them were
on addicted apart from that 15% were addicted to tobacco chewing.
ollow-up blood sample has been collected for all patients.

T
(
t

re-post-control  levels  of  MMP-2,  MMP-9  and  VEGF

n case of MMP-2,the result of levels achieved in preoperative renal
ell carcinoma patients was 833.90 ±  111.91 ng/ml (Mean ±  SD),
hich fall down in postoperative cases upto 553.02 ±  150.08 ng/ml

Mean ±  SD), while in control values obtained 28.33 ±  72.52 ng/ml
Mean ±  SD). The p-value of pre vs post was highly signif-
cant (0.001)-graphical comparison of levels can be seen in
ig. 1A. Similarly, in pre-operative cases of MMP-9, the level was
62.32 ±  119.77 ng/ml (Mean ±  SD), while, in post-operative this
evel drops down to 552.88 ±  151.91 ng/ml (Mean ±  SD), in con-
rol, the level was 245.44 ±  116.52 ng/ml (Mean ±  SD) The p-value
ound highly significant (P = 0.001 – see Fig. 1B).

n preoperative cases of VEGF, the level was 1.35 ±  0.36 ng/ml
Mean ±  SD) while, in postoperative cases the level was
.81 ±  0.46 ng/ml and in control group, the level found was
.10 ±  0.09, this result was also highly significant (P = 0.001 – see
ig. 1C).

ummary of result is in Table 2.

orrelation  between  tumor  grade  and  levels  of  MMP-2,  MMP-9
nd  VEGF
here is no correlation observed when MMP-2 (P  = 0.268), MMP-9
P  = 0.011), and VEGF (P  = 0.008) levels correlated with grade of
umor individually, i.e. low grade, intermediate and high grade with
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Figure  2  A(i) Correlation estimation between serum MMP-2 and grade of the tumor, in Fig. 2A(ii) correlation has been seen in case of MMP-
9 concentration and grade of the tumor, similarly in Fig. 2A(iii) correlation is seen between VEGF concentration and grade of the tumor. B(i)
Correlation estimation between serum MMP-2 and stage of the tumor. Fig. 2B(ii) correlation has been seen in case of MMP-9 concentration and
stage of the tumor. Fig. 2B (iii) correlation is seen between VEGF concentration and stage of the tumor. C(i) Correlation estimation between serum
MMP-2 and size of the tumor. Fig. 2C(ii) correlation has been seen in case of MMP-9 concentration and size of the tumor. Fig. 2C (iii) correlation
is seen between VEGF concentration and size of the tumor.  D(i) Correlation estimation between serum MMP-2 and size of the tumor. Fig. 2D(ii)
correlation has been seen in case of MMP-9 concentration and size of the tumor. Fig. 2D (iii) correlation is seen between VEGF concentration and
size of the tumor.



260 S. Ahmad et al.

Table  3  MMP-2, MMP-9 and VEGF correlation with tumor grade, stage, size and type.

Variable n MMP-2 (Sig) MMP-9 (Sig) VEGF (Sig)
Mean ± SD Mean ± SD Mean ± SD

Grade
Low grade 20 812.02 ± 102.60 (0.268) 791.97±  97.70 (0.011) 1.23 ± 0.31 (0.008)
Intermediate 46 825.35 ± 108.32 874.70 ± 115.83 1.28 ± 0.33
High grade + LN 34 858.34 ± 120.43 886.95 ± 124.12 1.50 ± 0.39

Stage
T1 28 828.97 ± 105.91 (0.264) 896.73 ± 115.93 (0.145) 1.30± 0.31 (0.433)
T2 39 859.06 ± 114.86 856.49 ± 102.02 1.35 ± 0.37
T3 22 801.40 ± 114.57 859.94 ± 152.11 1.45 ± 0.40
T4 + LN 11 822.27 ± 104.83 800.14 ± 99.30 1.27 ± 0.36

Size
≥7 cm 60 837.42 ± 124.79 (0.702) 877.45 ± 126.10 (0.122) 1.41 ± 0.38 (0.026)
<7 cm 40 828.63 ± 90.46 839.63 ± 107.13 1.25 ± 0.30

Cell type
Clear cell 74 820.36 ± 107.26 (0.134) 857.78 ± 125.69 (0.597) 1.33 ± 0.35 (0.478)
Papillary 09 883.26 ± 104.94 905.1 ± 123.44 1.27 ± 0.34
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Chromophobe 06 907.95 ± 145.0 

Others 11 844.21 ± 117.10

ymph nodes (Fig. 2A.i–iii). Mann–Whitney U test (Kruskal–Wallis
est) used in evaluating the association case.

orrelation  between  tumor  stage  and  levels  of  MMP-2,  MMP-9
nd  VEGF

here is also no correlation was seen in the case of MMP-2
P  = 0.264), MMP-9 (P  = 0.145), and VEGF (P  = 0.433) levels when
ompared with stages of tumor like T1, T2, T3 and T4 + lymph nodes
Fig. 2B.i–iii), the output result suggests that higher or lower the
tage of tumor does not reflect a high density of MMP-2, MMP-9,
nd VEGF. Mann–Whitney U test (Kruskal–Wallis test) was used
n assessing the association.

orrelation  between  tumor  size  and  levels  of  MMP-2,  MMP-9  and
EGF

he correlation also checked through the Mann–Whitney U test
Kruskal–Wallis test) and here also found that there is no any cor-
elation in case of MMP-2 (P  = 0.702), MMP-9 (P  = 0.122), and
EGF (P  = 0.026) levels with size of i.e. tumor size less than 7 cm

nd size more than or equal to 7 cm (Fig. 2C.i–iii). Findings sug-
ested that more or less the size of the tumor could not summarize
he concentration of MMP-2, MMP-9 or VEGF within.

orrelation  between  tumor  size  and  levels  of  MMP-2,  MMP-9  and
EGF

o ensure any correlation the level of markers in patient serum and
umour cell type i.e clear cell, papillary, chromophobe and other
ypes of the tumor Mann–Whitney U  test (Kruskal–Wallis test)
pplied, we got no correlation result (MMP-2: P = 0.134, MMP-9:

 = 0.597, VEGF: P = 0.478), see Fig. 2D.i–iii.

he correlation observation was the secondary objective of the study

nd it suggests that no any association is embroiled with overex-
ression of MMP-2, MMP-9, and VEGF when they correlate with
arious types of tumor characteristics like tumor grade, stage, size
nd type. See Table 3.
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827.8 ± 77.22 1.43 ± 0.51
876.5 ± 93.67 1.49 ± 0.33

iscussion

n recent years, MMP’s and VEGF are the most talkable topic when
e are looking over various stages of cancer progression. In many
f the recent approach, MMP’s and VEGF action was inhibited by
sing synthetic inhibitors which seems to open a new era of cancer
reatment [17,18]. Annually, worldwide around 134,000 deaths are
eing recorded due to this disease [19].

t present, no any diagnostic method is available for initial diag-
osis of RCC, rather than detected incidentally sometimes during
ome routine tests or tests suggested for other means and similarly,
o modality is available to observe the recurrence or effectiveness
f treatment given. Biomarkers are easily quantifiable substances
hich can be used to surveil habitual as well as abnormal biological

unction. Lamentably, no existing biomarker is available till date for
etecting RCC. Throughout the course in current years, the salient
ole of MMPs and VEGF in diversified stages of cancer progression
orked over tremendously and found that obstructing the activity
f MMPs and VEGF using synthetic inhibitors could be a recent
pproach in the treatment of cancer [20].

mall molecule MMP and VEGF inhibitors like MMPI, marima-
tat, neovastat,prinomastat, and VGA 1155 have been studied in
dvanced phase clinical trials for the treatment of various types of
ancers [21–24].

ecently, some encouraging results received from clinical trials, in
hich synthetic anti MMP called synthetic MMPIs like marimastat
sed for treating advanced gastric cancer, temozolomide [25,26] for
reating recurrent and progressive glioblastoma multiforme has been
sed similarly anti VEGF were used in clinical trials and supports
DA to give approval for anti VEGF drugs like Clark et al. [27],
llis et al. [28] Yang et al. [29] etc.

lbeit about 300 differential proteins have been recognized from

arious renal tumor tests, cell lines or patient’s serum and from
heir particular controls by proteomic considers, but specified RCC
iomarkers have not been accessible for the detection and anticipa-
ion for early reactions to treatment up until this point [30].
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In some studies, 3-azido withaferin-A induced MMP-2 inhibition
was found very much effective in the treatment of prostate cancer
and cervical cancer [31].

Sorafenib and Sunitinib which are orally administered tyrosine-
kinase inhibitor (TKI) which inhibit VEGFR for disease
management, they are widely using medicine for metastatic RCC
nowadays, these drugs are well tolerated and have significant disease
stabilizing activity and contribute in increasing progression-free sur-
vival (PFS) [32,33]. Some aggravating preliminary clinical retort
data with VEGF inhibition in RCC has provided a prospect for
treatment press forward for this historically resistant malignancy
[34].

Despite improving almost 5-year survival rates, clinicians and
researchers are looking for ways to better guide therapy by improv-
ing outcomes and limiting toxicities. New techniques in surgical
procedure and advancement in radiologic imaging are helping a lot
but, establishing and associating biomarker in treatment line, could
result in most accurate treatment on time when exactly required
and may give healthier treatment outcomes. Looking through all
prospective and the need of biomarkers in RCC we have gone
through many works of literature and observed that MMP-2, MMP-
9, and VEGF activity is found most active in RCC and, hence in this
paper we are trying to establish the role of MMP-2, MMP-9 and
VEGF as biomarker for prognosticating renal cell carcinoma in its
early stage.

Statistically, significantly higher level of MMP-2, MMP-9, and
VEGF was present in pre-operated patients when compared with
post-operated patients and controls.

Renal cell carcinoma introduces a diversified group of cancers that
come in existence from the proximal convoluted tubules of the
kidney. In comparison to other solid tumors, limited studies are
available for prognosticating the presence of renal cell carcinoma
in its early stage, for this reason, diagnosis is delayed and leads to a
huge number of disease-related deaths worldwide, the reason why
biomarkers are very much required to identify renal cell carcinoma
at an early stage.

MMP-2, MMP-9 and VEGF’s generally associated with pathways
creation for tumor generation, invasion and facilitate the tumor to
spread, in present work, we considered the levels of MMP-2, MMP-
9, and VEGF for diagnosing renal cell carcinoma in an early stage.
For the purpose serum sample of hundred patients of renal cell
carcinoma were collected before and after the surgery, conversely,
hundred control samples are collected from healthy kidney donors
before their surgery.

Pre and post-operative levels of patient MMP-2, MMP-9, and VEGF
compared individually and against control samples, furthermore,
according to result it is found that these biomarkers can help in
screening disease and detecting recurrence of RCC, and could be
helpful for starting the treatment in the early stage of diagnosis, to
increase progression-free and overall survival of the patient.

In addition to this, we have also studied that whether the levels have

any impact on the stage, grade, size, and type of the tumor.

Elevated serum MMP-2, MMP-9, and VEGF levels noted in RCC
patients before surgery and in comparison with healthy control, also
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ound associated with low progression-free and overall survival of
he patient. Taken as a whole, the results of our study positively pro-
ounding that MMP-2, MMP-9, and VEGF have important roles
rom initiation to the rapid progression of renal cell carcinoma and
herefore establishing a healthy reference range could be useful in
dentifying elevated levels and start treatment accordingly to stop
he development and progression of RCC. Though, a limited num-
er of patient and control in this study, some larger studies are
eeded to confirm our findings. Some more factors can be looked
hich we have not touched, like the level of MMP-2, MMP-9 and
EGF can be seen all together in patient serum, tissue and urine. In

onclusion, our findings provide substantiation that MMP-2, MMP-
, and VEGF together have important roles at different phases of
etastatic spread. Measurement of these markers in diagnostic as
ell as in follow up stages of the patient may be a milestone in
etecting RCC as well as for patients which are at high risk of
rogression.

onclusion

n summary, the present study has validated preliminary data show-
ng that circulating MMP-2, MMP-9, and VEGF are elevated in
atients with RCC and furthermore associated with poor prognosis.
e suppose it reflects an association between tumor progression and

levation of tumor-derived proteases which aggravates the disease.
urther characterization of MMP-2, MMP-9 and VEGF in humans,
s well as the results of enduring clinical trials, will help explicate
he role of MMP-2, MMP-9, and VEGF in patients with renal cell
arcinoma and its diagnosis in early stage and can be established as
iomarkers for better disease management and for achieving better
atient survival.
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Background: The p53 is a tumor suppressor gene known as the genome's guardian and controlling 
DNA damage, apoptosis, and cell cycle regulation play a significant role in carcinogenesis. Genetic 
variations in the p53 gene (amino acid substitution) increased the susceptibility of various cancers. 
Some studies have accounted for an association between human papillomavirus (HPV) infections 
and prostate cancer (PCa).  
Objectives: This study aimed to investigate whether the p53 Arg72Pro genetic variation and HPV 
infection are accountable for susceptibility to P Cain North Indian men. 
Methods: The blood was taken from 103 prostatic cancer patients and 100 patients with benign 
prostate hyperplasia (BPH) with a history of concurrent diseases and PSA levels. The 
p53genotyping by PCR-RFLP method and qualitative detection of HPV by PCR was used in 
PCabiopsies specimens.  
Results: Among BPH, the distribution of GG, GC, and CC genotypes were 51%, 45%, and 4%, 
respectively while, PCapatient's genotypes frequency of GG, GC, and CC were 44.7%, 52.4%, and 
2.9%, respectively. There were marginal differences in frequencies of p53 genotype between PCa 
and BPH samples; thus, no risk of association occurred (OR:1.29, p=0.36).The PSA level was 
significantly higher in PCathan BPH (Mean±SD: 281.26±150.43, p=0.001).HPV was detected only 
in 07 patients (6.80%).  
Conclusions: This study suggests that the p53 genetic variation and HPV infection did not confer 
PCa susceptibility in the Indian population. More extensive population-based studies are needed to 
clarify the relationship between prostate carcinoma and HPV infection. 
 
 

 
 

 

 
 

 
 
 

 
 
 

 
 

 
 
 
 

 

 
 
 
 

 
 
 
 
 

 
 

 

 
 

 
 

 

 
  

 
 

 

INTRODUCTION 
 

Prostate cancer (PCa) has become a significant health issue 
globally during the last few decades. The occurrence of PCa is 
most common in older men. More than three-quarters of the 
cases are above 65yrs.Studies have shown that PCa is the 
second most frequently diagnosed cancer worldwide, and the 
fifth most common cancer,and the 6th leading cause of cancer 
deaths in men (Taitt 2018). It is discouraging to note that about 
4.04 million healthy lives are lost globally due to PCa. The 
number of community-based studies on prostate cancer is also 
limited in India.  Although India's cancer rates are lower than 
in Western countries, an increase in life expectancy and 

changes in lifestyles increase the rates of cancers in these 
countries, particularly PCa(Kimura et al., 2018). 
 

India has a versatile diversity like religion, culture, 
environment, literacy rates, and food habits in all ethnicgroups. 
This diversity may significantly affectprostate cancer 
incidencein different parts of the country.  There are multiple 
risk factors implicated in the causation of PCa, such as family 
history, history of diabetes mellitus (De Nunzio et al. 2012), 
height, weight, and obesity, smoking habit, physical activity, 
body mass index (BMI), and Vasectomy (Leitzmann et al. 
2012).However, in India, the studies on these risk factors' 
fundamental role in prostate cancer causation are limited (Ha 
Chung et al., 2019). 
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Furthermore, genetic alterations have an unquestionable 
influence on PCa development, and gene-based markers are 
expected to impact PCa management significantly. Single 
nucleotide polymorphisms (SNPs) arethe most common genetic 
alterations. Genetic variations in the human genome include 
SNPs (>90%) primarily, and the remaining variation's (10%) 
include chromosomal aberrations, DNA copy numbers, and 
microsatellites (Ku et al. 2010). Because of their dominance 
(Approximately1per1000bp) in the human genome, SNP(s) 
have been widely explored for cancer risk in the candidate 
genes. P53 is known as the guardian of the genome because 
playing vital roles such as  DNA repair, cell cycle regulation, 
and apoptosis to maintain the integrity of the genome(Hientz et 
al.2017, Collot-Teixeira et al.2004). Although various SNPs 
occurred for the p53 gene, in this study, we have considered 
SNP linked to codon 72 SNP (Arg72Pro, rs1042522 G>C) 
located on the exon- 4 associated with the point mutation, i.e. 
alteration in configuration and conformational change of p53 
protein. Via substitution of Proline amino acidand activate 
transcription whereas native p53 Arginine amino acid induces 
programmed cell death (Thomas et al. 1999, Pim et al.2004) 
 

The current study demonstrated that PCa is associated with 
HPV infections. In this context, Ravich et al. (1951) 
demonstrated that sexually transmitted infection STIs equally 
contribute to the carcinogenesis of the prostate. Some studies 
revealed that the HPV infection could target the prostate and 
participate in carcinogenesis of the prostate (Russo et al. 2020, 
Partridge et al.2006, Yin et al.2017, Gandaglia et al. 2017, 
Perdana et al. 2016). Moreover, STIs leading to an elevation in 
inflammation linked to the prostate in the elderly aged men 
population (Platz et al.2004, Palapattu et al.2005). 
Furthermore, the elevation of carcinogenesis in the prostate 
was reported linked to other STIs like Chlamydia trachomatis, 
Human Herpesvirus type 8(HHV-8) infection (Korodi et al. 
2005, Sutcliffe et al.2008, Hrbacek et al. 2013).The HPV virus 
is non enveloped, dsDNA, having viral protein E6 and E7 
witha significant role incarcinogenicity (Eklund et al.2012). 
The E6 oncoprotein bind with the p53 gene resultsin their 
degradation and tumour-suppressing retinoblastoma (Rb) gene 
followed by their inactivation (Uversky et al. 2006). 
 

Although several studies have been conducted to explore the 
relationship between HPV infection and PCa; however the 
possible association of HPV infection with the pathogenesis of 
PCaremains controversial (Al-Maghrabi 2007, Aydin et 
al.2017, Sadri et al.2020). This study intended to examine 
HPVs in PCa patients using qualitative PCR. Subsequently, we 
examined the genotypic frequency of the p53 codon Pro72Arg 
genetic polymorphisms in the same patients and respective 
controls. The study's final goal was to establish the association 
between HPV infection, the p53 genetic variations, and prostate 
cancer risk with concurrent diseases and PSA levels in the 
north Indian population. 
 

MATERIALS AND METHODS 
 

Study Population 
 

A case-control study was initiated by enrolling 103 cases with 
prostate cancer (PCa) and 100 benign prostatic hyperplasias 
(BPH) as controls. The study protocol adapts the provisions of 
the declaration of Helsinki in 1996 (Williams 2008). The cases 
suffering from PCa and visiting the Out-Patient Department 

(OPD) facility, Urology Department, King George's Medical 
University (KGMU), Lucknow, India, were included in the 
study after obtaining approval from the Institutional Ethics 
Committee, KGMU and informed written consent from the 
subjects. 
 

Sample Collection 
 

The baseline clinical details were documented during workup, 
including age, sex, personal history of smoking and alcohol, 
family history, hypertension, diabetes mellitus vasectomy, 
digital rectal examination (DRE), prostate-specific antigen 
(PSA) level, and prostate biopsyon the standard questionnaire. 
Tissue biopsies were collected in 1X phosphate buffer saline 
(PBS, pH 7.4), and 2ml peripheral blood was drawn into EDTA 
vials from all PCa patients and BPH patients as controls and 
stored at -80°C for molecular analysis. 
 

DNA Extraction 
 

The DNA from blood was extracted by a Blood DNA 
extraction kit (Invitrogen, USA)and from formalin-fixed 
paraffin-embedded (FFPE) tumor tissue by using QIAamp 
DNA FFPE Tissue Kit (Qiagen, Germany) as per the 
manufacturer's instructions.DNA concentration was quantified 
and checked purity by taking optical density (OD) on 
A260/280 by NanoDrop (DS-11-Spectrophotometer, Bio-Rad, 
USA). The DNA was stored at -20ºC for genotype analysis. 
 

Analysis of genotypes of p53 and HPV 
 

Detection of p53Arg72Pro (G>C) Genotyping 
 

The p53 genetic variation was detected by amplifying the 199 
bp productusing the PCR-RFLP method. A total of 1µL 
(100ng) of the genomic DNA was added to a reaction mix of 
20 µl containing 12µL of EmeraldAmp GT PCR Master Mix 
(2X Premix) (Takara Bio, Japan), 1µL (10pmol) of each primer 
(Table-1), and 6µL nuclease-free water. The amplification was 
performed by a thermal cycler (Bio-Rad, USA) under 35 cycles 
of denaturation (98ºC, 10 Sec), annealing (56ºC, 30sec), and 
extension (72ºC, 1 min) and final extension (72ºC, 4min). The 
PCR product (10µL) was digested with 10U BstU I (MBI 
Fermantas, Germany) at 37°C overnight. The digested PCR 
product was then electrophoresed through a 2% agarose gel and 
visualized with ethidium bromide. The digested product gave a 
band of 199 bp corresponding to the wild type genotype 
Pro/Pro (GG), heterozygous genotype Arg/Pro (GC) produced 
199, 113, 86 bp PCR products, while homozygous 
mutantgenotypes Arg/Arg (CC) gave bands of 113 bp and 86 
bp after digestion (Fig.1) 
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HPV Detection by Conventional PCR 
 

HPV detection was performed using PGMY09/11 primers, as 
Schmitt et al. (2008) reported, designed to amplify a 450bp 
HPV L1 gene (Table-1). The amplification was performed with 
a 20μl volume containing 1µL (50ng) genomic DNA, 12µL 
EmeraldAmp GT PCR Master Mix (2X Premix) (Takara Bio, 
Japan), 1µL (05pmol) HPV primer mixer, 1µL (10pmol) β -
globin primer, and 05µL nuclease-free water. Amplification 
was performed in Thermocycler (Bio-Rad, USA) under the 
following conditions: denaturation at 98ºC for 1min, followed 
by 35 cycles, primer annealing at 55 ° C for 1min, extension at 
72ºC for 1min and final extension for 4 min 72ºC. The known 
positive and negative control and β- globin as an internal 
control were used for each reaction. The qualitative analysis of 
PCR outcome followed by 2% agarose gel electrophoresis with 
exposure in gel doc system (Bio-Rad, USA)(Fig.2). 
 

 
 

Fig 2 L1:Ladder 50 bp, L2: +Ve control, L3: -Ve control, L4,L5, L6: +Ve case, 
L7:case +Ve, L8: NTC 

 

Statistical Analysis  
 

Continuous variability is shown as a mean± deviation of  [age, 
prostate-specific antigen (PSA)], while frequencies and 
numerical define categories data (age groups, and p53 
Arg72Pro and HPV genotyping). Pearson's chi-square test and 
Fisher's exact test were used to test possible differences in the 

presence of HPV between cases of prostate cancer and controls. 
The analysis was performed via SPSS (IBM, USA). The 
association between genotypes and disease was assessed by 
calculating the odds ratio (OR) and the confidence interval 
95% (CI). The p values were two-tailed and considered the 
significance level> 0.05. 
 

RESULT 
 

Subject Characteristics 
 

The general characteristics of cases and controls are presented 
in Table 2. The age (mean± SD) was 68±6.78 in PCa, and 
66.11±9.31 in controls (BPH), a nonsignificantly (p=0.09) 
association showed that an adequate match between cases and 
controls. Concurrent diseases hypertension significantly 
(p=0.001) associated with PCa. Meanwhile, diabetes mellitus 
(p=0.06) and Vasectomy (p=0.59) showeda significant 
association with PCa. Lifestyle-associated factors such as 
tobacco, alcohol, and dietary habits revealed no association in 
cases of PCa. 

 

Table 2 General Characteristics of PCa and BPH Subjects 
 

Variables PCa (n=103) BPH(n=100) p- Value 
Age Mean±SD 68.00±6.78 66.11±9.13 0.095 
Smoking Status 

Smokers 
Non-smokers 

47(45.6%) 
56(54.4%) 

41(41.0%) 
59(59.0%) 

0.506 

Alcohol 
Yes 
No 

27(26.2%) 
76(73.8%) 

20(20.0%) 
80(80.0%) 

0.294 

Hypertension 
Yes 
No 

66(64.1%) 
37(35.9%) 

28(28.0%) 
72(72.0%) 

0.001 

Vasectomy 
Yes 
No 

20(19.4%) 
83(80.6%) 

10(10.0%) 
90(90.0%) 

0.059 

Diabetes mellitus 
Yes 
No 

44(42.7%) 
59(57.3%) 

30(30.0%) 
70(70.0%) 

0.060 

Family history 
Yes 
No 

2(1.9%) 
101(98.1%) 

2(2.0%) 
98(98.0%) 

0.976 

PSA level(ng/ml) (Mean±SD) 281.26±150.43 11.72±6.59 <0.001 
 

Abbreviations- PCa: prostate cancer, PBH: benign prostatic hyperplasias, PSA: Prostate-
specific antigen,n: numbers of subjects, p>0.05 considered statistically significant. 
 

Association of p53 R72P (G>C) Polymorphism with PCa Risk 
 

The three genotypic frequencies of the p53 SNPs in PCa cases 
and controls are depicted in Table-03. The controls carried 51% 
wild genotype Pro/Pro (GG) genotype while the cases had 
46%. The frequency of the heterozygous genotype Arg/Pro 
(GC) was increased in cases (52.44%) as compared to the 
controls (45%). However, it did not showa significant risk 
associationwithPCa (OR: 1.33, CI: 0.758-2.332, p=0.31). 
Likewise, the prevalence of mutant genotypeArg/Arg (CC)was 
found to be slightly increased in control (4.0%) as compared to 
the cases (2.9%). Similarly, Arg/Arg (CC) genotype also did 
not show significant (OR: 0.832, CI: 0.176-3.92, p=0.815) 
association of risk with PCa. 

 

Table 3 Genotype frequencies of P53 gene polymorphisms in 
PCa and BPH 

 

Genotype 
Cases n (%) 

(PCa) 
Controls (%) 

(BPH) 
OR(95%CI) p-Value

Pro/Pro(GG) 46(44.7%) 51(51.0%) 1Reference  
Arg/Pro(GC) 54(52.4%) 45(45.0%) 1.33 (0.758 - 2.332) 0.31 
Arg/Arg(CC) 3(2.9%) 4(4.0%) 0.832 (0.176 - 3.92) 0.81 

Table 1 Primer sequence ofp53 and HPV 
 

HPV Primers 
Oligo name       Sequence (5ˊ->3  ́)  
PGMY11-A        GCACAGGGACATAACAATGG 

450 bp positive 

PGMY11-B         GCGCAGGGCCACAATAATGG 
PGMY11-C GCACAGGGACATAATAATGG 
PGMY11-D GCCCAGGGCCACAACAATGG 
PGMY11-E GCTCAGGGTTTAAACAATGG 
PGMY09-F CGTCCCAAAGGAAACTGATC 
PGMY09-G CGACCTAAAGGAAACTGATC 
PGMY09-H CGACCTAAAGGAAACTGATC 
PGMY09-I CGTCCAAAAGGAAACTGATC 
PGMY09-J GCCAAGGGGAAACTGATC 
PGMY09-K CGTCCAAAAGGAAACTGATC 
PGMY09-Ia GCCAAGGGGAAACTGATC 
PGMY09-J CGTCCCAAAGGATACTGATC 
PGMY09-K CGTCCAAGGGGATACTGATC 
PGMY09-L CGACCTAAAGGGAATTGATC 
PGMY09-M CGACCTAGTGGAAATTGATC 
PGMY09-N CGACCAAGGGGATATTGATC 
PGMY09-Pa GCCCAACGGAAACTGATC 
 PGMY09-Q             CGACCCAAGGGAAACTGGTC 
 PGMY09-R CGTCCTAAAGGAAACTGGTC 
 HMB01b GCGACCCAATGCAAATTGGT 
Β-Globin Primer 
PC04   CAACTTCATCCACGTTCACC  

268 bp 
GH20   GAAGAGCCAAGGACAGGTAC 
P53 primers BstU-

299bp,Wild,299bp,133bp& 
88bp; Heterozygous, 133bp 
and 88 bp  Mutant 

TP-F:  
TP-R:           
 

TTGCCGTCCCAAGCAATGGATGA 
CTGGGAAGGGACAGAAGATGACT
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Arg/Pro+Arg/Arg              
(GC+CC) 

57(55.3%) 49(49%) 1.29(0.7427 -2.2397) 0.36 

 

Abbreviations-OR; Odd ratio CI; 95% Confidence Interval; Reference group 
GG/GG of PCa versus BHP.p=>0.5 considered as significant. 
 

Association of PSA Level with p53 Genotyping 
 

The PSA level was significantly (p=<0.001) occurred in PCa 
(Mean±SD, 281.26±150.43 ng/ml) as compared to the BPH 
group (Mean±SD, 11.72±66.59 ng/ml). When the PSA level 
was stratified in three variant genotype of p53, the mutant (CC) 
genotype showed the high level of PSA 
(Mean±SD=312.23±238.05ng/ml), followed by heterozygous 
(GC) Mean±SD=289.80±168.34ng / ml) and wild (GG) 
(Mean±SD=269.31±122.96 ng/ml) (Table-4) when the PSA 
level was stratified in three variant genotypes of p53. 
 

Table 4 PSA levelin genotypic variants of p53 
 

Genotypes Groups P-value 

 
Cases (PCa) 

n(%) 
Mean±SD 

Controls(BPH) 
n (%) 

Mean±SD  

Pro/Pro (GG) 
Arg/Pro(GC) 
Arg/Arg (CC) 

46(44.7%) 
54(52.4%) 
3(2.9%) 

269.80±122.96 
289.31±168.34 
312.23±238.05 

51(51.0%) 
45(45.0%) 
4(4.0%) 

10.11±7.05 
11.78±4.27 
11.72±6.29 

>0.001 
>0.001 
>0.001 

 

Abbreviations- PCa: prostate cancer, PBH: benign prostatic hyperplasias, PSA: 
Prostate-specific antigen, n: numbers of subjects, SD: standard deviation 
p>0.05 considered statistically significant. 
 

Analysis for the detection of HPV  
 

Only 07 (6.80 %) PCa cases were HPV positive (table -5). 
Although this difference met a borderline level of non-
statistical significance and sample size in the subgroup 
significantly less and positively deviates from HWE. (Hardy 
Weinberg Equation) 
 

Table 5 Distribution of HPV positive PCacases in three 
genotypic variants of p53 

 

HPV 
p53 polymorphisms Yes No Total 

Wild 1(14.3%) 45(46.95) 46(44.7%) 
Heterozygous 5(71.4%) 49(51.0%) 54(52.4%) 

Mutant 1(14.3%) 2(2.1%) 3(2.9%) 
 

DISCUSSION  
 

Individuals' susceptibility to PCa is influenced by factors like 
lifestyles, genetic pool, promiscuous behaviour, and STDs. 
Human papillomavirus (HPV) is sexually transmitted and 
associated with an increased incidence of several anogenital 
tumors. The pivotal role of HPV in the expansion of cancer is 
specified (Aghakhani et al.2011, Chen et al., 2011). However, 
its role in PCa development is still unclear. The study reported 
thatthe frequency of HPV infections in PCa patients varied 
from 2 to 54% (Petersen et al.2008, Gazzaz et al., 2009). 
 

It has been reported that the tumor suppressor gene p53 plays a 
significant role in the development of human malignancies 
(Salmena et al. 2016). The polymorphism of p53 at codon 72is 
associated with cancer susceptibility in various tumors (Hu                  
et al., 2013). The relationship between infection with HPV and 
the p53 codon 72 polymorphism with PCais contradictory (Ku 
et al.2010, Korodi et al.2005, Leiros et al.2005,Salehi et al. 
2012, Zhang et al.2010). The discrepancy between the reported 
results may be due to differences in study populations, 
ethnicity, sexual orientation and frequency, exposure to HPV, 
and technical efficacy of viral detection methods. Therefore, 

this study was designed to investigate the relationship between 
HPV infection and the p53 Arg72Pro polymorphism frequency 
with PCa susceptibility in case-control groups in the Indian 
population. No significant association was detected between 
p53 Arg/Pro polymorphism and PCa development in the 
present study. The previous studies parallel our findings 
(Babakhani et al., 2017). However, some studies are 
inconsistent with our results (Babaei et al., 2014). The 
subpopulation result's deviation is due to the genetic pool, 
lifestyle, family history, and environmental exposure (Kraft et 
al.2005). 
 

The increased risk of cancer due to HPV infection and the 
homozygous Arg/Arg genotype has been demonstrated in 
several malignancies (Roberts et al.2011, Storey et al.1998). 
Additionally, many controversial reports have presented the 
correlation between variations of p53 and papillomavirus-
associated cancers (Whibley et al., 2009). We find no 
significant association between p53 mutation and development 
of PCa, while PSA levels are significantly higher in cases of 
PCa (281.20±150.43) compared to BPH (11.72±6.59) controls. 
Contradictory results may be due to the genetic dissimilarity in 
PCa pathogenesis, allele frequency diversity between ethnic 
groups, sexual conduct, lifestyle, and environmental factors. 
More studies are needed to determine the mechanism, which is 
our goal in a future study. We did not detect any significant 
statistical association between HPV and Gleason score and 
patients' age in the present study. 
 

The small sample size is the fundamental limitation of our 
study. Future studies should include the HPV types better to 
understand the association of HPV infection with p53 
polymorphism. 
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Context: Interleukin-6 (IL-6) is a pleiotropic cytokine initially identified as a B-lymphocyte 
stimulator due to its ability to induce B cells to differentiate into antibody-producing plasma cells. 
IL-6 promotes the development of prostate cancer and the generation of prostate-specific antigen 
(PSA) and its progression. 
Aim: This study aimed to determine whether IL-6 might be utilized as a biomarker for prostate 
cancer along with PSA and a correlation between IL-6 and PSA in benign prostatic hyperplasia and 
prostate cancer 
Methods: The study enrolled eighty patients with benign prostatic hyperplasia (BPH) and eighty 
patients with prostate cancer (PCa). The serum levels of prostate-specific antigen (PSA) and 
interleukin-6 (IL-6) were determined using the automated immunoassay analyzer and ELISA 
methods, respectively. 
Results: PSA and IL-6 levels were 12.3+7.1ng/mL and 5.3+1.9pg/mL in patients with BPH, 
respectively. While in PCapatients, PSA and IL-6 levels were found to be 256.0 + 127.0 ng/mL and 
9.4 + 3.1 pg/mL, respectively. There was a significant positive correlation between PSA and IL-6 
levels, and variability was explained by 74% (R2 =0.736) 
Conclusion:  IL-6 levels were significantly higher in patients with PCa patients than  BPH patients. 
IL-6 may be utilized as a substitute marker for BPH and PCa patients, and IL-6 receptors may be 
used as a therapeutic target in PCa patients. 

 
 

 

 
 

 
 
 

 
 

 
 
 

 
 
 
 
 
 

 
 
 

 
 

 
 
 

 
 

 
 

 

 
 

  
 
 

 

INTRODUCTION 
 

Prostate cancer (PCa) is the second most frequent type of 
cancer in males, accounting for 10% of all malignancies in 
males1.  PCa is becoming more prevalent in the majority of 
Western nations. 2,3 The incidence rate of prostate cancer is 9-
10/100000 population, higher than in Asia and Africa but lower 
than in the United States and Europe2. Currently, the only test 
that can completely confirm a diagnosis of prostate cancer is a 
transrectal ultrasound-guided biopsy of 6 - 8 prostate cores 
from a patient, although this procedure is prone to sampling 
errors3. 
 

The serum prostate-specific antigen (PSA) is still the best 
accessible tumor marker in prostate cancer; however, it has 
certain limitations. PSA is an organ-specific marker with a high 
sensitivity but a low specificity for prostate cancer detection. 
Conditions apart from tumor processes that might lead to a 

transient increase in serum PSA levels include manipulations of 
the prostate gland (through rectal examination or biopsies) and 
benign prostatic hyperplasia conditions (BPH)4,5. While 
prostate cancer is associated with a significant rise in PSA 
serum levels per gram of tissue than BPH, there is considerable 
overlap in PSA levels between individuals with BPH and 
prostate cancer6.  
 

One of the difficulties with PSA testing is that the biomarker 
has a poor link with the degree of prostate cancer; it is 
abundantly produced by normal prostatic cells. Serum tumor 
marker (TM) is one of the major research topics of modern 
oncology; however, a single TM would not be satisfactory in 
sensitivity and specificity for detection, which shows its 
limitation in diagnosing PCa. As a result, the need for non-
invasive biomarkers for the detection of PCa remains critical7,8. 
Chemokines are a class of small secreted proteins that were 
first defined by their capacity to promote leukocyte migration9.  
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Various chemokines have altered expression throughout the 
transitions from normal to BPH to PCa10. Recent investigations 
have demonstrated a possible association between chemokines 
and cytokines as serum biomarkers and prostate malignant 
proliferative disorders11-13. 
 

Additionally, there is evidence that IL
development of prostate cancer. Furthermore, pro
inflammatory cytokines such as IL-6 were associated with PSA 
production and prostate cancer progression14,15

 

The purpose of this study was to assessments of IL
determine their association with a serum PSA level in North 
Indian patients with prostatic enlargements such as BPH and 
PCa. 
 

METHODOLOGY 
 

Patient’s populations  
 

The study enrolled 160 patients selected from a pool of patients 
referred to the Urology Department for treatment. Each patient 
enrolled in the study provided informed consent per the human 
ethical committee of King Georg’s Medical University, 
Lucknow, Uttar Pradesh, India. Patients were divided into two 
groups comprising 80 each. Group 1 received a transrectal 
prostate biopsy that revealed a confirmed diagnosis of prostatic 
cancer. Group 2 was diagnosed with benign pro
hyperplasia (BPH). The study protocol followed the Helsinki 
1996 Declaration of ethical principles. 
 

Processing of specimens 
 

05 mL of blood was collected from each subject in vacutainer 
tubes from BPH and PCa patients clinically and pathologically 
confirmed. Along with blood collection, up to 10 minutes were 
allowed for the blood to retract. After centrifuging each blood 
sample at 4000×g for 10 minutes, the serum was pipetted and 
aliquoted into vials and immediately stored at 
analysis. 
 

Experimental Analysis 
 

ELISA was used to determine the levels of human IL
(eBioscience, San Diego, CA, USA) in serum. The assays were 
performed following the manufacturer's protocols, and 
absorbance value was determined (ThermoScientific 
MULTISKAN GO). Each sample was analyzed twice, and the 
mean of two independent results was used. The PSA levels in 
the serum were determined using an automated immunoassay 
analyzer (Electrochemiluminescence COBAS e411).
 

Statistical Analysis 
 

The Statistical Package for the Social Sciences (SPSS) version 
16.0 (SPSS Inc., Chicago, IL) was used to perform all 
statistical calculations. The characteristics of the patients were 
summarized descriptively and expressed as means and standard 
deviations of the mean (SD). We used an 
determine the significance of differences in the mean levels 
between patient groups. To determine the correlation between 
PSA and IL-6, the Pearson correlation coefficient was 
used.*p>0.05,** p≥0.01 considered statistically significant.
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prostate biopsy that revealed a confirmed diagnosis of prostatic 
cancer. Group 2 was diagnosed with benign prostatic 
hyperplasia (BPH). The study protocol followed the Helsinki 

05 mL of blood was collected from each subject in vacutainer 
tubes from BPH and PCa patients clinically and pathologically 
confirmed. Along with blood collection, up to 10 minutes were 
allowed for the blood to retract. After centrifuging each blood 
sample at 4000×g for 10 minutes, the serum was pipetted and 
aliquoted into vials and immediately stored at -80°C until 

ELISA was used to determine the levels of human IL-6 
(eBioscience, San Diego, CA, USA) in serum. The assays were 
performed following the manufacturer's protocols, and 
absorbance value was determined (ThermoScientific 

ach sample was analyzed twice, and the 
mean of two independent results was used. The PSA levels in 
the serum were determined using an automated immunoassay 
analyzer (Electrochemiluminescence COBAS e411). 

he Social Sciences (SPSS) version 
16.0 (SPSS Inc., Chicago, IL) was used to perform all 
statistical calculations. The characteristics of the patients were 
summarized descriptively and expressed as means and standard 
deviations of the mean (SD). We used an unpaired t-test to 
determine the significance of differences in the mean levels 
between patient groups. To determine the correlation between 

6, the Pearson correlation coefficient was 
≥0.01 considered statistically significant. 

RESULTS 
 

Symptoms Index of PCa and BPH 
 

The six most impartment symptoms were taken during the 
patient's visit in OPD care, as illustrated in Fig.1.
 

The weak or interrupted urine flow has occurred in 57(71.25%) 
cases of PCa, which was slightly lower 54(67.5%) than the 
BPH case (p=0.6). Similarly, blood in urine showed 56(70.0%) 
cases of PCa, which was slightly lower than BPH cases 63(78.6 
%.)(p=0.2). Almost similar cases of PCA and BPH showed 
erectile dysfunction, which was 61(76.3%) and 59(73.8%), 
respectively (p=0.71). The pain or burning during the urination 
was shown by 51(63.8%) PCa cases and 53(66.3%) in PBH 
cases and was nonsignificantly associat
discomfort in the pelvic area and bone pain, the two symptoms 
differentiated the BPH patients from PCa. The  45(60.0%) 
cases of PCa showed discomfort in the pelvic area and 
35(45.0%) cases of BPH, which was near to a significant level
(p=0.058). However, bone pain showed a significant difference 
between PCa 41(51.3%) and BPH 21(26.3%)

 

The Mean age of PCaand  BPH was 
respectively (p=0.642). PSA and IL
higher in PCa compared to BP
 
 
 
 
 
 
 
 
 
 
Positive Correlation of PSA and IL
BPS cases 
 

A significant positive correlation was found between (PSA 
level) PCa and BPH cases, respectively. The variability was 
explained by 18% (R2 =0.18) (Fig.2). Similarly, a significant 
positive correlation was found between (IL
BPH cases, respectively. The variability was explained by 34% 
(R2 =0.34) (Fig.2) 
 
 
 
 
 

Table 1 serum level of PSA and IL
 

 Groups Mean

Age (years) 
PCa 6
BPH 6.9

PSA (ng/ml) 
PCa 25
BPH 12.3

IL-6(pg/ml) 
PCa 9.4
BPH 5.3

 

PCa; Prostate Cancer, BPH; Benign Prostatic Hyperplasia,**Correlation is significant 
at the 0.01 level (2-tailed) 
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Symptoms Index of PCa and BPH  

The six most impartment symptoms were taken during the 
patient's visit in OPD care, as illustrated in Fig.1. 

The weak or interrupted urine flow has occurred in 57(71.25%) 
cases of PCa, which was slightly lower 54(67.5%) than the 
BPH case (p=0.6). Similarly, blood in urine showed 56(70.0%) 
cases of PCa, which was slightly lower than BPH cases 63(78.6 

lmost similar cases of PCA and BPH showed 
erectile dysfunction, which was 61(76.3%) and 59(73.8%), 
respectively (p=0.71). The pain or burning during the urination 
was shown by 51(63.8%) PCa cases and 53(66.3%) in PBH 
cases and was nonsignificantly associated (p=0.74). The 
discomfort in the pelvic area and bone pain, the two symptoms 
differentiated the BPH patients from PCa. The  45(60.0%) 
cases of PCa showed discomfort in the pelvic area and 
35(45.0%) cases of BPH, which was near to a significant level 

pain showed a significant difference 
between PCa 41(51.3%) and BPH 21(26.3%) (p=0.001) 

 

The Mean age of PCaand  BPH was 66.5±5.9 and 6.9±4.3, 
respectively (p=0.642). PSA and IL-6 levels were significantly 
higher in PCa compared to BPH (p<0.001).  

Positive Correlation of PSA and IL-6 level between PCa and 

A significant positive correlation was found between (PSA 
level) PCa and BPH cases, respectively. The variability was 

=0.18) (Fig.2). Similarly, a significant 
positive correlation was found between (IL-6 level) PCa and 
BPH cases, respectively. The variability was explained by 34% 

serum level of PSA and IL-6 in PCa and BPH 

Mean Std. Deviation p-value 
66.5 3.9 0.642 
6.9 2.3  

256.0 127.0 <0.001** 
12.3 7.1  
9.4 3.1 <0.001** 
5.3 1.9  

PCa; Prostate Cancer, BPH; Benign Prostatic Hyperplasia,**Correlation is significant 
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Relationship between PSA and IL-6 Level in PCa and BPH  
 

A significant positive correlation between PSA and IL-6 levels 
and variability was explained by 74% (R2 =0.736) (Fig.3.). 
 
 
 
 
 
 
 
 

 
DISCUSSION  
 

Prostate malignancy is primarily identified through the 
measurement of serum PSA.  However, various studies 
demonstrated that PSA has limited ability to discriminate 
between benign and malignant prostate diseases and between 
aggressive and minor tumors 16-18.  Because a continuous risk 
of prostate cancer exists at all PSA values, new PCa diagnostic 
biomarkers are required. The molecular processes underlying 
inflammation-associated prostate cancer have been unraveled 
and are now believed to involve pro-inflammatory cytokine IL-
6 19.  PSA levels will fluctuate in response to inflammation, 
benign proliferation, or prostate cancer20-22.  
 

In this regard, we sought to quantify the diagnostic 
performance of the combination of PSA and IL-6 and the 
individual in PCa detection. We tested using ELISA clinically 
validated serum IL-6 levels in patients with BPH or PCa.  
 

The serum total PSA level in BPH patients was significantly 
lower than in PCa patients in this study. However, the mean 
serum level of PSA in BPH patients was less than 12ng/mL, 
which is regarded as the cut-off threshold for differentiating 
benign enlargement from PCa23,24. PSA serum levels were 
consistently mean more than double (256.0 ng/mL) in PCa 
prostate patients than in the BPH patients.  All BPH patients 
had mean serum IL-6 levels was 5.3 pg/mL. While, IL-6 levels 
were elevated in (9.4pg/mL) PCa patients. Moreover, an 
extremely significant rise in serum IL-6 levels in PC patients 
was detected compared to BPH patients. This conclusion 
corroborated Jose Ramon CansinoAlcaide et al.23   and Jun 
Nakashima et al. findings25. Various investigations have 
demonstrated that serum IL-6 levels are a major predictive 
factor for prostate cancer 23,25. IL-6 may be used as a substitute 
marker for BPH and PCa patients, as well as for Prostrate 
patient follow-up 
 

The possible mechanism is that IL-6 has been identified as a 
prostate exocrine gene product that interacts with its receptor in 
prostate cells to regulate the transactivation activity of 
androgen receptor (AR), a protein present in most prostate 
malignancies involved in the regulation of cellular 
processes19,26. The effect of IL-6 on the activation of AR-
dependent genes were complex and demonstrated inconsistent 
results 26. According to some research, IL-6 inhibits PSA via 
the STAT3 pathway without involving MAPKs by inhibiting 
the co-activator p160 and p300 with the PSA gene enhancer 
and promoter27. Other investigators reported that IL-6 could 
activate the PSA promoter/enhancer 28,29.  
 

These prior results corroborate our observation that elevated 
IL-6 expression occurs in PCA patients with PSA levels. The 
Pearson correlation showed that IL6 is significantly (p=0.001) 
correlated with PSA; their correlation was 74%. High levels of 
IL-6 have been detected in prostate cancer cell lines and tumor 
samples from men 30,31,19,30 when compared to normal controls, 
BPH, prostatitis, local disease, and recurring local disease. 
Parallel to these lines, our result showed a significant increase 
in both PSA and IL-6 in PCa patients than in the BPH patients. 
The study's limitations include a lack of long-term follow-up 
and no intervention targeting the IL-6 receptor; thus, a more 
extensive study group with active intervention and long-term 
follow-up is required to validate this study's findings. 
 

CONCLUSION  
 

The data reported in this study imply IL-6 is oblivious to the 
primary molecular mediator implicated in these biological 
processes. More likely, in prostate cancer, IL-6 is one of 
various inflammatory and non-inflammatory cytokines. Hence, 
a deeper understanding of the primary signaling pathways 
implicated in chronic inflammation and prostate cancer should 
establish suitable preventive measures and more effective 
therapeutic strategies in the fight against prostate cancer. 
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Xanthogranulomatous cystitis with malakoplakia leading to recurrent 
spontaneous bladder perforation in a young girl 
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A B S T R A C T   

Recurrent bladder perforation due to xanthogranulomatous cystitis with malakoplakia is rare entity and can lead 
to spontaneous bladder perforation. A 15 years girl presented with sudden pain abdomen with reduced urine 
output. Her exploratory laparotomy revealed, perforation of 2 cm at the dome of bladder with unhealthy mar-
gins. Excisional bladder biopsy and repair of bladder perforation by 3-0 polyglactin suture was done. The his-
topathology showed xanthogranulomatous cystitis with malakoplakia. Her records revealed the same 
histopathology in bladder perforation at age of 9 with lost follow-up till age of 15. Exploratory laparotomy and 
bladder repair should be done to save the patient.   

1. Introduction 

The 15-year-old girl was referred from the paediatric department 
with complaints of recurrent abdominal distension, fever, constipation, 
and decreased urine output. She had a history of similar complaints 6 
years back and was diagnosed with spontaneous bladder perforation due 
to xanthogranulomatous cystitis and malakoplakia. Open surgical repair 
was performed at that time. 

2. Case presentation 

USG and CECT whole abdomen revealed gross ascites without giving 
any clue about the diagnosis. On voiding cystourethrography, the 
contrast was seen extravasating into the peritoneal cavity (Fig. 1). A 
preoperative cystoscopy was performed, revealing single perforation 
with inflammatory changes in the surrounding mucosa at the dome of 
the bladder (Fig. 2). Open surgical repair of the bladder was performed 
under general anesthesia. Margins of the perforation site were freshened 
up by excising a rim of approximately 2 cm and the bladder was closed 
using absorbable polyglactin 3-0 sutures. The excised tissue was sent for 
histopathological examination. 

The patient made an uneventful recovery and was discharged 
following catheter removal after 15 days. The patient is doing well at 12 
months of follow-up. The patient is on regular follow-up with periodic 
urine cultures to rule out persistent bacterial cystitis. Histopathological 
examination revealed the presence of histiocytes with granular 

eosinophilic cytoplasm and foamy macrophages in the lamina propria 
suggestive of xanthogranulomatous cystitis. Few histiocytes with intra-
cytoplasmic basophilic inclusions were seen suggestive of malakoplakia 
(Fig. 3). 

3. Discussion 

Spontaneous bladder perforation is a rare event and recurrences are 
even rarer. It is usually due to underlying disease which weakens the 
bladder wall such as a tumor, diverticula, and cystitis.1 Recurrent 
bladder perforation has been observed in the neurogenic bladder, dia-
betes mellitus, alcoholism, pregnancy, and bladder outlet obstruction 
but has been never been reported in cases of xanthogranulomatous 
cystitis.1,2 Spontaneous bladder perforation presents a diagnostic chal-
lenge and diagnosis is often made at exploration.1 Sudden onset of 
abdominal distension, ileus, and oliguria should prompt the suspicion of 
bladder perforation. 

Diagnosis is usually confirmed by CT cystography or retrograde 
cystography.3 In our case, retrograde cystography was performed which 
was suggestive of bladder perforation while cystoscopy easily confirmed 
the diagnosis. A retrospective review of the records of the same patient 
revealed that the previous perforation was also present at the dome of 
the bladder. 

Extraperitoneal perforation of bladder is usually managed conser-
vatively while intraperitoneal bladder perforation of bladder is managed 
by surgical repair as was done in our case. 
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Xanthogranulomatous cystitis is a chronic inflammatory disorder of 
the bladder. Etiology is still not clear but various etiological factors have 
been implemented in the causation of this disorder like a chronic bac-
terial infection, immunological disorder, abnormal lipid metabolism, 

and lipid accumulation in the macrophages.4 Surgical resection is usu-
ally the curative treatment. Long-term antibiotic treatment may be 
given.5 

4. Conclusion 

Malakoplakia is a rare histiocytic disease that can occur in all organs 
but is most commonly found in the urinary bladder. It is rare in children 
and is more common in males. It is characterized by the presence of 
single or multiple white-yellow soft raised plaques on the mucosa of the 
bladder. It is caused by defects in phagocytic or degradative functions of 
histiocytes in response to gram-negative coliforms (E. coli or Proteus) 
that results in a chronic inflammatory state, followed by intracellular 
deposition of iron and calcium (known as Michaelis-Gutmann bodies).5 

Clinical presentation and treatment are similar to xanthogranulomatous 
cystitis. Recurrent spontaneous bladder perforation associated with 
xanthogranulomatous cystitis has not been reported in the past and this 
is the first case of xanthogranulomatous cystitis leading to recurrent 
perforation of the bladder. 

Ethics approval and consent to participate 

Ethics approval not required and the Written Consent of participa-
tion was taken from the parents of patient for publishing a case report. 

Fig. 1. Retrograde cystography showing extravasation of contrast into the 
peritoneal cavity. 

Fig. 2. Cystoscopic views of the perforation at the dome of the bladder.  

Fig. 3. Histopathologic examination shows the accumulation of histiocytes with granular eosinophilic cytoplasm and foamy macrophages (A) and few histiocytes 
showing intracytoplasmic basophilic-inclusions. 
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CASE REPORT
A 39-year-old male presented in the Emergency Department with 
complaints of chest pain, breathlessness at rest and dizziness 
for four days. He had no history of fever, cough, lower limb pain, 
swelling, liver disease, renal disease, recent surgery, immobilisation, 
long travel or any addiction. He had no such episode previously. 
His family history was unremarkable. On examination his peripheral 
extremities were cold and clammy and pulse rate was 110 bpm, 
blood pressure was 90/60 mm Hg, respiratory rate was 32/min and 
jugular venous pressure was raised 10 cm above sternal angle. Other 
systemic examination was unremarkable. SpO2 at room air was 
85%. ECG revealed T wave inversion in anterior leads and S1Q3T3 
pattern. On 2D echocardiography there was no left ventricular 
regional wall motion abnormality with normal left ventricular ejection 
fraction but there was severe Tricuspid Regurgitation (TR) with 
enlargement of both right atrium and ventricle and features of 
Right Ventricular (RV) dysfunction {RV fractional area change of 25 
% and Tricuspid Annular Plane Systolic Excursion (TAPSE) of 13 
mm}. Biochemical markers troponin T (0.12 ng/ml) and Pro- BNP 
(2346 pg/ml) were deranged. A possible diagnosis of Pulmonary 
Embolism (PE) was made on the basis of clinical examination, 
ECG and echocardiography. CT pulmonary angiogram revealed 
intraluminal-filling defects in both right and left pulmonary arteries, 
bilateral lobar arteries and few segmental and sub segmental arteries 
suggestive of thrombus [Table/Fig-1]. Doppler of bilateral lower limb 
showed normal flow pattern. His haemogram, serum vitamin B12, 
folic acid, liver function, and renal function test were within reference 
ranges. Patient was thrombolysed with streptokinase 2.5 lac units 
bolus followed by intravenous infusion of 1 lac units/hr for 72 hours. 
Patient improved and his breathlessness was relieved over course 
of 5 days. Patient was taken on an overlap of low molecular weight 
heparin subcutaneously and warfarin 5 mg OD till an International 
Normalised Ratio (INR) of 2.0-3.0 was achieved and patient was 
discharged on warfarin 5 mg OD. Pre discharge echocardiogram 
revealed normal RV functions with trace TR. 

Patient remained asymptomatic on routine follow up. On his 
subsequent visit three month later he was investigated for 
thrombophilia profile after interrupting warfarin and putting on 
low molecular weight heparin. His-protein C was 35% (range 
89-150%), protein S level was 30% (range 91-150%), and 
antithrombin activity was 36% (range 79-124%). His plasma 
homocysteine levels were high (48.12 μmol/L). Polymerase chain 
reaction was positive for heterozygous factor V Leiden mutation. 

AkShyAyA PrAdhAn1, AyuSh ShuklA2, MIlI  JAIn3, AnuPAM MehrotrA4, rIShI SethI5

 

Keywords: Anti thrombin, Fibrinolysis, Protein C, Protein S

ABSTRACT
Combined hereditary thrombophilia is an uncommon entity associated with higher risk of early onset thrombosis. We report a 
case of 39-year-old male with combined deficiency of natural anticoagulants (protein C, S and anti thrombin) along with hyper 
homocystenemia and factor V Leiden mutation, presenting with life threatening bilateral pulmonary embolism. The clinical 
implications of combined thrombophilia are also discussed.

[Table/Fig-1]: Thoracic computed tomography angiography showing bilateral 
thrombi in the right and left branches of the pulmonary artery.

Antiphospholipid screening was negative. Patient was again put on 
warfarin and continues to remain on follow up. The final diagnosis 
was combined thrombophilia presenting with life threatening bilateral 
PE in a young male. 

DISCUSSION 
Thrombophilia is the increased tendency to develop Venous 
Thromboembolism (VTE) due to predisposing congenital and or 
acquired factors. VTE affects approximately one-two people per 
1000 in Western general population [1]. Massive PE accounts for 5% 
to 10% of cases [2]. Life-threatening pulmonary embolism sufficient 
to require thrombolysis is uncommon in a young healthy patient in 
the absence of a provocating factor. Combined thrombophilias due 
to presence of more than one inherited coagulation defect have been 
reported to constitute 7.8%-8.3% of thrombophilic patients [3,4]. 
Combined defect in four or more factors is seen in 1.2% of these 
cases and a very low proportion of 0.1% of overall thrombophilia 
cases. Our case was rare with multiple thrombophilic abnormalities 
namely deficiency of natural anticoagulants (protein C, S and anti 
thrombin), hyper homocystenemia and presence of factor V Leiden 
mutation. The patient was selected for inherited thrombophilia testing 
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as per the thrombophilia guideline recommendations (unprovoked 
VTE in < 40 year). The testing for thrombophilia is recommended 
in selected population including: those presenting with venous 
thrombosis at an early age (<40) and who are from apparent VTE 
prone families,  children with purpura fulminans,  pregnant women 
at risk of venous thrombosis [5].

Deficiency of natural anticoagulants (protein C, S and anti thrombin) is 
rare (<0.5% of general population) but associated with higher risk of 
thrombosis (5-10 fold) with an annual VTE incidence >1% [6]. On the 
other hand factor V Leiden mutation and prothrombin gene mutation 
are commoner (5% of general population) but associated with lower 
risk of thrombosis (2-5 fold) with an annual VTE incidence of < 0.5% 
per year [7]. Combined defects have a more severe phenotype with 
higher thrombosis risk (20-50 fold), earlier first episode and higher 
recurrence [8]. Our case also presented at an early age with life 
threatening bilateral pulmonary embolism. Laczika K et al., similarly 
reported a case of combined inherited thrombophilia (type I anti 
thrombin deficiency and prothrombin G20210A mutation) in a 19-
year-old female presenting with unilateral chronic thromboembolic 
pulmonary hypertension secondary to pulmonary embolism [9]. 
Friedline JA et al., reported combined factor V and prothrombin 
gene mutations in a 36-year male presenting with recurrent bilateral 
lower limb venous thrombosis [10]. The usefulness of thrombophilia 
testing in predicting recurrent VTE is still a matter of debate due to 
conflicting reports [11]. 

The initiation, intensity and duration of anticoagulant therapy however 
do not differ in patients with or without heritable thrombophilia [5]. 
The diagnostic evaluation should be delayed till management of 
acute thrombotic episode as was in our case. Patients on coumarin 
therapy should be shifted to heparin before testing to avoid 
interference with protein levels. The decision for duration of therapy 
(lifelong or not) is made regardless of result of heritable thrombophilia 
testing. It is taken with reference to whether or not a first episode of 
venous thrombosis was provoked or not, other risk factors, and risk 
of anticoagulant therapy-related bleeding. 

Testing for case finding in asymptomatic relatives of rare combined 
thrombophilias is not recommended, as it is not predicted by family 
history. In a prospective follow up of asymptomatic relatives the 
risk of thrombosis was low [12]. No family screening was done 
in our case. There is no increased risk of death in individuals with 

thrombophilia, not even in those with a history of thrombosis [4]. 
The work up for hereditary thrombophilia should still be sought for 
in young patients with unprovoked venous thromboembolism so 
as to identify these rare disease phenotypes of combined defects. 
Also the documentation is important to add to the knowledge of the 
disease profile.

CONCLUSION
Thrombophilia testing should be carried out in young (<40 year) 
individuals with unprovoked venous thrombosis. Multiple defects 
may be contributory in a single individual and hence testing for all risk 
factors is recommended. The thrombosis testing should however 
be deferred at the time of acute episode due to alterations in factor 
levels, a complete work up should be planned once the patient is 
stabilized. Genetic mutations can however be studied anytime.
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Introduction
Urological malignancies are very uncommon in pregnancy, with an overall incidence of around 

1/1000 pregnancies [1-3]. Though rare, they can impose particular problems in diagnosis and 
management during pregnancy as fetal wellbeing has to be kept in mind too.

Case Presentation
A 25-year-old pregnant woman in the 36th week of gestation was presented to the hospital owing 

to painless gross intermittent hematuria with clots for the last four months. She denied any history 
suggestive of urinary tract infections, renal calculus, or other genitourinary complaints. Herprenatal 
course had been otherwise uneventful, and she had no history of such urological complaints. She 
was a nonsmoker, nonalcoholic, and had no history of occupational or chemical exposure. On 
examination, the patient was pallor, normotensive, afebrile, and had stable vitals and voiding of 
wine-colored urine with blood clots. The fetus was active and the fetal heart sounds were strong. 
There was no evidence of vaginal bleeding. Her complete blood count was within normal limits 
except for normocytic normochromic anemia (Hemoglobin 9.2 gm/dl). Blood urea nitrogen, serum 
creatinine, viral markers, and coagulation survey were non-contributory. Her urine analysis showed 
numerous red blood cells with no casts or crystals and her urine culture was negative. Ultrasound 
examination revealed mild pregnancy-related hydronephrosis without any calculus and single 
space-occupying, papillary lesion of size approximately 2 cm × 2 cm with high vascularity was noted 
at the right anterior wall of the bladder, suggestive of bladder tumor. The kidneys were normal in 
appearance. A single live fetus without any uterine abnormalities was noted.

She was being followed conservatively but in meantime, she started to have severe gross 
hematuria with clots retention leading to a fall in hemoglobin (6.2 gm/dl). She was managed by 
cystoscopy and clots evacuation followed by two units of blood transfusion. On cystoscopy, a 
growth of 2 cm × 2 cm in size was noted at the anterior bladder wall that was bleeding profusely.

A decision was taken to fulgurate and bipolar Transurethral Resection of Bladder Tumor 
(TURBT) in the same sitting under spinal anesthesia. The procedure was uneventful. On 2nd 
postoperative day, severe fetal distress was noted, the cause of which was unknown. A decision of 
Lower Section Cesarean Section (LSCS) was taken by a treating obstetrician and was performed. 
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Abstract
Malignancies are rare in pregnant women; with overall incidence during pregnancy is around 
2.35/10,000. The most prevalent tumors occurring in pregnant females are malignant melanoma 
(2.8/1000), followed by carcinoma of the cervix (1/2200) and breast (1/3000). A review of the 
literature didn’t find any convincing evidence that pregnancy has a deleterious impact on the 
incidence of clinical profile of malignancy as compared to non-pregnant women of reproductive 
age, except in the case of malignant melanoma.

Urological malignancy in pregnancy is rare and poses a diagnostic and treatment challenge. Here, 
we report a case of non-muscle invasive bladder carcinoma in the pregnant female, successfully 
managed by TURBT (Transurethral Resection of Bladder Tumor), resulting in good maternal and 
fetal outcomes.
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The postoperative periods were uneventful, with mother and baby 
both being healthy and recovering. The patient and the baby were 
discharged on postoperative day 8.

The TURBT tissue specimen sent for histopathological evaluation 
revealed transitional cell carcinoma of the urinary bladder of 
TaG 1 grade. Follow-up cystoscopy on 3rd-month follow-up was 
unremarkable.

Discussion
In men, bladder carcinoma is one of the most common 

malignancies, but its occurrence in women is quiet less, with a male to 
female ratio of 3-4:1 [4]. It usually presents in the 6th and 7th decades 
of life. In young pregnant women, chances of the bladder carcinoma 
are very low. Pregnancy and malignancy are among the biological 
conditions in which antigen tissue is tolerated by a competent 
immune system [4].

The majority of these cases usually present in the second or third 
trimester with painless hematuria. Hematuria presenting during 
pregnancy always warrants prompt evaluation, keeping bladder 
cancer as a differential diagnosis in mind. Diagnosis of bladder 
carcinoma during pregnancy can pose a dilemma, as symptoms are 
often misleading, i.e. frequency and nocturia are usually mistaken 
as they can arise throughout pregnancy in healthy females too, 
thus delaying the diagnosis [3]. It is further complicated as for the 
patient, identification of the source of bleeding is often difficult and 
is frequently mistaken for obstetric hemorrhage or more common 
benign lesions such as cystitis. Although cystitis is the commonest 
cause of hematuria during pregnancy [5], complete work-up is 
needed if a response to treatment is not satisfactory but firstly, 
painless vaginal bleeding due to placenta previa must be excluded 
since this needs prompt obstetrical intervention. Although bladder 
carcinoma is quite rare in pregnant women, gross hematuria should 
be managed with a high index of suspicion to rule out the possibility 
and timely management of bladder malignancy. Flexible cystoscopy is 
considered safe and the most useful test in the evaluation of hematuria 
in pregnancy. Transurethral Resection of the Bladder Tumor 
(TURBT) under regional or general anesthesia is considered safe to 
perform irrespective of the gestational period [6]. If the malignant 
potential of the tumor is high, then termination of pregnancy is 
considered during the early gestational period for maternal survival, 
followed by management of malignancy. There are only 27 cases 
reported of bladder mass with pregnancy out of which eight cases 
were managed with TURBT during the intrapartum period followed 
by an uneventful continuation of pregnancy till term or near term, 
thus ensuing fetal well-being simultaneously [6-9].

In this case, as the patient was having profuse bleeding from 
bladder growth, so we decided to go for fulguration and TURBT. 

Unfortunately, the fetal distress of unknown cause resulted in 
emergency LSCS. The current case highlights the successful procedural 
outcome of TURBT for the mother but the risk remains for the fetus 
although TURBT is considered safe generally. In our case, though we 
couldn’t ascertain the exact cause of fetal distress, still the procedure 
can be considered as one of the culprits. The authors want to shed 
light on the TURBT in pregnancy as a not-so-safe procedure but it 
remains a choice to perform in a patient with persistent hematuria 
where conservative treatment fails to continue pregnancy till term. 
Close and proper monitoring of both the maternal and fetal conditions 
remains crucial during the postoperative follow-up period.
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CASE REPORT
A 39-year-old male presented in the Emergency Department with 
complaints of chest pain, breathlessness at rest and dizziness 
for four days. He had no history of fever, cough, lower limb pain, 
swelling, liver disease, renal disease, recent surgery, immobilisation, 
long travel or any addiction. He had no such episode previously. 
His family history was unremarkable. On examination his peripheral 
extremities were cold and clammy and pulse rate was 110 bpm, 
blood pressure was 90/60 mm Hg, respiratory rate was 32/min and 
jugular venous pressure was raised 10 cm above sternal angle. Other 
systemic examination was unremarkable. SpO2 at room air was 
85%. ECG revealed T wave inversion in anterior leads and S1Q3T3 
pattern. On 2D echocardiography there was no left ventricular 
regional wall motion abnormality with normal left ventricular ejection 
fraction but there was severe Tricuspid Regurgitation (TR) with 
enlargement of both right atrium and ventricle and features of 
Right Ventricular (RV) dysfunction {RV fractional area change of 25 
% and Tricuspid Annular Plane Systolic Excursion (TAPSE) of 13 
mm}. Biochemical markers troponin T (0.12 ng/ml) and Pro- BNP 
(2346 pg/ml) were deranged. A possible diagnosis of Pulmonary 
Embolism (PE) was made on the basis of clinical examination, 
ECG and echocardiography. CT pulmonary angiogram revealed 
intraluminal-filling defects in both right and left pulmonary arteries, 
bilateral lobar arteries and few segmental and sub segmental arteries 
suggestive of thrombus [Table/Fig-1]. Doppler of bilateral lower limb 
showed normal flow pattern. His haemogram, serum vitamin B12, 
folic acid, liver function, and renal function test were within reference 
ranges. Patient was thrombolysed with streptokinase 2.5 lac units 
bolus followed by intravenous infusion of 1 lac units/hr for 72 hours. 
Patient improved and his breathlessness was relieved over course 
of 5 days. Patient was taken on an overlap of low molecular weight 
heparin subcutaneously and warfarin 5 mg OD till an International 
Normalised Ratio (INR) of 2.0-3.0 was achieved and patient was 
discharged on warfarin 5 mg OD. Pre discharge echocardiogram 
revealed normal RV functions with trace TR. 

Patient remained asymptomatic on routine follow up. On his 
subsequent visit three month later he was investigated for 
thrombophilia profile after interrupting warfarin and putting on 
low molecular weight heparin. His-protein C was 35% (range 
89-150%), protein S level was 30% (range 91-150%), and 
antithrombin activity was 36% (range 79-124%). His plasma 
homocysteine levels were high (48.12 μmol/L). Polymerase chain 
reaction was positive for heterozygous factor V Leiden mutation. 

AkShyAyA PrAdhAn1, AyuSh ShuklA2, MIlI  JAIn3, AnuPAM MehrotrA4, rIShI SethI5

 

Keywords: Anti thrombin, Fibrinolysis, Protein C, Protein S

ABSTRACT
Combined hereditary thrombophilia is an uncommon entity associated with higher risk of early onset thrombosis. We report a 
case of 39-year-old male with combined deficiency of natural anticoagulants (protein C, S and anti thrombin) along with hyper 
homocystenemia and factor V Leiden mutation, presenting with life threatening bilateral pulmonary embolism. The clinical 
implications of combined thrombophilia are also discussed.

[Table/Fig-1]: Thoracic computed tomography angiography showing bilateral 
thrombi in the right and left branches of the pulmonary artery.

Antiphospholipid screening was negative. Patient was again put on 
warfarin and continues to remain on follow up. The final diagnosis 
was combined thrombophilia presenting with life threatening bilateral 
PE in a young male. 

DISCUSSION 
Thrombophilia is the increased tendency to develop Venous 
Thromboembolism (VTE) due to predisposing congenital and or 
acquired factors. VTE affects approximately one-two people per 
1000 in Western general population [1]. Massive PE accounts for 5% 
to 10% of cases [2]. Life-threatening pulmonary embolism sufficient 
to require thrombolysis is uncommon in a young healthy patient in 
the absence of a provocating factor. Combined thrombophilias due 
to presence of more than one inherited coagulation defect have been 
reported to constitute 7.8%-8.3% of thrombophilic patients [3,4]. 
Combined defect in four or more factors is seen in 1.2% of these 
cases and a very low proportion of 0.1% of overall thrombophilia 
cases. Our case was rare with multiple thrombophilic abnormalities 
namely deficiency of natural anticoagulants (protein C, S and anti 
thrombin), hyper homocystenemia and presence of factor V Leiden 
mutation. The patient was selected for inherited thrombophilia testing 
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as per the thrombophilia guideline recommendations (unprovoked 
VTE in < 40 year). The testing for thrombophilia is recommended 
in selected population including: those presenting with venous 
thrombosis at an early age (<40) and who are from apparent VTE 
prone families,  children with purpura fulminans,  pregnant women 
at risk of venous thrombosis [5].

Deficiency of natural anticoagulants (protein C, S and anti thrombin) is 
rare (<0.5% of general population) but associated with higher risk of 
thrombosis (5-10 fold) with an annual VTE incidence >1% [6]. On the 
other hand factor V Leiden mutation and prothrombin gene mutation 
are commoner (5% of general population) but associated with lower 
risk of thrombosis (2-5 fold) with an annual VTE incidence of < 0.5% 
per year [7]. Combined defects have a more severe phenotype with 
higher thrombosis risk (20-50 fold), earlier first episode and higher 
recurrence [8]. Our case also presented at an early age with life 
threatening bilateral pulmonary embolism. Laczika K et al., similarly 
reported a case of combined inherited thrombophilia (type I anti 
thrombin deficiency and prothrombin G20210A mutation) in a 19-
year-old female presenting with unilateral chronic thromboembolic 
pulmonary hypertension secondary to pulmonary embolism [9]. 
Friedline JA et al., reported combined factor V and prothrombin 
gene mutations in a 36-year male presenting with recurrent bilateral 
lower limb venous thrombosis [10]. The usefulness of thrombophilia 
testing in predicting recurrent VTE is still a matter of debate due to 
conflicting reports [11]. 

The initiation, intensity and duration of anticoagulant therapy however 
do not differ in patients with or without heritable thrombophilia [5]. 
The diagnostic evaluation should be delayed till management of 
acute thrombotic episode as was in our case. Patients on coumarin 
therapy should be shifted to heparin before testing to avoid 
interference with protein levels. The decision for duration of therapy 
(lifelong or not) is made regardless of result of heritable thrombophilia 
testing. It is taken with reference to whether or not a first episode of 
venous thrombosis was provoked or not, other risk factors, and risk 
of anticoagulant therapy-related bleeding. 

Testing for case finding in asymptomatic relatives of rare combined 
thrombophilias is not recommended, as it is not predicted by family 
history. In a prospective follow up of asymptomatic relatives the 
risk of thrombosis was low [12]. No family screening was done 
in our case. There is no increased risk of death in individuals with 

thrombophilia, not even in those with a history of thrombosis [4]. 
The work up for hereditary thrombophilia should still be sought for 
in young patients with unprovoked venous thromboembolism so 
as to identify these rare disease phenotypes of combined defects. 
Also the documentation is important to add to the knowledge of the 
disease profile.

CONCLUSION
Thrombophilia testing should be carried out in young (<40 year) 
individuals with unprovoked venous thrombosis. Multiple defects 
may be contributory in a single individual and hence testing for all risk 
factors is recommended. The thrombosis testing should however 
be deferred at the time of acute episode due to alterations in factor 
levels, a complete work up should be planned once the patient is 
stabilized. Genetic mutations can however be studied anytime.
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Abstract
Objective:  To examine the variation of cadmium (Cd), zinc (Zn) and mitochondrial DNA (mtDNA) copy
number in prostate cancer (PCa) patients and their age match controls and correlations with clinicopatho-
logical parameters.
Subjects  and  methods: This study was conducted between January 2012 and January 2015. Blood Cd and
RT-PCR;
Zn level was measured by inductively coupled plasma spectrophotometer. The variation of mitochondrial

sured by real-time PCR. We scrutinized the correlation of Cd, Zn and mtDNA
eters like prostate specific antigen (PSA) and [Gleason] score.
/L ±  SD) was significantly higher (3.89 ±  1.49) while Zn level was

ents comparison to control patients (2.92 ±  1.23; 116 ±  19.1). A wide
Gleason score
copy number in blood was mea
with clinicopathological param
Results:  Mean Cd level (�g
low (85 ±  10.4) in PCa pati
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distribution of variance and higher mtDNA copy numbers were found in PCa patients [Range (fold
difference) 1968–39,245 (17.4)] as compared to controls [10,178–332,243.9], (p  value: 0.036). Clinico-
pathological analysis showed that Cd, Zn and mtDNA DNA copy numbers were significantly associated
with increased [Gleason] score but not with serum PSA level (Zn: r  = −0.68; Cd: r  = 0.64; mtDNA: r  = 0.84)
(p < 0.05).
Conclusion:  Cd, Zn and mtDNA copy number significantly correlate with [Gleason] score which suggests
that the former may serve as marker for therapeutic guidance.

© 2016 Pan African Urological Surgeons’ Association. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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rostate cancer (PCa) is frequently being diagnosed in elderly men,
ith multi-factorial etiology. Cadmium (Cd) is characterized by
arious degrees of toxicity to non-target species, including human
eings. It is also classified as human carcinogen, based on epidemio-
ogical and rodent experiments [1,2]. Cd enters the cells by utilizing
ransport pathways evolved for essential metals. Cd follows a Trojan
orse strategy by molecular mimicry and interferes with essential
etals homeostasis. In prostatic cells, cadmium toxicity has been

losely related to zinc homeostasis. Zinc (Zn) is a key regulatory fac-
or in the intermediary metabolism of prostate cells and any changes
n Zn homeostasis contributes to the development and progression
f PCa [3].

everal mechanisms of metal carcinogenesis have been proposed,
he most important appears to be oxidative stress which responsi-
le for DNA damage [4]. Mitochondria implemented intracellular
argets for various metals including Cd are central to the forma-
ion of reactive oxygen species (ROS). Mitochondrial dysfunction is
losely related to mitochondrial DNA (mtDNA) copy number which
s expressed as increase or decrease of mtDNA copy number. In
ddition, human mtDNA lacks protective histones, introns, mtDNA
roofreading and has limited DNA repair capacity [5]. These fea-
ures make it highly susceptible to ROS and other types of damage
hat could lead to sequence mutations or copy number alterations
n mtDNA. Normally the amount of mtDNA remains relatively sta-
le in order to maintain the energy demand and protect its standard
hysiological condition [6]. Fluctuation in mtDNA copy number
ay affect mitochondrial dysfunction, and has been observed in

arious types of malignancy including PCa [7].

ince Cd and Zn play a vital role in normal and cancerous tissues, we
ypothesize that Cd and Zn influence distribution pattern of mtDNA
opy number. Hence, present study focuses on investigation of Cd,
n and mtDNA from blood of PCa patients and their respective
ontrols. We also examined the association of Cd, Zn and mtDNA
opy number with other markers of prostate cancer such as Gleason
core and serum PSA.

ubjects  and  methods
Please cite this article in press as: Abhishek A, et al. To study the relatio
Indian patients suffering from prostate cancer: A case control study. A

thical  consideration  and  sample  collection

his study was approved by the Research Ethics Committee (775/R-
ell-12) of King George’s Medical University (Lucknow, India).

c
9
m
D

amples were collected after obtaining a written informed consent
rom each subject (cases and controls) prior to their inclusion in
his study. A total of 102 patients with histopathologically con-
rmed prostate cancer cases were recruited between January 2012

o January 2015 at Department of Urology, King George’s Medical
niversity, Lucknow. Benign prostatic hyperplasia (BPH) (n  = 107)
atients were recruited as control during the same time frame in
his study and were defined as men with no evidence of PCa or
ny other malignancy. All were interviewed to collect information
ncluding age, alcohol consumption, smoking/tobacco chewing, and
amily history of cancer. After proper consent, 5 ml venous blood
as collected and stored as per protocol.

etal  analysis

lood Cd and Zn were measured using inductively coupled plasma
pectrometer (Thermo Electron; Model IRIS Intrepid II XDL, USA)
n the acid digested samples (nitric acid:perchloric acid, v/v). One
l blood samples were digested with digestion mixture (nitric

cid:perchloric acid, v/v) according to the method of Siddiqui et al.
8].

NA  extraction  and  analyses  of  mtDNA  copy  number  using
eal-time  quantitative  PCR

he genomic DNA is isolated by conventional phenol chloro-
orm extraction method followed by ethanol precipitation and
e-suspended in Tris-EDTA buffer and stored at −20 ◦C for further
se. mtDNA copy number was determined as described previ-
usly [9]. In brief, ND1  region (108 bp) of mtDNA was amplified
y using forward primer: 5′-TGACCCTTGGCCATAATATGATTT-
′; reverse primer: 5′-TTCGATGTTGAAGCCTGAGACTAG-3′

Invitrogen, Cat#4304970) and Dual-labeled probe (6FAM-
′-AGACCAACCGAACCCCCTTCGACC-3′-Taq-Man TAMRA)
Invitrogen Cat#450025). Primers for �-globin gene (106 bp) was
sed as described previously and the sequences are as follows:
orward primer: 5′-GTGAAGGCTCATGGCAAGAAAG-3′ and
everse primer: 5′-TGTCACAGTGCAGCTCACTCAGT-3′. Reac-
ions were run in duplicate manner on ABIPRISM 7700 Sequence
etector (Applied [Biosystem], Forest City, USA). The reac-

ion consisted of: 1x Premix Ex Taq (TaKaRa), 2.5 �l DNA
ample, 200 nM each primers, 250 nM dual-labeled probe. The
nship between cadmium, zinc and mtDNA copy number in North
fr J Urol (2016), http://dx.doi.org/10.1016/j.afju.2016.05.011

ycling condition was 95 ◦C for 10 s, followed by 40 cycles at
5 ◦C for 5 s and 60 ◦C for 30 s. Recombinant plasmid containing
tDNA fragment in NDI  gene coding region was used as standard
NA.

dx.doi.org/10.1016/j.afju.2016.05.011
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Table  1  Principal clinicopathological characteristics in PCa and BPH controls patients.

Variables Prostate cancer (n = 102) Control (n = 107) OR (95% CI) p value

Age (%)
≤70 72 76 0.86 (0.46–1.6) 0.63
>70 30 31

Smoking History/tobacco chewing
No 11 33 3.68 (1.7–7.7)
Yes 91 74 0.001*

Alcohol consumption
No 16 26 1.72 (0.86–3.44)
Yes 86 81 0.12

Family history (%)
No 97 –
Yes 5 –

Dietary habit
Vegetarian 67 79 0.67 (0.37–1.22)
Non-vegetarian 35 28 0.198

Occupation
Farmer 82 60 3.21 (1.7–5.9)
Others 20 47 0.002*

PSA (ng/ml)
<4 5 82
>4–10 20 15
>10–20 39 7
>20 38 2 0.001*

Figure  1  Bar diagram indicating the mean ±  SD values of cadmium
in PCa and BPH controls. Line and asterisks indicate statistically sig-
nificant difference (**p < 0.05).

Table  2  Correlation of cadmium and zinc with serum PSA and
Gleason score in PCa and BPH Control.

PCa Control

R p R p

Cd with serum PSA 0.00 0.969 −0.16 0.105
Zn with serum PSA −0.10 0.292 0.12 0.232

*

OR: odds ratio; CI: confidence interval; p: probability.
* p < 0.05.

Statistical  analysis

Odds ratio (OR), confidence interval 95% (CI 95%) and Chi
square test was calculated for demographic variable. Spearman
rank correlation analysis was applied in studying the relationship
between metals, mtDNA and clinicopathological parameters. One
way ANOVA was perform for Cd and Zn for multiple comparisons
with different Gleason score in PCa patients. One way analysis was
performed for mtDNA copy number in the different groups of PSA
and Gleason score. All statistical calculations were carried out using
the statistical package for the social science, version 16.0 (SPSS Inc.
Chicago, IL, USA) and 3D curve were plotted between the mtDNA
copy number against Cd and Zn using software Statistica (Statistica
AGE, version 12.0, USA). Difference were considered significant
when p  < 0.05.

Results

The patient’s demographic information is demonstrated in Table 1.
There were no statistically significant differences between the
PCa patients and BPH controls in terms of age (OR, 95% CI:
0.86 (0.46–1.6), p: 0.63); alcohol consumption (OR, 95% CI:
1.72 (0.86–3.44), p: 0.12) and dietary habit (OR, 95% CI: 0.67
(0.37–1.22), p: 0.19). A significant difference was observed in addic-
tion habits such as smoking/tobacco chewing (p: 0.001) and clinical
parameter of serum PSA (p: 0.001) in PCa compare to BPH control.

The Cd level (mean ±  SD �g/L) in BPH control was 2.92 ±  1.23
whereas in PCa group was 3.89 ±  1.49 (Fig. 1). Meanwhile Zn level
was low (85 ±  10.4) in PCa as compared to BPH (116 ±  19.1) and
Please cite this article in press as: Abhishek A, et al. To study the relationship between cadmium, zinc and mtDNA copy number in North
Indian patients suffering from prostate cancer: A case control study. Afr J Urol (2016), http://dx.doi.org/10.1016/j.afju.2016.05.011

the differences was found statistically significant (p: 0.001) (Fig. 2).
No correlation was found between metals (Cd and Zn) and serum
PSA in case of PCa and BPH (Table 2). Low mean value of Cd
was found in low and intermediate risk patients (Gleason score: 5,

Cd with Gleason score 0.64 0.001
Zn with Gleason score −0.68 0.001*

R: correlation; p: probability.
* p < 0.05.

dx.doi.org/10.1016/j.afju.2016.05.011
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Figure  2  Bar diagram indicating the mean ±  SD values of zinc in PCa
and BPH controls. Line and asterisks indicate statistically significant
difference (**p < 0.05).

Table  3  Comparison of zinc and cadmium level in PCa between
different levels of Gleason score.

Cadmium
(�g/L)
N, Mean,
median ± SD

Zinc (�g/L)
Mean,
median ± SD

Gleason score 5 4, 1.78, 2.04 ± 0.78 92.21, 91.09 ± 8.72
Gleason score 6 15, 1.86, 1.89 ± 0.61 96.82, 92.22 ± 10.51
Gleason score 7 45, 2.97, 2.89 ± 0.95 87.61, 86.66 ± 7.42
Gleason score 8 15, 4.28, 4.55± 0.96 79.8, 78.56 ± 6.25
Gleason score 9 23, 4.98, 5.22 ± 0.91 74.68, 73 ± 6

* *
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F: 38.86; p: 0.001 F: 22.83; p: 0.001
* p < 0.05.

 and 7) compare to high risk patients (Gleason score: 8 and 9)
Please cite this article in press as: Abhishek A, et al. To study the relatio
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hile high mean value of Zn was seen in low risk patients and vice
ersa (Table 3). Cd level positively correlated with Gleason score
r: 0.64) and Zn level negatively correlated with Gleason score (r:

I
C
w

Table  4  Comparison of mtDNA copy number with PSA and Gleason sc

Variables PCa
Number (%),
mtDNA copy
number; median
(range)

Serum PSA
<4 5; 14,208 (3331–24,214) 

>4–10 20; 13,250 (2015–34,247)
>10–20 39; 20,487 (1968–31,353) 

>20 36; 16,781 (3471–29,712) 

Gleason score
5 4; 3471 (1968–7895)
6 15; 11,247 (3331–14,987)
7 45; 15,370 (9436–24,681)
8 15; 25,658 (21,747–31,353)
9 21; 26,733 (20,487–34,247) 

p: probability.
* p < 0.05.
igure  3  Distribution of mtDNA copy number in PCa and BPH
atients.

0.68) (p  < 0.05). Comparison amongst metals (Cd and Zn) and
ifferent Gleason scores are shown in Table 3.

or the study of distribution pattern of mtDNA, we [compared]
he PCa group with their age matched BPH control. mtDNA
opy number/�L in BPH group [range (fold difference)] was
0,178–33,224 (3.9) whereas in PCa group mtDNA was 968–39,245
17.4); this difference was statistically significant (p: 0.036) (Fig. 3).
here was no correlation between mtDNA copy number and serum
SA in PCa patients and their age match BPH control (F: 1.874;
: 0.14; p: 0.139) (Table 4). PCa Patients with higher [Gleason]
core (8–9) were more likely to have higher mtDNA copy number
han those with lower [Gleason] score (5–7) (F: 81.87; r: 0.849; p:
.0001) (Table 3). Patients with a Gleason score of 4 + 3 (7) had
igher mtDNA copy number compared to those with lower score
3 + 4: 7) (Fig. 4). Finally, correlation between mtDNA, Cd, and Zn
evels are documented in Fig. 5.

iscussion
nship between cadmium, zinc and mtDNA copy number in North
fr J Urol (2016), http://dx.doi.org/10.1016/j.afju.2016.05.011

n this study, 88% PCa and 59% BPH control patients were farmers.
admium was detected in almost all samples and their concentration
as significantly higher in PCa compare to BPH control group. Cd

ore.

BPH Control
Number (%),
mtDNA copy
number; median
(range)

78; 17,596 (10,178–28,237)
12; 17,658 (10,354–29,342)
7; 19,925 (14,736–23,237)
2; 14,883 (12,244–17,522) p: 0.13

p: 0.0001*

dx.doi.org/10.1016/j.afju.2016.05.011
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Figure  4  Distribution pattern of mtDNA at different Gleason score
in PCa patients (A); Distribution of mtDNA in Gleason score 7 (B).

positively and Zn negatively correlated with [Gleason] score. The
high level of Cd might be due to the habit of chewing betel quid and
Please cite this article in press as: Abhishek A, et al. To study the relatio
Indian patients suffering from prostate cancer: A case control study. A

smoking homemade tobacco leaf (Biri) which is a major source of
Cd exposure [10]. This unfiltered tobacco chewing is an endemic
habit especially in northern part of India.

Figure  5  Correlation of mtDNA against cadmium and zinc. r: corre-
lation; p: probability.
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reviously, it was though that in India occurrence of PCa is far
ess compared to the western world. As a result of rural to urban

igration, changing life style, increasing awareness regarding PCa,
etter access to medical facility; more and more cases of PCa are
eing discovered. Jain et al. [11] reported that PCa is the second
ost frequently diagnosed cancer in major cities of India. Almost

ll regions of India are equally affected by PCa. The incidence rate
after age adjustment) of PCa in big cities of India is 10.66/100,000
12] which is higher when compared to northern Africa (8.1) and
outh-east Asia (8.3) but is still lower than United State (85.6) and
ther countries of Europe (Eastern zone: 29.1 and Southern zone:
0.0) [13,14]. The incidence rate of PCa in India is constantly and
apidly increasing. It has been projected that the number of patients
uffering from PCa will double by 2020 [11].

inc is very important for the structural integrity of prostate and
igh zinc levels are characteristic of healthy prostate cell. Zinc
nfluences various molecular repair mechanisms of mitochondria
3] and is involved in the development and normal functioning of
he immune system [15]. Cd toxicity has been closely related to Zn
omeostasis. Once inside the cells, cadmium displaces zinc from
roteins and enzymes where zinc has a sulfur-dominated coordina-
ion sphere [16]. Higher concentration of Cd is capable of inhibiting
NA repair and leading to genomic instability, which may be asso-

iated with various types of malignancy [17]. The deleterious effects
f Cd are associated with either acute exposure to high levels of the
lement or chronic exposure to low level of metal. In our study,
o correlation was found between metals (Cd and Zn) and serum
SA in PCa as well as BPH control group. This study suggests

hat rise of Cd level and depletion is of zinc level correlates with
ncreasing Gleason score and is more pronounced with aggressive
isease. Our result corroborate with Cortesi et al. [18] who found
ignificant zinc depletion with increasing Gleason grade. Evidence
uggests that mitochondrial integrity is affected by Cd and zinc
evel.

he association between mtDNA copy number variation and malig-
ancy is still subject of debate. Both an increase and decrease in
tDNA copy number have been associated with an increased risk for

umorigenesis. In genomic DNA extracted from blood, an elevated
opy number has been observed in patients with various cancers. A
rospective study of renal cancer revealed that high mtDNA copy
umber in blood was allied with increased future risk of renal cell
arcinoma [19]. On other hand, decrease in mtDNA copy number
as found in patients with stomach cancer [20].

 precise mechanism for increase in the mtDNA copy number in
lood has not been fully understood. Possibly, increased mtDNA
opy number indicates the increased levels of oxidative damage
hat has been associated with possible cause of different type of

alignancies [21]; it may reflect indirect evidence of carcinogenesis
ather than direct cause [9]. Moreover, low mtDNA copy num-
er in cell can be caused by mitochondrial DNA polymerase �
POLG1) mutation, resulting in tumor initiation and progression
22].

his study revealed that mtDNA copy number is more scattered in
Ca patients compare to controls and the difference was statistically
nship between cadmium, zinc and mtDNA copy number in North
fr J Urol (2016), http://dx.doi.org/10.1016/j.afju.2016.05.011

ignificant. This significance indicates that increase in mtDNA copy
umber in PCa as compare to BPH control. Our results support
revious tissue-based study which showed that the average mtDNA
ontent increased in prostate cancer tissue as compared to benign

dx.doi.org/10.1016/j.afju.2016.05.011
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rostatic tissue [9]. Although we compared blood mtDNA copy
umber with two indices of PCa (Serum PSA and Gleason score).
tDNA copy number had no correlation with Serum PSA in PCa

atients. Gleason score is the most important pathological finding
n PCa and main indicator of tumor burden. When we compared

tDNA copy number with different Gleason scores (6–9), a positive
orrelation was found. PCa patients with higher [Gleason] score
ere more likely to have higher mtDNA copy number than their
ith lower [Gleason] score. In prostate cancer, [Gleason] score 7 was

plit into two category i.e. 4 + 3 and 3 + 4. The increase of [Gleason]
core is directly correlated with tumor aggressiveness. Patients with

 [Gleason] score of 4 + 3 (7) tended to have slightly but significantly
igher mtDNA copy number compare to their lower score (3 + 4: 7)
Fig. 4B). Zhou et al. [23] found significant higher blood mtDNA
n advanced stage of PCa as compare to lower stages.

here are few limitations in our study. As with any prospective case
ontrol biomarker study, our study does not allow us to determine
hether mtDNA copy numbers found in PCa patients was the cause
r the result of cancer onset on progression. Moreover, relatively
mall sample size in this study limited our statistical capacity to
etect interactions between metals and mtDNA copy number and
ther major risk factors. Large prospective studies (with a larger
ample size) may confirm our findings.

onclusion

his result suggests that an increased variation of cadmium level
orrelates with increasing [Gleason] score and zinc level negatively
orrelates with increasing [Gleason] score. The Distribution vari-
nce pattern of mtDNA copy number also correlates with [Gleason]
core in PCa patients compare to BPH control.
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Abstract: Background: Forearm hematomas are not uncommon after transradial coronary interventions. The pres-
ent study describes the incidence and predictors of forearm hematoma formation after transradial coronary inter-
ventions. Methods: This was a prospective study in 1754 patients undergoing angiography/angioplasty through 
transradial access. Each procedure was performed using optimum levels of anticoagulation, hydrophilic sheaths, 
and post-procedural patent hemostasis protocols. Patients were evaluated for forearm hematoma immediately af-immediately af-
ter the procedure, after radial band removal, and on the next day of the procedure. Severity of hematomas was 
graded according to the Early Discharge after Transradial Stenting of Coronary Arteries Study scale. Univariate and 
multivariate logistic regression analyses were done to determine the predictors of hematoma formation. Results: 
Mean age of the patients was 56.31 years and 82.2% were males. A total of 1374 (78.3%) patients underwent 
angioplasty while 380 (21.7%) underwent angiography. Forearm hematoma developed in 187 (10.7%) patients. 
Grade I hematoma was most common (3.53%) followed by Grade II (3.08%), Grade III (2.83%) and Grade IV (1.25%) 
hematoma. None of the patients required vascular or surgical interventions for this complication. Female gender, 
multiple puncture attempts, intensive antiplatelet therapy, complex procedure and longer hemostasis time were sig-
nificant predictors of forearm hematoma formation post transradial coronary interventions. Conclusions: Forearm 
hematoma developed in substantial proportion of patients undergoing transradial coronary interventions and inter-
ventional variables were predominantly associated with hematoma formation. Pre-emptive knowledge of modifiable 
interventional risk factors can help in reducing the burden of this complication.

Keywords: Coronary angiography, forearm hematoma, percutaneous coronary intervention, transradial coronary 
intervention

Introduction

Cardiac catheterization procedures, both diag-
nostic and therapeutic, primarily involve the 
transfemoral or the transradial approach. Since 
last two decades, transradial coronary inter-
vention (TCI) has become more popular owing 
to its minimal invasive nature, ease of perfor-
mance, minimum patient discomfort, early 
ambulation, shorter duration of hospital-stay, 
and potentially low cost and reduced risk of 
morbidity and mortality [1-3]. Due to the super-
ficial and readily compressible location of the 
radial artery, transradial access is associated 
with minimum complications when compared 

to other access sites for cardiac catheteriza-
tion. However, radial artery spasm/occlusion at 
access site and forearm hematoma are known 
complications associated with TCI. Incidence of 
forearm hematoma after TCIs ranges from 0.3% 
to 33%, although the incidence rates for a large 
forearm hematoma requiring blood transfu-
sions or vascular surgery are negligible [4-6]. In 
most of the cases, it is reported as a complica-
tion only when it requires an intervention. 
However, it is an established fact that even a 
smaller unresolved haematoma could lead to 
severe complications like compartment syn-
drome [5, 7, 8].

http://www.AJCD.us
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Well-designed trials have not been conducted 
to study the occurrence of forearm hematoma 
after TCI procedures and experience for these 
hematomas has largely derived from previous 
single-centre reports [9]. There are currently no 
registries for reporting this complication after 
TCI.

Considering the limited available data for this 
complication, the current study was aimed to 
bring in more understanding of forearm haema-
toma as a complication of transradial cardiac 
catheterization. This study was done to under-
stand the true burden of forearm haematoma, 
its severity and possible predictors.

Material and methods

This was a prospective observational study 
conducted between October 2018 and Sep- 
tember 2019, at the King George Medical 
University, Lucknow, a tertiary care centre in 
India. The study was conducted in compliance 
with the International Ethical Guidelines for 
Biomedical Research Involving Human Sub- 
jects, Good Clinical Practice Guidelines, the 
Declaration of Helsinki, and local laws. All 
patients or their family members provided a 
written informed consent. The study protocol 
was approved by the Institutional Ethics 
Committee (95th ECM 11B-Thesis/P51, 11/01 
2016).

Study population

The study enrolled consecutive patients (aged 
>18 years) who were diagnosed with acute cor-
onary syndrome or stable coronary artery dis-
ease and were referred for diagnostic and/or 
therapeutic coronary catheterization. Patients 
who were planned through transradial route for 
coronary catheterization and had a normal 
Barbeau test were finally included. Patients 
with a negative Allen’s test, failed puncture of 
the radial artery, post coronary artery bypass 
surgery, decompensated heart failure, severe 
valvular disease, severe sepsis, prior history of 
transradial procedures, local site infections, 
high bleeding risk, cardiogenic shock, hemody-
namic instability, glomerular filtration rate (GFR) 
<30 ml/minute/m2, and patients on hemodialy-
sis and those requiring a switch to transfemoral 
access were excluded. For study purposes, 
high risk of bleeding was defined as platelet 
count <70000 cells/mm3 or use of anticoagu-
lants with INR >2.5.

Detailed medical history, demographic charac-
teristics, biochemical parameters, echocardio-
graphic and procedural characteristics were 
recorded for every patient. Routine hemogram 
and renal function tests were done for all 
patients. Serum creatinine level ≥1.5 mg/dl 
was defined as renal dysfunction for study pur-
pose. Coronary interventional procedures were 
performed as per standard practical guidelines 
and were performed by well-versed interven-
tional cardiologists with radial interventions.

Transradial access and procedure

The percutaneous access site was prepared 
sterile and anesthetized using 2% lidocaine. 
Transradial access was established by using 
5F, 6F, 7F sheaths (Radifocus introducer II; 
Terumo, Japan). All patients received 200 µg of 
nitroglycerin and 5 mg of verapamil intra-arteri-
ally through the introducer sheath. Patients 
who were planned for diagnostic angiogram 
received 5000 IU unfractionated heparin (UFH) 
through the arterial sheath. For urgent percuta-
neous coronary interventions (PCI), an addition-
al bolus of UFH was administered according to 
patient’s weight. For elective PCIs, 100 IU/Kg 
of UFH was administrated through the sheath 
before introducing the guiding catheter. Addi- 
tional boluses were then added intravenously 
according to the physician’s choice.

After angiography or angioplasty procedures, 
hemostasis was achieved by following the pat-
ent hemostasis protocol [10]. A plethysmo-
graphic probe was attached to the index finger 
and a TR band (Terumo, Japan) with a small 
green box indicator was placed proximal to the 
radial artery puncture site in the forearm. The 
sheath was removed, and total occlusion of 
radial artery was achieved by inflating the com-
pression balloon with 18 ml of air. The ulnar 
artery was manually compressed to block the 
flow in the palmar arch and compete loss of ple-
thysmographic signals at this stage suggested 
total occlusion of antegrade flow from the radi-
al artery. Pressure in the compression balloon 
of the TR band was gradually reduced by 
decreasing the amount of air in steps of 1 ml 
until the return of pulsatile plethysmographic 
signals or occurrence of bleeding. If bleeding 
occurred during this process, pressure in the 
compression balloon was again slightly incre- 
ased by injecting about 1 ml of air to ultimately 
achieve radial artery compression with “patent 
hemostasis”. Presence of pulsatile plethysmo-
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SD for continuous variables. Data were com-
pared for patients who developed and those 
who did not develop a hematoma. Continuous 
variables were compared using the Student’s 
t-test and categorical values were compared 
using the Chi-square test. Potential risk factors 
for hematoma formation were assessed using 
a univariate followed by a multivariate logistic 
regression analysis. Odds ratio (OR) and the 
inclusive 95% confidence intervals (CI) were 
estimated for all significant variables. All tests 
were performed as 2-sided at 5% level of sig-
nificant (P<0.05). All data were analysed using 
Statistical Package for Social Sciences (SPSS, 
Chicago, USA) version 21.0.

Results

Baseline and demographic characteristics

A total of 1754 consecutive patients underwent 
TCI, 380 (21.7%) having angiography alone. The 
flowchart of study patients is depicted in Figure 
1. Mean age of the patients was 56.31±10.58 
years and majority of the patients were males 
(82.2%). The demographic and clinical charac-
teristics of all patients are presented in Table 
1. About one-third of the patients were smok-
ers (32.5%) or had diabetes (35.5%) or hyper-
tension (38.0%).

Procedural characteristics

Table 1 shows the procedural characteristics 
for patients with and without the development 
of a hematoma after TCI. A radial sheath of 6F 
was used in most (77.95%) patients. About 
37% patients needed multiple puncture at- 
tempts and more than two-third (77.9%) pa- 
tients needed a contrast volume of 100 ml or 
more.

Forearm hematoma

Forearm hematoma was reported in 187 
(10.7%) patients. Maximum (n=62; 3.53%) had 
Grade I haematoma followed by Grade II (n= 
54; 3.08%), Grade III (n=49; 2.83%) and Grade 
IV (n=22; 1.25%). None of the patients devel-
oped compartment syndrome (Grade V hema-
toma). All patients with hematoma formation 
were successfully managed conservatively by 
manual or device compression, reversal of  
anticoagulation, and occlusive haemostasis 
according to the grade and progression of the 

graphic signals from the index finger while man-
ually compressing the ipsilateral ulnar artery 
indicated patent radial artery hemostasis. The 
patency of the radial artery was checked at 
least once every 15 minutes. The TR wrist band 
was removed as soon as compression balloon 
was deflated without puncture site bleeding. A 
light pressure bandage was applied. All patients 
were encouraged to squeeze and release the 
hand and to keep the arm in an elevated posi-
tion during the entire compression period.

Procedural details like diagnostic or therapeu-
tic procedure, number of attempts for radial 
artery access, sheath size, procedure time, IV 
heparin dose, type of antiplatelet drugs used, 
use of Glycoprotein IIb/IIIa inhibitors, number 
of catheter exchange, type of coronary lesion 
(chronic total occlusion, bifurcation lesion), 
contrast volume, and post procedure hemosta-
sis time were noted. Radial access in 2 or more 
attempts was labelled as multiple attempts. 
Procedure time >60 minutes, >3 catheters 
exchange, chronic total and bifurcation coro-
nary lesion interventions were considered com-
plex procedures. Intensive antiplatelet therapy 
was defined as use of dual antiplatelet therapy 
containing ticagrelor or prasugrel and/or use of 
Glycoprotein IIb/IIIa inhibitors.

Follow-up for hematoma

All patients were closely observed for the de- 
velopment of forearm or arm haematoma 
immediately after the procedure, after radial 
band removal and on the next day of the proce-
dure. Any incidence of pain or swelling at the 
local site was reported. Local haematoma was 
graded according to the severity based on the 
EArly Discharge after Transradial Stenting of 
CoronarY Arteries Study (EASY) hematoma 
scale: (i) Grade-I, <5 cm in diameter (nonsignifi-
cant); (ii) Grade-II, 5-10 cm diameter (mild); (iii) 
Grade-III, >10 cm but distal to the elbow (mod-
erate); (iv) Grade-IV, extending above the elbow 
(severe); and (v) Grade-V, anywhere with 
ischemic threat to the hand (compartment  
syndrome) [11]. All patients were followed-up 
every 2 weeks after discharge, till hematoma 
resolution.

Statistical analysis

Data were expressed as numbers and propor-
tions for categorical variables and as mean ± 



Hematoma after transradial coronary access

465 Am J Cardiovasc Dis 2021;11(4):462-470

hematoma. At discharge, the hematoma re- 
solved in majority of the patients (n=158; 
84.5%) and only 29 (15.5%) patients had a 
residual hematoma.

There were no significant age differences in 
patients who did and who did not develop a 
hematoma. Most patients who developed a 
hematoma were males, required multiple punc-
ture attempts, and received a 7F sheath. More 
patients who developed a hematoma received 
intensive antiplatelet therapy and underwent a 
complex procedure when compared to those 
who did not (31.6% vs. 15.3% and 18.2% vs. 
6.5%, respectively) (Table 1).

Predictors of forearm hematoma formation

On univariate analysis, female gender (OR: 
1.936; 95% CI: 1.369-2.738), haemostasis 
time >360 minutes (OR: 1.004; 95% CI: 1.002-
1.005), multiple puncture attempts (OR: 1.953; 
95% CI: 1.440-2.649), larger sheath size (OR: 
0.964; 95% CI: 0.665-1.398), intensive anti-
platelet treatment (OR: 2.549; 95% CI: 1.818-
3.572), and complex nature of procedure (OR: 
3.192; 95% CI: 2.092-4.869) were predictors 
for post TCI hematoma formation (Table 2). 
Multivariate analysis yielded similar predictors 
(Figure 2). Clinical factors like age, presence of 
risk factors like hypertension, diabetes melli-

Figure 1. Flowchart of patient enrolment in the study.



Hematoma after transradial coronary access

466 Am J Cardiovasc Dis 2021;11(4):462-470

tus, smoking, angiogram or angioplasty, low 
GFR (<60 ml/min/1.73 m2), body weight, hae-
moglobin and creatinine levels were not predic-
tors for hematoma formation.

Discussion

Forearm hematomas are a unique complication 
of TCI. To the best of our knowledge, present 

Table 1. Characteristics of study population and incidence of forearm hematoma with different 
clinico-demographic factors

Patient characteristics Total (n=1754)
Hematoma

Present (n=187) Absent (n=1567)
Age (mean ± SD, years) 56.3±10.6 56.2±11.3 56.3±10.5
Female, n (%) 312 (17.8%) 52 (27.8%) 260 (16.6%)
Body weight (mean ± SD, kg) 64.4±9.0 64.2±9.1 64.4±9.0
Hypertension, n (%) 666 (38.0%) 68 (36.4%) 598 (38.2%)
Diabetes mellitus, n (%) 622 (35.5%) 67 (35.8%) 555 (35.4%)
Smoking, n (%) 570 (32.5%) 70 (37.4%) 500 (31.9%)
Hemoglobin (mean ± SD, g/dl) 12.8±1.7 12.6±1.9 12.7±1.6
Serum Creatinine (mean ± SD, mg/dl) 1.06±0.46 1.02±0.26 1.06±0.47
GFR (mean ± SD, ml/min) 73.9±24.5 73.2+22.9 74.1±24.7
Homeostasis time, n (%)
    ≤360 min 802 (45.7%) 49 (26.2%) 753 (48.1%)
    >360 min 952 (54.3%) 138 (73.8%) 814 (51.9%)
GFR (ml/min), n (%)
    ≤60 542 (30.9%) 58 (31.0%) 484 (30.9%)
    >60 1212 (69.1%) 129 (69.0%) 1083 (69.1%)
Multiple puncture attempts, n (%)
    No 1091 (62.2%) 89 (47.6%) 1002 (63.9%)
    Yes 663 (37.8%) 98 (52.4%) 565 (36.1%)
Contrast volume (ml), n (%)
    <100 ml 388 (22.1%) 40 (21.4%) 348 (22.2%)
    ≥100 ml 1366 (77.9%) 147 (78.6%) 1219 (77.8%)
Sheath size, n (%)
    5F 378 (21.6%) 40 (21.4%) 338 (21.6%)
    6F 1367 (77.9%) 140 (74.9%) 1227 (78.3%)
    7F 9 (0.5%) 7 (3.7%) 2 (0.1%)
Antiplatelet treatment, n (%)
    Conventional 1455 (83.0%) 128 (68.4%) 1327 (84.7%)
    Intensive 299 (17.0%) 59 (31.6%) 240 (15.3%)
Heparin dose, n (%)
    5000 units 380 (21.7%) 40 (21.4%) 340 (21.7%)
    >5000 units 1374 (78.3%) 147 (78.6%) 1227 (78.3%)
Diagnostic vs. therapeutic procedure, n (%)
    Angiography 380 (21.7%) 40 (21.4%) 340 (21.7%)
    Angioplasty 1374 (78.3%) 147 (78.6%) 1227 (78.3%)
Complexity of procedure, n (%)
    Simple 1618 (92.2%) 153 (81.8%) 1465 (93.5%)
    Complex 136 (7.8%) 34 (18.2%) 102 (6.5%)
Continuous variables are reported in mean (standard deviation). GFR: Glomerular filtration rate; SD: Standard deviation. Inten-
sive antiplatelet therapy: Use of dual antiplatelet therapy containing ticagrelor or prasugrel and/or use of Glycoprotein IIb/IIIa 
inhibitors.
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study was largest single-centre prospective 
study which enrolled real-world patient popula-
tion to assess post TCI hematoma formation. In 
our study, forearm hematoma occurred in 
10.7% patients who underwent TCI. Similar 

branches. Tortuosity, spasm, or atherosclerotic 
lesions in the radial artery may increase the 
likelihood of a radial artery puncture and the 
subsequent development of a hematoma. Con- 
trary to the study by Garg et al., we report a 

Table 2. Binary logistic regression to evaluating predictors of forearm 
hematoma as a complication of transradial coronary intervention

Patient characteristics
Univariate Analysis

P-value
OR (95% CI)

Age (mean ± SD, years) 0.999 (0.985-1.013) 0.889
Female, n (%) 1.936 (1.369-2.738) <0.001
Body weight (mean ± SD, kg) 0.998 (0.981-1.015) 0.807
Hypertension, n (%) 0.926 (0.676-1.269) 0.632
Diabetes mellitus, n (%) 1.018 (0.742-1.397) 0.912
Smoking, n (%) 1.277 (0.932-1.749) 0.127
Hemoglobin (mean ± SD, g/dl) 0.953 (0.871-1.042) 0.287
Serum Creatinine (mean ± SD, mg/dl) 0.722 (0.423-1.231) 0.273
GFR (mean ± SD, ml/min) 0.998 (0.992-1.005) 0.629
Homeostasis time, n (%)
    ≤360 min
    >360 min 2.605 (1.853-3.663) <0.001
GFR (ml/min), n (%)
    ≤60 1.006 (0.725-1.396) 0.971
    >60
Multiple puncture attempts, n (%)
    No <0.001
    Yes 1.953 (1.440-2.649)
Contrast volume (ml), n (%)
    <100 ml 0.799
    ≥100 ml 1.049 (0.725-1.518)
Sheath size, n (%)
    5F 0.989 (0.684-1.432) 0.955
    6F 0.825 (0.581-1.173) 0.285
    7F 30.431 (6.274-147.594) <0.001
Antiplatelet treatment, n (%)
    Conventional <0.001
    Intensive 2.549 (1.818-3.572)
Heparin dose, n (%)
    5000 units 0.923
    >5000 units 1.018 (0.704-1.474)
Diagnostic vs. therapeutic procedure, n (%)
    Angiography 0.923
    Angioplasty 1.018 (0.704-1.474)
Complexity of procedure, n (%)
    Simple <0.001
    Complex 3.192 (2.092-4.869)
GFR: Glomerular filtration rate; OR: Odds ratio; SD: Standard deviation. Intensive anti-
platelet therapy: Use of dual antiplatelet therapy containing ticagrelor or prasugrel and/
or use of Glycoprotein IIb/IIIa inhibitors.

findings have been report-
ed in a recent study from 
North India by Garg et al. 
who used the EASY hema-
toma scale and reported a 
similar incidence of about 
10% in 520 patients who 
underwent TCI [9]. In previ-
ous studies, forearm hema-
toma has been reported 
with wide variability rang- 
ing from 0.3% to 33%; this 
is explained by the vary- 
ing and subjective defini-
tions of hematoma, lack  
of prospective multicentre 
studies, inclusion of highly 
variable patient popula- 
tion, and use of different 
type and level of anticoagu-
lation/antiplatelet therapy 
[4-6, 12-14].

In our study, most hemato-
mas were closer to the pun- 
cture area (Grade-I: 3.53% 
and Grade-II: 3.08%). Fe- 
wer patients developed a 
hematoma in the proximal 
forearm and arm (Grade- 
III: 2.83% and Grade-IV: 
1.25%) and no patients 
had a Grade-V hematoma. 
Access site hematomas 
are said to occur after the 
removal of arterial intro-
ducer sheath and the pro- 
ximal extension of bleed- 
ing from the access sites. 
Multiple puncture attempts 
and inadequate haemosta-
sis can possibly explain the 
occurrence of access site 
hematomas. More proximal 
forearm and arm hemato-
mas (Grades III and IV)  
can be caused by perfora-
tion of the radial artery or 
one or more of its small 
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higher incidence of Grade-IV hematomas (0.8% 
vs. 1.25%) [9].

We observed a high-resolution rate (84.5%) of 
haematoma after conservative management 
during the in-hospital period and only 15.5% 
patients were discharged with grade I/II residu-
al hematoma. In all these patients, the hemato-
mas completely resolved without further com-
plications at follow-up after two weeks of dis-
charge. Thus, findings of the present study are 
similar to those reported in previous studies 
with almost negligible rates of major forearm 
hematoma formation [4, 6, 15].

Predictors of forearm hematoma

Factors like clinical characteristics of patients 
and interventional features impact the develop-
ment of forearm hematoma after TCI. Both of 
these factors should be crucially considered 
before selection of radial artery access for cor-
onary catheterizations. Clinical factors like age 
[4, 9, 16], female gender [4, 17], body mass 
index [9], and renal dysfunction [4, 11] are 
reported as predictors for forearm hematoma 
formation after TCI in prior studies. Our study 
also found female gender as an independent 

predictor for hematoma formation; however, 
age, body weight, and renal dysfunction were 
not found to be significant predictors.

Various interventional factors are key predic-
tors of hematoma formation after TCI. In our 
study, intensive antiplatelet therapy, multiple 
puncture attempts, complex procedure, and 
longer time for haemostasis were significant 
independent predictors of hematoma forma-
tion (Figure 2). Earlier studies report similar 
predictors of forearm haematoma after TCI 
including intensive antiplatelet therapy [9], mul-
tiple puncture attempts [9], and longer duration 
or complexity of the procedure [4, 11], Dose  
of anticoagulation has shown variable effects 
on post TCI hematoma formation. A multicent- 
er, randomized study compared a high dose 
(100 IU/kg body weight) and a standard dose 
(50 IU/kg body weight) of heparin during 5F or 
6F coronary angiographies and reported no sig-
nificant differences for the formation of local 
hematomas [12]. In this study, local hemato-
mas in the radial artery were reported in 23.6% 
and 23.0% with the high (n=908) and standard 
(n=928) heparin doses, respectively. Similarly 
in our study, dose of heparin was not a predic-
tor for forearm hematoma after TCI. However, 

Figure 2. Forest plot based on multivariate logistic regression analysis showing predictors of forearm hematoma 
after transradial coronary intervention. CI: Confidence interval; OR: Odds ratio. Intensive antiplatelet therapy: Use of 
dual antiplatelet therapy containing ticagrelor or prasugrel and/or use of Glycoprotein IIb/IIIa inhibitors.
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we reported dose of heparin in form of >5000 
units or less than it. We did not record data for 
accurate total dose of heparin and any addi-
tional doses of heparin that may have been 
administered during prolonged procedures. On 
the contrary, Mattea et al. reported high intra-
procedural heparinization as well as higher 
value of post procedure activated clotting time 
(ACT) as a potential risk factors associated with 
post TCI haematoma formation [4]. Similarly, 
ACT values of <150 s (n=153), 150-249 s 
(n=528), and ≥250 s (n=156) were significantly 
(P<0.0004) associated with local hematoma 
formation in 5.8%, 4.7%, and 16.1% patients, 
respectively [13]. Cumulative dose of heparin 
(OR: 1.017, 95% CI: 1.011-1.023, P<0.0001) 
and ACT values (OR: 1.004, 95% CI: 1.001-
1.006, P=0.0004) were independent predic-
tors of occlusive hemostasis after transradial 
catheterizations for coronary procedures in an 
analysis of data collected prospectively for 837 
patients in an observational cohort registry 
[14]. Effect of sheath diameter on hematoma 
formation after TCI has been variably reported 
in different studies [4, 9, 11, 12]. We observed 
a significant association between use of 7F 
sheath and hematoma formation on univariate 
analysis (Table 1) but not on multivariate analy-
sis (Figure 2).

Study limitations

Our study has certain limitations for procedural 
and other factors which can potentially impact 
hematoma formation. In our study, radial artery 
angiogram or colour Doppler study was not 
done to assess the anatomy or diameter of the 
radial artery. We did not follow up on the prog-
ress of hematoma from beginning to discharge 
and have reported only maximum grade of 
hematoma during the in-hospital period. Use of 
thrombolytic agents before TCI, history of 
bleeding disorders, and periprocedural activ- 
ated clotting time value were not reported.  
Rate of radial artery spasm was not assessed 
which could influence the rate of hematoma 
formation.

Conclusions

Forearm hematoma is an easy to treat as well 
as preventable complication of TCIs but negli-
gence in identification and management may 
lead to catastrophic complications like com-

partment syndrome. Our study reported 10.7% 
cases of forearm hematoma but none of them 
required vascular or surgical interventions. 
Female gender, multiple puncture attempts, 
intensive antiplatelet therapy, complex proce-
dure, and longer hemostasis time were inde-
pendent predictors of forearm hematoma for-
mation after TCI.

The knowledge of possible risk factors can help 
to prevent hematoma formation after TCI and 
to formulate treatment strategies for hemato-
mas of different grades. Furthermore, appropri-
ate training, careful technique selection, timely 
recognition and immediate institution of cor-
rective measures might reduce the risk of 
development of severe forearm hematoma. In 
future, larger studies are required to validate 
and potentiate the findings of present study as 
well as to identify other possible risk factors.
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Abstract 

The truth of COVID 19 Pandemic is that it has already changed the demography of many countries, still changing the Climate 
& Environment and will continue to change the Global Economy for quite some time. The simple good personal hygiene and 
physical distancing measures were identified as one of the most effective protections against COVID 19. The Indian way of 
living has many scientific principles inherited in it to combat infectious diseases. We follow the Sanatan Sanskriti concepts 
traditionally, sometimes not even realizing the rationale behind it. This article tries to explore the correlation between the 
preventive measures and our traditional Sanatan practices. The pandemic has shaken the globe and time has come to rethink 
and move back to basics of our ancient traditions for a sustainable future. There is a need to promote our cultural practices 
and avoid running behind the ultra-modern ways of living so that the world learns to combat and live with the COVID 19. 

Keywords 

COVID19; Pandemics; Sanatan Sanskriti; Ayurveda; Yoga; Social Distancing; Indian Namaskar 

Introduction 
When the globe was heading towards conquering Artificial 
Intelligence as an inherent tool for virtually doing 
everything in 2020, the dream line trajectory was deviated 
by a Virus. Originating from China in December 2019 the 
novel Corona Virus reached to about 19 Countries by end 
of January when the WHO declared it a Public Health 
Emergency of International concern (PHEIC) (1). The 
prevention and control guidelines were released by the 
WHO and Ministry of Health & Family Welfare (MoHFW) 
Govt. of India (2,3). The simple good personal hygiene 
measures and physical distancing were declared as most 
effective protections for the COVID 19(4). 
 

 
Age old traditions and Customs have been the core of 
Indian culture. The Indian way of living - Sanatan Sanskriti 
has many scientific principles inherited in it, to prevent 
infectious diseases (5). We follow them traditionally 
sometimes not even realizing the rationale behind it. This 
article tries to explore the correlation between preventive 
measures and traditional practices of Sanatan principles 
of life. These principles were capable of preventing 
infectious diseases, major killers in ancient times. Many 
measures are coherent with the Modern Public Health 
approaches of handling infections and there is a need to 
realize this reality. 
 

mailto:manar.781@gmail.com
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The Precautionary Measures for preventing COVID 19 
The best way to prevent is to avoid being exposed to the 
virus as currently there is no vaccine. The social distancing, 
use of mask, frequent sanitization of hands and avoid 
touching face and eyes are all aiming to prevent the 
transmission. COVID-19 virus transmission can occur by 
direct contact with infected person (Respiratory droplets) 
and indirect contact with surfaces in immediate 
environment. Droplet transmission occurs when a person 
is in close contact (within 6 feet) with infected person. 
Respiratory droplets produced on coughing, sneezing or 
talking can land on mouth, nose or eyes of nearby people 
and infect them. Droplets could also land on surfaces and 
objects like door handles etc. and can later reach new 
person on re-touching. Even the asymptomatic persons 
are capable of infecting others due to viral shredding 
(2,3,4). The precautionary measures as given by Health 
Ministry are listed in (Table 1) 
Indian Scenario of COVID19 
The first case in India was reported from Kerala on 30th 
January 2020. The MoHFW in consultation with Ministry 
of Home affairs, Govt. of India and State Governments, 
has been tracking the situation and taking strategic 
actions proactively. When the disease started spreading in 
different countries, thermal screening and later 
mandatory quarantine of minimum 14 days for 
international travellers was implemented by Govt. of 
India. People were made aware of preventive measures 
by using all possible means including social, electronic and 
print media (6). 
On call of the Prime Minister, the public voluntarily 
complied with one day Janta curfew all over India on 22nd 
March. Thereafter finally our country was put under 
complete lockdown from 25th March. Importance of Social 
distancing and hygiene was again emphasized to one and 
all. The lockdown was extended to second, third and 
fourth stage but ultimately considering the economical 
aspect the Unlock began phase wise from 1st June. The 
number of cases has tremendously increased since then 
but the recovery rate is the positivity motivating us to 
keep the fight on. 
Role of Customs, Culture & Traditions of “Sanatan way of 
life” in Disease Prevention 
India is the most ancient civilization and has its own way 
of living; the scriptures mention it as Sanatan way of living. 
It has customs, traditions and culture which define the 
different code of ethics, behaviour, lifestyle and every 
aspect of human life. It talks about your daily routine, type 
of diet, Yoga-asana, and rituals. It is not a religion but 
rather a way of living. It is based on the tenets of achieving 
Moksha or salvation and thus restricts to its followers to 
speak truth and follow the correct path. The Sanatan 
Sanskriti is above the religion and based on experiences 
rather than blind teachings. This Sanatan way of living is 
much ancient to Hinduism, which was the religion being 
practiced by majority of people in this geographical area. 

The principles of Sanatan Sanskriti were central to 
Hinduism. 
The Sanatan Sanskriti, Yoga and Ayurveda are invaluable 
gift of India's ancient tradition. Sanatan Sanskriti defines 
how to live a life; Yoga unites mind, body and soul for 
attainment of physical, mental and spiritual health. 
Ayurveda deals with preventing diseases and promoting 
positive health (7,8). All these are known to increase 
immunity and our defense mechanism essentially needed 
to fight all diseases including COVID 19. Our lifestyle, 
behaviour and nutrition are the key factors to fight from 
diseases. The Sanatan way of living has stressed on these 
tenets for living a healthy life and numerous scriptures are 
available in support of that. Sanatan practices have many 
of the preventive measures essentially required to fight 
COVID 19. We shall see how these ancient measures are 
capable of preventing Pandemic and are in coherence 
with our modern epidemiological and scientific 
knowledge. 
Hand Washing 
The concept of cleanliness (“Shaucha” in Sanskrit”) is vital 
in Sanatan traditions. The cleanliness or purity of anything 
decides if it is usable or not. The importance given to hand 
washing, cleaning of body, surroundings and objects to be 
used is such that your work will be fruitful only if 
everything is clean. The use of unclean object was rather 
a sin in ancient traditions. In Sanatan concepts it is 
essential to wash hands before eating and performing any 
ritual. It was also essential to wash hand with water and 
fly ash or clay or Lona (having detergent properties) after 
use of Toilets.  
To prevent infection there was a concept of separate 
slippers made of wood, for outdoor and indoor home. 
Bringing outside slippers inside the rooms and vice-versa 
was strictly prohibited. People following these rules of 
Sanatan way of life requests visitors to remove sandal, 
shoes or slippers outside the house to prevent any 
probable spread of infection. The description of 
cleanliness, hygiene and purity are mentioned by Patanjali 
in Yoga-Sutras, here Shaucha is described as- 

शौचात्स्वाङ्गजुगुप्सा परैरसंसगगः || (2.41) 

सत्त्वशुद्धिसौमन्यैकाग्र्येन्द्रियजयात्समदशगनयोग्यत्सवानन च|| 

(2.41) 
Shaucha is that from which there arises dislike i.e. 
dispassion towards one’s body and detachment towards 
contact with others. Shaucha gives rise to purity of mind, 
contentment, one-pointedness, conquest of the senses 
and competency to attain Atma-Darshana (Self-
Realization). 
Manu Smriti also describes Shaucha as one of the four 
Niyamas or duties (9). 

 अह ंसा सत्सयम ्अ्तेयं शौचम ्इन्द्रियननग्र ः | 

एतं सामानसकं धम ंचातुवगर्ण्य ेअब्रवीन ्मनुः || (10.63) 

Non-Violence, Truth, Non-Stealing, Cleanliness/Purity and 
Sense-Control are the duties that are common for all four 
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classes, so declares Manu (10). Hence, Cleanliness is a 
prime duty as per Sanatan traditions. Violation of 
cleanliness of body, mind or soul was considered sin. 
Quite similar to these COVID 19 times where not washing 
hand is a sin and every celebrity, sportsperson and others 
are requesting to wash hands with soap or sanitizer 
regularly. Indian ancient traditions and customs of 
maintaining cleanliness, hygiene, purity etc. are 
summarized in (Figure 1). 
NO Spitting in Public: 
The Sanatan philosophy further stresses on cleanliness of 
environment. Atharva Veda mentions the Earth as a 
Mother, a Living force. The Manu Smriti says that no one 
should throw filthy substances like urine, faeces, saliva, 
cloths infected by impure substances, blood and other 
poisonous things. Thus, our culture also cared at that time 
regarding water pollution, Soil pollution and Bio Medical 
Waste. It also stresses about hygienic disposal of faeces 
and urine and suggested covering them in deep ground 
with sticks, grass, leaves, clod etc. for natural 
decomposition. So Sanatan culture was following hygienic 
practices and environmental friendly methods of waste 
disposal to sustain healthy life, environment and 
development much before the world thought of concept 
of hygiene, waste disposal and sustainable development 
(11). 
Yoga & Ayurveda 
Yoga uses various postures, breathing exercises, and 
meditation to improve overall health. Yoga was developed 
in ancient India as a spiritual practice thousands of years 
ago. Today, most Westerners do yoga for exercise and to 
reduce stress. Yoga is one of the best ways available for 
stress management. It emphasizes unifying mind with 
body and soul to promote mental, spiritual and physical 
wellbeing. Vedic literature says one has to clean all the 
body secretions to avoid various infections and allergies. 
This includes Nasal mucus secretions, Ear wax, Phlegm, 
Tears, Rheum of the eyes and Sweat. Even in the times of 
COVID 19, Yoga will not only improve lung capacity but 
also stabilize mental health to overcome the stress and 
depression associated with Pandemic. 
Ayurveda originated in India more than 5,000 years ago 
and is often called the “Mother of All Healing.” In Sanskrit 
it, means “The Science of Life.” here emphasis is on 
prevention and encourages the maintenance of health 
through close attention to balance in one’s life, right 
thinking, diet, lifestyle and the use of herbs (12,13,14). 
Ministry of AYUSH (Ayurveda, Yoga and Naturopathy, 
Unani, Siddha and Homoeopathy) has released self-care 
guidelines for preventive health measures and boosting 
immunity with special reference to respiratory health for 
COVID 19, (15) listed here in (Table 2). 
Namaste – The Indian Welcome starts with Namaskar 
The Indian way of greeting one another has become global 
now as it does not require touching or coming close. Many 
famous international personalities have adopted Indian 

Namaskar for greeting others instead of handshake. Now 
its importance is being realized for implementing the 
social distancing. Namaskar means “I bow to the divine in 
you” and is a way of saying 'May our minds meet', 
indicated by the folded palms placed before the chest. 
This is an evidence of India’s rich cultural heritage being in 
line modern scientific rationale. (16) 
Social Distancing – The Ancient Indian’s had Social 
Stratification 
Social distancing is being followed to prevent the spread 
of Corona Virus. The idea is to avoid being too close to 
contract the droplets from infected person. Public is 
advised to stay out of crowded places and avoid going out. 
(17). But people in essential services like Doctors, health 
care workers and others - The CORONA Warriors have to 
go out and are unfortunately getting infected. The 
occupational risk of getting infected is highest amongst 
Doctors and staff of Hospitals. This has given rise to social 
stigma and some people see these frontline workers as 
agents of infection. Probably the public has to realize that 
in this COVID 19 era we have to follow physical distancing 
but not any kind of hatred with corona warriors as these 
are the real fighters. 
When we look at Ancient Indian system of social 
stratification i.e. the “Varna Vyayvastha” it was based on 
occupation or Karma and main principle behind was 
probably the risk of transmission of infectious agents. As 
mentioned in Manusmriti, the society was stratified into 
four categories (varnas) - Brahmins, Kshatriyas, Vaishyas 
and the Shudras. Brahmins were mainly priests, teachers 
and intellectuals. Kshatriyas, were the administrator, 
warriors and rulers, Vaishyas were the artists, farmers, 
merchants and traders. Shudras were manual labourers. 
Apart from this there were Dalit or untouchables who 
were street sweepers and latrine cleaners. (Figure 2) 
It is understandable that due to different occupational 
nature of varnas, their risk of transmitting infections were 
different. The dalits, truly the warriors of keeping public 
safe, were involved in cleaning of wastes, streets and 
drains. They definitely had the highest risk of transmitting 
infection to others while the Brahmins had minimal risk of 
transmission to other varnas due to their nature of work.  
Such type of stratification must have been carefully 
thought and used at those times to prevent spread of 
infectious diseases from one section to the other. 
However, unfortunately with time, the work based 
concept of varna system converted to birth based caste 
system in the society. Though today the Caste system has 
many more implications in our society, the original 
concept of varna system might have been to prevent 
disease by maintaining the Social Distancing 
(18,19,20,21). 
The present-day Corona Warriors like doctors, nurses, 
sweepers, police personnel’s are facing the same 
situation. They are important yet being ignored because 
they are close to the infection. They are doing their duty 
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in spite of the risk. In return these warriors are being 
considered untouchables at many places by the society. 
We heard house owners trying to vacate their premises 
from Doctors, Nurses and even Cleaning staff scared from 
COVID19. These social stigma needs to be addressed 
seriously and jointly by administration and public because 
we need these warriors for the victory.(22) 
Protection from Mask: Our Traditional Gamchha 
The MoHFW, Govt. of India has recommended use of 
Mask in public places for protection from COVID19. Earlier 
its use was limited to those with symptoms and healthcare 
workers. But expert opinion has changed because of 
asymptomatic carriers (23). Then queries arose on what 
type of mask and its availability for 1.3 billion Indians. The 
homemade mask of cotton cloth was declared to be good 
enough for the public by MoHFW (24). 
Indian gamchha is a traditional thin cotton cloth used very 
commonly in many rural parts. This works well as a mask 
considering its availability. Traditionally it is used to dry 
the body after bathing or wiping sweat and worn on one 
side of the shoulder. Its appearance and name varies from 
region to region and is produced as a handicraft. But it 
serves an excellent purpose of protecting public from 
contracting disease. It can be easily used by anyone as 
compared to the surgical mask, which is costly, short of 
supply and has a specific way to use (25). 
Indian Vegetarian food: Sanatan Dharma’s Satvik Bhojan 
Our traditional food is mainly vegetarian; in fact globally 
India has maximum number of vegetarians. Even in the 
diverse range of cuisines the basic tenets are the same, 
use of vegetable, fruits and spices is essential. 
Mānasollāsa, (The Delight of Mind) written in 12th century 
describes the need to change cuisine and food with 
seasons. (26) Utilization of local foods was promoted in 
Satvik Bhojan for staying healthy and fit. 
Indian philosophy of non-violence (ahimsa) keeps us away 
from animal chain of infective diseases. Rather we have 
the concept of worshipping animals, as cow is regarded 
the symbol of fortune and wealth. Non-vegetarian diet is 
a taboo in Sanatan Sanskriti. This is the best example of 
disease preventive Indian philosophy. As we all know the 
suspicious but official origin of this SARS-CoV2 is Animal 
Market of Wuhan, China.  
The relation of food and Health was well known as 
reflected in this quote from the Bhagavad Gita (27). 
 
“Foods dear to those in the mode of goodness increase the 
duration of life, purify one’s existence and give strength, 
health, happiness and satisfaction. Such foods are juicy, 
fatty, wholesome, and pleasing to the heart. Foods that 
are too bitter, too sour, salty, hot, pungent, dry and 
burning are dear to those in the mode of passion. Such 
foods cause distress, misery and disease. Food prepared 
more than three hours before being eaten, food that is 
tasteless, decomposed and putrid, and food consisting of 

remnants and untouchable things is dear to those in the 
mode of darkness.” (Lord Krishna, Bhagavad-Gita 17.8-10) 
Intake of Vitamin D 
We all know that Vitamin D plays a significant role in our 
immunity system. The studies on COVID 19 are showing 
that low level of Vitamin D is associated with high 
mortality especially in elderly population of developed 
countries (28). Vitamin D supplementation is now 
recommended to prevent these deaths. Vitamin D 
synthesis occurs naturally in our skin cells on exposure to 
sunlight (29). Daily exposure to early morning Sunlight is 
required. It is advised to get exposure of Sunlight, Sunbath 
for 30-40 minutes in a week with about 40% uncovered 
body (30). The Sanatan Way of living had a concept of 
offering water to the Sun just after taking bath in the 
morning in minimal clothes. This early morning exposure 
to the Sun light if done regularly on seven days serves the 
modern scientific recommendation. We need to realize 
the science behind our culture and follow it. (31,32) 
Disposal of Dead bodies of COVID 19 Patients 
The COVID 19 infected bodies have to be treated with 
utmost precautions and guidelines were issued for the 
same to avoid spread of infection to person performing 
last rites. In Sanatan system, dead bodies are cremated by 
burning to ashes, a complete mechanism of killing or 
destruction of disease causing agents as compared to the 
process of burial, which might transmit infection through 
worms. These worms could be eaten by birds or bat; and 
might again be eaten by humans to get infected.  
In Sanatan system during these rituals the person, who 
perform last rites, has to discard all his clothes, remove 
hairs and take bath many times and remain almost in 
quarantine for at least 13 days. Probably these 13 days 
compulsory quarantine would have been made equal to 
the duration of incubation period of infectious deceases.  
 
During this period he has to stay alone, keep physical 
distancing with other family and community members, 
and only one person gives him food and other essential 
things. The Sanatan traditions of removing hair and 
staying separate were probably to reduce the chance of 
spreading infection. Thus we understand that Sanatan 
Cultural practices were scientific, evidence based and 
quite efficient in prevention of infectious diseases. 

Conclusion 

Most of us are today inclined towards modern and 
advanced culture of the west without even exploring or 
realizing what all we have in Sanatan Culture. Indian 
civilization has been one of the most ancient and biggest 
one. This was the place of learning for scholars all around 
the world. Sanatan Sanskriti has many preventive 
measures essentially required to fight COVID 19. Either it 
be the importance of cleanliness, regular practice of Yoga 
or utilization of natural medicine in Ayurveda, We have to 
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realize the importance of our Traditions and Customs by 
visualizing it from the scientific lens. 
We never thought that we are following physical 
distancing while bowing for a Namaskar and that the 
classification of society is probably to prevent disease 
spread. The pandemic is here to change our behaviour, 
social structure and also the thought process. The nature 
has shown us that we were on the right path decades 
back. Our traditional gamcha, local food and traditional 
rituals for even the last rites were all coherent with the 
scientific rationale. There is definite need of more 
research to create evidence for the hidden scientific 
underpinnings in favour of our traditional practices so that 
it is well accepted by the scientific community. 
Let not others takeaway the ownership of these customs 
and traditions like the patent of Neem and Tulsi. Our rich 
Cultural practices have everything required for our 
wellbeing, it is time tested. We are now at a junction to 
decide and move to the correct path. Let the World learn 
from us how to live with COVID 19. 

Recommendation  

Most of the Indian public is aware of the customs, culture 
and tradition of Sanatan Sanskriti. However their practices 
have been waning probably due to westernization.  
Adopting “SANATAN WAY OF LIFE” may be useful in 
preventing spread of corona virus. There is an urgent need 
to look back at our ancient practices to deal with the 
present pandemic. 

Relevance of the study   

Traditions, customs and culture of Sanatan Sanskriti are in 
line with the current modern scientific guidelines issued 
for prevention of spread of corona virus and we need to 
realize this. 
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Tables 

 
TABLE 1 SUMMARY OF PERSONAL HYGIENE MEASURES AND OTHER PRECAUTIONARY MEASURES ADVISED 
BY MINISTRY OF HEALTH AND FAMILY WELFARE, GOVT. OF INDIA 

1 Frequent hand washing with soap 

2 Following respiratory etiquettes - cover your mouth when coughing or sneezing with tissue or your own elbow. 
Discard the tissue immediately in a closed bin. 

3 Do Not Spit in Public 

4 Do not touch your eyes, mouth and nose. Avoid touching as much as you can 

5 Maintain Social distance of 6 feet (do gaz), 2 metre at all times. In market, shop, hospital even home as much as 
possible. 

6 Avoid close contact with people who are unwell or showing symptoms of illness, such as cough, runny nose etc. or 
even you are having such symptoms. 

7 Avoid shaking hands as a greeting. 

8 Avoid contact with elderly people as they are more vulnerable 

9 Avoid contact with live animals and consumption of raw/undercooked meats 

10 Avoid travel to farms, live animal markets or where animals are slaughtered 

11 Wear a mask if you have respiratory symptoms such as cough or runny nose. Now it is mandatory to wear mask (even 
handmade) for coming out of your home.  

12 Avoid visitors at home or visit to others home. 

13 Follow the instructions being issued by the Government in Lockdown 

14 Utilise the AYUSH ministry guidelines for increasing immunity 

15 Adequate Vitamin D to boost Immunity 

16 Follow the guidelines for disposal of dead bodies. 

 
 

TABLE 2 AYUSH SELF-CARE GUIDELINES FOR PREVENTIVE HEALTH MEASURES AND BOOSTING IMMUNITY 
 

1 Drink warm water throughout the day 

2 Yogasana, Pranayam & Meditation for 30 min 

3 Spices like Haldi (Turmeric), Jeera (Cumin), Dhaniya (Coriander) and Lahsun (Garlic) are recommended in cooking 

4 Chyavanprash 10gm (1tsf) in the morning 

5 Drink herbal tea / decoction (Kadha) made from Tulsi (Basil), Dalchini (Cinnamon), Kalimirch (Black pepper), Shunthi 
(Dry Ginger) and Munakka (Raisin) - once or twice a day. 

6 Golden Milk- Half tea spoon Haldi (turmeric) powder in 150 ml hot milk - once or twice a day. 

7 Nasal application - Apply sesame oil / coconut oil or Ghee in both the nostrils (Pratimarsh Nasya) in morning and 
evening. 

8 Oil pulling therapy- Take 1 table spoon sesame or coconut oil in mouth. Do not drink, Swish in the mouth for 2 to 3 
minutes and spit it off followed by warm water rinse. This can be done once or twice a day 

9 Steam inhalation with fresh Pudina (Mint) leaves or Ajwain (Caraway seeds) can be practiced once in a day. 

10 Lavang (Clove) powder mixed with natural sugar / honey can be taken 2-3 times a day in case of cough or throat 
irritation. 

  

https://www.researchsquare.com/article/rs-21211/v1
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Figures 

FIGURE 1 VARIOUS TRADITIONS AND CUSTOMS OF SANATAN SANSKRITI AND THEIR ROLE IN PREVENTING 
COVID 19 

 
 

FIGURE 2 SOCIAL STRATIFICATION OF INDIAN CASTE SYSTEM, SOURCE GOOGLE IMAGES 

•The concept of cleanliness (“Shaucha” in Sanskrit) is propounded by 
Sanatan Sanskriti as basic duty of everyone

•Stress on cleanliness of oneself & environment.

•No Spitting in Public

•Removal of Shoes outside

HYGEINE & SANITATION

(Hand washing, Environmental hygiene)

•Yogasanas to promote mental, spiritual & physical wellbeing

•Ayurveda means "The Science of Life" aims at Prevention

•AYUSH - Self-care guidelines for preventive health measures & 
Boosting immunity to fight COVID 19 

YOGA & AYURVEDA

(Asanas to clear organs, Natural 
ingridients to boost immunity)

•Namaskar means “I bow to the divine in you", Indian way of greeting 
with Social Distancing

• Indian Caste system based on Occupational Hazards similar to social 
distancing

•The all time Indian Mask - Gamchha

•Satvik Bhojan - Improves immunity and no risk of transmission from 
the animal chain 

NAMASKAR,

SOCIAL-DISTANCING,

GAMCHHA, SATVIK BHOJAN
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Background: Acute coronary syndrome (ACS) refers to the spectrum of clinical presentation of coronary
artery disease (CAD). As a routine practice at our institute, following PCI, ACS patients are called for
the first follow up after two weeks. This period of two weeks can be full of anxieties, concerns and med-
ical issues. In this study, we planned to assess the feasibility/acceptability of smart phone application
(app) based system for patient follow-up and its comparison to routine practice among patients with
ACS who have undergone a PCI.
Methods: A randomized controlled trial (RCT) was conducted over a period of one year from January to
December 2017. After the PCI was deemed successful, patients were recruited and enrolled based on
the understanding of basic English language and operation of a smart phone. Those who consented to
be part of study were then randomly allocated either the conventional follow up group or the intense fol-
low up (routine + smart phone app based follow up) group. First co- primary outcome was composite of
clinical outcomes (mortality, myocardial infarction, stroke, target vessel revascularisation, heart failure
admission and emergency visit). Second co- primary outcome was patient satisfaction. The overall
patient satisfaction was assessed by the patients using a five-point patient satisfaction survey instrument
containing five questions with 5 marks each, in which higher scores meant more satisfaction. Secondary
outcome was controlled hypertension in hypertensive patients. It was defined as systolic BP less than 130
and diastolic BP less than 80 mmHg.
Results: A cohort of 228 patients (109 in intense app-based arm; 119 in routine follow up arm) were ana-
lyzed. The result showed significant improvement in blood pressure control in hypertensive population
in intense app based follow up group (76.2%) when compared to routine follow up group (45%) with p
value 0.0062. The satisfaction score was significantly higher in the intense app based follow up (20.7 ±
1.29) as compared to routine follow up (16.5 ± 2.68); p value 0.0001. In the intense app based follow
up 72.5% patient felt it was excellent tool (score 21–25) while 27.5% categorized it as good (score 16–
20). While the routine follows up was perceived as good by most (91.6%) of the patients. Only 4.2% graded
it as excellent and an equal number (4.2%) graded it as a poor way of follow up.
Conclusions: App based system shows higher satisfaction rate and comparable clinical outcome when
compared to traditional hospital based follow up protocol alone. It has a high acceptance rate and thus
this system should be explored further to optimize long term patient care.
� 2021 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Patient Satisfaction Questionnaire.
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1. Introduction

Acute coronary syndrome (ACS) refers to the spectrum of clini-
cal presentation of coronary artery disease (CAD) that includes
unstable angina (UA), ST segment elevation myocardial infarction
(STEMI) and non ST segment elevation myocardial (NSTEMI) [1].
Reported as the ‘deadliest disease’ globally, CAD is a major health
concern, with a huge economic burden. In India, CAD is a major
contributor to mortality not only among the aged population but
also among the young adults, and unfortunately, the trend is on
rise in India. In 2001–2003 CAD accounted for 17% of total deaths
and 26% adult deaths, which increased to 23% of total and 32% of
adult deaths in 2010–2013 [2].

Percutaneous Coronary Intervention (PCI), whenever available
is the treatment of choice for ACS [3]. Despite the good outcome
following a timely PCI, the rates of long-term morbidity in terms
of recurrence are substantial. In India as well as in other develop-
ing nations the need for implementation of secondary prevention
strategies is huge [4]. Following PCI, titration of Guideline directed
medical therapy (GDMT) as recommended by the American college
of cardiology (ACC), European society of cardiology (ESC), for sec-
ondary prevention like aspirin, statin, and anti-hypertensive agents
in a tailored way is the most crucial step to prevent long-term
sequel and recurrences.

As a routine practice at our institute, following PCI, ACS patients
are called for the first follow up after two weeks, wherein their car-
diac status is assessed and drugs are titrated. For obvious reasons
this two weeks period for the patient who has experienced an
ACS, and has undergone an invasive procedure for the same, can
be full of anxieties, concerns and medical issues.

We hypothesized that a smart phone application (app) based
system, wherein the patient is able to communicate with his/her
health care providers, in addition to the routine follow up protocols
might have a positive impact in clinical outcome and patient satis-
faction among patients with ACS who have undergone a PCI.
2. Material & methods

This randomized controlled trial (RCT) took place at a University
Hospital of North India, over a span of one year (January – Decem-
ber 2017). The institutional ethical committee approved the study
protocol. The sample size was calculated on the basis of patient
enrolment data of year 2016. A total of 1980 patient underwent
2

PCI for an ACS. As sample was to be collected from a consultant’s
OPD. So, of six days OPD one nit was estimated to have approx.
330 per year. Keeping a drop of 30% in enrolment with a type I
error rate (alpha) of 5% and a type II error rate (beta) of 20%, sample
size of 231 was calculated. After the PCI was deemed successful,
patients were recruited and enrolled based on the understanding
of basic English language and operation of a smart phone. Written
informed consent was obtained after 24–48 h following the proce-
dure, once the patient was clinically stable and fit for discharge.
Those who consented to be part of study were then randomly allo-
cated either the conventional follow up group or the intense follow
up (routine + smart phone app based follow up) group. Simple ran-
domization was done with computer generated numbers.

All participants were called to the hospital for the routine pro-
tocol of follow up after two and subsequently four weeks following
the index procedure. However, in the intense app based follow up
arm patients received additional benefit of direct communication
with their health care providers as and when required during this
duration. To facilitate this communication at the time of discharge
for this group of participants the app (HealthRADAR by Evolko)
was installed in the smart phone of the patient and all medical
information and health related data was fed in the app by one of
the investigators. With the help of this app the patients were able
to clarify their doubts and discuss their minor problems directly
with their health care providers by means of a message. The provi-
der could then at his/her ease and time see the query and instruct
changes in management plan online. For symptoms and events
which were either equivocal in nature or deemed serious necessi-
tating direct supervision of a physician, patient was advised to con-
tact nearby health facility or report back to the hospital. We
hypothesized that this system not only decreases anxiety of the
patient but also reduces unnecessary patient visits to the hospital
and saves doctor’s precious time during the outpatient hours.

*HealthRADAR by Evolko Systems Inc. California, USA* - Heal-
thRADAR is a smart phone based solution which allows doctors
to review self-monitoring updates of the long-term care patients
and interact with them via chat. The Artificial Intelligence (AI)
algorithms of HealthRADAR prompts the patient to interactively
enter BP, Pulse, pertinent symptoms etc. on their smart phones.
The system asks further questions based on the response of the
patient. HealthRADAR analyzes the data and sends the clinical
summary to the specialist. The doctor reviews the details for an
early warning, chat with the patient, and alters the treatment (if
needed) before the next regular visit. It saves precious time of



All pa�ents completed 
their follow up 

112 were assigned to HealthRADAR app based 119 were assigned to rou�ne care

3 expressed inability to use App and 
excluded. Rest all completed follow up 

109 were included in analysis 119 were included in analysis 

378 Par�cipants were screened for eligibility

231 were eligible and underwent 

71 had no smartphone  
56 lacked confidence in the use 
of app 
20 pa�ents refused 

Fig. 2. Flow chart of sample enrolment in the study.

Table 1
Comparison of Baseline Characteristics in Routine vs. Intense app. Based Follow up of Post Intervention ACS Patients.

Characteristics Intense (n = 109) Routine (n = 119) P-value

Age (years) Mean ± SD 54.3 ± 11.3 54.2 ± 10.2 0.973NS

Age group (years), n (%) 20 – 29 3 (2.8) 1 (0.8) 0.780NS

30 – 39 6 (5.5) 5 (4.2)
40 – 49 27 (24.8) 31 (26.1)
50 – 59 31 (28.4) 37 (31.1)
60 – 69 36 (33.0) 35 (29.4)
70 – 79 6 (5.5) 10 (8.4)

Sex, n (%) Male 88 (80.7) 102 (85.7) 0.313NS

Female 21 (19.3) 17 (14.3)
Diagnosis, n (%) STEMI 57 (52.8) 65 (54.6) 0.784NS

NSTEMI 40 (37.0) 45 (37.8)
USA 11 (10.2) 9 (7.6)

Risk factors, n(%) Diabetes 36 (33.0) 30 (25.2) 0.194NS

Hypertension 42 (38.5) 40 (33.6) 0.364NS

Smoking 54 (49.5) 64 (53.8) 0.522NS

Ejection Fraction (%) Mean ± SD 51.2 ± 7.5 46.4 ± 4.6 0.001***

Treatment at Discharge Aspirin 107(98.1) 116(97.5) 0.724NS

Clopidogrel/Prasugrel/ Ticagrelor 104(95.4) 114(95.8) 0.887NS

Statin 108(99.1) 116(97.5) 0.359NS

Beta blockers 64(58.71) 71(59.66) 0.359NS

ACE I/ARB 56(51.3) 64(53.78) 0.716NS
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the specialists while the patient saves money and gets timely
expert advice. The detailed representation of the app is given in
Fig. 4.

Statistical Analysis: After the completion of study descriptive
statistics were used to summarize demographic and clinical vari-
ables of the target population. Data collected via the application
were utilized to show trends and frequency distributions of ques-
tions related to patient’s recovery at the end of two consecutive
hospital follow up 4 weeks apart, first being 2 weeks after the pro-
cedure. First co– primary outcome was composite of clinical out-
comes (mortality, myocardial infarction, stroke, target vessel
revascularisation, heart failure admission and emergency visit).
Second co– primary outcome was patient satisfaction. Secondary
3

outcome was controlled hypertension in hypertensive patients.
Statistical analysis was done using GraphPad Prism 6. P
value � 0.05 was considered to be statistically significant. Patient
satisfaction in both groups was scored and compared based on a
small five-point patient satisfaction survey instrument (Fig. 1).
3. Results

A total of 378 patients underwent PCI for ACS over a period of
1 year (Jan 2017 to Dec 2017) at the recruiting unit. Of total 305
were male and 73 were females. Mean age of the study population
(n = 228) was 54.24+/-10.7, male 190 (83.3%) female 38 (16.7%).



Table 2
Comparison of Short Term Clinical Outcomes at Thirty days in Routine vs. Intense app.
Based Follow up of Post Intervention ACS Patients.

Outcome Intense
(n = 109)

Routine
(n = 119)

P-value

1. Primary outcome:
A. Composite of clinical outcomes
(mortality, myocardial infarction,
stroke, target vessel
revascularization, heart failure
admission and emergency visit)

14 (12.8) 18 (15) 0.620NS

B. Patient Satisfaction Score 16.569 13.269 less
than0.001***

2. Secondary outcome:
Controlled blood pressure/Total

Hypertensive, n (%)
32/42
(76.2)

18/40
(45.0)

0.0062***
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231 patients with a diagnosis of ACS were randomized in the study.
The details of sample enrolment is given in Fig. 2. Out of them 112
were randomly assigned the intense smart phone app based follow
up arm (that included routine hospital based follow up plus smart
phone app based communication with the health care provider),
while 119 were selected for the routine hospital based follow up
arm. Three patients from the intense follow up arm demonstrated
their inability to use the app effectively and thus were removed
from the study. Therefore, the cohort for final analysis included
228 patients (109 in intense app based arm; 119 in routine follow
up arm). Completion rate of the smart phone app in the study was
97.3% Fig. 2.

The demographics or better clinical characterstics of patients
belonging to the two arms were tabulated and were found to be
statistically comparable except for the ejection fraction (Table 1).
Mean ejection fraction in the intense app based follow up arm-
at the time of presentation (51.2 ± 7.5%), was significantly higher
as compared to the routine follow up arm (46.4 ± 4.6%) (Table 1).
Fig. 3. Patient Satisfaction Score among Inte

4

On comparing the short-term clinical outcome (first co primary
outcome); a composite of clinical outcomes (mortality, myocardial
infarction, stroke, target vessel revascularization, heart failure
admission and emergency visit) at 30 days - follow up was found
to be statistically non significant. Incidence of composite outcome
was 12.8%(14 out of 109 patients) in routine follow up ; 15%(18 out
of 119 patients) in intense app based follow up; p value 0.620. The
only significant difference in the two groups was found in the pro-
portion of patients with controlled blood pressure (intense app
based follow up 76.2%(32 out of 42 hypertensive); routine follow
up 45%(18 out of 40 hypertensive); p value 0.0062) (Table 2). The
mean time of patient contact to consultant through app was
through 1.2 times per patients while three patient were referred
to visit hospital for urgent evaluation.

The overall patient satisfaction (second co primary outcome) as
subjectively reported by the patients in a five point scoring system
in which higher scores meant more satisfaction, was significantly
higher in the intense app based follow up (20.7 ± 1.29) as compared
to routine follow up (16.5 ± 2.68); p value 0.0001. In the intense app
based followup72.5%patient felt itwas excellent tool (score 21–25)
while 27.5% categorized it as good (score 16–20). Conversly the rou-
tine follow-up was perceived as fairly good by most (91.6%) of the
patients. Only 4.2% graded it as excellent and an equal number
(4.2%) graded it as a poor way of follow up (Fig .3).
4. Discussion

This study demonstrates the high completion rate (97.3%) and
satisfaction rate (72.5% - excellent) of an intense smart phone
app based follow up system combined with the routine follow up
protocol among patients who underwent PCI for ACS.

Owing to the improvement of medical technology and better
understanding of natural history and disease progression, mortal-
ity from ACS has declined substantially [5]. Yet the estimates are
nse Follow-up and Routine Follow-up.



Fig. 4. Preview of smartphone application to be used in the study.
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that 40% of the patients who experience ACS will die within 5 years
with the risk of death being 5 to 6 times higher in individuals who
experience a recurrent event [6–8]. Thus, ACS being an entity with
a significant mortality rate require a close follow up. Even when
the acute event has been taken care of with the best possible ther-
apies, follow up of patients for secondary prevention and early
diagnosis of recurrence or related events is of the utmost impor-
5

tance. Encouragingly in RCTs following an ACS event, with struc-
tured treatment regimens and frequent follow-up protocols, the
compliance rate is high and recurrent event rate is low [9].

Despite improvements in management and survival after pri-
mary ACS hospitalization, early readmissions remain common,
posing significant clinical and financial impact. Though readmis-
sions within 30 days after discharge for an ACS are common, it is



Fig. 4 (continued)
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realized that these readmissions are rather heterogeneous in nat-
ure and that many readmissions are unrelated to the index ACS
event and complication associated with it [10].

We are living in an era of rapid technological revolution and
medical field is also trying to explore its potential in various are-
nas; may it be creating health awareness among the masses, triag-
ing patients in the hospital or providing home based follow up. The
adult population of twenty first century is an extremely important
group which is tech-comfortable. Owing to the sound understand-
ing and growing friendliness of the present population to the tech-
nological advancements, smart phone based apps in medical field
can be a boon for this generation for regular use as well as for
designing and development of apps for future generations [11,12].

As far as cardiovascular health is concerned, there are apps
available to target preventive strategies for cardiovascular diseases
(CVD), to access cardiac rehabilitation and to facilitate behavioral
changes [13–15]. To the best of our knowledge, the present study
is the first RCT to utilize an app-based technology in following
up patients with ACS who have undergone PCI procedure.

Smart phone App based follow up of patients has a theoretical
potential to reduce the direct and indirect (loss of work related)
cost of hospital visits for the patients [16,17]. On other hand, this
system will also avoid unnecessary cluttering of outpatient depart-
ments for trivial reason, thus optimizing health care providers’
time. This pilot study is an effort to analyze the short- term clinical
outcome of patients treated for ACS with or without a smart phone
app, while both arms undergoing routine protocol based hospital
follow up. We also tried to compare the overall rate of satisfaction
between the two groups.

Previously a RCT of around 700 patients of coronary heart dis-
ease in Australia has shown the benefit of mobile phone text mes-
saging service compared with usual care by showing improvement
in LDL-C level in blood pressure, BMI, and smoking status [18].
6

Meta analysis involving 16 RCTs found that mobile telephone
text messaging increased adherence to taking medications among
middle-aged patients with chronic disease. Although most trials
were of short duration and used seft reported outcome measures
[19].

Not many studies in literature have attempted to evaluate the
efficacy of health-related smartphone apps. There is even less
information about consumers’ behavior and use of such apps.
Although our study was performed in a small cohort in a short time
span it definitely shows the high acceptance as well as satisfaction
rate of target population where the anxieties and demands to con-
nect with the health care providers are higher.

The HealthRADAR system that we used in this study provided
insightful trends on daily indicators of post intervention ACS recov-
ery, such as chest pain, dyspnea, blood pressure control, feelings of
anxiety, and the limitations of the physical activity. This gave
physician important recovery information not often discussed dur-
ing routine follow-up visits and at time points to which they would
not otherwise have access. The utilization of this method provided
the health care provider with an easy, portable way to monitor
subjective quality of recovery on a real-time basis. Continued col-
lection of aggregate data on this patient population will provide
the care team with a method of identifying patients who fall out-
side the normal variances of postoperative recovery. This will also
allow physician to plan follow-up visits on a more individualized
basis. A recent study has summarized methods of assessing the
quality of smart phone health-related apps and proposed a set of
criteria that can used during the developmental stages of such apps
to optimize the desired outcome [20].

India spearheading the digital movement records the second
highest smart phones sales globally [21]. This statistic can be
exploited effectively to increase health related awareness and dis-
ease follow up and thus bridge the gap, in a diverse country like



S. Yadav, R. Sethi, A. Pradhan et al. IJC Heart & Vasculature 35 (2021) 100832
India where a huge and disproportionate gap still exists between
the patient and care providers, especially in conditions associated
with medical emergencies with high mortality, like cardiology.

The limitation of our study includes a small sample size and a
short follow up. However, it provides a firm platform to develop
and study such app based systems not only for an enhanced
patient satisfaction but also to potentially access cost effectiveness
and optimal utilization of health care services.
5. Conclusion

An app based system coupled with routine hospital based fol-
low up of patients who had undergone PCI following an ACS event,
shows higher satisfaction rate and comparable clinical outcome
when compared to traditional hospital based follow up protocol
alone. It has a high acceptance rate in an Indian population and
thus this system should be explored further to optimize long term
patient care.
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INTRODUCTION 

WHO defines 'adolescents' as individuals in the 10 to 19 

years age group.1 The transition from childhood to 

adulthood is marked by dramatic physical, mental, sexual, 

psychological and social developmental changes. These 

tumultuous years can have long term consequences for 

the individual, especially when it comes to mental health. 

The adolescents must learn how to cope with 

psychological stress of growing up, deal with emotions, 

resolve conflicts, and handle peer pressure.1 

Adolescence is also the phase where the individual grows 

overtly conscious about their looks and outside 

appearance. Body shaming, weight shaming or 

Appearance-based harassment can be described as the act 

of mocking or humiliating someone based on their 
physical appearance.2 With the advent of the ‘influencers’ 
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Background: The transition from childhood to adulthood is marked by dramatic physical, mental, sexual, 
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individual, especially when it comes to mental health. Body shaming, weight shaming or appearance-based 

harassment can be described as the act of mocking or humiliating someone based on their physical appearance. It 
often leads to low self-esteem, low body dissatisfaction, and depressive symptoms, which is consistent with the 

growing body of work emphasizing the harmful role of appearance-based harassment among youth. The objectives of 

the study were to estimate the prevalence of body shaming among school-going adolescents and to assess the 

distribution and relationship of body shaming with various factors.  

Methods: A cross-sectional study was conducted in 4 schools of Lucknow with 200 participants from each school. 

They filled anonymous self-administered questionnaires and as a part of the study their height and weight 

measurements were also taken. Multi-stage random sampling was done to select the sample population from classes 

9th to 12th.  

Results: A total of 44.9 percent (n=359) participants responded to have been body shamed at least once in the past 

one year. It is maximum among boys in co-ed schools and least among girls in single-gender schools.  
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concept in social media and rampant preaching about the 

way one should look, adolescents, in this impressionable 

yet immature age, are more and more getting sucked into 

the idea of the ‘ideal body’. This invariably leads to 

anyone who does not conform to this image, being 
shamed on their looks. This influence may further lead to 

un-healthy expectations of body shape among 

adolescents, in themselves and in others, which may in 

turn account for some teasing of healthy weight young 

people who do not conform to the cultural ideals. The role 

of exposure to idealized body images in the media in 

teasing, being teased, and possible psychosocial outcomes 

has yet to be explored in the scientific literature.3 

Body shaming often leads to low self-esteem, low body 

dissatisfaction, and depressive symptoms, which is 

consistent with the growing body of work emphasizing 

the harmful role of appearance-based harassment among 

youth.4,5 

Previous studies have linked shame to poor psychological 

health, for an example depression.3,6 Furthermore, shame 

is also related to poor physical health, indicative of 

deregulations of the immune system.7 

Globally, the prevalence of body shaming was found to 

be in the range of 25 to 35 percent.5,8 The absence of 

research in this field in India is worth drawing attention 

to. This study, therefore fills the gap in the understanding 

of body shaming in the Indian context. 

Objectives 

The objectives of the study were to estimate the 

prevalence of body shaming among school-going 

adolescents and to assess the distribution and relationship 

of body shaming with various factors.  

METHODS 

Study area 

The study was conducted in Lucknow, Uttar Pradesh.  

Study period 

The study was conducted from September 2018 to August 

2019. Three months of the study period was utilized for 

review of literature, development of interview schedule 

and pilot testing, six months for data collection and 

remaining three months for data compilation, analysis and 

thesis writing. 

Study universe 

The study universe consists of “adolescents” as defined 

by WHO, as “the individuals in the age group of 10 to 19 

years and it is a phase rather than a fixed time period in 

an individual’s life”. The phase of development on many 

fronts: from the appearance of secondary sexual 

characters to sexual and reproductive maturity; the 

development of mental processes and adult relative 

independence. Adolescents are not a homogeneous group 

and hence their needs vary with their age, sex, stage of 

development, life circumstances and the socio-economic 

conditions of their environment and accordingly are 

classified into 3 stages namely; early adolescence was 10 

to 14 years, middle adolescence was 15 to 17 years and 

late adolescence was 18 to 19 years. 

Study population  

Adolescents enrolled in 9th to 12th standard in a school 

during the academic year 2018-19.  

Study unit  

Individual school going adolescent.  

Study setting 

Schools in the study district of Lucknow having classes 

from 9th to 12th standards. 

Inclusion criteria 

Pupils enrolled in classes 9th to 12th in any government 

or private school, pupils willing to participate in the study 

and giving assent were included. 

Exclusion criteria 

Uncooperative pupils were excluded in this study. 

Sample size estimation 

Keeping an exfoliation rate of 10%, prevalence (p) as 

32%, margin of error 7%, and confidence interval 95%, a 

sample size of 200 was calculated for each participating 

school.9 

Pre-testing of the questionnaire 

The designed questionnaire was pretested on 10% of the 

total sample. Relevant modifications were made in the 

schedule to overcome the difficulties faced during pre-

testing. 

Ethical clearance 

Owing to ethical consideration, permission was obtained 

from the Institutional Ethical Committee of the King 

George’s Medical University UP, Lucknow before 

commencing of the study (Ref. code: 93rd ECM II-B 

Thesis/P39). 

A comprehensive list of all the secondary schools 

registered with the Department of Education, Lucknow 

was drawn. They were stratified into girls, boys, and co-
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ed and 1 each from the single gender schools and 2 

schools from co-ed were randomly selected.  

Within the schools, the participants were selected from 

classes 9th to 12th. Further, systematic random sampling 

was done after probability proportionate to size sampling 

to select the participants from each class. Prior permission 

and informed consent was taken from the principal and 

assent forms signed by the participants. They were 

gathered in a room and were briefed about body shaming 

and its various aspects.  

After assuring them about total confidentiality, they were 

handed out the questionnaires and their heights and 

weights were measured. 

RESULTS 

Out of the total 800 students who participated, 44.9% 

(n=359) reported facing body shaming in the last 

academic year (Table 1). Most of the victims reported to 

having faced this form of harassing behaviour only 

sometimes (45.2%), with about 6.7% (n=24) reported 

facing body shaming as ‘always’ (Table 2).  

Table 1: Distribution of adolescents according to body shaming victimization. 

Body shaming 

Single-gender school Co-ed school 
Total (n=800) 

Boys (n=200) Girls (n=200) Boys (n=246) Girls (n=154) 

No. % No. % No. % No. % No. % 

No 108 54.0 143 71.5 111 45.1 79 51.3 441 55.1 

Yes 92 46.0 57 23.5 135 54.9 75 48.7 359 44.9 

Table 2: Distribution of adolescents who reported body shaming victimization. 

Adolescent reports 
of body shaming 

Single-gender school Co-ed school 
Total (n=354) 

Boys (n=90) Girls (n=57) Boys (n=132) Girls (n=75) 

No. % No. % No. % No. % No. % 

Rarely 17 18.9 16 28.0 56 42.4 22 29.3 111 31.4 

Sometimes 56 62.2 25 43.9 45 34.1 34 45.3 160 45.2 

Often 11 12.2 12 21.1 20 15.2 16 21.4 59 16.7 

Always 6 6.7 4 7.0 11 8.3 3 4.0 24 6.7 

Table 3: Distribution of body shaming according to gender and school type. 

Gender 
Body shaming 

Present (%) Absent (%) P value 

Boys 
Single-gender 93 (46.5) 109 (53.5) 

0.050 
Co-ed 135 (54.8) 111 (45.2) 

Girls 
Single-gender 57 (28.5) 143 (71.5) 

<0.001 
Co-ed 75 (48.7) 79 (51.3) 

Table 4: Relation between body shaming with physical and social characteristics. 

Characteristics 

Boys school (n=200) Girls school (n=200) Co-ed school (n=400) 

Not body 
shamed 

Body 
shamed 

P  
value 

Not body 
shamed 

Body 
shamed 

P  
value 

Not body 
shamed 

Body 
shamed 

P  
value   N (%) N (%) N (%) N (%) N (%) N (%) 

BMI* 

Below normal 53 (50.5) 52 (49.5) 

0.573 

72 (80.9) 17 (19.1) 

0.003 

74 (50.3) 73 (49.7) 

0.008 Normal 39 (58.2) 28 (41.8) 54 (70.1) 23 (29.9) 87 (52.7) 78 (47.3) 

Above normal 16 (57.1) 12 (42.9) 17 (50.0) 17 (50.0) 29 (33.0) 59 (67.0) 

Feeling about school 

Like 94 (54.0) 80 (46.0) 
0.987 

137 (71.45) 55 (28.6) 
0.823 

146 (53.1) 129 (46.9) 
<0.001 

Dislike 14 (53.8) 12 (46.2) 6 (75.0) 2 (25.0) 44 (35.2) 81 (64.8) 

Number of close friends 

None 8 (80.0) 2 (20.0) 

<0.001 

8 (80.0) 2 (20.0) 

0.395 

7 (39.0) 11 (61.0) 

0.012 

1 5 (20.0) 20 (80.0) 13 (87.0) 2 (13.0) 14 (30.0) 32 (70.0) 

2-3 17 (44.0) 22 (56.0) 22 (65.0) 12 (35.0) 47 (44.0) 59 (56.0) 

4-5 26 (57.0) 20 (43.0) 34 (65.0) 18 (35.0) 37 (45.0) 46 (55.0) 

>5 52 (65.0) 28 (35.0) 66 (74.0) 23 (26.0) 85 (58.0) 62 (42.0) 
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Statistically significant association was found between 

the type of school and body shaming among both the 

genders. For both the genders, body shaming reports were 

higher from co-ed schools (Table 3).  

In the associations of body shaming with physical and 

social characteristics (Table 4), it is seen that in case of 

boys, those whose body mass index (BMI) was below 

normal faced more harassing behaviour than others. 

While for girls and respondents from co-ed schools those 
whose BMI was above normal faced more harassing 

behaviour than others. 

Multiple logistic regression analysis was used to compute 

predictors of body shaming using various study variables 

(Table 5). In boys-school it was found that a height of 

more than 160 cm and a friend circle of more than or 

equal to 4 friends were protective against body shaming, 
while a higher than normal BMI made one more prone to 

face body shaming. In co-ed schools, those whose BMI 

was higher than normal were twice as prone to being 

victims of body shaming than their counterparts, and in 

girls school those whose weight was more than 50 kg 

were four times more likely to be body shamed than those 

who weighed less than 50 kg. 

Table 5: Multiple logistic regression analysis of predictors for body shaming. 

Variable 
Univariate analysis Multivariate analysis 

Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value 

Boys school     

Height (in cm) 

≤160 Reference 

>160 0.466 (0.262-0.830) 0.009 0.472 (0.262-0.850) 0.012 

BMI 

Normal/underweight Reference 

Overweight/pre-obese/obese 1.863 (0.385-3.341) 0.019 1.758 (0.391-3.125)  0.020 

No. of close friends 

 <4 Reference 

 ≥4 0.420 (0.233-0.755) 0.004 0.424 (0.233-0.770) 0.005 

Co-ed school 

BMI 

Normal/underweight Reference 

Overweight/pre- obese/obese 1.861 (1.013-3.418) 0.045 2.072 (1.251-3.432) 0.050 

Girls school 

Weight (in kg) 

 ≤50 Reference 

 >50 5.061 (1.644-15.581) 0.005 4.638 (2.237-9.609) <0.001 

 

DISCUSSION 

In the present study, total prevalence of body shaming 

was found to be 44.9 percent which is higher than the 

findings by Bucchianeri et al, and Eisenberg et al, where 
they found the prevalence of the appearance-based 

harassment to be 38.2 percent and 30 percent 

respectively.3 There was not much variation observed in 

the total reports according to the gender, similar to 

findings by Lind et al.10 However, most of the victims 

reported infrequent victimization. It was also seen that a 

larger friend circle of close friends offered a protective 

factor against body shaming. Similar findings by Brewis 

et al, show that early engagement in seeking and 

maintaining peer friendships in the campus environment 

is protective against the depressing effects of body 

shaming.11 Having a BMI more than normal or being 
overweight acted as a risk factor for body shaming. It is 

similar to findings by Brewis et al, who reported that 

those students who were classified as overweight/obese 

had higher reports of body shaming.11 

CONCLUSION  

Most of the victims reported to dislike school, which may 

draw attention to body shaming as a major factor in 

absenteeism among adolescents. Also, since a bigger 
friend circle is found to be protective against this kind of 

harassing behaviour, group activities and social skills 

building programs need to be incorporated in the daily 

school curriculum to have an overall conducive growing 

environment for adolescents. Finally drawing attention to 

the total prevalence again, it is worth noting that the 

prevalence from the present study was much higher than 

global reports, and since it is one of the first studies on 

the topic in the Indian subcontinent, it is hoped that more 

studies will be undertaken on body shaming or 

appearance-based harassment in the future. 
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Abstract
Introduction: Incidence of lower ureteric injuries has increased due to proliferation of complex pelvic
laparoscopic and ureteroscopic procedures.
Objective:  To describe our experience of laparoscopic ureteric reimplantation for lower ureteric strictures
and ureterovaginal fistulas due to different aetiologies.
Patients  and  methods: A total of 42 patients underwent laparoscopic ureteric reimplantation from January
2007 to December 2013 after preoperative evaluation by intravenous urography or CT urogram to delineate
the site and length of stricture or ureterovaginal fistula. All the patients were followed up with ultrasono-
graphy and micturating cystourethrogram at 3 months. Out of the total 42 patients, 22 patients (group 1)
underwent laparoscopic ureteric reimplant for lower ureteric stricture and 20 patients (group 2) underwent
laparoscopic ureteric reimplant for ureterovaginal fistula.
Results:  There were 5 male and 37 female patients. The mean patient age was 43.5 ±  12 (range 24–62 yrs),
mean operating time was 129 ±  11 (range 110–160) minutes, mean hospital stay was 2.8 (range 2–6) days
and mean follow up period of 16 months (range 6–70). Two procedures had to be converted to open (one
each in both groups). There were no major (Clavien grade III and above) intra-operative or post-operative
complications. One of the failures in lower ureteric stricture group was managed by open reconstruction
with boari flap.
Conclusion:  Laparoscopic ureteric reimplantation is an excellent modality for both lower ureteric strictures
and ureterovaginal fistulas with long term good outcomes in addition to the advantage of lesser hospital
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ntroduction

he incidence of ureteral injuries has been increasing due to prolifer-
tion of complex pelvic laparoscopic and ureteroscopic procedures
1,2]. Short ureteric strictures may be managed endoscopically but
ong ureteric strictures fare poorly when managed by the same
ethod. Long ureteric strictures have traditionally been managed

y open surgical procedures which may be morbid in terms of long
ospital stay and convalescence. Results comparing laparoscopic
o open ureteroneocystostomy are similar with lesser morbidity
eported for laparoscopic ureteroneocystotomy [3,4]

ne of the frequent complications of pelvic surgery is ureteral
tricture. Ureteral stricture is caused by surgical trauma, impacted
reteral stone, pelvic tumour, extrinsic compression or congenital
nomalies [5].

erein, we describe our experience of patients who underwent
aparoscopic ureteric reimplantation for lower ureteric strictures due
o different etiologies.

ubjects  and  methods

rom January 2007 to December 2013, 42 patients (37 female and
 male) with a mean age of 43.5 (24–62) years underwent laparo-
copic ureteric reimplantation for various aetiologies. Out of the
otal 42 patients, 22 patients (group 1) underwent laparoscopic
reteric reimplant for lower ureteric stricture due to pelvic surg-
ries (n  = 15) like hysterectomy (n  = 10) and pelvic mass excision
n  = 5), ureterolithotomy for impacted ureteric calculus (n  = 4) and

bstructed labour (n  = 3). The other 20 patients (group 2) underwent
aparoscopic ureteric reimplant for ureterovaginal fistula forma-
ion following lower segment caesarean section (LSCS) (n  = 6),
ollowing hysterectomy (n  = 10) and following obstructed labour

t
w
4
a

Table  1  Indications for laparoscopic ureteric reimplanation.

Lower ureteric stricture 

Pelvic surgeries (like
hystrectomy and
pelvic mass excision)

Ureterolithotomy Obstru
labour

No. of cases 15 (10 + 5) 4 3 

Table  2  Characteristics of the patients and operative data.

Criterion Group 1 (lower ureteric strict

Number of patients 22 

Female/male 18/4 

Mean age in years (range) 47 (24–58) 

Mean stricture length in cm 2.6 

Mean operative time in minutes 174 (122–242) 

Mean hospital stay in days 2.9 (2–6) 

Mean drop in haemoglobin 0.6 

Open conversion 1 (difficult adhesions) 

Mean analgesic requirement (tramadol in mg) 156.3 ± 13 (range 100–250) 

Psoas hitch 2 

Recurrence 1 (4.54%) 

Success in % 95.46% 

Mean Follow up in months (range) 18.2 (6–56) 
V. Singh et al.

n  = 4). The indications for ureteric reimplantions are summarised
n Table 1. All the patients had an initial failed retrograde JJ stent
lacement attempt and 22 patients of lower ureteric stricture were
n ipsilateral percutaneous nephrostomy till the reimplantation pro-
edure. All the cases had a preoperative evaluation by intravenous
rography or CT urogram to delineate the site and length of stric-
ure or ureterovaginal fistula. Stricture length and location were
etermined in all the cases by appropriate antegrade and retrograde
tudies. All the patients were operated by same laparoscopic surgeon
Tables 2 and 3).

urgical  technique

ll patients underwent transperitoneal laparoscopic ureteric reim-
lantation by Trendelenburg  modified Lich Gregoir technique.
atients were placed in flat dorsal trendlenburg position and a small

nfraumbilical incision was given to establish pneumoperitoneum
sing Veress needle. A blunt tip 10 mm infraumbilical trocar was
nserted to act as camera port. Subsequently, one 5 mm and other
0 mm trocar were placed according to shown in Figs. 1 and 2
espectively.

fter placement of the trocars, colon was mobilised medially along
he line of Toldt. Ureter was identified above the bifurcation of iliac
essels. Careful ureterolysis was done distally to avoid devascu-
arisation of ureter. All ureteric reimplantation were done utilising
xtra-vesical modified Lich Gregoir technique. The ureter was
ransected and spatulated near the stricture or ureterovaginal fis-
ula. The bladder was distended with sterile normal saline up to
00–400 ml. Detrusor muscle was opened lengthwise for 3–4 cm

o expose the mucosa of the bladder. Ureterovesical anastomosis
as achieved over JJ stent after opening the bladder mucosa with
–0 vicryl suture. Buttressing by detrusor muscle was done for cre-
tion of anti-reflux mechanism by taking 3–4 interrupted sutures for

Ureterovaginal fistula

cted Following
LSCS

Following
hysterectomy

Following obstructed
labour

6 10 4

ure) Group 2 (uretero-vaginal fistula) Total

20 42
20/0 38/4
38 (26–62) 43.5 (24–62)
2.1 2.4
152 (114–210) 169 (122–242)
2.6 (2–5) 2.8 (2–6)
0.3 0.4
1 (difficult adhesions) 2
146.6 ± 12 (range 100–250) 152.7 ± 13 (range 100–250)
1 3
0 1 (2.38%)
100% 97.62%
13.8 (6–70) 16.4 (6–70)
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Table  3  Post-operative complications.

Complications Group 1 (lower ureteric stricture) Group 2 (uretero-vaginal fistula) Total

Clavien grade I
Pain 5 3 8
Fever 2 2 4
Bladder spasm 3 2 5
Vomiting 2 1 3
Ileus 1 1 2

Complications Clavien grade II
Blood transfusion 1 Nil 1

Complications Clavien grade III and above Nil Nil nil

Fig.  1  3 Ports placement for right ureteric reimplantation.

Fig.  2  3 Ports placement for left ureteric reimplantation.

Fig.  3  Detrusor muscle opened to expose the mucosa of the bladder.

Fig.  4  Ureterovesical anastomosis over JJ stent after opening the
bladder mucosa.

F
t

c
(

I
u
c

ig.  5  Closure of sero-muscular wall of bladder over mucosal anas-
omosis.

losure of sero-muscular wall of bladder over mucosal anastomosis
Figs. 3–5).
n cases of tension due to higher location of ureteral stricture,
reteroneocystostomy with psoas hitch was done in 3 cases. After
losing of the detrusor muscle, bladder was filled with 200–300 ml
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f normal saline to evaluate for water tight anastomosis and any
xtravasation. The cavity was drained with an abdominal drain
hich was removed on second post-operative day if drain fluid was
ot consistent with urine. Patients were discharged on 2nd or 3rd
ost-operative day if post-operative period was uneventful. Foley
atheter was removed after 7–10 days and JJ ureteric stent was
emoved after 4–6 weeks.

esults

he mean patient age was 43.5 ±  12 (range 24–62) years with 5
ale and 37 female patients. Right ureteroneocystostomy was done

n 24 patients and 18 on left side. Two procedures (one each in both
roups) had to be converted to open. One case which had to be con-
erted to open in group 1 (lower ureteric stricture group) was the one
n which patient had earlier underwent pelvic mass excision leading
o ureteric injury. The other case in group 2 (ureterovaginal fistula
roup) had earlier underwent total abdominal hysterectomy with
ilateral salpingo-oophrectomy for carcinoma cervix. The mean
perating time was 129 ±  11 (range 110–160) min and mean hospi-
al stay was 2.8 (range 2–6) days. Mean drop in haemoglobin was
.4 gm/dl and mean analgesic requirement was 152.7 ±  13 (range
00–250) mg of tramadol. There were no major (Clavien grade III
nd above) intra-operative or post-operative complications. Only
ne patient in lower ureteric stricture group who had conversion
o open procedure needed blood transfusion (Clavien grade II) in
ost-operative period. All the patients were followed up with ultra-
onography and micturating cystourethrogram at 3 months with

 mean followup period of 16 (range 6–70) months. One of the
atients in lower ureteric stricture group due to previous pelvic
ass excision had recurrence of symptoms and hydroureteronephro-

is with obstructed pattern on DTPA scan at 3 months of follow
p, was considered as failure of laparoscopic ureteric reimplan-
ation. She was managed by open reconstruction with Boari flap
echnique.

iscussion

he first laparoscopic ureterovesical reimplant was done in 1994 by
eddy and Evans to correct vesicoureteric reflux [6]. Laparoscopy
as the advantage of fast recovery, low post-operative morbid-
ty, less blood loss, less post-operative pain and better cosmesis
5,7,8]. Functional outcomes are comparable between laparoscopic
nd open ureteric reimplanation [5]. A large number of compli-
ations like ureteral damage have been reported in the learning
urve of procedures like laparoscopic pelvic surgeries and endo-
copic ureteral procedures, the most common procedure being
aparoscopic assisted vaginal hysterectomy (LAVH) [9]. Usually
atients of ureterovaginal fistula present with clear drainage per
agina with flank pain and unilateral hydronephrosis [10]. Most
f the ureteral injuries are missed intra-operatively leading to
ignificant sequelae due to delayed diagnosis and treatment result-
ng in medicolegal action [11]. Thus managing this complication
n a minimally invasive manner is advantageous in reducing the
urther morbidity. Laparoscopy has the advantage of being min-
mally invasive with wide access to entire urinary tract. It offers

 strong alternative for ureteral reconstruction. Studies show sim-

lar results between open and laparoscopic ureteroneocystostomy
ith decreased morbidity for the latter [4,5]. Laparoscopic uretero-
eocystostomy is a practical, feasible and cost-effective for trained
aparoscopic urologist [12]. Modi and colleagues presented a series

C
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n laparoscopic ureteric reimplantation for ureterovaginal fistula
ollowing gynaecological procedures like open abdominal hys-
erectomy, laparoscopic hysterectomy and vaginal hysterectomy
13]. In this series all patients had underwent ureteroneocys-
ostomy with a psoas hitch. Simmons and colleagues compared
heir series of laparoscopic and open ureteroureterostomy, uretero-
eocystostomy and Boari flap procedures and found out that two
ost common causes of ureteral stricture formation were iatro-

enic (67%) secondary to gynaecological and rectal procedures or
mpacted ureteral calculi (24%) [4]. The ureteral stricture cause,
ength and location, were equivalent between both laparoscopic and
pen groups. They reported no statistical difference in the suc-
ess (100% versus 96%, P  = 0.544) and complication rates (8%
ersus 15%, P  = 0.225) between the laparoscopic and open groups,
espectively. However, hospital stay was longer and operative blood
oss was greater in the open group as compared with laparoscopic
roup.

n our series, we did laparoscopic ureteroneocystostomy for lower
reteric stricture in 22 patients and in 20 patients for ure-
rovaginal fistula. There were no significant complications both
ntra-operatively and in post-operative period. The mean operat-
ng time was 129 ±  11 (range 110–160) min and mean hospital stay
as 2.8 (range 2–6) days which is comparable to previous series on

aparoscopic ureteric reimplantation.

owever, in reconstructive urological surgery recurrent ureteric
trictures may develop upto one year after surgery.

n a study by Selzman et al., 11% stricture rate was observed at 1-
ear follow up after open ureteric reimplanation [14]. In our study,
e found only a single case of recurrence of the stricture or stenosis

n the follow up period which ranged upto 70 months. Recurrence of
ymptoms and hydronephrosis was seen at 3 months of follow up in
ne of the patients in lower ureteric stricture group due to previous
elvic mass excision and was considered as failure of laparoscopic
reteric reimplantation. She was managed by open reconstruction
ith Boari flap technique.

bstructed labour is still a big problem in various parts of the
orld especially the developing countries [15]. The disastrous

equelae of obstructed labour may vary from foetal and maternal
ortality to ureterovaginal fistulas. So laparoscopic ureteric reim-

lantation offers a minimal invasive approach to further decrease
heir morbidity and suffering by avoiding an open procedure to treat
reterovaginal fistula.

onclusion

aparoscopic ureteric reimplantation for lower ureteric stricture and
reterovaginal fistula is a feasible and effective option in the hands
f trained laparoscopic urologists. Its long term good outcomes
re in addition to the advantage of lesser hospital stay and lesser
omorbidities. Laparoscopic ureteric reimplantation is an excel-
ent modality for both lower ureteric strictures and ureterovaginal
stulas.
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INTRODUCTION 

As per the 2011 census, India has 121.1cr. Population in 

this 16.45cr Children in the age group 0 to 6 years and 37. 

24cr 0 to14 years of age. According to this census 74% of 

children 0 to 6 years lived in rural area.1 As per the first-

post news updated November 24, 2019, At least 241 

million children below the age of 14 years are at high risk 

of getting stomach worms in India. Many researchers say 

this is because our soil quality and temperature are 

conducive to worm growth - poor sanitation also adds to 

the risk.2 As per the article of Times of India, 8 February 

2018, (76%) kids and teens in UP have a worm in the 

stomach. Three out of four children and teenagers in the 

1-19 years age group in UP have worm in their stomach, 

according to data from the Health Department shared 

ahead of National Deworming Day. According to this 

worm infestation contributes to iron deficiency it can lead 

to poor brain development.3  

Worm infestation can be prevented by practices such as 

safe disposal of excreta, washing hands after defection, 

wearing slippers and food hygiene, washing vegetables 

and fruits properly before using. These can be 

ABSTRACT 

 

Background: According to the World Health Organization 241 million children between the ages of 1 and 14 years 

are at high risk of parasitic intestinal worms in India. As per the first-post news updated November 24, 2019, At least 

241 million children below the age of 14 years are at high risk of getting stomach worms in India. The study was 

conducted with the objective to assess the level of knowledge and effectiveness of planned teaching programme on 

knowledge regarding worm infestation among the mothers of under-five children.  

Methods: The experimental pre-test-post-test control group design used and probability random sampling technique 

was adapted to select 92 mothers for both groups. Tool was used semi-structured knowledge questionnaire and 

planned teaching programme was implemented only on experimental group.  

Results: The results revealed that in experimental group post-test mean and SD score i.e. (16±3.56) was significantly 

higher the pre-test score i.e. (8.26±3.79) and compared the ‘t’ value, calculated ‘t’ value was (3.76) at the level of 

significance (0.05) and tabulated with 45 degree of freedom i.e. (2.01). So, it showed that the planned teaching 

programme regarding worm infestation among the mothers of under-five children in rural area was found effective.  

Conclusions: The present study assessed the knowledge among mothers of under-five children regarding worm 

infestation and found that mothers had poor knowledge related to worm infestation. After the planned teaching 

programme on worm infestation there was significant improvement on knowledge of the mothers of under-five 

children regarding worm infestation in experimental group.  
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implemented through effective education of mothers 

because the mother is only the person who provides the 

proper education to their children. World health 

organization (WHO, 2013), estimated that about 1400 

million people worldwide are infected with at least one 

type of intestinal worm.4 

Objectives were to assess the level of knowledge 

regarding worm infestation among mothers of under-five 

children, to evaluate the effectiveness of planned teaching 

programme on knowledge regarding worm infestation 

among mothers of under-five children and to find out the 

association between the pre-test knowledge score with 

their selected demographic variables. 

METHODS 

This experimental (Pre-test-Post-test control group 

design) study was carried out in rural area of Lucknow 

district, Uttar Pradesh. Mothers of under-five children 

residing at village- Natkur and Ramchaura of Lucknow 

district, Uttar Pradesh were selected for the study.  

The sample size was 92 for both groups. Probability 

random sampling technique was used for sampling.  

Calculated using the formula, n= 2(σ1 + σ2)2 (Z1-α/2+ 

Z1-β)/ (m1 – m2)2 

n= 2(3.70+3.40)2 (1.96+1.28)2/(10.06-15.06)2  

n= 2(7.1)2 (3.24)2/(-5)2  

n= 2×50.41×10.49/25 

n= 2×528.80/25 

n= 2×21.15 = 42.3 

Minimum 42 sample for each group (42 for Experimental 

and 42 for Control group) based on previous study.4 n=42 

for drop out 10% extra sample will be collected 

(42@10%) Final sample size=46. 

Inclusion criteria 

Mothers who were having one or more children in the age 

group 6 months to five years, mothers who were present 

at the time of data collection were included in the study. 

Exclusion criteria 

Mothers who were not willing to participate in the study, 

mothers who were having a degree or diploma in medical 

and paramedical courses, mothers who were sick at the 

time of data collection. 

Data collection tool 

Section A: Socio-demographic 

The demographic profile included- age of mothers, 

religion, no. of under-five children, education, 

occupation, types of Family, type of house, family 

income, drainage system, water supply, defecation 

facility, having any pet animal, source of information and 

health services availed from.  

Section B: Semi-structured knowledge questionnaire 

A semi-structured questionnaire related to awareness of 

worm infestation among the mothers of under-five 

children. It consists of 28 items. 

Table 1: Semi - structured knowledge questionnaire 

criteria. 

Score Score (%) Level of knowledge 

1-9 3.57-32.14 Poor 

10-18 35.71-64.28 Average 

19-28 67.85-100 Good 

Development of planned teaching programme and AV 

aids 

The PTP was prepared covering various headings i.e. 

introduction, definition of worm infestation, common 

causes of worm infestation, mode of transmission of 

worm infestation, common signs and symptoms of worm 

infestation, types of worms, treatment or management of 

worm infestation, prevention of worm infestation. 

Data collection 

Data was collected through semi-structured knowledge 

questionnaire to the mothers of under-five children, for 

duration of three moths from November 2019 to January 

2020.  

Statistical analysis 

Data entered in Microsoft excel and analysis was done. 

The association between pre-test knowledge score of 

mothers of under-five children and their selected socio-

demographic variables was done by chi-square test and 

effectiveness of planned teaching programme was done 

by using paired ‘t’ test. The level of significance was set 

at p value<0.05. 

Ethical clearance and informed consent 

The study was carried out after obtaining approval from 

the institutional Ethical Committee of King George’s 

Medical University, Lucknow and also the permission 

was taken from Chief Medical Officer of Lucknow. The 

participants were briefed about the purpose of the study 

and informed consent was obtained prior to the data 

collection. 

RESULTS 

The level of knowledge among the subjects of 

experimental group that, the majority of mothers had poor 

knowledge in the pre-test i.e. 76.08%, where as in post-
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test majority of subjects had average level of knowledge 

i.e. 80.43%. Where as in control group, the majority of 

mothers had poor knowledge in the pre-test i.e. 50%, 

where as in post-test majority of subjects had average 

level of knowledge i.e. 54.35% (Table 2). 

Table 2: Level of knowledge among the mothers of under five children regarding worm infestation in experimental 

and control group (n=92). 

Level of knowledge  

Experimental group Control group 

Pre test Post test Pre test Post test 

(f) (%)  (f) (%) (f) (%) (f) (%) 

Good (19-28) 1 2.17 09 19.57 1 2.17 00 00 

Average (10-18) 10 21.7 37 80.43 22 47.83 25 54.35 

Poor (<9) 35 76.08 00 00 23 50 21 45.65 

Maximum score=28 

Table 3: Effectiveness of planned teaching programme on knowledge regarding worm infestation. 

Group 
Experimental group Control group 

Pre test Post test Pre test Post test 

Mean 8.26 16 9.96 9.96 

SD 3.79 3.56 3.61 3.02 

df 45 2.01  2.01 

t-value  3.762 1 

Level of significance p≤0.05 

Table 4: Association between the pre-test knowledge score of mothers in experimental group and their selected 

demographic variables. 

Variables 
Sample Knowledge level of subjects P value χ2 value 

 Good  Average  Poor   

Age in years       

18-23 12 0 3 9 9.48 0.93 

24-29 30 1 5 24 df=4 NS 

30-35  4 0 1 3   

Religion       

Hindu 43 1 9 33 5.99 0.89 

Muslim 3 0 0 3 df=2 NS 

No. of under-five children      

1 32 1 5 26 5.99 1.39 

2 14 0 4 10 df=2 NS 

Education       

Illiterate 21 0 4 17   

Primary 8 1 0 7 12.59 10.28 

Secondary 13 0 5 8 df=6 NS 

Graduation and above 4 0 0 4   

Occupation       

Housewife 46 1 9 36 NA  

Type of family       

Nuclear family 42 1 8 33 5.99 0.16 

Joint family 4 0 1 3 df=2 NS 

Type of house       

Kuccha 2 0 0 2 5.99 0.58 

Pucca 44 1 9 34 df=2 NS 

Montly income       

Below 5000Rs. 28 1 6 21 9.48 2.46 

5001-10000Rs. 16 0 2 14 df=4 NS 

100001-20000Rs 2 0 1 1   

Continued. 
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Variables 
Sample Knowledge level of subjects P value χ2 value 

 Good  Average  Poor   

Drainage system       

Open 42 1 7 34 5.99 2.61 

Closed 4 0 2 2 df=2 NS 

Water supply       

Hand pump 26 1 4 21 5.99 1.35 

Tube well 20 0 5 15 df=2 NS 

Defecation facility       

Open field 7 0 1 6 5.99 0.35 

Private/household toilet 39 1 8 30 df=2 NS 

Pet animal       

Yes 10 1 3 6 5.99 4.85 

No 36 0 6 30 df=2 NS 

Have you heard about worm information     

Yes 35 6 29 0 5.99 2.79 

No 11 0 4 7 df=2 NS 

Health services availed       

Primary health centre 24 1 3 20 9.48 0.45 

Community health centre 7 0 1 6 df=4 NS 

Hospital 15 0 5 10   

Level of significant (p=<0.05); NS=Non Significant 

Table 5: Association between the pret-test knowledge score of mothers in control group and their selected 

demographic variables. 

Variables 
Sample Knowledge level of subjects  P value χ2 value 

 Good  Average  Poor   

Age in years       

18-23 years 4 0 4 0 9.48 10.93 

24-29 years 35 1 12 22 df=4 S 

30-35 years 7 0 6 1   

Religion       

Hindu 45 1 21 23 5.99 0.65 

Muslim 1 0 1 0 df=2 NS 

No. of under-five children      

1 25 0 16 9 5.99 6.33 

2 21 1 6 14 df=2 S 

Education       

Illiterate 17 0 10 7   

Primary 17 0 6 11 12.59 5.8 

Secondary 10 1 5 4 df=6 NS 

Graduation and above 2 0 1 1   

Occupation       

Housewife 46 1 22 23  NA  

Type of family       

Nuclear family 36 1 17 18 5.99 0.16 

Joint family 10 0 5 5 df=2 NS 

Type of house       

Kuccha 4 0 2 2 5.99 0.29 

Pucca 42 1 20 21 df=2 NS 

Montly income       

Below 5000Rs. 21 0 13 8 5.99 3.53 

5001-10000Rs. 25 1 09 15 df=2 NS 

Drainage system       

Open 41 1 18 22 5.99 2.34 

Continued. 
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Variables 
Sample Knowledge level of subjects  P value χ2 value 

 Good  Average  Poor   

Closed 5 0 5 0 df=2 NS 

Water supply       

Tap water 6 0 5 1 9.48 8.69 

Hand pump 28 0 10 18 df=4 NS 

Tube well 12 1 7 4   

Defecation facility       

Open field 9 0 6 3 5.99 1.69 

Private/household toilet 37 1 16 20 df=2 NS 

Pet animal       

Yes 12 0 6 6 5.99 0.36 

No 34 1 16 17 df=2 NS 

Have you heard about worm information      

Yes 40 1 20 19 5.99 0.83 

No 6 0 2 4 df=2 NS 

Health services availed       

Primary health centre 25 0 12 13 9.48 5.02 

Community health centre 9 1 3 5 df=4 NS 

Hospital 12 0 7 5   

Level of significant at (p≤0.05); S=Significant; NS= Non- Significant 

 

Effectiveness of planned teaching programme on 

knowledge regarding worm infestation. 

In experimental group the calculated ‘t’-value was (3.76) 

at the level of significance (<0.05) and the tabulated ‘t’-

value with 45 degree of freedom was (2.01). Since the 

calculated ‘t’-value was greater than the tabulated ‘t’-

value. That means there is a significant change in the 

knowledge score of post-test value of mothers. Where as 

in control group the calculated ‘t’ value was (1) and the 

tabulated ‘t’-value was (2.01). Since the calculated ‘t’-

value lower than the tabulated ‘t’-value means there is no 

significant change in the knowledge score of post-test 

value of mothers in control group (Table 3). 

Association between, pre-test knowledge score of 

mothers of under-five children and their selected socio -

demographic variables 

The association of pre-test knowledge score with their 

selected demographic variables by using Chi-square, the 

result revealed that in experimental group there was no 

significant association between, pre-test knowledge score 

and selected socio-demographic variables (Table 4). 

Where as in control group age of subjects and no. of 

under five children had significant association it means 

having positive relationship between the knowledge score 

and age of subjects and no. of under five children. Others 

demographic variables in control group had no significant 

association with pre-test knowledge score (Table 5). 

DISCUSSION 

The present study was conducted among mothers of 

under-five children of rural population of Lucknow 

district. A total of 92 mothers of under-five children 

including both experimental and control group were 

selected after fulfilling the inclusion criteria. Most of 

subjects were having poor knowledge regarding worm 

infestation in experimental group i.e. (76.08%) where as 

in post-test majority of subjects had average level of 

knowledge i.e. 80.43% and in control group, the majority 

of mothers had poor knowledge in the pre-test i.e. 50%, 

where as in post test majority of subjects had average 

level of knowledge i.e. 54.35%. 

A similar study was conducted where the result revealed 

that low knowledge score in pre test was (53.30%) and 

high level knowledge score was (6.70%) after 

intervention post test high level knowledge score was 

(66.70%).5 In experimental group the mean and standard 

deviation of pre-test was (8.26±3.79) and in post test it 

was (16±3.56) where as in control group i.e. (9.96±3.61) 

in pre test and in post test i.e. (9.96±3.02). Since the 

calculated ‘t’ value was 3.76 for experimental group that 

is greater than the tabulated value (2.04) of df=45 at the 

level of significant (p≤0.05). That means there was a 

significant change in the post test knowledge level of 

subjects. So, this is evident that the planned teaching 

programme among the mothers of under-five children in 

rural area was effective. Where as in control group the 

calculated t-value i.e. (1) was less than the tabulated t-

value i.e. (2.04) that means, there was no significant 

changes in the post knowledge level. A similar study was 

conducted where the result revealed that the overall mean 

knowledge score (62.26) obtained by the subjects in post 

test was higher than mean knowledge score (42.7) in the 

pre test and with the improvement score as (19.56). There 

was a significant difference between pre-test and post-test 

knowledge score at (p≤0.05). The result of the study 

revealed that the planned teaching programme was 
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significantly effective in improving the knowledge of 

mothers of under-five children regarding prevention of 

worm infestation.6 The present study showed that in 

experimental group there was no significant association 

between, pre-test knowledge score and selected socio-

demographic variables where as in control group age of 

subjects and no. of under five children had significant 

association it means having positive relationship between 

the knowledge score and age of subjects and no. of under 

five children. Others demographic variables in control 

group had no significant association with pre-test 

knowledge score. A similar study was conducted where 

result revealed that variables were age, education, 

religion, type of house, type of family, latrine facility, and 

water source. The chi-square calculated value was less 

than the chi-square tabulated value. Hence there was no 

significant association between pre test knowledge score 

and selected demographic variables.7 

CONCLUSION  

The present study assessed the knowledge among mothers 

of under-five children regarding worm infestation and 

found that the mothers had poor knowledge related to 

worm infestation. After the planned teaching programme 

on worm infestation there was significant improvement 

on knowledge of the mothers of under-five children 

regarding worm infestation. The study concluded that the 

planned teaching programme was effective in improving 

knowledge of mothers of under-five children regarding 

worm infestation. 
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INTRODUCTION 

Healthy children will become healthy citizen constituting 

a healthy nation. Healthy children are successful 

learners.1 Teeth are important not only for mastication of 

food but also for good appearance and clear speech. All 

over the world reported prevalence of dental caries varies 

from 30% to 80%. In many developing countries like 

India, dental caries is at the increase. India faces many 

short comings challenges in providing oral health needs. 

The Indian children cannot utilize oral facilities due to 

inaccessibility, monetary constraints and stagnation of 

public dental health care services. This provides the 

health professional to adopt a more practical approach to 

achieve primary prevention of oral disease.2 

Thus oral hygiene education should be taught to child 

according to development of child‘s cognitive skills. 

ABSTRACT 

 

Background: Pre-schooler are very much prone to infectious diseases due to low immunity among those diseases the 

commonest is dental carries which occurs due to improper brushing technique. The study was conducted with the 

objective to assess knowledge and effectiveness of planned teaching program regarding modified bass brushing 

technique among school children at selected rural area.  

Methods: Research design and setting experimental pre-test-post-test control group design used and setting was 

selected rural area, Sarojini Nagar, Lucknow, Uttar Pradesh. Sample and sampling technique total 66 sample and 

villages for experimental and control group were selected through simple random technique. Tools were used as self-

structured knowledge questionnaire and checklist.  

Results: Revealed that in experimental group post-test mean and SD score (7.55±1.09) was significantly higher than 

pre-test score (5.06±1.03) and in checklist the post-test mean and SD score (7.64±1.32) was significantly higher than 

the mean and SD pre-test score was 5.27±0.45. The researcher compared the calculated t-value (11.04) with the 

tabulated value (1.986) for the questionnaire and the checklist t-value 3.14. In control group the knowledge 

questionnaire post-test mean and SD score was (5.27±0.45) and pre-test mean and SD score was (4.24±1.03) with the 

t-value of 0.04. Whereas checklist post-test mean and SD score (5.21±0.48) and pre-test mean and SD score 

(5.27±0.05) with the t- value 0.32.   

Conclusions: Thus the planned teaching programme on knowledge regarding modified bass brushing technique was 

effective.  
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Instructions should be given according to child‘s 

readiness for tooth brushing and must also include proper 

training and regular reinforcement.3 

Children can be provided with knowledge that helps them 

in making better choices, adopting healthier lifestyle and 

to deal with conflicting ideas. Students are the ideal target 

group for an early intervention because healthy 

behaviours and lifestyles developed at younger ages are 

more sustainable.4,5 Tooth brushing is very efficient 

measure to maintain good oral hygiene and to prevent 

dental caries as well as periodontal problem.6 Maintaining 

good oral health should include the guidance regarding 

maintenance of oral hygiene as it prevents the 

accumulation of microbial plaque and normal tooth 

brushing is sufficient in preventing the adherence of 

dental plaque.7 

School health is a significant branch of community 

health. The school years is a time of increasing risk for 

negative health related outcomes. These groups develop 

cognitive, affective and behavioural changes which in 

turn can promote children health and prevent health 

problems. Hence the school remains a natural pathway 

through which the health of the community can be 

improved with the children as the natural agent to 

change.8 

Today, toothbrushes are commonly used for cleaning the 

oral cavity and preventing dental diseases. Learning tooth 

brushing is necessary because oral health is one of the 

most important factors for not only prevention of oral 

cavity and periodontal diseases but also general health. In 

case of children majority show noncompliance towards 

brushing and they try to hide themselves from daily 

brushing task because they considered as tedious 

procedure and dislike the brushing. It is important to gain 

child‘s interest in brushing by introducing some device 

that child can enjoy the brushing.9 

Hygienic oral health practices are necessary from a young 

age to ensure positive long term dental health and 

hygiene. The Global Burden of Disease Study in 2016 

assessed that oral diseases affected at least 3.58 billion 

people worldwide, with caries of the permanent teeth 

being the most prevalent of all conditions assessed. 

Globally, it is estimated that 2.4 billion. The children 

need to be educate regarding oral hygiene and they should 

practice from early stage as it is one of the determinants 

of the health status later in one‘s life. Considering the fact 

that there is the rise in the number of dental problems in 

school going children. Hence, the researcher felt the need 

to find out the effectiveness of brushing technique among 

school going children.10 

METHODS 

An experimental pre-test-post-test control group design 

used and setting was selected rural area, Sarojini Nagar, 

Lucknow, Uttar Pradesh. 

The total sample size was 66 including both the groups 

(33 in each group). School children aged between 8-11 

years studying in selected rural school from 3rd to 6th 

standard of Sarojini nagar, Lucknow. 

Simple random sampling technique (lottery method) was 

used to select the villages. Sample was selected by 

random table method under Sarojini nagar PHC 

Lucknow. 

Data collection tool 

Part A: Socio-demographic variables included- age of 

school children, gender, religion, type of family, 

education of father, education of mother, occupation of 

father, occupation of mother. 

Part B: Self-structured knowledge questionnaire on 

modified BASS brushing technique. 

Table 1: Knowledge questionnaire scoring criteria. 

Score Score (%) Level of knowledge 

1-5 7-28 Poor knowledge 

6-10 35-64 Average knowledge 

11-16 71-100 Good knowledge 

 

Description of planned teaching program cover various  

headings like introduction to modified bass brushing 

technique, meaning of modified bass brushing technique, 

general points for modified bass brushing technique, steps 

for modified bass brushing technique. 

Part C: Observational checklist for steps (15) followed in 

modified bass technique. 

Table 2: Checklist scoring criteria. 

Score Score (%) Level of Knowledge 

1-5 7.14 - 35.71 Poor performance 

6-10 42.85- 71.42 Average performance 

11-15 78.57- 100 Good performance 

Inclusion criteria 

School children including boys and girls between the age 

group of 8-11years studying in 3rd to 5th standard, school 

children whose parents allowed to participate in the study 

were included in the study. 

Exclusion criteria  

School children with intake of medications affecting oral 

health, school children undergoing orthodontic treatment 

were excluded from the study. 

Statistical analysis 

Data entered in Microsoft excel and analysis was done. 

The association between pre-test knowledge score of 
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school children and their selected demographic variables 

was done by chi square test, effectiveness of planned 

teaching program was done by paired t- test and the level 

of significance was set at p-value<0.05.  

Ethical clearance and informed consent 

The study was carried after obtaining approval from the 

institutional ethical committee of King George’s Medical 

University Lucknow. And also permission was taken 

from chief medical officer of Lucknow.  

The participants were briefed about the purpose of the 

study and informed consent was obtained from the 

parents/ guardians of the school children prior to the data 

collection. 

RESULTS 

Level of knowledge regarding modified bass brushing 

technique 

In experimental group the majority of the school children 

had poor knowledge in pre-test 75.75%, 24.24% had 

average knowledge and none of them had good 

knowledge where as in post-test subjects had average 

level of knowledge 96.6%, 3.03% had good knowledge 

and none of them had poor knowledge.  

Table 3: Level of knowledge regarding modified bass brushing technique. 

Level of knowledge 

Experimental group Control group 

Pre-Test Post-Test Pre-Test Post-Test 

F % F % F % F % 

Poor (1-5) 25 75.75 0 0 19 57.57 9 27.27 

Average (6-10) 8 24.24 32 96.96 14 42.42 24 72.72 

Good (11-16) 0 0 1 3.03 0 0 0 0 

Table 4: Checklist score regarding modified bass brushing technique. 

Level of performance 

Experimental group Control group 

Pre-Test Post-Test Pre-Test Post-Test 

F % F % F % F % 

Poor (1-5) 19 57.57 5 15.15 19 57.57 18 54.54 

Average (6-10) 14 42.42 28 84.84 14 42.42 15 45.45 

Good (11-15) 0 0 0 0 0 0 0 0 
 

Table 5: Effectiveness of planned teaching program on 

knowledge regarding modified bass brushing 

technique. 

Group 

knowledge 

score 

Experimental 

group 
Control group 

Pre-test Post-test Pre-test                       Post-test 

Mean 5.06 7.55 4.24 5.27 

SD 1.03 1.09 1.03 0.45 

df 30 2.04 2.04 

t-value  5.07 0.04 

In control group 57.57% school children had poor 

knowledge in the pre-test, 42.42% had average 

knowledge and none of them had good knowledge where 

as in post-test majority of subjects had average level of 

knowledge 72.72%, 27.27% had poor knowledge Table 3. 

Checklist score regarding modified bass brushing 

technique 

In experimental group of school children had poor 

knowledge in the pre-test i.e. 57.57%, 42.42% had 

average knowledge and none of them had good 

knowledge where as in post-test majority of subjects had 

average level of knowledge 84.84%, 15.15% had good 

knowledge. In control group majority of school children 

had poor knowledge in the pre-test 57.57%, 42.42% had 

average knowledge and none of them had good 

knowledge where as in post-test majority of subjects had 

average knowledge 54.54%, 45.45% had poor knowledge 

Table 4. 

Effectiveness of planned teaching program on 

knowledge regarding modified bass brushing technique 

In experimental group the pre-test and post test score was 

compared to assess the effectiveness paired t-test was 

applied.  

Table 6: Effectiveness of planned teaching program on 

modified bass brushing technique checklist. 

Group 

checklist 

score 

  

Experimental group  Control group    

Pre-test Post-test Pre-test Post-test 

Mean 5.27 7.64 5.27 5.21 

SD 0.45 1.32 0.45 0.48 

df 30 2.04 2.04 

t-value  3.14 0.32 
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Table 7: Association between the pre-test knowledge score of school children in experimental group and their 

selected demographic variables. 

Variables Category Sample 
Respondents knowledge 

P value χ2 
Good  Average   Poor 

Age in years 

8  12 0 9 3 

7.81 

df=3 

1.82 

NS 

9  8 0 5 3 

10  10 0 8 2 

11 3 0 3 0 

Gender 
Male 14 0 11 3 3.84 

Df=1 

0.104 

NS Female 19 0 14 5 

Religion 

Hindu 27 0 19 8 

3.84 

Df=1 

2.34 

NS 

Muslim  6 0 6 0 

Christian  0 0 0 0 

Others  0 0 0 0 

Type of family 
Nuclear 11 0 5 6 3.84 

Df=1 

8.25 

S Extended 22 0 20 2 

Education of 

father 

Primary 20 0 14 6 

7.81 

Df =3 

1.107 

NS 

Secondary 7 0 6 1 

Graduate 1 0 1 0 

Above 0 0 0 0 

Illiterate 5 0 4 1 

Education of 

mother 

Primary 20 0 15 5 

7.81 

Df =3 

 

0.783 

NS 

 

Secondary 6 0 5 1 

Graduate 1 0 1 0 

Above 0 0 0 0 

Illiterate 6 0 4 2 

Occupation of 

father 

Professional 8 0 7 1 

5.99 

Df =2 

   1.365 

NS 

Skilled 2 0 1 1 

Semi- Skilled 23 0 17 6 

Unemployed 0 0 0 0 

Occupation of 

mother 

Housewife 29 0 0 0 

5.99 

Df =2 

3.459 

NS 

Skilled 3 0 23 6 

Semi- Skilled 1 0 2 1 

Unemployed 0 0 0 0 

 

The calculated t-value (5.07) at the level of significance 

(<0.05) and the tabulated was (2.04). Hence, there was a 

significant change in the knowledge score of post-test 

value of school children. Whereas in control group 

calculated t value was (0.04) and the tabulated value was 

(2.04) with 30 df at the level (<0.05) which depicts no 

significant change Table 5. 

Effectiveness of planned teaching program on modified 

bass brushing technique checklist 

In experimental group the pre-test and post test score 

calculated where t-value was (3.14) at the level (<0.05) 

and the tabulated was (2.04). Hence there was a 

significant change in the knowledge score of post-test 

value of school children. In control group the calculated t 

value was (0.32) and the tabulated value was (2.04) with 

30 degrees of freedom at the level (<0.05). Hence the 

calculated value is lower than the tabulated value which 

depicts there is no significant change Table 6. 

Association between the pre-test knowledge score of 

school children in experimental group and their selected 

demographic variables 

The computed chi square value for each variable with the 

appropriate degree of freedom i.e., age, gender, religion, 

type of family, education of father, education of mother, 

occupation of father, occupation of mother. There was no 

significant association between the demographic variable, 

for all the variables except the type of family, and their 

knowledge level in experimental group. That means there 

was a relationship between the knowledge level of school 

children and their type of family Table 7. 
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Table 8: Association between the pre-test knowledge score of school children in control group and their selected 

demographic variables. 

Variables Category Sample 
Respondents knowledge 

P value  χ2 
Good  Average  Poor  

Age in Years 

8  7 0 3 4 7.81 0.508 

9  8 0 4 4 df=3 NS 

10  9 0 3 6     

11 9 0 4 5     

Gender 
Male 14 0 8 6 3.84 2.15 

Female 19 0 6 13 Df=1 NS 

Religion 

Hindu 21 0 5 16 3.84 8.192 

Muslim  12 0 9 3 Df=1 S 

Christian  0 0 0 0     

Others  0 0 0 0     

Type of family 
Nuclear 16 0 7 9 3.84 0.022 

Extended 17 0 7 10 Df=1 NS 

Education of father 

Primary 21 0 10 11 7.81 2.821 

Secondary 6 0 2 4 Df =3 NS 

Graduate 1 0 1 0     

Above 0 0 0 0     

Illiterate 5 0 1 4     

Education of mother 

Primary 14 0 8 6 7.81 2.167 

Secondary 6 0 2 4 Df =3 NS 

Graduate 0 0 0 0     

Above 0 0 0 0     

Illiterate 13 0 4 9     

Occupation of father 

Professional 9 0 5 4 7.81 6.226 

Skilled 14 0 8 6 Df =3 NS 

Semi- Skilled 9 0 1 8     

Unemployed 1 0 0 1     

Occupation of mother 

Housewife 31 0 12 19 5.99 2.889 

Skilled 2 0 2 0 Df =2 NS 

Semi- Skilled 0 0 0 0     

Unemployed 0 0 0 0     

 

Association between the pre-test knowledge score of 

school children in control group and their selected 

demographic variables 

The computed the chi square for each variable with 

appropriate degree of freedom i.e., age in years, gender, 

religion, type of family, education of father, education of 

mother, occupation of father, occupation of mother. There 

was no significant association between the demographic 

variable and their knowledge level for all the variables 

except religion. That means there was a significant 

relationship between the knowledge level of school 

children and religion in control group Table 8. 

DISCUSSION 

The present study was conducted among school children 

of rural area of Lucknow district. A total of 66 school 

children including for both experimental and control 

group were selected after fulfilling the inclusion criteria. 

In experimental group the mean score and standard 

deviation of pre-test was (5.06±1.03) and in post-test it 

was (7.55±1.09) where as in control group i.e. 

(4.24±31.03) in pre-test and in post-test i.e. (5.27±0.45). 

Mean difference of score of pre-test in experimental 

group were significantly higher in comparison to mean 

difference in post-test. A similar cross study was 

conducted to evaluate the dental health condition in 

primary school going children (Class iii to class v) age 

group in 8 to 12 years, in the school named Mughda high 

school in Dhaka City. Out of 183 students 42 students 

were in age group 8, 38 were in age group 9, 32 were in 

age group 10, 35 were in age group 11, 36 were in age 

group 12. Among them 92 were male students and 91 

were female. Out of 183 students 78 students gingival 

status is abnormal which indicates 42.62% cases gingival 

condition is poor that means gingivitis or periodontitis is 

present. Thus the result revealed that preventive measure 

should be taken to maintaining good dental health by 

maintenance of proper brushing techniques.11 The 

association of pre-test knowledge score with their 



Macknight S et al. Int J Community Med Public Health. 2021 Jan;8(1):273-278 

                                International Journal of Community Medicine and Public Health | January 2021 | Vol 8 | Issue 1    Page 278 

selected demographic variables by using Chi square, the 

result revealed that in experimental group there was no 

significant association between, pre-test knowledge score 

and selected socio- demographic variables and in control 

group school children had significant association it means 

having positive relationship between the knowledge. 

Others demographic variables in control group had no 

significant association with pre-test knowledge score. A 

similar study was conducted among dental Orthodontics 

and Pediatric Dentistry (OPD) visitors of DIKIOHS in 

Karachi, 2015. Socio-demographic and behavioural 

factors related to tooth brush changing were identified. 

Majority of participants (65%) were changing tooth brush 

at every 3 months. The other factors that showed 

significant association in multivariate analysis with the 

monthly income >50,000, users of other mouth cleaning 

aids and people using tooth brush with soft bristles. Study 

concluded that majority of the participants were changing 

their tooth brush at recommended intervals and different 

variables (demographic, socioeconomic and dental) are 

associated with the frequency of tooth brush changing.12  

CONCLUSION  

The present study assessed the knowledge among school 

children regarding modified bass brushing technique and 

found that the children had poor knowledge related to 

modified bass brushing technique. After the planned 

teaching program on modified bass brushing technique 

there was significant improvement on knowledge of the 

school children regarding modified bass brushing 

technique. The study concluded that the planned teaching 

program was effective in improving knowledge of school 

children regarding modified bass brushing technique. 
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INTRODUCTION 

According to WHO, breast cancer is the most frequently 

found cancer in women, and millions of women are 

affected all over the world. On average annual estimation 

in 2012, there were 1.7 million cases of the 5,21,900 have 

resulted in death.1 According to Globocan, breast cancer is 

25% of all cancer and 15% of all cancer related deaths 
among women. Breast cancer in developing counties is 

half of total brest cancer cases in world and around 60% of 

breast cancer death occurs in developing countries. The 

incidence in developing countries is low but mortality is 

high due to late presentation, due to lack of awareness of 

knowledge of risk factors, signs and symptoms, and 

various screening method.2 

Early detection and timely treatment will be effective in 

reducing mortality and morbidity and improving the long-

term survival of breast cancer cases. For early detection, 

there are screening methods like clinical breast 

examination (CBE), and mammography but the 

application of these methods is limited due to lack of 

infrastructure, trained manpower, and limited knowledge.3 

So, breast self examination (BSE) is preferred in low-

income countries as it is simple, easy, and cost-effective 

for early detection of lump4. 

American cancer society (ACS) recommends BSE practice 

and education for women ≥20 years but it does not mention 

BSE as a tool to increase survival of breast cancer.  

It involves inspection and palpation of the breast by the 

woman herself for any lumps, texture, size, and shape. It is 

done every month 7 days after menstruation. If women 

have attained menopause, they should do BSE on the same 

day every month.  

ABSTRACT 

 

The aim of this review article was to evaluate the awareness of carcinoma breast and practices related to self- breast 

examination among women in developing countries. The study included the exploration of databases and journal 

websites, pub med, google scholar, and medline. The articles studied for the review were focused on english language 
articles from the year 2013 to 2019. This review focused on knowledge of breast cancer and its risk factors among 

women. Fifteen articles were reviewed on this topic from the year 2013 to 2019 in which general awareness level of 

breast cancer was probably better than the knowledge of risk factor, sign and symptoms. It also shows that although 

awareness and knowledge regarding Breast cancer was satisfactory but the knowledge of self-breast examination was 

low and practice of self-breast examination was least in developing countries. So, awareness programs related to breast 

cancer should be planned, to ensure early detection and timely treatment for better outcome.  
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BSE through simple and quick but the practice is low and 

varies in different countries, in one of the studies by Philip 

et al done in England, only 54% of women were practicing 

BSE. In Nigeria, about 19% to 43% 6 women and in India 

0 to 52% 7 women practice BSE.  

Many reasons were cited for not practicing BSE like lack 

of confidence and time, fear of detection of a lump, and 

embarrassment of doing it. To focus more on practices 

related to BSE which can be acceptable and achievable in 

developing countries this review article included various 

studies from different regions of developing countries 

emphasizing knowledge of risk factors, sign, symptoms, 

screening method, and practices related to self-breast 

examination. 

DISCUSSION 

In this review article we have assessed 15 articles 

discussing about knowledge of carcinoma breast its risk 
factors, sign and symptoms and practices related to breast 

self-Examination among women in developing countries. 

In one of the studies done in Indonesia, knowledge of risk 

factors was low but attitude and practices were better in an 

urban area.  

In one of the studies done in Akatshi South district of Volta 

region of Ghana 88.3% of the respondents were aware of 

breast cancer, almost 64.9% of the respondents had 

sufficient knowledge of breast cancer, and 37.6% practice 

BSE. Around 50% of the respondents did not know how to 

perform BSE.9  

Another study carried out in Wardha in India, most of the 

females believed that they don't have breast cancer even 

before screening test.10 In the study done on IT 

professionals in Silicon Valley in India findings showed 

knowledge and attitude were not correlated, attitude and 

practice were not correlated, but knowledge and practice 

were extremely correlated.11 In of the study  conducted in 

Delhi, outline percentage of women who knew known risk 

factors of breast cancer was maximum for family history 

of breast cancer 59.5%. Around 41.4% of participants had 

done BSE atleast once a month.12 

In the study done in Cameroon shows around 88.1% had 

heard about Breast Cancer. Around 21.4% had sufficient 

knowledge of its risk factors, signs, and symptoms. Some 

47% had heard about BSE out of them, some 38.5% had 

ever practiced BSE.13  

In one of the studies done in Bengaluru, India most of them 

were aware of breast carcinoma. Around 58% had 

knowledge of at least one of the symptoms and at least one 

of the risk factors for breast carcinoma. Almost 18% of 

women knew about BSE and around 107 women practice 

it.14
 In one of the studies done in Mysuru in India, 99% of 

women were aware of breast cancer. Some, 63% were 

aware of breast self-examination. Around 66% had 

practiced BSE at least once.15 In the study done in the 

Gurdaspur district of Punjab shows that more than 80% of 

women had heard about breast cancer.  

Around 70% of women had knowledge about symptoms, 

more than half of them had heard about the practice of 

breast self-examination, while only 8.9% women’s were 

practicing it.16 In the study done in Ibadan, Nigeria, 

majority of respondents around 70.8% did not know how 

to perform BSE.  

Almost 61.7% of women believed that BSE is a method of 

screening for breast cancer.17 In the study conducted in 

Pokhara valley of Nepal showed poor awareness of signs 

and symptoms.18 In one of the study done in Gurgaon in 

India showed diverse levels of awareness on risk 

factors.19 In the study done in Nigeria showed that 

knowledge and practice for BSE were poor.20  

Another study done among peripheral health workers in 

Shimla, India, which showed that knowledge was higher 

among males as compared to females. Around 43.3% of 

the participants had very good knowledge about risk 

factors.21 One of the study done in Nigeria summarizes that 

56.8% women had poor knowledge of breast cancer, 

almost 75.6% had poor knowledge of BSE. Just about 

10.1% of respondents had ever practiced BSE. Knowledge 

of BSE was significantly associated with BSE practice.22 

Table 1: Studies showing awareness of risk factors, signs and symptoms, screening and practices related to breast 

self-examination among women in developing countries.8-22 

Solikhah et al8 

Cross-

sectional 

study 

The rural 

and urban 

area of 

Indonesia 

Women 18 to 

80 years old 
856 women 

Knowledge of risk factors of 

breast cancer was low in an 

urban area. Attitude and 

practices related to awareness 

were better in an urban area. 

Women of higher education 

had 70% low attitudes towards 

breast cancer. 

Dadzi et al9 

Cross-
sectional 

study 

Volta 
region of 

Ghana 

Women 

between the 
ages of 15–49 

years 

385 women 
88.3% of the respondents were 
aware of breast cancer. 64.9% 

of the participants had enough 

Continued. 
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knowledge of breast cancer. 

37.6% women practiced BSE. 

Gondnale et al10 

Community-

based Cross-

sectional 

study 

The rural 

area of 

Wardha 

district. 

Resident 

females of the 

village above 

30years 

672 women. 

48.2% educated till secondary 

school. 83.2% belong to the 

OBC category. Most of the 

females believed that they 

don’t have breast cancer even 

before screened. 

Samarth et al11 

Cross-
sectional 

Descriptive 

study 

Silicon 
Valley of 

India. 

18 to 55 years 

of age 
356 women 

12.35% gave a family history 

of breast cancer. Knowledge 

and attitude were not 
correlated. Attitude and 

practice were not correlated. 

Knowledge and practice were 

extremely correlated. 

Dahiya et al12 

Community-

based cross-

sectional 

study 

Delhi 

Adult women 

without any 

prior history of 

breast cancer. 

222 women 

Percentage of women’s 

knowing risk factors of breast 

cancer were: family history of 

breast cancer- 59.5%; history 

of smoking- 57.7%, women of 

older age- 56.3%, lack of 

physical exercise- 51.9%, not 

breastfeeding- 48.2%, late 
menopause- 37.4%, and early 

menarche- 34.7%.  Breast self-

examination (BSE) was 

practiced once a month by 

41.4% of the participants. 

Sama et al13 

Cross-

sectional 

study 

Cameroon 

Female 

Undergraduate 

students in the 

higher teachers 

training 

College. 

345students 

88.1% had heard about Breast 

Cancer. 21.4% students knew 

about risk factors, sign, and 

symptom. 47% of participants 

had heard about BSE. 38.5% 

had sometimes practiced it. 

Madhukumar  

et al14 

Cross-

sectional 

study 

Bengaluru 
Age group 18–

23 years 

1030 college 

student 

58% know of at least one of 

the symptoms. 59% were 

familiar of at least one of the 

risk factors for breast 

carcinoma. 18% of women 

knew about BSE. 

Madhu et al15 

Cross-

sectional 

study. 

Mysuru, 

Karnataka 

Professional 

women. 
100 women 

Among the respondent 

awareness regarding Breast 

cancer: 99% of Knowledge of 

risk factors: Early menarche 

16%, Late menopause 29%, 

Alcohol 39%, Family history 

57%. Awareness of BSE:63%. 
Practices of BSE done at least 

once was: 66%. Awareness of 

ideal positions of BSE:18%. 

Singh et al16 

Cross-

sectional 

study 

Among 

rural and 

urban 

District 

Gurdaspur 

Punjab, 

India. 

20-40 yrs. 

women 
300 women 

More than 80% of women had 

heard about breast cancer. 

70% of women knew of the 

symptoms. More than 50% 

had heard about the practice of 

breast self-examination. 8.9% 

urban and 5.2% rural women 

have sometimes practiced it.  
Continued. 
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Oladimeji et al17 

A      

descriptive 

cross-

sectional 

study 

Nigeria 

603 market 

women in 

Ibadan, 

Nigeria. 

603 women 

70.8% of participants did not 

know how to perform BSE. 

29.2% practice BSE. 61.7% of 

women had the reaction that 

BSE is just a screening 

method. 

Sathian et al18 

Cross-

sectional 
study 

Pokhran 

valley, 
Nepal. 

A female 

resident of 
Pokhran valley 

1420 Female 

Women have deficient in 

knowledge of signs like lump 

in breast, under armpit, 
bleeding, or discharge from 

the nipple. 

Gupta et al19 

Cross-

sectional 

study 

Gurgaon 15-70 years 
7066 

Women 

Percentage of women having 

awareness on risk factors was 

13-58%, for family history 1-

88% and obesity 11-51%. 

Amoo et al20 

Cross-

sectional 

study 

Nigeria 

Female 

residents of 

age more than 

20 

100 women 

Risk factors for the onset of 

breast cancer were excessive 

alcohol consumption, lack of 

exercise, cigarette smoking. 

55% affirm that it can be 

controlled by lifestyle factors. 

40% believed it can be 

prevented by proper diet. 

Knowledge and practice for 
BSE were poor. 

Fotedar et al21 

Descriptive 

Cross-

sectional 

study 

Shimla, 

Himachal 

Pradesh, 

India. 

Age ranging 

from 25 and 57 

years. 

120 males 

and females 

Knowledge was higher among 
male as compared to females. 

43.3% of the participants had 

very good knowledge about 

risk factors 31.7% have 

excellent knowledge. 20% 

have good knowledge,5% have 

poor knowledge. 

Isara et al22 

Cross-

sectional 

study 

Nigeria 
Females 13-22 

years 

300 

Female 

students 

57% did not know about breast 

cancer.76% had low 

knowledge regarding BSE. 

CONCLUSION 

In all 15 studies (Table 1) done in developing countries, it 

was found that there is a need to educate women of all age 

group regarding breast cancer risk factors and screening 
practices, mainly BSE which is cost effective, easy that can 

help in detecting lump at an earlier stage so that timely 

treatment can be planned which can help in reducing 

mortality and morbidity from breast cancer.  

Educational campaigns should be organized to increase 

breast cancer awareness to improve the knowledge of 

modifiable and non-modifiable, reproductive, and lifestyle 

factors among developing countries where though 

incidence is low but mortality is high, irrespective of their 

socioeconomic and educational background.  

There is a need for awareness programs involving people 

and the health system, to help improve breast cancer 

literacy in developing countries. 
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Does prostate size predict the urodynamic characteristics 
and clinical outcomes in benign prostate hyperplasia?

Kawaljit Singh, Rahul Janak Sinha, Ashok Sokhal, Vishwajeet Singh
Department of Urology, King George’s Medical University, Lucknow, Uttar Pradesh, India

Aims: Bladder outlet obstruction (BOO) in large and small prostates is managed in a similar manner despite 
considerably different pathophysiology, which can result in higher failure rates. We investigate the clinical 
and urodynamic features and study the outcome of patients with benign prostate hyperplasia (BPH) according 
to their prostate size.
Subjects and Methods: We prospectively analyzed 100 BPH patients undergoing urodynamic study 
between January 2015 and August 2016 and divided them into two groups according to their prostate 
size: small (≤30 mL) and large prostate (>30 mL) groups. We compared the groups regarding age, 
International Prostate Symptom Score, maximal flow rate (Qmax), postvoided residual, serum 
prostate-specific antigen (PSA), prostate volume measured by ultrasonography (USG), and urodynamic 
findings.
Statistical Analysis Used: For testing the hypothesis, we used the Chi-square test, Student’s t-test, and 
one-way analysis of variance when comparing between groups and conducted the logistic regression analysis 
for determining predictive factors of BOO.
Results: Although the total prostate volume significantly correlated with the PSA, patients with a 
small prostate had lower Qmax (5.27 ± 4.8 mL/s vs. 6.14 ± 6.66 mL/s; P = 0.74), higher incidence of 
abnormal baldder capacity (39.9% vs. 31.25%), lower voiding efficiency (39.3 ± 40.5% vs. 40.57 ± 32.11%), 
low compliance (44.4% vs. 31.3%), higher incidence of indeterminate detrusor contractions (38.9% vs. 
37.5%), lower incidence of detrusor underactivity (33.3% vs. 28.1%), lower BOO index (40.9 ± 43.2 vs. 
49.10 ± 44.48), lower bladder contractility index (77.8 ± 48.84 vs. 92.09 ± 52.79), and lower 
PdetQmax (51.44 ± 42.23 vs. 61.38 ± 42.01 cmH2O). Small prostates had higher failed voiding trials 
postsurgery.
Conclusions: BOO patients with a small prostate showed poor urodynamic parameters and reported higher 
postoperative complications.

Keywords: Benign prostate hyperplasia, bladder contractility index, bladder outlet obstruction index, 
compliance, urodynamics
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INTRODUCTION

Benign prostate enlargement (BPE) is the most common cause 
of  bladder outlet obstruction (BOO) in men with benign 
prostate hyperplasia (BPH) patients constituting the majority.[1] 
Although the prevalence of  histological BPH in autopsy series 
have been reported to be much higher, the clinical symptoms 
are reported in 25% men at 55 years and 50% men at 75 years 
age, respectively.[2]

Although BPH is a commonly repor ted entity, its 
pathophysiology is still poorly understood. The enlarged 
prostate can result in voiding dysfunction either due to 
static (mechanical) or dynamic (bladder neck and prostate 
urethra smooth muscles) obstruction.[3] Although the classical 
literature is controversial regarding the direct relationship 
between prostate size and voiding dysfunction in BPH patients 
and its implications on the management as well as outcomes, 
a few recent studies have highlighted the role of  predominant 
secondary bladder changes in small size prostates including high 
bladder neck, elevated smooth muscle tone in prostate/bladder 
neck, and increased prostate urethral angle in contrast to the 
primary obstructive component in large glands.[4]

Thus, cause of  voiding dysfunction in BPH patients must be 
established before subjecting them to surgery for better patient 
outcomes as the management strategies differ in BOO due 
to small and large prostates. However, majority of  urologists 
around the world manage the BOO in large and small prostates 
in a similar manner, resulting in higher rates of  treatment failure, 
and patient dissatisfaction. Thus, the aim of  this study is to add 
a significant body of  evidence on the controversial topic of  the 
effect of  prostate size on urodynamic characteristics, factors 
predicting the BOO in small prostates, and clinical outcomes 
of  BOO due to BPH.

SUBJECTS AND METHODS

This is a prospective observational study done between January 
2015 and August 2016, in which 128 patients of  clinical 
BPH were subjected to urodynamic evaluation. Clinical BPH 
was defined as lower urinary tract symptoms (LUTS), BPE, 
and/or BOO in men older than 40 years. Men <40 years, 
urinary tract infection (UTI), lower urinary tract or pelvic 
surgery, neurological diseases, radiotherapy of  the pelvis, 
interstitial cystitis, bladder cancer, prostatitis, prostate cancer, 
ureteral stones, and urethral strictures were excluded from the 
study. Patients already taking alpha blockers/5 alpha reductase 
inhibitors were asked to stop these drugs for 1 week before 
inclusion in the study.[5] The various indications of  urodynamics 
(UDS) in these patients were bothersome LUTS refractory to 
alpha blockers/5 alpha reductase inhibitors, repeated poor flow 

rates on uroflowmetry, and before surgery in patients with small 
prostates. After exclusion, 100 patients were finally assessed 
and followed up over a period of  time after the Institution 
Ethical Committee approval. Patient’s detailed history was 
taken, and physical examination was done (including digital 
rectal examination), blood sample for prostate‑specific 
antigen (PSA) measurement was taken and the International 
Prostate Symptoms Score (IPSS) questionnaire was completed. 
Then, the patients were subjected to transabdominal ultrasound 
imaging (USG) of  the bladder and kidneys to assess the size of  
prostate and uroflowmetry was performed. For the analysis of  
uroflowmetry data, only patients voiding more than 150 mL 
were considered. Although transrectal US is more accurate 
measurement of  prostate size, transabdominal USG was 
used in our study as it is less invasive, and enables additional 
measurement of  postvoid residual urine (PVRU) and an 
evaluation of  the upper tract. In addition, previous studies have 
highlighted the acceptable accuracy of  transabdominal USG 
in prostate size measurement.[6,7] Urine culture was performed 
and patients with sterile results were subjected to multichannel 
UDS using Medtronic Logic G/2 model according to 
the recommendations by the International Incontinence 
Society (ICS) good UDS practices protocol.[8] Procedure was 
performed commonly in the sitting position and starts with 
retrograde filling cystometry at the rate of  10–20 mL/min. 
An 8 French dual micro‑tipped catheter with infusion port is 
placed with the distal transducer in the bladder. A Foley balloon 
inflated to 3 mL was placed in the rectum and connected to 
a transducer to measure the intrabdominal pressure. Patient 
was placed in the sitting position and urodynamic study is 
completed. At the end of  the study, urethral and rectal catheters 
are removed. All the urodynamic procedures were carried out 
under the guidance of  a urologist using the same setting and 
protocols in our institution.

Study design
This was a prospective observational study, in which the 
clinical and urodynamic characteristics along with the 
outcomes of  management were prospectively evaluated. 
Patients were divided into two groups based on the prostate 
size, i.e., <30 cc and >30 cc. This cutoff  was taken based on 
the previous study done in Korea, where 32 cc prostate size 
cutoff  was taken in LUTS/BPH patients with failed therapy 
according to a receiver operating characteristics curve analysis.[9] 
These two groups were then compared with regard to age, 
serum PSA levels, prostate volume, IPSS, maximum flow 
rate (Qmax), voided volume, PVRU, urodynamic findings, 
and final outcomes (surgery/conservative). The urodynamic 
variables analyzed were: maximal cystometric capacity, bladder 
compliance, detrusor pressure at peak flow (PdetQmax), 
bladder outlet obstruction index (BOOI), bladder capacity, 
involuntary detrusor contraction (IDC), bladder contractility 
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index (BCI), and voiding pattern determined by the 
provisional ICS nomogram. BOOI was calculated by formula: 
BOOI = PdetQmax – 2Qmax, and BCI was given by the 
formula: BCI = PdetQmax + 5Qmax, based on pressure 
flow studies.[10] BOO was divided into three categories 
based on BOOI as follows: obstruction (BOOI >40), no 
obstruction (BOOI <20), and equivocal (20≤ BOOI ≤40).[11] 
Detrusor underactivity (DUA) was defined as BCI <100. 
Detrusor overactivity (DO) was defined as any involuntary 
detrusor contraction during filling phase. Bladder compliance 
was calculated by dividing change in volume by change in 
pressure (ΔV/ΔP) and compliance <12.5 mL/cmH2O 
was considered low. Voiding efficiency (%) was calculated 
from the mathematical equation, voided volume/voided 
volume + PVRU × 100. All these definitions conform to the 
standard terminology of  international continence society.[8] 
Bladder capacity <300 mL and >550 mL were considered 
low and high, respectively. The patients were prospectively 
followed for 6 months with detailed history IPSS, physical 
examination, and uroflowmetry recorded at 3 months and 
6 months, respectively.

Statistical analysis
To perform the descriptive analysis for the patient’s characteristics 
and urodynamic findings, we calculated the means with 
standard deviations or the proportions of  events. For testing 
the hypothesis, we used the Chi‑square test, Student’s t‑test, 
and one‑way analysis of  variance when comparing between 
groups. We also conducted the logistic regression analysis for 
determining predictive factors of  BOO. For all statistical tests, 
two‑sided P < 0.05 was considered statistically significant. 
We managed all data using SPSS version 16.0 (SPSS, 
Inc., Chicago, IL, USA) and GraphPad Prism version 5.0 
(GraphPad Software Inc., San Diego, CA, USA).

RESULTS

Table 1 shows the baseline characteristics of  BPH patients 
having bothersome LUTS. The mean prostate volume 

was 26.38 ± 3.62 cc in small prostate and 51.9 ± 38.3 cc 
in large prostate group (P = 0.006). Patients with small 
prostate had higher IPSS scores (more storage symptoms), 
and the difference was statistically significant (P < 0.046). 
Small prostate patients suffered from more issues 
secondary to BOO, i.e., lower Qmax (5.27 ± 4.8 mL/s vs. 
6.14 ± 6.66 mL/s; P < 0.74), higher PVRU, and lower 
voiding efficiency (39.3 ± 40.5% vs. 40.57 ± 32.11%; 
P < 0.685). The urodynamic characteristics of  small prostate 
patients showed lower bladder capacity (358.66 ± 127.89 cc 
vs. 448.87 ± 129.23 cc), poor compliance (34.32 ± 40.7 vs. 
46.23 ± 45.07 mL/cmH2O), higher IDCs (38.9% vs. 37.5%), 
higher DUA (33.3% vs. 28.1%), higher unobstructed pattern on 
ICS nomogram (22.2% vs. 9.4%), lower BOOI (40.9 ± 43.2 vs. 
49.10 ± 44.48), lower BCI (77.8 ± 48.84 vs. 92.09 ± 52.79), 
and lower PdetQmax (51.44 ± 42.23 vs. 61.38 ± 42.01) 
[Table 2 and Figure 1]. Two third patients (66%) underwent 
surgery and rest 1/3rd cases (34%) preferred to continue 
on conservative management. Transurethral resection 
of  prostate (TURP) was the most common surgery 
performed (58%), followed by holmium laser enucleation of  
prostate (HoLEP) (8%). 24/36 patients in small prostate 
group underwent surgical intervention, including 8 patients 
with DUA (out of  12). 4/24 (11.11%) patients did not 
void on catheter removal (including 4 DUA, 50%) and 
were managed with prolonged catheterization followed by 
intermittent self‑catheterization. 42 patients (65.6%) in large 
prostates (>30 g) underwent surgery, including 12 patients 
with DUA, out of  which 2 cases (16.5%) failed to void. 
Thus, overall about 6% patients had failed voiding trial in 
9.09% of  total patients undergoing surgery and 20% of  all 
DUA patients having failure to void after surgery. Rest, all 
patients showed improvement in symptoms (IPSS), Qmax, 
and PVRU (P = 0.001) [Table 3]. Logistic regression analysis 
was applied to patients with small prostate. In the univariate 
analysis, both age (odds ratio [OR], 1.061; P = 0.037) and 
serum PSA (OR, 0.001; P < 0.001) were found to be the 
significant predictors of  BOO in small prostates. In the 

Table 1: Baseline patient characteristics of benign prostate hyperplasia patients with bladder outlet obstruction by prostate volume
Variables Mean±SD P

Total patients (n=100) Small prostate 
(<30 g) (n=36)

Enlarged prostate 
(>30 g) (n=64)

Age (years) 62.9±8.24 60.61±8.18 64.26±8.10 0.879
IPSS

Voiding symptoms 11.33±5.53 8.03±3.87 9.02±4.32 0.046
Storage symptoms 7.85±3.70 11.88±5.42 6.76±3.12 0.211

USG
Prostate volume (cc) 42.53±32.85 26.38±3.62 51.9±38.3 0.006
PVRU (mL) 225.5±164.12 238.7±165.64 201.73±164.28 0.945

Uroflowmetry
Qmax (mL/s) 5.82±6.01 5.27±4.8 6.14±6.66 0.74*
Voiding efficiency (%) 40.10±35.01 39.3±40.5 40.57±32.11 0.685*

*Mann‑Whitney U‑test. IPSS: International Prostate Symptom Scoring, PVRU: Postvoid residual urine, Qmax: Peak flow rate. USG: Ultrasonography, 
SD: Standard deviation
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multivariate analysis, only serum PSA (OR, 1.944; P = 0.001) 
was found to be the significant predictor of  BOO in small 
prostate patients [Table 4].

DISCUSSION

LUTS in BPH are traditionally managed depending on their 
degree of  botherness, irrespective of  the size of  prostate, 
although this issue is controversial. Recently, few studies 
have highlighted the exaggeration of  voiding symptoms with 
increase in the size of  prostate. Recent emphasis on the detailed 

Table 2: Urodynamic characteristics of benign prostate hyperplasia patients
Variables Mean±SD P

Total patients (n=100) Small prostate (<30 g) (n=36) Large prostate (>30 g) (n=64)

Capacity (cc), n (%) 415.73±134.7 358.66±127.89 448.87±129.23
Normal 66 (66) 22 (55.6) 44 (68.8) 0.774
Small 12 (12) 8 (22.2) 4 (6.25)
Large 22 (22) 6 (16.7) 16 (25)

Compliance (mL/cmH2O), n (%) 41.85±43.47 34.32±40.7 46.23±45.07
Normal 36 (36) 20 (55.6) 16 (25) 0.147*
Low 64 (64) 16 (44.4) 20 (31.3)

IDC, n (%)
Negative 62 (62) 22 (61.1) 40 (62.5) 0.99
Positive 38 (38) 14 (38.9) 24 (37.5)

DUA, n (%)
Negative 70 (70) 24 (66.7) 46 (71.9) 0.578
Positive 30 (30) 12 (33.3) 18 (28.1)

ICS nomogram, n (%)
Unobstructed 14 (14) 8 (22.2) 6 (9.4) 0.360
Obstructed 56 (56) 18 (50) 38 (59.4)
Equivocal 16 (16) 4 (11.1) 12 (18.8)
No void 14 (14) 6 (16.7) 8 (12.5)

BOOI 46.08±43.75 40.9±43.2 49.10±44.48 0.869
BCI 86.84±51.33 77.8±48.84 92.09±52.79 0.963
PdetQmax (cmH2O) 57.73±41.93 51.44±42.23 61.38±42.01 0.961
PSA (ng/dL) 3.0±3.81 1.50±0.77 3.87±4.5 0.039
HDN, n (%) 20 (20) 6 (16.6) 14 (21.8) 0.624
AUR, n (%) 42 (42) 16 (44.5) 26 (40.6) 0.866
Failed voiding trial, n (%) 56 (50) 20 (55.6) 30 (46.9) 0.632
Comorbidities, n (%) 40 (40) 14 (38.9) 26 (40.6) 0.555

*Mann‑Whitney U‑test. IDC: Involuntary detrusor contractions, DUA: Detrusor underactivity, BOOI: Bladder outlet obstruction index, BCI: Bladder 
contractility index, PdetQmax: Detrusor pressure at peak flow rate, HDN: Hydronephrosis, AUR: Acute urine retention. SD: Standard deviation, 
PSA: Prostate‑specific antigen

Table 3: Management and follow‑up outcomes
Total patients (n=100) Small prostate (<30 g) (n=36) Enlarged prostate (>30 g) (n=64) P

Outcome, n (%)
Surgery 66 (66) 24 (66.7) 42 (65.6) 0.88
Conservative 34 (34) 12 (33.3) 22 (34.4)

Type of surgery, n (%)
TURP 48 (48) 12 (50) 36 (56.3) 0.962
TUIP 10 (10) 10 (41.6) ‑
HoLEP 8 (8) ‑ 8 (12.5)

Follow‑up
Failure to void, n (%) 6 (9.09) 4 (16.66) 2 (4.76)
IPSS

Voiding 15.67±5.65 15.66±4.34 14.31±5.78 0.39
Storage 11.98±4.23 11.45±5.1 11.54±5.23 0.95
Qmax (mL/s) 12.34±4.32 12.13±3.65 13.65±4.54 0.23
PVRU (mL) 32.34±12.4 42.16±17.51 24.46±11.63 0.001

TURP: Transurethral resection of prostate, HoLEP: Holmium laser enucleation, TUIP: Transurethral incision of prostate, IPSS: International Prostate 
Symptom Scoring, Qmax: Maximum flow rate, PVRU: Postvoid residual urine
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Figure 1: Comparison of the voiding patterns according to the International 
Incontinence Society nomogram between the prostate size groups
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pathophysiology of  BPH has put some important insights into 
the difference in mechanism of  BOO in cases of  small and 
large prostates.[4] Despite this fact, all patients irrespective of  
their prostate size are managed in a similar manner resulting 
in higher treatment failure and dissatisfaction rate among the 
patients.

BPH presents with BOO in only 50%–80% patients.[12,13] 
Our study showed the presence of  BOO in 50% patients 
of  the small prostate group and 59.4% cases in the large 
prostate group. Kang et al.[4] reported 16.4% BOO in 
small prostates and 32.8% BOO in large prostates. The 
pathophysiology of  BOO differs among small and large 
prostates. The storage symptoms (predominant in small 
prostates) could be due to the DO, myogenic/neurogenic 
failure, or behavioral problems (increased fluid intake and 
decreased vasopressin production), and obstructive/voiding 
dysfunction (predominates in larger prostates), occurs primarily 
due to obstruction.[14] Thus, we planned this study to put some 
light on the always controversial issue of  role of  prostate size 
with respect to BOO with respect to clinical and urodynamic 
bladder characteristics.

BPH patients with BOO complaint of  initial increased 
detrusor contractility in the compensatory phase with normal 
bladder emptying.[15,16] Prolonged obstruction to urine 
outflow results in detrusor hypertrophy and bladder wall 
thickening, ultimately culminating in DUA and emptying 
failure.[17,18] This condition can become worst in small 
prostates, thereby resulting in the management dilemma. If  
surgery is offered at this stage, higher treatment failure, and 
need for long‑term clean intermittent catheterization (CIC) 
are the possible associated risks that should be kept in 
mind. In this study, patients with small prostates had more 
bothersome LUTS (high IPSS), lower peak flow rate, and 
voiding efficiency compared to large prostates similar to the 
findings reported by Kang et al.[4] in their retrospective study 
on 659 men with BPH.

Review of  literature reports IDCs in 20%–40% BPH 
patients clearly pointing to the fact that higher rate of  IDCs 
is present in patients without BOO. Patients in our study 

reported IDCs in 38.9% of  cases of  small prostates. Hirayama 
et al.[19] reported IDCs in 23.8% of  the men with BOO and 
in 79.6% of  the unobstructed group. Similarly, Kang et al.[4] 
reported IDCs in 30.4% small prostates and Gomes et al.[14] 
had IDCs in 48.8% small prostates with higher proportion 
in patients without BOO. Low compliance was reported in 
44.4% patients with small prostates in our study. Kang et al.[4] 
reported similar findings while Oelke et al.[15] reported low 
compliance in small prostates with DO ± BOO. This higher 
rate of  IDCs may be responsible for higher storage symptoms 
in small prostates.

The overall incidence of  DUA in BPH population is unknown. 
DUA (33.3%) was higher in small prostates in this study, and 
this component was assessed by measuring the BCI which is 
a simpler numeric parameter and derivation of  the Schafer’s 
nomogram. The mean BCI was lower in small prostate. Oelke 
et al.[15] reported lower BCI in small prostates without BOO 
and with DO. Kang et al.[4] reported findings similar to our 
study. Thus, this study truly represents the higher proportion of  
secondary bladder abnormalities in small prostates as oppose to 
the BOO as the primary determinant in larger glands. Patients 
with small prostates with DUA represents the decompensated 
stage of  BOO, especially in the presence of  reduced Qmax 
and voiding efficiency along with elevated PVRU. These 
patients are at increased risk of  postsurgical failure and higher 
patient dissatisfaction rate. Hence, they should be carefully 
evaluated and thoroughly counseled regarding the possible 
future complications.

This study clearly points to the fact that prolonged obstruction 
to the urine outflow results in detrusor hypertrophy (bladder wall 
thickening) which ultimately leads to detrusor hypocontractility, 
further emptying failure, and secondary bladder complications 
such as recurrent UTI and bladder calculi. Thus, low Qmax, 
high PVRU, and low voiding efficiency can result in bladder 
decompensation in BPH patients with small prostate.

All the patients in our study were prospectively followed up 
for 1 year at 3 monthly intervals. About 1/3rd patients in our 
study preferred not to undergo any surgical intervention and 
continued on medical management with uroflowmetry and 

Table 4: Logistic regression analysis according to large and small prostates
Predictors Unadjusted odds 

ratio (univariate)
CI (95%) P Adjusted OR 

(multivariate)
CI (95%) P

Age 1.061 1.003–1.121 0.037* 1.032 0.968–1.099 0.333
PVRU 1.001 0.999–1.004 0.319 ‑ ‑ ‑
PSA 2.012 1.374–2.946 <0.001* 1.944 1.320–2.864 0.001*
Qmax 1.026 0.954–1.105 0.489 ‑ ‑ ‑
Voiding efficiency (%) 1.001 0.989–1.013 0.861 ‑ ‑ ‑
AUR 0.903 0.394–2.068 0.809 ‑ ‑ ‑
Comorbidities 1.444 0.613–3.404 0.400 ‑ ‑ ‑

*Significant predictor of bladder outlet obstruction. PVRU: Postvoid residual urine, PSA: Prostate‑specific antigen, Qmax; Peak flow rate, AUR: Acute 
urine retention, SD: Standard deviation, OR: Odds ratio
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PVRU at 3 monthly intervals. Rest of  the cases underwent 
surgical intervention to relieve their bothersome symptoms. 
TURP was the most common surgery performed followed 
by HoLEP. Patients with DUA (especially small glands) were 
explained regarding possible long‑term CIC along with the 
long term need of  anticholinergics in associated DOA after 
surgery.

Although TURP is still considered the gold standard in 
the surgical management of  BPH, 5%–35% patients have 
persistent symptoms post‑TURP possibly attributed to 
DUA.[20] Considering overall patients with DUA in our study, 
20% patients of  hypocontractile bladder had surgical failure. 
This is similar to 5%–35% failure rate reported in literature.[4] 
Rest all the patients showed positive response to surgery with 
improvements in IPSS, Qmax, and PVRU.

Age and serum PSA in univariate analysis and serum PSA on 
multivariate analysis were the significant predictors on BOO 
in the small prostate in our study. Kang et al.[4] reported serum 
PSA and Qmax as significant predictors of  BOO in small 
prostates. Thus, these results indicate that the risk of  BOO 
increases by 32% per one unit elevation in the serum PSA levels. 
These parameters can prove to be effective in the preoperative 
surgical planning in small prostate patients.

This is the first study of  its kind which prospectively evaluated 
the urodynamic findings and outcomes of  management in 
BPH patients based on the prostate size. The patients were 
selected using strict inclusion criteria, and hence, selection bias 
was eliminated. Although few similar retrospective studies are 
present in Western literature, no such study has been reported 
from the Indian subcontinent. Thus, our study provides a 
significant body of  additional information on this important 
issue.

Limitations of this study
Small sample size and nonrandomized nature were the 
limitations of  this study. BOOI and BCI were calculated using 
numerical equations which are simpler but nonvalidated. This 
may not be the best method, and hence, some difference from 
real values can be expected.

CONCLUSIONS

The detailed pathophysiology must be kept in mind before 
managing every case of  symptomatic BPH. The patients 
with small prostate with BOO have higher component of  
obstruction related to secondary bladder changes. UDS should 
be performed in the symptomatic small prostate with refractory 
symptoms and high PVRU. The findings of  UDS in such 
patients can predict the outcomes of  management.
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ABSTRACT
Background: Benign prostate hyperplasia (BPH) is a non-malignant enlargement of the prostate. The majority of men over the age of 60 are 

TM
considered to have urinary symptoms attributable to BPH. The active constituents of Prunus Domestica extract (Prosman ) include phytosterols 
(e.g., beta-sitosterol) that have anti-inflammatory effects by inhibiting production of pro-inflammatory prostaglandins in the prostate. Prunus also 
contains pentacyclic triterpenes (ursolic and oleanic acids) that have anti-edema properties, and ferulic acid esters (n-docosanol and tetracosanol) 
that reduce prolactin levels and block the accumulation of cholesterol in the prostate. 
Objectives: TM The aim of the study was to evaluate the safety and efficacy of Prunus Domestica extract (Prosman ), in humans suffering from 
benign prostate hyperplasia (BPH). 
Material and Methods: This was an open labeled and single armed study. The study was carried out on Indian population suffering from BPH. The 
study was conducted at  Study population comprised of males in between 40-65 years. A King George's Medical University (KGMU), Lucknow. 

TMtotal of 140 subjects were included in the study. The investigation product Prunus Domestica extract (Prosman ) 100mg was given twice a day for 
12 weeks and was allotted after screening and enrolment of the study subject. The subjects were followed up after 4 weeks, 8 weeks and 12 weeks. 

TMSafety was assessed at each follow-up visit. The efficacy of investigational product Prunus Domestica extract (Prosman ) in BPH subjects was 
evaluated by the laboratory investigations which included PSA blood test, Ultrasound and Urinary flow test. A prior ethical clearance was taken 
from Institutional Ethical Committee of KGMU. Statistical analysis was done by SPSS 17.0. T test was applied and a p-value of <0.05 was 
considered as significant. 
Results: The study was conducted on 140 male study subjects in between age group 40-65 years. Average age of the study population was 56.08 

TMyears, with minimum age as 40 years and maximum age as 65 years. Prunus Domestica extract (Prosman ) was effective in BPH patients as 
reduction in the IPSS score, prostate volume and serum PSA levels were observed. 
Conclusion: TMPrunus Domestica extract (Prosman ) can be labeled safe for human consumption.

KEYWORDS:
Benign Prostate Hyperplasia, Prunus Domestica, PSA levels, IPSS score.

Introduction:
Benign prostate hyperplasia (BPH) is a non-malignant enlargement of 
the prostate. Symptoms related to BPH are one of the most common 
problems in older men. Histological evidence of BPH is found in more 
than 10% of men in their 30s, 20% of men in their 40s, reaches 50% to 
60% of men in their 60s, and is 80% to 90% of men in their 70s and 80s. 
The majority of men over the age of 60 are considered to have urinary 
symptoms attributable to BPH [1].

The proliferative disorder resulting in BPH affects both the stromal 
and the epithelial portions of the prostate. The enlarging prostate 
results in the progressive occlusion of the proximal urethra and can 
result in both obstructive and irritative urinary tract symptoms. The 
common signs and symptoms of BPH of this condition usually start 
after the age of 50 [2].

Benign prostatic hyperplasia represents a substantial challenge to 
public health. The prevalence of BPH rises sharply at the age of 35 
years, reaching 50% by the age of 60 years and approaching 100% by 
the age of 80-85 years. The occurrence of this disease in men who are 
60 to 69 years old is estimated to be almost 3 of 4 with approximately 
6.5 million of 27 million men 50 to 79 years old affected. In United 
States, it has been estimated that BPH treatment costs approximately 
$4 billion annually. An analysis has revealed that from 38.1 million 
men with BPH, 12.2 million BPH men are managed each year [3]. The 
management of BPH has two goals: to reduce the trouble of symptoms 
and to prevent or delay the progression of BPH related symptoms. 
Different levels of the treatment exist for the prevention and further 
development of BPH. Treatment choices are guided by severity of 
BPH symptoms and how much these symptoms are bothering the 
patient. The preferred medical treatment for many men with 
symptomatic benign prostate hyperplasia is either an alpha-

adrenergic–receptor antagonist (alpha-blocker), which reduces 
smooth-muscle tone in the prostate, and bladder neck, or a 5-α-
reductase inhibitor, which reduces prostate volume by inducing 
epithelial atrophy. These drugs have side effects including dizziness, 
fatigue, hypotension, headache, insomnia, gynecomastia and 
retrograde ejaculation [4] [5] [6].

Usage of plant extracts is common in many countries of the world and 
is increasing across the globe. Phytotherapeutic agents represent 
nearly half of the medications dispensed for BPH in Italy, compared 
with 5% for alpha blockers and 5% for 5-alpha reductase inhibitors. In 
Germany and Austria, phytotherapy is the first-line treatment for mild 
to moderate urinary obstructive symptoms and represents > 90% of all 
drugs prescribed for the treatment of BPH [7].

Prunus domestica is a small deciduous tree in the Rosaceae (rose) 
family that is an ancient domesticated species, known only in the 
cultivation. It is now cultivated in temperate areas worldwide for its 
fruit. Prunus domestica is high in potassium and vitamin C & K and are 
a good source of dietary fiber. It is eaten fresh, dried or prepared into 
jams, jellies, and juices. It is used in various alcoholic beverages, 
especially in Central and Eastern Europe, including the plum brandy. 

The active constituents of Prunus domestica extract include 
phytosterols (e.g., beta-sitosterol) that have anti-inflammatory effects 
by inhibiting production of pro-inflammatory prostaglandins in the 
prostate. Prunus also contains pentacyclic triterpenes (ursolic and 
oleanic acids) that have anti-edema properties, and ferulic acid esters 
(n-docosanol and tetracosanol) that reduce prolactin levels and block 
the accumulation of cholesterol in the prostate. Prolactin is purported 
to increase the uptake of testosterone by the prostate, and cholesterol 
increases binding sites for dihydrotestosterone (DHT). Furthermore, 
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TMPrunus Domestica extract (Prosman ), inhibits fibroblast production, 
increases adrenal androgen secretion, and restores the secretory 
activity of prostate and bulbourethral epithelium.

Aim and objectives:
Aim 
The aim of the study was to evaluate the effect of Prunus Domestica 

TMextract (Prosman ), in humans suffering from benign prostate 
hyperplasia (BPH) which was achieved by considering following 
given objectives:

Objectives
Primary objective of study was to evaluate the efficacy of Prunus 

TMDomestica extract (Prosman ) in patients with benign prostate 
hyperplasia (BPH) whereas secondary objective was evaluation of its 
safety in patients with BPH.

Material and methods:
This was an open labeled and single armed study. The study was 
carried out on Indian population suffering from BPH. The study was 
conducted at  Study King George's Medical University, Lucknow. 
population comprised of males in between 40-65 years. A total of 140 
subjects were included in the study. Key inclusion and exclusion 
criteria were as follows:

Inclusion Criteria
1.  Age between 40 and 65 years
2.  Only male patients were included
3.  Patients suffering from symptoms of BPH for at least 6 months 

before screening.
4.  Patients having prostate volume ≥ 20 mL and ≤ 70 mL as assessed 

by ultrasound.
5.  Patients having IPSS ≥ 8 at screening and baseline.
6.  Patients willing to give informed consent in writing.

Exclusion Criteria
1.  Patients having neurogenic bladder dysfunction.
2.  Patients having bladder neck contracture or urethral stricture.
3.  Patients having acute or chronic prostatitis or urinary tract 

infection.
4.  Patients having history of prostate cancer or carcinoma of the 

prostate suspected on digital rectal exam.
5.  Patients participated in any other clinical trial within last 30 days.
6.  Patients having resting systolic blood pressure (BP) > 160 mmHg 

or < 90 mmHg, or diastolic BP > 90 mmHg or < 60 mmHg at 
screening.

7.  Patients having urine flow < 5 ml/sec.
8.  Patients using other herbal medications for treatment of BPH, 

associated symptoms and Erectile Dysfunction in past 1 month.
9.  Patients having hematuria of unknown etiology.
10.  Patients gone through radiotherapy previously.

The subjects were screened for the clinical study on the basis of given 
inclusion/exclusion criteria. The investigation product Prunus 

TMDomestica extract (Prosman ) 100mg was given on twice daily basis 
and was allotted after screening and enrolment of the study subject. 
The subjects were followed up after 4 weeks, 8 weeks and 12 weeks. 
Safety was assessed at each follow-up visit. Subjects complaining of 
significant symptoms following administration of investigational 
product were planned to be evaluated for objective parameters of 
adverse drug reactions. Investigational product was considered to be 
discontinued in case of any serious adverse drug reaction.

The efficacy of investigational product Prunus Domestica extract 
TM(Prosman ) in BPH subjects was evaluated by the laboratory 

investigations which included PSA blood test, Ultrasound and Urinary 
flow test. These investigations were done at baseline, followed-up 
monthly (4 and 8 weeks) and at end of the study (12 weeks). The 
International Prostate Symptom Score (IPSS) which is an 8 
question (7 symptom questions + 1 quality of life question) written 
screening tool used to screen for, rapidly diagnose, track the symptoms 
of, and suggest management of the symptoms of the disease benign 
prostatic hyperplasia (BPH) was also used as a tool for efficacy 
assessment over various study visits.

A prior ethical clearance was taken for Institutional Ethical 
Committee of KGMU. Statistical analysis was done by SPSS 17.0. T 
test was applied and a p-value of <0.05 was considered as significant. 

Results:
The study was conducted on 140 male subjects in between age group 
40-65 years. Average age of the study population was 56.08 years, with 
minimum age as 40 years and maximum age as 65 years. Average 
height of the study population was 166.81 cm, with minimum height as 
154cm and maximum height as 177 cm. Average body weight & BMI 
of the study population was 68.73 kg and 24.68. There was not much 
variation in BMI of the study population as standard deviation was 
2.83 only.

Efficacy Evaluation
a) IPPS Score
A highly significant decrease (p=0.000) in IPSS score was observed 
after 4 weeks, 8 weeks and on completion of the treatment as compared 
to baseline value. Product showed efficacy within first four weeks of 
the treatment. All enrolled patients reported decrease in IPPS score on 
completion of the treatment.

b) Effect on Prostate Volume
Highly significant decrease in the prostate volume was observed after 4 
weeks, 8 weeks and on completion of the treatment. The decrease in 
prostate volume was 29.46%. 94% of the patients showed decrease in 
prostate volume.

c) Effect on Serum Prostate Specific Antigen Levels (PSA)

A significant decrease in the serum PSA levels was observed. The 
decrease in serum PSA levels was 56%. 76% of the patients showed 
decrease in the serum PSA levels on completion of treatment.

d) Sonographic evaluation
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Demographic 
Parameters

Mean ± Std. 
Deviation

Minimum Maximum

Age (years) 56.08 ± 7.65 40 65

Height (cm) 166.81±3.09 154 177

Weight (Kg) 68.73 ± 8.38 50 95
2BMI (Kg/m ) 24.68 ± 2.83 16.92 34.89

IPPS score Mean ± Std. Deviation t-value p-value
Baseline 19.14 ± 5.767

After 4 weeks (Visit 1) 12.42±4.865 21.130 .000**
After 8 weeks (Visit 2) 7.37±3.268 29.466 .000**
After 12 weeks (Visit 3) 3.86±2.094 32.018 .000**

Prostate Volume Mean ± Std. Deviation t-value p-value

Baseline 33.33 ± 11.355

After 4 weeks (Visit 1) 29.49±10.199 7.658 .000**

After 8 weeks (Visit 2) 26.42±8.871 11.864 .000**

After 12 weeks (Visit 3) 23.51±8.628 15.682 .000**

Prostate Specific Antigen 
Level (ng/ml)

Mean ± Std. Deviation t-value p-value

Baseline 2.87 ± 9.172

After 12 weeks (Visit 3) 1.26±1.591 2.064 .041**
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Sonographic evaluation of the patients showed marked improvement 
in the percentage of patients getting normalized on completion of the 
treatment. At baseline, 93% of the patients had mildly enlarged 
prostate, whereas on completion of the treatment 43% of the patients 
showed normal prostate.

e) Serum Testosterone levels

A highly significant increase in the serum testosterone levels was 
observed. The increase was 17.28%. The mean serum testosterone 
levels were within normal range on completion of treatment.

Safety evaluation 
On completion of the study, following safety conclusions were made:
a.  No significant change in the liver function tests (serum SGOT, 

SGPT & ALP activities) was observed.
b.  No significant change in the serum urea levels and creatinine 

levels were observed.
c.  No significant change in the hematological parameters was 

observed on completion of the treatment.

Discussion:
Benign prostatic hyperplasia––also called BPH––is a condition in men 
in which prostate gland is enlarged and not cancerous. Benign prostatic 
hyperplasia is also called benign prostatic hypertrophy or benign 
prostatic obstruction.

The prostate goes through two main growth periods as a man ages. The 
first occurs early in puberty, when the prostate doubles in size. The 
second phase of growth begins around age 25 and continues during 
most of a man's life. Benign prostatic hyperplasia often occurs with the 
second growth phase.

As the prostate enlarges, the gland presses against and pinches the 
urethra. The bladder wall becomes thicker. Eventually, the bladder 
may weaken and lose the ability to empty completely, leaving some 
urine in the bladder. The narrowing of the urethra and urinary 
retention––the inability to empty the bladder completely––causes 
many problems associated with benign prostatic hyperplasia

The cause of benign prostatic hyperplasia is not well understood; 
however, it occurs mainly in older men. Benign prostatic hyperplasia 
does not develop in men whose testicles were removed before puberty. 
For this reason, some researchers believe factors related to aging and 
the testicles may cause benign prostatic hyperplasia. Throughout their 
lives, men produce testosterone, a male hormone, and small amounts 
of estrogen, a female hormone. As men age, the amount of active 
testosterone in their blood decreases, which leaves a higher proportion 
of estrogen. Scientific studies have suggested that benign prostatic 
hyperplasia may occur because the higher proportion of estrogen 
within the prostate increases the activity of substances that promote 
prostate cell growth. Another theory focuses on dihydrotestosterone 
(DHT), a male hormone that plays a role in prostate development and 
growth. Some research has indicated that even with a drop in blood 
testosterone levels, older men continue to produce and accumulate 
high levels of DHT in the prostate. This accumulation of DHT may 
encourage prostate cells to continue to grow. Scientists have noted that 
men who do not produce DHT do not develop benign prostatic 
hyperplasia. 

TMIn the present study, 100mg BD dose of Prosman  capsules prepared 
from Prunus domestica extract were used to evaluate its effect on 
BPH. In the present study male patients suffering from BPH were 
enrolled. The mean age of the study population was 56 years and mean 
BMI was 24.68.

International Prostate Symptom Score (IPSS)
The is an 8 question International Prostate Symptom Score (IPSS) 
(7 symptom questions + 1 quality of life question) written screening 
tool used to screen for, rapidly diagnose, track the symptoms of, and 
suggest management of the symptoms of the disease benign prostatic 
hyperplasia

A highly significant decrease (p=0.000) in the IPSS score was 
observed after 4 weeks, 8 weeks and on completion of the treatment as 
compared to baseline value. Product showed efficacy within first four 
weeks of the treatment. All enrolled patients reported decrease in IPPS 
score on completion of the treatment.

Prostate Volume
A man's prostate gland usually starts to enlarge after he reaches 40 
years of age. This condition is called benign prostatic hyperplasia 
(BPH). The condition has also been referred to as benign prostatic 
hypertrophy. The prostate gland secretes a fluid that helps to nourish 
sperm. The gland itself surrounds the urethra, which is the tube that 
carries urine from the bladder out through the tip of the penis.

As the prostate grows larger, it may press on the urethra. This 
narrowing of the urethra can cause some men with prostate 
enlargement to have trouble with urination. Prostate enlargement may 
be the most common health problem in men older than 60 years of age.

In the present study, highly significant decrease in the prostate volume 
was observed after 4 weeks, 8 weeks and on completion of the 
treatment. The decrease in the prostate volume was 29.46%. A total of 
94% of the patients showed decrease in the prostate volume.

Prostate-specific antigen
Prostate-specific antigen (PSA) is a protein produced by normal 
prostate cells. This enzyme participates in the dissolution of the 
seminal fluid coagulum and plays an important role in fertility. The 
highest amounts of PSA are found in the seminal fluid; some PSA 
escapes the prostate and can be found in the serum. The PSA level also 
tends to rise in men with benign prostatic hyperplasia (BPH) and is a 
good marker for prostate volume.

In the present study, a significant decrease in the serum PSA levels was 
observed. The decrease in the serum PSA levels was 56%. 76% of the 
patients showed decrease in the serum PSA levels on completion of the 
treatment, correlating well with decrease in prostate volume and IPSS 
score.

Three groups of active constituents of Prunus Domestica extract 
TM(Prosman ),  are: phytosterols (including beta-sitosterol), pentacyclic 

triterpenoids (including ursolic acid and oleic acid) and ferulic esters 
of longchain fatty alcohols (including ferulic esters of docosanol and 
tetracosanol) [8] [9]. 

The phytosterols, particularly β-sitosterol, are found in numerous 
plants and are antiinflammatory, inhibiting the synthesis of 
prostaglandins. β-sitosterol has been shown to be useful in the case of 
BPH by helping to reduce the normally elevated levels of 
prostaglandins. The elimination of the excess blood and vasal 
congestion helps to reduce the size of prostate adenomas. Other 
mechanism by which the phytosterols in Prunus Domestica extract 

TM(Prosman ), work is by inhibiting the production of androgenic 
steroid hormones such as testosterone and dihydrotestosterone (DHT). 
Since these androgenic hormones stimulate the growth and 
development of the prostate through hyperplasia (proliferation of 
prostatic cells), they are regarded as one of the main causes of BPH. 

The phytosterols compete with the precursors of these androgens and, 
therefore, interfere with their synthesis. Therefore, by inhibiting the 
production of these androgens, Prunus Domestica extract 

TM(Prosman ),reduces the effects of testosterone, and the more potent 
dihydrotestosterone, on the prostate. In this way, Prunus Domestica 

TMextract (Prosman ), is able to relieve the symptoms of BPH [8]. The 
pentacyclic triterpenoids also help to inhibit inflammation by blocking 
enzymatic activity. They are effective anti-edema agents and also help 
increase the integrity of small veins and capillaries [10].

The third active group, the ferulic esters of long-chain fatty acids, act 
by inhibiting the absorption and metabolism of cholesterol. One of the 
ways, these esters work is, by reducing the activity of prolactin, which 
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Baseline 
(%)

st1  visit 
(%)

nd2  visit 
(%)

rd3  visit 
(%)

Normal 2.5 14.7 28.1 43.0

Borderline 1.9 0.7 2.2 2.2

Mildly enlarged 93 84.6 69.6 54.8

Moderately enlarged 1.9 0 0 0

Severe enlargement 0.6 0 0 0

Testosterone  Level 
(ng/ml)

Mean ± Std. Deviation t-value p-value

Baseline 4.34 ± 2.0338
After 12 weeks (Visit 3) 5.09±1.812 5.188 .000**
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is involved in the uptake of testosterone in the prostate. However, these 
esters can also inhibit androgen synthesis in the prostate just like the 
phytosterols do. The ferulic acid esters are also known to lower 
cholesterol levels in the prostate. Cholesterol in turn is required in the 
biosynthesis of androgens. By inhibiting androgen production through 
cholesterol, these esters reduce the activities of testosterone and DHT 
on the prostate.

The combination of the two mechanisms by which ferulic acid esters 
act prevents the enlargement of the prostate and relieves body from the 
symptoms of BPH [8] [10]. Different studies suggest that these 
phytochemicals appear to work synergistically to improve the 
symptoms of BPH. However, the most bioactive phytochemicals in 
pygeum are the phytosterols. Therefore, these components of Prunus 

TMDomestica extract (Prosman ), are believed to exert the most 
important therapeutic effect in the treatment of BPH in the present 
study.

Conclusion:
TMPrunus Domestica extract (Prosman ), was effective in BPH patients 

as reduction in the IPSS score, prostate volume and serum PSA levels 
TMwere observed. Thus Prosman  can be labeled safe for human 

consumption.
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INTRODUCTION

Renal calculi pose major health issues in our society with 
lifetime prevalence of kidney stone disease estimated at 1% 
to 15% [1]. The incidence of urinary tract stone disease is 

A prospective study evaluating impact on renal 
function following percutaneous nephrolithotomy 
using Tc99m ethylenedicysteine renal scan:  
Does multiplicity of access tracts play a role?
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Purpose: A prospective study evaluating impact of percutaneous nephrolithotomy (PCNL) on renal function following PCNL using 
ethylenedicysteine (EC) renal scan. Does multiplicity of access tracts play a role?
Materials and Methods: A prospective observational study was done and patients undergoing PCNL for renal calculi at our urol-
ogy department were selected. Renal Tc99m EC scan was done pre-surgery and at 3 months follow-up. An assessment was done 
on decline in glomerular filtration rate (GFR) in postoperative period based on number of access tracts required.
Results: A total of 110 patients were enrolled in the study. The total number of punctures was 170 with 141 being supra-costal 
puncture and 29 infra-costal. The total number of single punctures were 60 and classified as Group I whereas patients with double 
puncture and triple puncture (40 and 10 patients, respectively) were classified as Group II. Mean postoperative split renal function (in 
Tc99m EC scans) of patients of Group I (40.93±19.62%) was found to be higher than that of Group II (32.82±16.98%). Mean change 
(decline) in GFR for single, double and triple tracts were 2.68 mL/min, 3.80 mL/min, and 4.2 mL/min, respectively.
Conclusions: PCNL used for stone removal can improve renal function by eradicating obstruction; however, this procedure may 
itself negatively impact the functions of the targeted kidney. Our study showed post PCNL decrease in GFR which worsens with an 
increasing number of accesses.
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increasing. According to the National Health and Nutrition 
Examination Survey, as of 2012, 10.6% of men and 7.1% of 
women in the United States are affected by renal stone 
disease, compared to just 6.3% of men and 4.1% of women 
that were affected in 1994 [1].
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Numerous surgical interventions are utilized to treat 
nephrolithiasis including shockwave lithotripsy, ureteroscopy, 
percutaneous nephrolithotomy (PCNL), laparoscopic, robotic 
assisted and open surgery. Based on the guidelines set 
forth by the American Urological Association (AUA) [2], 
PCNLs should be the first treatment utilized for patients 
with large/staghorn calculi. As per European Association of 
Urology (EAU) guidelines, shock wave lithotripsy (SWL) is 
the procedure of choice for most renal stones up to 1.5 cm 
except selected cases with unfavorable factors. PCNL is the 
choice for calculi larger than 1.5 cm without any absolute 
contraindication to the procedure [3]. The current indications 
for PCNL include large, hard infected stones, obstruction-
related stones, ESWL failures, and stones related with 
anatomical variations [4,5].

Though high success rate, PCNL is not without complica-
tions with a recent multi-centre study showing the overall 
complication rate of 20.5% [6]. In the setting of complex or 
multiple stones, more than one percutaneous access may be 
required for stone eradication, potentially increasing the risk 
of renal injury.

Renal functions are generally assessed with lab-ba sed 
parameters such as estimated glomerular filtration rate 
(eGFR) or serum creatinine. Efficacy of  these lab-based 
parameters can be greatly altered by patient factors inclu-
ding body mass index (BMI), renal functions at baseline, and 
race [7,8].

Renal function after PCNL has also been assessed using 
nuclear medicine techniques. Various isotopes have been 
used for this function like Tc99m-mercaptoacetyltriglycine 
(MAG3), Tc99m-diethylene triamine pentacaetic acid (DTPA), 
Tc99m ethylenedicysteine (EC) and 131-Iodine labelled ortho 
Iodohippurate (OIH) [9]. To determine the most relevant 
of the above, a study was done by Lima et al. [10], which 
concluded that Tc99m EC could substitute Tc99m-DTPA to 
evaluate patients with urinary tract dilation, with low cost 
and higher-resolution images.

A prospective study was done at our institution using 
Tc99m EC renography to better understand the effect of 
single versus multiple-access PCNL on individual renal 
function. We hypothesized that multi-tract PCNL should 
conceptually cause more renal injury than a single-tract 
procedure and therefore negatively affect split renal 
function.

MATERIALS AND METHODS

A prospective study was conducted at Department of 
Urology, King George’s Medical University after approval by 

the Institutional Review Board and clearance by the Ethical 
Committee (approval number: 3689/ETHICS/RCELL18). 
After explaining the patients and their attendants about 
the study, a written informed consent was obtained by the 
patient or guardian (in case of minors) before enrollment 
into the study, regarding participation and follow-up visits. 

A retrospective study was done from October 2015 to 
September 2017. Patients with renal calculi who opted for 
PCNL were included in the study. Patients found to have 
urinary tract or any other malignancy, pregnancy, known 
medical renal disease/compromised renal function (creatinine 
more than 2), anatomical/functional solitary kidney, bilateral 
renal calculi, patients with residual calculus more than 4 
mm following PCNL and uncorrected bleeding disorders 
were excluded.

Radiological evaluation was done using ultrasonography 
kidney ureter bladder, intravenous pyelography (IVP) to 
evaluate anatomical and functional status of kidney as well 
as stone parameters. In case of raised serum creatinine non-
contrast CT (NCCT) was done. Renal Tc99m EC scan was 
done pre-surgery and at 3 months post PCNL.

Preoperative urine culture was made sterile with appro-
priate antibiotics. Percutaneous nephrostomy tube was 
placed in patients with pyonephrosis and was operated after 
sterile urine culture. Prophylactic antibiotics were given 
in all patients. Intra operative data regarding stone access 
and stone retrieval were recorded in a detailed manner. The 
PCNL procedure was performed by single consultant in 
urology.

1. Surgical techniques
All patients received preop antibiotics. In lithotomy 

position, ureteric catheter (4-Fr/5-Fr) was placed in the 
pelvicalyceal system and then patient was turned to prone 
position. The preferred puncture location was selected after 
studying the radiological imaging (IVP/NCCT/contrast 
enhanced computed tomography) in details. Percutaneous 
access was performed with the help of  f luoroscopic 
guidance after obtaining air pyelogram. Tract was dilated 
using coaxial serial metal dilator over guide rod. In all 
patients the tracts were dilated to 28-Fr Amplatz sheath. 
Rigid nephroscope was used for all patients. Pneumatic 
lithotripsy (Swiss Lithoclast; Electro Medical Systems, Nyon, 
Switzerland) was used for stone fragmentation. Small 
fragments were removed using intra operative percutaneous 
caliceal irrigation. Extra puncture was performed if required.

Intra operatively, stone clearance was confirmed by 
nephroscope and fluoroscopy after the procedure. Double J 
stent was placed after complete removal of stone. Ureteric 
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catheter was left in situ  and fixed with per urethral 
catheter for those who need staged procedures. Nephrostomy 
tube (18–22-Fr) was placed after the procedures. Number 
of  the nephrostomy tube was decided per operatively 
depending on the number of the access tracts and size of 
dilation needed. In multi tract cases, nephrostomy tubes 
were left in the tract if it was anticipated the tract would be 
used for a future procedure.

Stone free rate was defined as complete clearance or 
having insignificant residual (<4 mm) after the PCNL 
and evaluated by NCCT scan in the postoperative period. 
Perioperative complications like fever, septicaemia, hydro/
pneumothorax, severity of bleeding were evaluated for each 
patient and results tabulated. First follow-up at 2 weeks and 
thereafter follow-up was done at 3 months when EC renal 
scan was also performed.

2. Statistical tools employed
The statistical analysis was done using IBM SPSS 

Statistics ver. 21.0 sof tware (IBM Co., Armonk, NY, 
USA). The values were represented in number (%) and 
mean±standard deviation. Wilcoxon signed rank test 
was used to calculate change in serum creatinine, GFR 
and split function in the preoperative and postoperative 
period. Student t-test and chi-square tests were applied for 
calculations of mean changes between groups. A p-value less 
than 0.05 was considered significant.

RESULTS

1. Study population
A total of 132 patients were enrolled in this study. Out 

of 132 patients 8 patients excluded from study due to non-
functioning of kidney in renal scan and 12 patients were 
lost to follow-up. In final analysis we included 110 patients. 
Out of 110 patients enrolled in the study, single puncture 
was required in 60 patients (54.5%) which were classified 
as Group I while rest of the 50 patients (45.5%) in whom 2 
or more than 2 punctures were required were classified as 
Group II. Out of 110 patients right side calculi were in 61 
patients (55.5%) while rest 49 patients (44.5%) were left sided.

2. Demographic variables
Overall mean age of study population was 34.65±13.23 

years. Among patients of  Group I, 50.0% were male and 
50.0% were female while among patients of Group II, 74.0% 
were male and only 26.0% were female.

3. Radiological stone characteristics
In Group I, most common site of stones was right side 

(68.3%) followed by left side (31.7%) while among patients of 
Group II, most common site was left side (60.0%) followed 
by right side (40.0%). Locations of stones in kidneys are also 
shown in Table 1.

Proportion of patients having single stone was statistically 

Table 1. Demographic profile

Variable Group 1 (single puncture) Group 2 (multiple puncture) p-value
Number of patients 60 50 -
Age (y) 34.65±13.23 35.78±12.43 0.828
Sex 0.650
   Male 30 (50.0) 37 (74.0)
   Female 30 (50.0) 13 (26.0)
Body mass index (kg/m2) 21.60±1.50 21.62±1.51 0.945
Stone surface area (mm2) 78.35±188.25 643.00±296.77 0.012
Side of stones -
   Right 41 20
   Left 19 30
Location of stones -
   Pelvis 52 48
   Upper calyx 16 26
   Middle calyx   3 18
   Inferior calyx 12 27
Hydronephrosis 0.546
   Mild 25 (41.7) 16 (32.0)
   Moderate 22 (36.7) 20 (40.0)
   Severe 13 (21.7) 14 (28.0)

Values are presented as number only, mean±standard deviation, or number (%).
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significantly higher in Group I as compared to Group II 
having single stone (65.0% vs. 24.0%), rest of the patients of 
both the groups had multiple stones. Difference in severity of 
hydronephrosis of patients of Group I and Group II was not 
found to be statistically significant (p=0.546).

Overall stone surface area was 498.65±276.22 mm2. Stone 
surface area was significantly high in Group II patients 
(643.00±296.77) as compared to Group I (378.35±188.25).

Urine culture of majority of patients (n=96, 87.3%) was 
sterile.

4. Operative findings
Out of  110 patients enrolled in the study, the total 

number of  punctures was 170. Out of  the total no. Of 
punctures 141 were supra-costal puncture and 29 were infra-
costal puncture. The total number of single puncture was 
60, double puncture were 40 and triple puncture were in 10 
patients. None of patient had 4 or more than 4 punctures.

Number of  punctures in all the patients of  Group I 
was one while in Group II ranged from 2–3 punctures. 
Proportion of patients with multiple stone was significantly 
higher in Group II (76.0%) as compared to Group I (35.0%).

Requirement of  relook PCNL, requirement of  blood 
transfusion and mean duration of removal of nephrostomy 
were all significantly higher in patients of  Group II as 
compared to Group I (Table 2). According to modified 
Clavien Dindo Classification overall grade 2 complications 
was more common than grade 1 (30.0% vs. 28.2%), but fever 
was most common (24.54%) followed by blood transfusion 

(21.8%). None of the patients had grade 4/5 complications.
Mean postoperative serum creatinine of  patients of 

Group II (1.24±0.44 mg/dL) was found to be higher than that 
of Group I (1.09±0.39 mg/dL) but difference in postoperative 
mean serum creatinine levels of patients of Group I and 
Group II was not found to be statistically significant (Table 
3).

Out of  110 patients enrolled in the study, mean post-
operative split renal function (in Tc99m EC scans) of 
patients of Group I (40.93±19.62%) was found to be higher 
than that of Group II (32.82±16.98%) and this difference was 
found to be statistically significant.

Both mean preoperative and postoperative GFR of 
patients of  Group I was found to be higher than that 
of  Group II but difference in both was not statistically 
significant (Table 3).

On comparing changes in split renal functions among 
patients of Group I (1.25±1.41%) and Group II (3.22±1.15%), 
change was found to be significantly higher in Group II as 
compared to Group I. Overall change in split renal functions 
was 2.15±1.63 units (5.6%), which was also significant.

On univariate analysis, we did f ind a statistically 
significant difference in pre- and postoperative MAG3 
renal function when stratification was performed for 
comorbidities such as diabetes mellitus, hypertension and 
other associated factors like guys stone score, degree of 
hydronephrosis and number of punctures which impacted 
renal function as shown in Table 4. A multivariable analysis 
using a logistic regression model was used to determine if 

Table 2. Comparison of operative and postoperative findings between groups

Variable Total (n=110) Group I (n=60) Group II (n=50)
Statistical significance
χ2 p-value

Multiple number of stones 59 21 (35.0) 38 (76.0) 18.436 <0.001
Relook PCNL 22 4 (6.7) 18 (36.0) 14.667 <0.001
Blood transfusion 20 4 (6.7) 16 (32.0) 11.766 0.001
Mean duration of removal of nephrostomy 2.28±0.47 2.05±0.29 2.56±0.50 ‘t’=6.680; 

p<0.001
Grade 1 complications
   Fever 27 14 (23.3) 13 (26.0) 0.105 0.746
   Decrease urine output requiring diuresis 

output required diuretics
4 1 (1.7) 3 (6.0) 1.461 0.227

Grade 2 complications
   Blood transfusions 20 4 (6.7) 16 (32.0) 11.766 0.001
   Febrile UTI 13 8 (13.3) 5 (10.0) 0.291 0.590
Grade 3 complications
   Urine leak >24 hours 4 2 (3.3) 2 (4.0) 0.035 0.852
   Pneumothorax 1 0 1 (2.0) 1.211 0.271

Values are presented as number only, number (%), or mean±standard deviation.
PCNL, percutaneous nephrolithotomy; UTI, urinary tract infection.
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any of the following potential risk factors was associated 
with significant decline in GFR (>15%): age, sex, diabetes, 
hypertension, and number of access tracts (one vs two/three). 
The independent risk factors identified as predictors of a 
deterioration in GFR of >15% from baseline were elevated 
diabetes (coefficient, 3.85; p=0.025), and number of  access 
tracts (coefficient, 2.85; p=0.050)

DISCUSSION

PCNL is an established technique for treatment of renal 
calculi. The 2005 AUA and 2008 EAU guidelines on the 

management of staghorn calculi recommended PCNL as the 
first-line treatment for staghorn calculi, any renal stone that 
exceeds 20 mm in diameter, and lower calyceal stones [2,11].

Multiple or staghorn or complex stones may require 
more than one renal puncture during PCNL which may 
cause more renal parenchymal injury compare to single 
renal puncture. There are various studies done in past on 
this effect and showed divergent results. However most 
of these studies used lab-based parameters including the 
Modification of Diet in Renal Diseases (weight as variable) 
and Cockcroft-Gault equations (race as variable) formula, 
which are commonly used estimates of renal function [12].

Table 3. Comparison of pre- and postoperative serum creatinine, GFR and split renal function

Variable Group 1 (single puncture) Group 2 (multiple puncture) p-value
Serum creatinine
   Preoperative 1.04±0.36 1.12±0.42 0.232
   Postoperative 1.09±0.39 1.24±0.44 0.063
GFR
   Preoperative 34.83±17.21 33.58±17.74 0.708
   Postoperative 32.15±17.35 29.70±18.26 0.473
Split renal function
   Preoperative 42.18±19.08 36.04±16.94 0.080
   Postoperative 40.93±19.62 32.82±16.98 0.024

Values are presented as mean±standard deviation.
GFR, glomerular filtration rate.

Table 4. Univariate analysis of change in GFR (pre- and postoperative) with other variables

Variable No. of patients Preoperative GFR Postoperative GFR Change % change  
Paired t-test

 t p-value
Comorbidities
   Diabetes 9 27.00±14.76 22.11±14.86 -4.89±1.45 -18.1 -10.094 <0.001
   HTN 7 34.43±16.76 30.00±17.32 -4.43±1.90 -12.9 -6.519 0.001
   DM+HTN 2 15.50±2.12 11.50±3.54 -4.00±1.41 -25.8 -4.000 0.156
   No comor 92 35.37±17.61 32.41±17.86 -2.96±1.97 -8.4 -14.422 <0.001
Guy’s stone score
   1 36 32.03±15.28 29.22±15.85 -2.81±1.55 -8.76 -10.889 <0.001
   2 42 39.31±17.70 35.74±17.95 -3.57±1.89 -9.09 -12.253 <0.001
   3 15 26.47±16.94 23.13±16.75 -3.33±2.58 -12.6 -5.000 <0.001
   4 17 33.41±18.92 30.24±19.91 -3.18±2.51 -9.51 -5.226 <0.001
Hydronephrosis
   Mild 41 38.85±14.22 35.88±14.74 -2.98±2.09 -7.66 -9.110 <0.001
   Moderate 42 33.71±17.43 30.10±17.71 -3.62±1.62 -10.7 -14.457 <0.001
   Severe 27 28.15±20.10 25.15±20.36 -3.00±2.34 -10.7 -6.670 <0.001
Number of puncture
   1 60 34.83±17.21 32.15±17.35 -2.68±1.84 -7.7 -11.318 <0.001
   2 40 35.20±17.56 31.40±18.17 -3.80±1.96 -10.8 -12.238 <0.001
   3 10 27.10±17.84 22.90±17.93 -4.20±2.25 -15.5 -5.900 <0.001

Values are presented as number only or mean±standard deviation.
GFR, glomerular filtration rate; HTN, hypertension; DM, diabetes mellitus.
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These lab-based parameters are affected by patient’s age 
sex, race, BMI, and base line renal parameters and alter the 
calculation of eGFR [12].

When patient is planned for PCNL on one side, the 
global creatinine based assessment is confounded by opposite 
normal kidney function. Nuclear renal scan provides a much 
more accurate assessment of  individual renal functions. 
Previous studies used DMSA, DTPA, and MAG3 Tc99m 
renal scans to know the impact of PCNL on renal functions. 
In our study we used Tc99m EC (L, L-ethylenedicysteine) 
scan to know impact on renal functions.

Our study demonstrated that multi access PCNL had a 
trend towards decreasing GFR as the number of puncture 
increases although there was no association between two 
cohorts and serum creatinine levels.

In our study, mean age of patients was 34.65±13.23 years 
which was slight lower compared to studies done by Fayad 
et al. [13], Gorbachinsky et al. [14], Moskovitz et al. [15], where 
reported mean age distribution was 39–53 years. This could 
be due to two third patients in our study were younger age 
group between 16–45 years and 7 patients were less than 15 
years. Age groups in both the groups single versus multiple 
accesses were comparable in our study.

In this study, 67 patients (60.9%) were male while 43 
patients (39.1%) were female. This high incidence of renal 
stones in males (1.5:1) is similar to that reported by Fayad et 
al. [13], and is in accordance to the reported high incidence of 
renal calculi in males [14]. BMI in our study population was 
21.61±1.50, which was comparable in both the groups.

The overall stone surface area was 498.65±276.22 mm2 
and it was slightly higher than study done by Pérez-Fen-
tes et al. [16] in which stone surface area was 356 mm2. 
This difference may be due to more no of  patients with 
multiple renal calculi in our study compare to their study 
(51 vs. 17). The stone surface area was significantly high in 
Group II (multiple accesses) patients compared to Group 
I (643.00±296.77 vs. 378.35±188.25). Patients with multiple 
number of stones were also significantly high in multiple 
accesses group. PCNL tract dilatation in both the groups was 
28-Fr. 

In our study relook PCNL was required for complete 
clearance in 22 of patients (20%) which is comparable to 
study done by Moskovitz et al. [15], they showed 90% stone 
free rate. Study done by Thomas et al. [17] showed stone 
clearance 62% overall and 30%–80% according to Guy’s stone 
score. This is because of more no of patients with staghorn 
calculi in their study compare to our study (29% vs. 15%). 

1. Comparison of pre- and postoperative renal 
functions: Tc99m EC scan
The majority of patients showed decrease in split renal 

functions and decline in GFR after intervention in same 
renal unit. In both the groups significant decline in renal 
functions after intervention was observed. In Group I 
and Group II changes in pre and postoperative split renal 
functions were 1.25% and 3.22%. Furthermore, there was a 
trend toward worsening renal function with an increasing 
number of accesses.

Similar results were noted by Gorbachinsky et al. [14], 
they shown significant 2.28% decrease in renal function 
based on mercaptoacetyltriglycine nuclear renogram results 
after PCNL of the affected kidney in patients with multiple 
accesses. Similar results also noted by Fayad et al. [13], that 
PCNL with multiple tracts carries a risk for adversely 
affecting renal function than single tracts. Chatham et al. 
[18] studied 19 patients with MAG3 renography after PCNL. 
At a median of 22 days after surgery they found 16% had 
a decrease in renal function, 37% had improvement and 
the remainder had no significant alteration. Compare to 
our study this study had only 19 patients and they did post 
PCNL renal scan which is earlier than our study (3 weeks 
vs. 3 months).

Because diabetes is more common in patients with kidney 
stones who develop CKD, it is likely that the coexistence of 
both situations would explain the increased risk of CKD 
in this kidney stone cohort. Ozden et al. [19] have found by 
multivariate analysis that DM was a significant marker for 
subsequent decline in GFR in patients undergoing PCNL. 
This association was also seen in our study.

As the number of punctures increases, there is increase 
in change (decline) in GFR after intervention. Mean change 
(decline) in GFR for single, double and triple were 2.68 mL/
min, 3.80 mL/min, and 4.2 mL/min, respectively. In our study, 
renal function declined after surgery even in those with 
severe hydronephrosis. The drop was less than mild, but still 
significant. This is worth highlighting as urologists often 
debate the merits of  PCNL in terms of  improving renal 
function (i.e., someone presents with a large stone and split 
renal function of 15%–is PCNL or nephrectomy the better 
option?). Based on our data it would suggest that it would 
be unlikely to see an improvement in function and perhaps 
a nephrectomy is the simpler option with a lower overall 
complication rate.

2. Limitation of study
Our study comprised of only 110 patients, with limited 

follow-up period of 3 months at a single center. The other 
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limitation is the lack of  metabolic evaluation and stone 
analysis in our study.

CONCLUSIONS

PCNL used for stone removal can improve renal function 
by eradicating obstruction; however, this procedure may 
itself negatively impact the functions of the targeted kidney. 
Our study showed post PCNL decrease in GFR which 
worsens with an increasing number of accesses. This may 
have significant impact in those with altered renal function 
or those who may require repetitive multi stage procedures. 
As such, attaining additional access during PCNL, especially 
in patients with concomitant renal insufficiency, should be 
considered carefully due to the profound impact on renal 
function and consequent impaired renal function recovery in 
this patient subset. Accurate assessment of this relationship 
may help urologists to guide surgical decisions, especially 
in patients with comorbidities associated with poor renal 
recovery following PCNL.
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Aims: The aim of the sudy was to evaluate potential role of oral captopril, an 
angiotensin-converting enzyme (ACE) inhibitor, and in treatment of infantile 
hemagioma (IH) and report our preliminary results.
Methods: This prospective study included 18 children with IH admitted 
in the department of pediatric surgery with no history of prior treatment of 
any type. Baseline blood pressure (BP), electrocardiogram, two-dimensional 
echocardiography, serum electrolytes, and renal function test (RFT) were noted. 

with gradually increase of dosage up to 2.0 mg/kg 12 h over the period of 10 days 

followed up until 6 months after stopping treatment. During follow-up, response 
to treatment was documented clinically and photographically. Development of any 

Results: Excellent response to captopril was noticed in nine patients 
over 16–18 months. Four patients showed good response. Oral propranolol had to 
be administered alternatively in one patient showing fair response during the initial 
4 months but no response afterward and in four patients showing no response at 
all. One patient developed an allergic reaction to propranolol and was started oral 

next 8–10 months.
Conclusions: ACE inhibitors might have a role, though slow, in the involution of 
IHs. Therefore, these may have the potential to emerge as an alternative treatment 

Angiotensin-converting Enzyme Inhibitors: Can it be a Potential 
Treatment of Infantile Hemangioma

tissue inhibitor of matrix metalloproteinase, increased 
mast cells, increased expression of the endogenous 
angiogenesis inhibitor and interferon b have been 
found to be associated with the involuting phase.[2-5]

Recently, studies have found the increased expression 

Original Article

nfantile hemangiomas (IHs) are the most common 
benign vascular tumor occurring in 5%–10% of 

infants.[1] The exact pathogenesis of IH is still not well 
understood. Increased expression of proliferating cell 
nuclear antigen, vascular endothelial growth factor, 

and insulin like growth factor 2 have been found 
to be associated with the proliferating phase, and 
increased expression of the antiangiogenic factor and 
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Summary
appendicovesical fistula is a rare type of enterovesical 
and a very rare complication of acute appendicitis. 
Herein, we report a case of a 22-year-old man who 
presented with cloudy urine and pneumaturia with a 
prior history of acute appendicitis. Imaging techniques 
including ultrasonography, Ct and cystoscopy were 
performed to diagnose the abnormality. Diagnosis of this 
fistula is challenging and relies on detailed history and 
radiological imaging.

BaCkground
Vesicoenteric fistula is known complication of 
inflammatory bowel disease (diverticulitis, Crohn’s 
disease, ulcerative colitis) and malignancy of colon. 
The fistula between vermiform appendix and 
bladder is rare. It most commonly occurs following 
an earlier attack of acute appendicitis managed 
conservatively.1–3 It is commonly seen in younger 
age group (10–40 years) and male gender.4 Patients 
usually seek delayed attention or neglect early 
symptoms which lead to abscess formation and 
over time formation of appendicovesical fistula 
(AVF). A small fistula will present with intermit-
tent symptoms like pneumaturia and or recurrent 
Urinary Tract Infections (UTI) or cloudy urine.5 For 
this reason delay in diagnosis is usually the norm. 
We are presenting a rare case of large appendicular 
fecalith complicating AVF. 

CaSe preSenTaTion
A 22-year-old man presented with occasional 
cloudy urine and passage of air bubbles in urine 
for last 12 months. He had a history of acute right 
iliac fossa pain 14 months ago which was managed 

conservatively. Physical examination was within 
normal limits. Urine examination revealed elevated 
white cell count and urine culture was positive for 
Escherichia coli. His Total Leucocyte Count (TLC) 
was 14 200/mm3.

inveSTigaTionS
Ultrasound abdomen showed right perives-
ical hypoechoic polypoidal lesion (size-4×2 cm) 
abutting or invading the base and right lateral wall 
of the urinary bladder (figure 1). There was thick-
ening of the urinary bladder wall. Contrast-en-
hanced CT scan showed contrast filling appendix 
tracking inferiorly towards the right side of pelvis 
measuring 4 cm with heterogeneous air filled collec-
tion at the right perivesical region. Surrounding fat 
stranding was also present (figure 1). The patient 
was then referred to urology department by 
the concerned surgeon. A decision was taken to 
perform cystoscopy which showed the presence of 
bullous oedema and debris in the bladder with bilat-
eral ureterovesical junction showing clear efflux of 
urine. A small opening was seen in the right lateral 
wall of the bladder through which a 0.038 guide 
wire and 6 Fr ureteric catheter could be passed for 
some distance as shown (figure 1). A diagnosis of 
AVF was made.

differenTial diagnoSiS
AVF, rectovesical fistula, prostatorectal fistula, 
fistula due to inflammatory bowel disease.

TreaTmenT
After proper consent and counselling, a surgical 
exploration was planned. A midline exploratory 
infraumbilical incision was made. There was no 
adhesion of bowel or omentum in the pelvis.

An appendix was pelvic in location and tip was 
adhered to the base of the urinary bladder. On palpa-
tion, a stony hard fecalith was palpable in the tip of 
the appendix which was removed. An appendix was 
dissected and appendectomy is done. A small fistu-
lous opening was also seen in the bladder which 
was repaired. Omental interposition was done and 
secured with suture fixation (figure 2). A pelvic 
drain was placed and per-urethral catheter left in 
situ. Postoperative period was uneventful.

Per-urethral catheter was removed on postopera-
tive day 7 and drain was removed on day 8.

ouTCome and follow-up
At 3-month follow-up, the patient is doing well and 
completely asymptomatic.

figure 1 (A–C) Ultrasound abdomen showed right 
perivesical hypoechoic polypoidal lesion (size-4×2 cm) 
abutting or invading base and right lateral wall of the 
urinary bladder (A). CT scan showed heterogeneous 
air filled collection at right perivesical region with 
surrounding fat stranding (marked by arrows) (B). 
Cystoscopy image showing bullous oedema in bladder 
(C).
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unusual presentation of more common disease/injury

diSCuSSion
Enterovesical fistula may be caused due to benign inflamma-
tory or malignant conditions of the alimentary tract. AVF is a 
rare kind of enterovesical fistula resulting as a complication of 
the benign or malignant appendicular condition.

The pathogenesis starts at the episode of acute appendi-
citis and consequent abscess formation. This happens more 
commonly if conservative antibiotic therapy was started rather 
than surgical removal of the appendix. The abscess leads to 
further inflammation of nearby bladder wall ultimately leading 
to fistula formation.

The symptoms of AVF usually manifest later following an 
acute attack of appendicitis. Early presentation includes pneu-
maturia, recurrent UTI, fecaluria, cloudy urine and occasionally 
haematuria. Gastrointestinal symptoms range from mild cramps 
to severe abdominal pain and diarrhoea. Hypokalaemic hyper-
chloraemic metabolic acidosis can be one of AVF presentations.6

Diagnosing AVF fistula is quite challenging. Often patients do 
not give a proper history of acute appendicitis or the picture is 
not clear. Initial evaluation with ultrasound may show features 
of bladder wall thickening. CT scan has good sensitivity to detect 
inflamed appendix and fistula details. CT has newly been advo-
cated for documentation of AVF.7 The various findings include 
the presence of gas in the bladder in particular patients without 
recent transurethral instrumentation, focal bladder-wall thick-
ening, thickening of the adjacent bowel wall and an extraluminal 
mass that often contained air.8

Cystoscopy is very informative before taking a patient for 
operation. Cystoscopy is able to diagnose AVF in 40% of the 
cases.9 CT cystography has been introduced as the most accurate 
diagnostic test.8 In our case, CT scan revealed features suggestive 
of AVF and cystoscopy helped in making the diagnosis.

Management of this condition includes exploratory lapa-
rotomy with appendicectomy and closure of fistula site inter-
position flap. Now, with advent of minimal invasive options, 
laparoscopic management has also evolved.10

learning points

 ► Clinician should keep in mind a strong suspicion of 
appendicovesical fistula (AVF) in a young patient presenting 
with pneumaturia, cloudy urine with a history suggestive of 
acute appendicitis in past.

 ► Contrast-enhanced CT scan should be considered as a 
diagnostic modality of choice for AVF.

 ► Appendicectomy and repair of bladder fistula with 
interposition flap should be a primary goal in management.

Contributors sa: concept, design, supervision, processing, writing manuscript and 
critical analysis. as: concept, design, supervision, processing, writing manuscript. aa: 
concept, critical analysis. ss: writing manuscript, critical analysis.

funding the authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

patient consent obtained.

provenance and peer review Not commissioned; externally peer reviewed.

RefeRences
 1 albrecht K, schumann r, peitgen K, et al. Laparoscopic therapy of appendicovesical 

fistula - two case reports. Zentralbl Chir 2004;129:396–8.
 2 rainauli Z, Mekokishvili L, de petriconi r. 15-year history of spontaneous appendico-

vesical fistula (case report). Georgian Med News 2012;205:7–11.
 3 steinberg r, Freud e, Dinari G, et al. appendicovesical fistula in a child with Crohn’s 

disease: a unique case. J Pediatr Gastroenterol Nutr 1999;29:99–100.
 4 Forbes ka, rose rj. appendicovesical fistula. Ann Surg 1964;160:801–5.
 5 Ikeda I, Miura t, Kondo I. Case of vesico-appendiceal fistula secondary to mucinous 

adenocarcinoma of the appendix. J Urol 1995;153:1220–1.
 6 Naik rB, Mathias CJ, Malik N, et al. Hypokalaemic hyperchloraemic metabolic acidosis 

and vesical stone complicating appendicovesical fistulae. Br J Urol 1980;52:274–9.
 7 Narumi Y, sato t, Kuriyama K, et al. Computed tomographic diagnosis of enterovesical 

fistulae: barium evacuation method. Gastrointest Radiol 1988;13:233–6.
 8 Goldman sM, Fishman eK, Gatewood oM, et al. Ct in the diagnosis of enterovesical 

fistulae. AJR Am J Roentgenol 1985;144:1229–33.
 9 Gross M, peng B. appendico-vesical fistula. J Urol 1969;102:697–8.
 10 Lee JW, ahn JH, Ha HK. Vesico-appendiceal fistula misdiagnosed as meckel’s 

diverticulum: a laparoscopic approach. World J Mens Health 2012;30:195–7.

figure 2 (A–E) Intraoperative photograph showing appendix (marked 
by black arrow) (A). Dissection of appendix (B). Impacted fecalith (C). 
Omental interposition (D). Specimen showing removed appendix and 
fecalith (E).
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Background: Roux-en-Y hepaticojejunostomy has been a gold standard to 
establish biliary-enteric anastomosis for various surgical indications, but associated 
with variable incidences of cholangitis. This experimental study was conducted to 

Materials and Methods: For experimental study, the required fresh segment of 
Lamb’s small intestine was procured. Three sets of Roux-en-Y anastomosis were 
created for each experiment. In set 1, there was simple Roux-en-Y anastomosis. 

hepatic and duodenal limbs was created. In set 3, in addition to Roux-en-Y with 

upper two-third and lower one-third of the hepatic limb. Saline mixed contrast was 
infused by infusion pump to raise the intraluminal pressure to more than 10 cm of 
H

2
O. X-ray was taken at that time.

Results:

Conclusion: This experimental study suggests that the provision of spur and 

biliary-enteric anastomosis.

anastomosis

Ajay Kumar Verma, Om Prakash Purbey, Shiv Narain Kureel, Archika Gupta, Anand Pandey, Kanoujia Sunil, 
Digamber Chaubey

cholangitis, less subsequent decreased drainage, and 
long-term incidence of biliary cirrhosis.  Despite 
the widespread established safety of Roux-en-Y 
anastomosis, there have been reports of cholangitis,
leading to morbidity in the form of hospitalization.

Original Article

or extrahepatic biliary tree pathologies, such 
as biliary atresia, choledochal cyst, and biliary 

stricture, biliary-enteric anastomosis like Roux-en-Y 
hepaticojejunostomy  has been a gold standard. It 
is believed to be associated with minimal incidence 
of cholangitis and thus preventing long-term biliary 
cirrhosis and other complications.

Other alternatives of establishing biliary-enteric 
continuity in the form of jejunal interposition or 
hepaticoduodenostomy have not gained widespread 
acceptance because of very high incidence of ascending 
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Are there any factors affecting the outcome of 
endoscopic sclerotherapy in filarial chyluria? A 
prospective study

Bimalesh Purkait, Apul Goel*, Yogesh Garg, Shriya Pant, Bhupendra Pal Singh, 
Satya Narayan Sankhwar
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*E‑mail: drapul.goel@gmail.com

INTRODUCTION

Filarial chyluria (FC) is not an uncommon 
problem in tropical countries. Chyluria is 
clinically classified into Grade I (milky white 
urine), Grade II (whitish clots or episodes of clot 
retention), and Grade III (hematochyluria).[1] The 
initial management includes dietary modification 
with medical treatment. Medical therapy has a 
success rate of about 50%–65%.[2-5] Patients who fail 

or do not respond to conservative medical treatment are 
managed by endoscopic sclerotherapy. Instillation therapy 
has variable success rates ranging between 65% and 
80%.[1,6,7] Commonly used agents for sclerotherapy include 
povidone-iodine (0.1%–0.3%) and silver nitrate (1%) 
as these agents have more successful outcomes with 
fewer complications.[1,7] Patients who do not respond to 
instillation therapy may choose to undergo either repeat 
instillation or pyelolymphatic disconnection surgery. 
However, instillation therapy remains the mainstay 

ABSTRACT
Introduction: Filarial chyluria is a frequent problem in India. While endoscopic therapy is the mainstay of treatment, 
it is not always successful. We aimed to determine parameters that affect outcomes of endoscopic sclerotherapy for 
filarial chyluria (FC).
Methods: Prospectively maintained data of FC patients who received endoscopic sclerotherapy between June 2011 and 
March 2015 were analyzed. Sclerotherapy included either povidone-iodine (0.1%) or silver nitrate (1%). The parameters 
recorded included clinical evaluation, urinary triglyceride (TG)/cholesterol, sclerotherapy treatment, and follow-up.
Results: One hundred and fifty‑seven patients (male: female, 104:53) with a mean age (± standard deviation [SD]) 
41.12 ± 13.68 years underwent endoscopic sclerotherapy. Grade II (68.88%) chyluria was a most common presentation 
followed by Grade III (25.69%). One hundred and forty-four patients responded whereas six patients failed to respond; 
another seven were lost to follow up, and twenty patients had recurrence. Overall success rate was 86.11%. Baseline 
urinary TG (mean ± SD) between success and recurrence group was 195.51 ± 164.73 mg/dl and 652.65 ± 62.55 mg/dl 
and cholesterol (mean ± SD) was 16.99 ± 10.08 mg/dl and 89.07 ± 39.87 mg/dl, respectively. Patient with urinary 
TGs >300 mg/dl and urinary cholesterol >30 mg/dl had 3.2 and 1.3 times higher chance to have recurrence after 
endoscopic sclerotherapy, respectively. Choice of sclerosing agent (silver nitrate 1% versus povidone-iodine 0.1%) had 
no difference in success rate, but silver nitrate had slightly higher complications rate (25% vs. 20%). A higher number of 
instillations (>3) was associated with better success rate. Majority of the complications were either Clavien Grade 1 or 2.
Conclusions: The factors predicting recurrence were higher clinical grade, higher number of pretreatment courses, and 
high urinary TG and cholesterol.
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of management for this disease with pyelolymphatic 
dissection being an uncommon surgery.

To the best of our knowledge, predictors for success or 
failure to instillation therapy have not been investigated. 
This information would be useful as this would help us in 
understanding the pathophysiological basis of endoscopic 
therapy and also in planning therapy. Previously, we 
reported factors that predict successful medical therapy in 
patients with chyluria.[3] In the present study, we determined 
different parameters that affect outcomes of endoscopic 
sclerotherapy for FC.

METHODS 

After Institutional Ethical Board clearance, we prospectively 
collected data of FC patients who were subjected to 
endoscopic sclerotherapy for the first time between June 
2011 and March 2015. Chyluria was diagnosed by the 
presence of chyle and/or triglycerides (TGs) (>10 mg/dl) in 
urine sample, and filarial etiology was confirmed using blood 
immunochromatography test which has good sensitivity and 
specificity (Binax‑Alere, USA) and IgG/IgM Combo Rapid 
Test.[8] Patients were excluded if they did not give consent 
for inclusion, milky urine not because of chyluria, non-FC, 
patients found to have urinary tract or any other malignancy, 
pregnancy, known medical renal disease/compromised renal 
function (serum creatinine >1.5 mg/dl), uncontrolled diabetes, 
tuberculosis, and history of contrast allergy. Furthermore, 
patients in whom the therapy had to be stopped before 
completion of sclerotherapy treatment due to complications 
or had received endoscopic sclerotherapy before were 
excluded from the study. The indications for instillation 
therapy included patients who failed multiple courses 
of antifilarial treatment (diethylcarbamazine ‑ 6 mg/kg 
into three divided doses for 3 weeks with doxycycline 
100 mg twice for 4 weeks and single dose of albendazole 
400 mg + ivermectin 200 µg/kg), nonresponders to medical 
therapy, and patients with chylous clots giving rise to 
difficulty in voiding or clot retention with or without 
hematochyluria.

The parameters recorded included history (such as total disease 
duration and details of past medication), clinical examination, 
serum albumin, urinary TG/cholesterol (enzymatic kit 
method), details of sclerotherapy treatment (sclerosing 
agent, dose, duration, complications, response to therapy, 
and time of recurrence), and follow-up.[8,9] All included 
patients completed at least 1-year of follow-up.

Sclerotherapy instillation was done under local anesthesia 
combined with sedation.[6] The ureteric catheter was placed 
under fluoroscopic guidance to ensure proper placement. 
We routinely instilled the first dose of sclerosing agent 
at the time of ureteric catheterization except when there 
was gross hematuria or patients were having discomfort 

or flank pain. The sclerosing solution used was either 
povidone-iodine (0.1%) or silver nitrate (1%) depending on 
the choice of the surgeon. Silver nitrate powder (2 g) was 
dissolved in 200 ml of water in a glass bottle to prepare 1% 
concentration. The bottle was wrapped in a black paper to 
avoid exposure to light, kept in a dark room, and sterilized 
by autoclaving. To prepare 0.1% povidone-iodine, we used 
10% (w/v) povidone-iodine in distilled water with 1:100 
dilutions. Freshly prepared drug was instilled 8 hourly, and 
the instilled volume was determined at the time of ureteric 
catheterization.[6] The contrast agent (urografin - 76%, 
Schering Pharma, Germany) was instilled to completely 
fill the pelvicalyceal system without overdistension under 
fluoroscopy guidance. The amount of contrast agent instilled 
to fill the pelvicalyceal system completely was defined as 
instillation volume. The patients received either three, six, or 
nine doses. This decision for the number of doses was based 
on gross clearance of chylous urine and was also based on 
the patient’s tolerance and/or complications. The decision to 
continue another three doses was taken in the morning, and 
if the urine was milky, then another three doses were given. 
This flexible protocol was followed to reduce the risk of 
complications from extra doses after the urine became clear.

Responders to therapy were defined as those patients where 
the urine became clear on gross examination at the end of 
instillations. Recurrence was defined as relapse of gross 
chyluria after an initial response. Success was defined when 
the patients did not have any episode of gross chyluria with 
minimum 12-months follow-up or at last follow-up. All 
patients were advised fat-restricted diet in the postinstillation 
period and were asked to avoid further exposure to mosquito 
bite.[3] Follow-up was done at 2 weeks, 3 months, 9 months, 
and thereafter if needed or if the patient developed 
recurrence. At each follow-up visit, patients were enquired 
about episodes of milky urine, and urine examination was 
done for evidence of chyle or TGs. Dietary compliance was 
checked at each visit. Telephonic interview was obtained if 
the patient failed to attend the clinic.

Statistical analysis
The data were analyzed using  SPSS (SPSS version 16.0, 
SPSS Inc., Chicago, Illinois, USA). Continuous variables 
were analyzed by independent t-test and discrete variable 
are analyzed by Chi-square test. P < 0.5 was considered 
statistically significant. The odds ratio to determine the cutoff 
values of urinary TGs and urinary cholesterol (using mean 
values) to differentiate between patients who responded to 
treatment versus those who experienced recurrence was 
calculated. Factors found significant (P < 0.05) on univariate 
analysis were subjected to multivariate analysis.

RESULTS 

One hundred and fifty‑seven patients fulfilled the inclusion 
criteria. Ninety-nine patients received povidone-iodine 
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whereas 58 received silver nitrate instillation. One hundred 
and forty-four (144; 96%) patients responded to instillation 
therapy whereas 6 (4%) failed to respond (nonresponders). 
These six patients (four men) had a mean age of 38.65 years. 
Of these, five patients had Grade III chyluria at presentation 
whereas three patients had a recurrence after previous 
medical therapy with baseline high mean urinary TG 
level (673.16 ± 65.23 mg/dL). They were subsequently 
managed by either repeat renal pelvic instillation 
therapy (RPIS) within 6 weeks with a different sclerosing 
agent (three patients) or underwent pyelolymphatic 
disconnection (three patients). Nonresponding patients 
having persistent high-grade chyluria after initial RPIS 
opted for surgical disconnection. No patient in this group 
recurred after pyelolymphatic disconnection surgery after 
an average follow-up of 15.4 months. Another seven patients 
were lost to follow-up. These 13 patients were excluded 
from further analysis.

The success rate was 86.11% with the average follow-up 
being 21 months (range: 12–31). Twenty patients 
experienced recurrence of chyluria at a mean follow-up 
period of 21 months (range: 12–27). Patients with higher 
clinical grade, higher number of pretreatment drug 
courses (mean ± standard deviation, 2.32 ± 1.4), and 
high urinary TG and cholesterol had poor outcome to 
sclerotherapy. The serum albumin levels and absolute 
eosinophil counts were not significantly different between 
success and recurrence groups. Demographic, historical, 
biochemical, and operative data are shown in Table 1. If 
the patient consented, recurrence was managed with either 
second session of RPIS or laparoscopic chylolymphatic 
disconnection. The difference in the clinical and 
biochemical parameters between successful group and 
recurrence group is shown in Table 1. Multivariate logistic 
regression analysis (success versus recurrence) with factors 
affecting outcomes of endoscopic sclerotherapy is shown in 
Table 2. On calculating the odds ratio to predict the chances 
of recurrence, it was found that patients with urinary 
TGs >300 mg/dl and urinary cholesterol > 30 mg/dl had 3.2 
and 1.3 times higher chance to develop recurrence following 
endoscopic sclerotherapy (confidence interval - 95%, 
P < 0.04).

The complications in silver nitrate and povidone-iodine 
groups are depicted in Table 3. Thirteen patients (13/52, 25%) 
in the silver nitrate group and 18 patients (18/92, 20%) in 
the povidone-iodine group had various complications. 
According to modified Clavien‑Dindo grading system, the 
complications seen were a transient postoperative fever in 
nine cases (Grade I), hematuria managed with hydration 
in four cases (Grade I), and flank pain in 13 cases (Grade I). 
These were managed with oral and intravenous analgesic. 
Infectious complication was seen in 5 patients. Four 
patients developed acute pyelonephritis (Grade II) which 
was managed with intravenous antibiotics. One patient 

needed Intensive Care Unit care for sepsis due to acute 
pyelonephritis (Grade III) and was managed conservatively.

DISCUSSION

Chyluria is one of the chronic manifestations of filariasis. 
Lymphatic filariasis is a parasitic disease transmitted by 
mosquito affecting around 120 million people in eighty 
tropical and subtropical countries.[10] About 23 million people 
suffer from filarial disease in India with high endemicity in 
our province, Uttar Pradesh (14.6%).[11] Approximately 2% 
of filariasis patients develop chyluria.[12] About 30%–40% 
of patients do not respond or respond partially to medical 
therapy or recur after the initial response.[3,5,13] Most 
recurrences are treated by repeat course of conservative 
medical treatment.[5] However, some of these patients need 
endoscopic sclerotherapy or chlylolymphatic disconnection.

It is believed that chyluria is a consequence of retroperitoneal 
lymphatic blockage or lymph regurgitation due to infection 
by filarial parasites. This leads to increased pressure within 
the lymphatic channels that rupture within the pelvicalyceal 
system leading to abnormal communication and chyluria.[5,14] 
The rationale for sclerotherapy is that the sclerosing agent 
enters the pyelo-lymphatic fistulae causing chemical 
lymphangitis with resulting inflammation and fibrosis. This 
fibrosis causes obliteration of abnormal communication and 
relief from chyluria.[15]

On univariate analysis, we found that the recurrence was 
higher in certain group of patients. These include patients 
with higher grade at presentation, multiple prior treatments, 
and patients with higher urinary TG and cholesterol 
levels. On multivariate logistic regression analysis, our 
data showed that patients with Grade II/III disease, high 
urinary TG/cholesterol levels at presentation, multiple 
prior conservative treatment courses, and lower number of 
instillation doses (<3) were associated with higher chances 
of recurrence.

The pathophysiological basis of recurrence after 
sclerotherapy has not been investigated and fully understood. 
The possible reasons of recurrence could include either 
inadequate treatment or the disease biology itself. The 
possible causes of inadequate treatment may be slippage of 
ureteric catheter during patients’ mobilization, blockage of 
ureteric catheter (especially with silver nitrate), incomplete 
doses because of persistent or intolerable pain during 
instillation, or due to complications from instillation such 
as hematuria, acute pyelonephritis, or sepsis or dietary 
noncompliance.[16-18] Another reason for poor response could 
be the concentration of the sclerosing agent. To reduce 
the incidence of side effects, the sclerosants are used in a 
very dilute form compromising efficacy.[19,20] We place the 
ureteral catheter under fluoroscopic guidance to ensure that 
the catheter is placed in the middle of renal pelvis. Blind 
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insertion may lead to placement of ureteral catheter into 
the superior calyx or other unfavorable location.

The sclerosing agents cause fibrosis and obliteration 
of chylolymphatic fistulae with resolution of chyluria. 
However, as the retroperitoneal blockage persists some 

patients either fail to respond or develop recurrence. In 
our study, six patients did not respond to sclerotherapy 
even after nine doses of instillation. Recurrence could be 
explained by increase in the degree of obstruction due 
to either fresh bite by infected mosquito or some other 
unknown reasons. Those who recur may have opening up 
of the previously obliterated communication, formation of 
new communications, or leak from some another source 
(like ureter).[21] New lymphatic communication may 
occur both after sclerotherapy as well as after surgical 
disconnection. Traditionally, surgical chylolymphatic 
disconnection has higher success (95%–100%) as well as 
lower recurrence rate than endoscopic sclerotherapy.[22,23]

Nonadherence to dietary restriction may also lead to 
recurrence. In the postinstillation therapy, we advised all 
patients to continue fat-restricted diet and to use cooking oil 
containing medium chain TGs (MCT, <12 carbon atom) fat.[3] 
MCT oil is commercially available and can be started 5 ml 
three times a day (TDS) and can be increased to 15 ml TDS; 

Table 1: Overall clinical, historical, biochemical, and operative data of the entire group and according to response to therapy
Variable Total (n=144), n (%) Success (n=124), n (%) Recurrence (n=20), n (%) P

Gender
Male 98 (68) 86 12 0.452
Female 46 (32) 38 8

Age (years)
Mean±SD 40.12±13.78 39.79±14.75 40.26±15.11 0.782
Range 19‑71 21‑71 19‑68

BMI
Mean±SD 23.70±4.67 23.40±5.30 24.12±4.85 0.562
Range 14.90‑33.70 14.90‑33.70 15.2‑32.43

Current disease duration (months)
Mean±SD 5.72±4.65 5.60±4.90 5.96±5.10 0.542
Range 2‑14 2‑14 3‑13

Urinary triglyceride (mg/dl)
Mean±SD 253.31±98.72 195.51±164.73 652.65±62.55 0.004
Range 24‑2307 24‑576 53‑2307

Urinary cholesterol (mg/dl)
Mean±SD 34.22±12.65 16.99±10.08 89.07±39.87 0.001
Range 2.50‑421.50 2.50‑122.50 6.80‑421.50

Absolute eosinophil counts
Mean±SD 234.76±71.23 235.05±67.97 234.32±83.27 0.472
Range 122‑452 122‑435 134‑452

Serum albumin (g/dl)
Mean±SD 3.76±0.56 3.90±0.78 3.60±0.47 0.357
Range 2.80‑5.20 2.80‑5.20 2.90‑4.80

Silver nitrate (1%) 52 46 6 0.162
Povidone‑iodine (0.1%) 92 78 14
Instillation doses

3 9 2 7 0.04
6 46 36 10
9 89 86 3

Primary 31 (21.52) 29 2 0.01
Recurrent (medically failed) 113 (78.47) 95 18
Clinical grade*

I 15 (10.41) 14 1 0.03
II 92 (63.88) 81 11
III 37 (25.69) 29 8

Previous medical treatment courses (pretreatment course)
Mean±SD 1.68±1.2 1.5±1.2 2.32±1.4 0.001
Range 0‑3 0‑2 0‑3

SD=Standard deviation, BMI=Body mass index,	*=significant

Table 2: Multivariate logistic regression analysis of factors 
affecting the responses to instillation therapy (success vs. 
recurrence)
Variables Beta 

coefficient
OR (95% CI) P

Urine triglyceride −0.127 0.767‑0.845 0.01
Urine cholesterol −0.217 0.675‑0.894 0.006
Grade

I
II −0.782 0.095‑0.0577 0.03
III −0.125 0.073‑0.543 0.01

Previous medical treatment courses −1.215 0.134‑0.430 0.04
Silver nitrate/povidine iodine −0.061 0.230‑0.658 0.76
Doses (<3 vs. >3) −0.541 0.22‑0.324 0.004

OR=Odds ratio, CI=Confidence interval
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however, it is costly. Some authors recommend using coconut 
oil (rich source of MCT), but it is not advisable because it 
contains other fatty acids also.[2] Dietary modification includes 
the use of minimum amount of oil for cooking (preferably 
in nonstick pans), skimmed milk, restrict ghee/butter, and 
avoid adding extra ghee on dal or spreading butter on bread/
roti, restrict sweets, prefer fish and chicken than mutton for 
nonvegetarian, taking regular diet like dal, roti, rice, bread, 
and cornflakes.[2] However, it is difficult to ensure dietary 
compliance in economically poor and rural population. This 
needs further evaluation, as there is no study available for 
dietary restriction versus no restriction affecting the outcome 
after endoscopic sclerotherapy.

We found that there was no difference between silver nitrate 
and povidone‑iodine instillation as per efficacy (84.78% vs. 
88.46%, respectively). Various sclerosing agents are available 
in different concentrations.[24,25] Serious complications of 
instillation therapy may result from the use of higher 
concentration of sclerosing agents or simultaneous bilateral 
instillation. There are reports of higher complications such 
as sepsis, ureteric stricture, or even death following the use 
of 3%–5% silver nitrate.[26] To decrease the complications, 
1% silver nitrate is usually used nowadays. However, it is 
possible that this lower concentration may lead to higher 
chance of recurrence and/or nonresponse to therapy.[27]

There is debate about the ideal number of instillations doses. 
Traditional instillation protocol is 8 hourly for 3 days with total 
nine doses.[7,28] There are some studies show that three doses 
may have similar efficacy to that with nine doses.[29] Sparse data 
also suggest that even single dose may have similar efficacy, but 
these studies have not mentioned the outcomes according to 
grade or severity of disease.[22,30] We tailor the dose according to 
the response and offer three, six, or nine doses. This approach 
reduces the risk of overtreatment and reduces complications. 
However, we noticed that patients who received three doses 
had higher chances of recurrence (2 out of 9) as compared to 
nine doses (86 out of 89), P < 0.04. On multivariate analysis, 
there was a significant difference in response between patients 
receiving <3 versus >3 doses (P = 0.02).

Complications were graded according to modified 
Clavien grading scores. Silver nitrate had slightly higher 

complications rate than povidone-iodine (25% versus 20%, 
P = 0.12). Most of the complications were minor in nature. 
Urine culture must be sterile before instillation therapy to 
avoid infectious complication such as pyelonephritis.

There were some limitations in this study. First, the problem 
for analyzing result in chyluria patient is difficult because 
natural remissions are known. Therefore, it is difficult to 
differentiate between natural remission and cure of the 
disease.[13] Second, it is a general recommendation to tell 
the patients to take precautions such as avoiding further 
mosquito bites. However, this advice may be difficult to 
comply. It may be possible that the medical management/
sclerotherapy was effective, but because of repeated 
exposure, the patient developed recurrence. However, 
documenting this cause as the reason for treatment failure is 
impossible. Hence, it is possible that recurrence of chyluria 
could be either because of treatment failure or possibly 
related to some unidentified factors.

Another problem in the study was the variable sclerosing 
agents used (either povidone-iodine or silver nitrate) and 
variable dosage protocol. The follow-up was also short. 
Chyluria often recurs after many years. A randomized 
control trial involving larger sample size will be required 
to better understand this issue.

There are certain strengths of this study. There are 
no studies with such large number of endoscopic 
sclerotherapy-treatment-naive patients being treated. 
Moreover, predictors for response to endoscopic 
sclerotherapy have never been studied before.

CONCLUSIONS 

Higher clinical grade, higher number of pretreatment courses 
of drug therapy, high urinary TG and cholesterol level, 
predict failure of endoscopic therapy in filarial chyluria.
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INTRODUCTION

Urgent decompression of the urinary collecting system 
is required in patients with obstructive urolithiasis in two 
main scenarios: in presence of urinary tract infections and 
when patient is in anuria. There are two popular methods 

Are there any predictive risk factors for failure 
of ureteric stent in patients with obstructive 
urolithiasis with sepsis?
Siddharth Pandey, Deepanshu Sharma, Satyanarayan Sankhwar, Manmeet Singh, Gaurav Garg, Ajay Aggarwal, 
Ashish Sharma, Samarth Agarwal
Department of Urology, King George’s Medical University, Lucknow, Uttar Pradesh, India

Purpose: To compare patients with sepsis due to obstructive urolithiasis (Sep-OU) and underwent drainage by percutaneous 
nephrostomy (PCN) or a double-J (DJ)-ureteral stent and to identify predictive risk factors of DJ stent failure in these patients.
Materials and Methods: We reviewed our records from January 2013 to July 2018 and identified 286 adult patients with Sep-OU 
out of which 36 had bilateral involvement, thus total 322 renal units were studied. Urologic residents in training carried out both 
ureteral stenting and PCN tube placement. Demographic data and stone characteristics were recorded along with Charlson co-
morbidity index. For predicting risk factors of DJ stent failure, those variables that had a p-value <0.1 in univariate analysis were 
combined in a multinomial regression analysis model.
Results: The patients with PCN placement were significantly older than those with DJ stent placement (p=0.001) and also had sig-
nificant number of units with multiple calculi (p=0.018). PCN was also placed more frequently in those patients with a upper ure-
teric calculi (p<0.05). On multinomial regression analysis multiple calculi (p=0.014; odds ratio [OR], 4.878; 95% confidence interval 
[CI], 1.377–17.276) and larger calculi size (p=0.040; OR, 0.974; 95% CI, 0.950–0.999) were the significant predictors of DJ stent fail-
ure.
Conclusions: In patients with sepsis from obstructive urolithiasis due to larger and multiple calculi a PCN placement might be bet-
ter suited although this data requires further prospective randomized studies to be extrapolated.

Keywords: Percutaneous nephrostomy; Sepsis; Stent; Ureter; Urolithiasis

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted 
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Original Article - Endourology/Urolithiasis

Received: 11 September, 2018  •  Accepted: 1 October, 2018
Corresponding Author: Deepanshu Sharma
Department of Urology, King George’s Medical University, Chowk, Lucknow 226003, Uttar Pradesh, India
TEL: +91-7880607154, FAX: +91-522-2369841, E-mail: drdeepanshu1420@gmail.com
ORCID: https://orcid.org/0000-0002-5775-2997

ⓒ The Korean Urological Association

for doing this, which are either placing a double-J (DJ) 
ureteral stent or a percutaneous nephrostomy (PCN) tube 
[1]. It is still a matter of debate that, which out of the two is 
superior in draining an infected system. Does one method 
has more complications or is there a difference in success 
rates between the two are all questions that do not have 
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a definitive answer [2,3]. The choice of  method to drain 
an obstructed infected system thus usually depends upon 
the urologist’s personal preference, institutional practice, 
familiarity with procedure and person doing the procedure 
(junior/senior resident, radiologist or urologist himself). It 
has been our experience that in certain cases of sepsis due 
to obstructive urolithiasis (Sep-OU) despite the placement 
of  a DJ stent, there is inadequate system drainage and 
persistent features of sepsis and a PCN has to be placed. We 
thus conducted this study to study the pattern of drainage 
of collecting system in patients with Sep-OU and to study 
predictive risk factors of DJ stent failure in such cases. The 
persistence of sepsis due to inadequate system drainage was 
considered as failure of a DJ stent.

MATERIALS AND METHODS

We retrospectively reviewed our prospectively maintained 
database for adult patients (>18 years age) with Sep-OU who 
underwent either DJ stent placement or PCN placement 
from January 2013 to July 2018. The Institutional Ethical 
Committee approved the study protocol (approval number: 
3204/Ethics/R-cell-18). Informed consent was taken from the 
patient.

The definition of sepsis was based on the third inter-
national consensus definitions for sepsis. This defines sepsis 
as a ‘life-threatening dysfunction of organs caused by a dys-
regulated response of the host to infection’. The parameters 
used to assess organ dysfunction include Glasgow coma 
scale, total leucocyte counts, platelet counts, serum creatinine 
and bilirubin [4]. These parameters were recorded within 24 
hours of admission.

Urology senior residents in training usually place both 
DJ stent and PCN at our institute; only in rare cases do the 
consultants carry out these procedures. We thus included 
only those cases that were performed by urology residents. 
As both procedures are regularly done at our department 
familiarity with procedures is not an issue. Although 
urology residents carry out the procedure, the choice of 
procedure is the discretion of the consultant urologist in 
charge. If it is decided to place a DJ stent and attempts to 
place it fail, then PCN is placed. In patients who cannot be 
placed in a lithotomy position PCN is placed. Also in patients 
in whom there are persistent signs of sepsis and the system 
is not drained despite placement of a DJ stent, a PCN is 
placed.

A DJ stent is placed under local anesthesia with a 
20F sheath and 30 degree telescope. The patient is laid in 
lithotomy position. We place a 5F or 6F DJ stent. A 0.035-inch 

guide-wire is first introduced into the collecting system and 
then the DJ stent is introduced over it. This is done under 
fluoroscopic guidance. We routinely place a Foley catheter in 
these patients.

PCN is also placed under local anesthesia with the 
patient in prone position. The puncture is done using 
Accuson X-300 (SIEMENS Healthineers, Erlangen, Germany) 
ultrasound scanner and a guide-wire is introduced into the 
collecting system. A 12F or 14F PCN is then placed over the 
guide-wire under fluoroscopic guidance. Contrast is instilled 
into the system via PCN to confirm its position if there is 
any uncertainty regarding it. 

We recorded the patient age, sex, stone location, size, 
laterality and Charlson comorbidity index (CCI). We also 
identified 20 patients in whom a PCN had to be placed after 
failure of DJ stent. 

The continuous data was presented as median and 
interquartile range and categorical data with percentage. 
Chi-square test was used f or categorical data and 
independent sample t-test for continuous data. For the 
purpose of analyzing risk factors for DJ stent failure we 
combined those variables with p-value <0.1 in a multinomial 
risk adjusted regression analysis to identify significant 
variables. All statistical analysis was done using IBM SPSS 
Statistics ver. 21.0 software (IBM Co., Armonk, NY, USA).

RESULTS

A total of 286 patients were included in the study and 
36 patients (12.6%) had bilateral involvement. The total 
renal units studied were thus 322. The patient and stone 
characteristics are described in Table 1. The most common 
stone location was upper ureteric (36.0%). When compared to 
patients with DJ stent placement the patients with a PCN 
were older (p=0.001) and had a greater stone size (p=0.018). 
PCN was placed more often in patients with a upper 
ureteric calculi. Both groups of patients were comparable in 
terms of sex, multiple calculi, CCI and lower ureteric stone 
location (Table 2).

Out of the 144 patients who had a DJ stent placed for 
Sep-OU, 20 had failure i.e., a PCN had to be placed due 
to non-resolution of sepsis and persistent obstruction. On 
univariate analysis it was found that in patients with DJ 
stent failure the stones were larger (p=0.015) in size and 
multiple (p=0.002). These were the only two significant 
factors. DJ stent failure was more in patients with a renal 
calculus (20%) with an odds ratio (OR) and 95% confidence 
interval (CI) of 2.375 and 0.905–6.233 respectively, but it was 
not statistically significant (p=0.073). On combining factors 
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in a multinomial regression model the two significant 
factors for DJ stent failure were size of calculi (p=0.040; OR, 
0.974; 95% CI, 0.950–0.999) and multiple calculi (p=0.014; OR, 
4.878; 95% CI, 1.377–17.276). Table 3 and 4 summarize the 
results of univariate analysis and multinomial regression 
analysis respectively. 

DISCUSSION

Decompression of urinary tract in presence of Sep-OU is 
an emergency procedure. Usually it has to be done with a DJ 
stent or PCN placement before any definitive management 
for relief of obstruction can be carried out. The choice of 
procedure among the two usually has to be individualized 
in absence of  any clear guidelines demonstrating the 
superiority of one procedure over the other [5-7].

While DJ stenting is usually done by a urologist, PCN 
placement may be done by a urologist or an intervention 
radiologist [8]. In King George’s Medical University 
urologists do both procedures. Usually in teaching institutes 
these procedures are done by urologic residents. In our study 
also we included only those patients who had the DJ stent 
or PCN placed by residents.

There are few studies comparing DJ stent with PCN 
placement in the setting of Sep-OU. Most of these studies are 
observational and retrospective [9-11]. The two prospective 
studies comparing DJ stent with PCN have conflicting 
results. While one study demonstrated clear superiority of 
PCN, the other could not demonstrate the benefits of one 
procedure over the other [3,12].

The choice of procedure thus remains at the clinician’s 
discretion. The perceived advantage of DJ stenting is its 
lesser rate of infection, better patient comfort and its shorter 
procedural time. The disadvantages of DJ stent placement 
include more dysuria, hematuria, urgency, analgesic 
requirement and delay in definitive management. Also 
usually it has to be placed without anesthesia, which may be 
discomforting for the patient [10,12,13].

On the other hand PCN placement presumably provides 

Table 1. Characteristics of patients in the study

Characteristic Value
Total patients 286
Total renal units 322
Right/left 165/157
Double-J stent 144 (44.7) 
Percutaneous nephrostomy 178 (55.3)
Age (y) 40 (28–50)
Sex
   Male 132 (46.2)
   Female 154 (53.8)
Glasgow Comas Scale <15 11 (3.8)
Serum creatinine (mg/dL) 1.6 (1.2–2.1)
Serum bilirubin (mg/dL) 0.8 (0.6–1.2)
Total leucocyte counts (/mm3) 12,200 (8,300–18,600)
Platelet count (103/mm3) 142 (107–160)
Calculi size (mm) 16 (12–32)
Number of calculi 
   Single 202 (62.7)
   Multiple 120 (37.3)
Location of calculi
   Lower ureter 96 (29.8)
   Upper ureter 116 (36.0)
   Kidney 110 (34.2)

Values are presented as number only, number (%), or median (inter-
quartile range).

Table 2. Comparison of patients with DJ stent versus PCN

Characteristic DJ stent (n=144) PCN (n=178) p-value
Age (y) 35 (22–50) 46 (35–55) 0.001 
Sex 0.967
   Male 66 (45.8) 82 (46.1)
   Female 78 (54.2) 96 (53.9)
Charlson co-morbidity index >2 54 (37.5) 86 (48.3) 0.052
Size of calculi 15 (12–28) 18 (12–33) 0.018
Number of calculi 0.240
   Single 88 (61.1) 120 (67.4)
   Multiple 56 (38.9) 58 (32.6)
Location of calculi
   Lower ureter 48 (33.3) 48 (27.0) 0.214
   Upper ureter 36 (25.0) 80 (44.9) 0.001
   Renal 60 (41.7) 50 (28.1) 0.011

Values are presented as median (interquartile range) or number (%).
DJ, double-J; PCN, percutaneous nephrostomy.
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better drainage and may be suitable for patients in whom 
eventual percutaneous management of  the calculi is 
contemplated, but has poorer patient acceptance, requires 
more care (dressings) and has longer hospital stay [3,9,10].

We feel that there is no doubt that PCN provides better 
drainage of an infected system. The question remains that 
whether it is superior to DJ stent in Sep-OU? We found that 
20 out of 144 patients (13.9%) who had a DJ stent placed 
initially had failure, and a PCN had to be placed. To identify 
the subset of patients that could benefit from PCN insertion 
straightaway we carried statistical analysis of  factors 
associated with DJ stent failure and found that PCN would 
be a suitable initial procedure of choice in patients with 
multiple stones and larger stones. Although renal stones 
were not significant predictor of DJ stent failure we feel 
that a PCN would be better if percutaneous management of 
the calculi is planned. Obviously, in patients with a bleeding 
disorder a DJ stent placement would be apt.

The greatest limitation of our study is its retrospective 
nature. Also there is heterogeneity in patient selection as 
individual preferences of a urologist play a role in selection 
of method to drain the obstructed system. On comparing 
patients with PCN and DJ stent there was clearly a trend 
in our patients for PCN to be placed in those with greater 
stone size and older age. Thirdly, the data of this study may 

not apply to the western population as the patients present 
late to us and usually have frank pyonephrosis with thick 
pus in the collecting system that may contribute to DJ stent 
failure.

The strength of our study lies in its simplicity and the 
fact that both procedures were carried out by a same cohort 
(urologic residents). We focused our analysis on three major 
stone characteristics viz. number, location and size. 

CONCLUSIONS

To conclude our study demonstrates that in patients 
with Sep-OU if there are multiple calculi and larger stones 
then probably PCN placement rather than a DJ stent is 
a better alternative. Obviously, a prospective randomized 
study with better power would be required to substantiate 
our results.
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Charlson co-morbidity index >2 48 (38.7) 8 (40.0) 0.803 1.130 (0.430–2.970)
Size of calculi (mm) 14 (12–20) 30 (20–38) 0.015 -
Number of calculi 0.002 4.556 (1.633–12.711)
   Single 82 (66.1) 6 (30.0)
   Multiple 42 (33.9) 14 (70.0)
Location of calculi
   Lower ureter 42 (33.9) 6 (30.0) 0.733 0.837 (0.300–2.335)
   Upper ureter 34 (27.4) 2 (10.0) 0.095 0.294 (0.065–1.336)
   Renal 48 (38.7) 12 (60.0) 0.073 2.375 (0.905–6.233)

Values are presented as median (interquartile range) or number (%).

Table 4. Multinomial regression analysis of risk factors for DJ stent failure

Characteristic p-value Odds ratio (95% confidence interval)
Size of calculi 0.040 0.974 (0.950–0.999)
Multiple calculi 0.014 4.878 (1.377–17.276)
Upper ureteric calculi 0.495 0.550 (0.99–3.066)
Renal calculi 0.517 0.652 (0.179–2.376)
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ABSTRACT
Background:  Adhesive  capsulitis is  a common condition involving glenohumeral  joint. 
Objective : To compare outcome of physical therapy alone and with suprascapular nerve block in adhesive capsulitis shoulder.
Methodology: This  study was performed in a tertiary care teaching institution of North India. Age and sex matched, subjects with periarthritis  
shoulder were enrolled in this study. Subjects were assessed  by ROM parameters, Oxford Shoulder Score (OSS) and Shoulder Pain and Disability 
Index (SPADI) at 3weeks, 6 weeks and 3 months interval.
Results: 80 patients were included with mean age group of 51.28 ± 7.63 yrs and 52.88 ± 7.59 yrs in control and intervention group respectively. 
Outcome measures were ABD, ER, IR, FLX, EXT, OSS and SPADI which improved from 83.10 ± 8.57, 35.38 ± 6.03, 32.00 ± 5.52, 18.10 ± 1.71and 
79.23 ± 2.51 respectively to 126.13 ± 10.65, 63.25 ± 5.83, 63.13 ± 5.37, 36.13 ± 2.03, 45.38 ± 2.94 respectively at 12 weeks of suprascapular nerve 
block. 
Conclusion: Combined approach of SSNB followed by physical therapy accelerates the recovery of idiopathic frozen shoulder. It is effective and 
safe to administer.

KEYWORDS
Adhesive capsulitis, Suprascapular nerve block, Oxford shoulder score, Shoulder pain and disability index.

 INTRODUCTION
Adhesive  capsulitis,  also  known  as  frozen  shoulder,  is  a  common 
condition  involving  glenohumeral  joint pain  and  loss  of  motion.  
This condition was termed ''periarthritis scapulohumerale'' by Duplay 

1in1896. Codman , in 1934, described the diagnosis of frozen shoulder 
as a condition characterized by pain and reduced range of motions in 

2the affected shoulder. Neviaser  in the prearthroscopic era, 
subsequently used the term adhesive capsulitis to describe the findings 
of chronic inflammation and fibrosis of joint capsule, although 
arthroscopic examination support the term fibrotic capsulitis with 
absence of adhesions. It affects approximately 2% to 5% of the general 

5,6population, It most commonly affects women aged between 40 and 
560years. . Patients are classified as having primary or idiopathic 

adhesive capsulitis if no findings on history or examination explain 
the onset of disease. Secondary adhesive capsulitis develops from 
known causes of stiffness and immobility, such as previous shoulder 
trauma or surgery, and may represent an entirely different condition. 
The disease begins in the painful, or ''freezing,'' phase, documented to 
last between 10 and 36 weeks.This is followed by the stiff, or ''frozen,'' 
phase, in which the pain gradually decreases but there continues to be a 
reduction in the range of motion lasting from 4 to 12 months. Finally, 
the recovery, or ''thawing,'' phase involves the gradual spontaneous 
improvement of shoulder mobility and function over the course of 5 to 
26 months.

MATERIAL AND METHODS
80 patients were randomised based on computer generated random 
number of tables coming to or admitted in our department due to 
shoulder pain caused by adhesive capsulitis from September 2014 to 
September 2016. 40 were treated with conventional physical therapy 
while 40 were given additional single dose of suprascapular nerve 
block with Meier technique using 9ml 0f 0.5% bupivacaine and 1ml 
40mg methylprednisolone. Outcome were assessed by Abduction, 
Flexion, Extension, External Rotation, Internal rotation  Shoulder Pain 
And Disability Index(SPADI) and Oxford Shoulder Score (OSS) at 
3weeks and 3months. Patients were having inclusion criteria of age 

group 40 -70 yrs, reporting local shoulder pain, frequently present over 
anteromedial aspect of shoulder extending distally into biceps region 
or over the lateral aspect of shoulder extending into lateral deltoid 
region  of more than 4 weeks and less than 6 months duration and with 
limitation of active and passive range of motion greater than 25% in 
abduction and external rotation and normal X rays on AP and lateral 
views of glenohumeral joints. the exclusion criteria served to eliminate 
subjects with an inappropriate diagnosis of periarthritis shoulder and 
subjects with  inappropriate medical conditions complicating the 
pathology .

Suprascapular nerve block was done by meier procedure in which 
the patient was seated with their head hanging forward; they place their 
hand of the side to be blocked on their contralateral shoulder. The 
scapula is thereby lifted up from the dorsal chest wall, making the spine 
of scapula easy to palpate. The medial and lateral edges of the scapular 
spine were marked and the connecting line between the two points was 
halved. The puncture site was marked about 2 cm cranially and 2 cm 
laterally from this point. After skin preparation, a 21 G × 38 mm needle 
was introduced at the puncture site. The needle was directed in the 
plane of the scapula and advanced  until contact was made with the 
floor of the suprascapular fossa. After attempted aspiration, the agent 
was slowly injected to fill the fascial contents of this fossa to produce 
an indirect suprascapular nerve block. At this point the suprascapular 
nerve gives off branches to supply the glenohumeral joint, the 
acromioclavicular joint, and the supraspinatus muscle.

RESULTS
Total 80 symptomatic patients who were age and sex matched were 
recruited and randomized equally in two groups and treated with 
conventional treatment (Group 1) and conventional treatment along 
with suprascapular nerve block (Group 2). The outcome measures of 
the study were Abduction (ABD), External rotation (ER), Internal 
rotation (IR), Flexion (FLX), Extension (EXT), Oxford shoulder score 
(OSS) and Shoulder pain and disability index (SPADI) score assessed 
at initial visit (Visit 1), 3 weeks (Visit 2) and 3 month (Visit 3) post 
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treatment. The age of Group 1 and Group 2 patients ranged from 38-68 
yrs and 40-69 yrs respectively with mean (± SD) 51.28 ± 7.63 yrs and 
52.88 ± 7.59 yrs respectively, and median 50 yrs and 53 yrs 
respectively. Comparing the mean age of two groups, Student's t test 
showed similar age between the groups (51.28 ± 7.63vs. 52.88± 7.59, 
t=0.94, p=0.350) i.e. did not differ significantly.  Comparing the sex 

2proportions (M/F) of two groups, χ  test showed similar sex 
2proportions between the groups (χ =0.05, p=0.820) i.e. also not 

differed significantly. Comparing the mean abduction within the 
groups  showed significant (p<0.001) increase (improvement) in 
abduction at Visit 2 and Visit 3 as compared to Visit 1 in both groups. It 
is also increased (improved) significantly (p<0.001) at Visit 3 as 
compared to Visit 2 in both groups. At final evaluation, the net mean 
improvement (i.e. mean change from Visit 1 to Visit 3) in abduction of 
Group 2 (34.1%) was found 6.1% higher as compared to Group 1 
(28.0%). Comparing the mean external rotation within the groups, 
showed significant (p<0.001) increase in external rotation at Visit 2 
and Visit 3 as compared to Visit 1 in both groups. Further, in both 
groups, the mean external rotation also increased significantly 
(p<0.001) at Visit 3 as compared to Visit 2.  At final evaluation, the net 
mean improvement (i.e. mean change from Visit 1 to Visit 3) in 
external rotation of Group 2 (44.1%) was found 8.3% higher as 
compared to Group 1 (35.8%).  Comparing the mean internal rotation 
within the groups showed significant (p<0.001) increase in internal 
rotation at Visit 2 and Visit 3 as compared to Visit 1 in both groups. At 
final evaluation, the net mean improvement (i.e. mean change from 
Visit 1 to Visit 3) in internal rotation of Group 2 (49.3%) was found 
11.9% higher as compared to Group 1 (37.4%).  Comparing the mean 
flexion within the groups  showed significant (p<0.001) increase in 
flexion at Visit 2 and Visit 3 as compared to Visit 1 in both groups. 
Further, comparing the mean extension between the groups showed 
insignificant (p>0.05) difference in extension between the groups at all 
periods i.e. did not differed significantly. Comparing the mean OSS 
within the groups showed significant (p<0.001) increase in OSS at 
Visit 2 and Visit 3 as compared to Visit 1 in both groups. However, at 
both Visit 2 and Visit 3, it was significantly (p<0.001) different and 
higher in Group 2 as compared to Group 1. Moreover, at final 
evaluation, the net mean improvement (i.e. mean change from Visit 1 
to Visit 3) in OSS of Group 2 (49.9%) was found 10.1% higher than 
Group 1 (39.8%). Comparing the mean SPADI score within the 
groups, showed significant (p<0.001) decrease in SPADI score at Visit 
2 and Visit 3 as compared to Visit 1 in both groups. However, at both 
Visit 2 and Visit 3, it was significantly (p<0.001) different and lower in 
Group 2 as compared to Group 1. Moreover, at final evaluation, the net 
mean improvement (i.e. mean change from Visit 1 to Visit 3) in SPADI 
score of Group 2 (42.7%) was found 15.5% higher than Group 1 
(27.2%).  

DISCUSSION
Frozen shoulder is a disabling condition that causes restriction of 
motion and pain in shoulder joint. It is a condition of insidious onset 
and its diagnosis is usually based on clinical finding with a painful stiff 
shoulder, inability to use affected arm with restriction of movement 
and loss of full function, pain at night causing sleep disturbance and 
inability to lie on affected side. (Korhan Ozkan et al 2012) The results 
of this study show a clear benefit from the use of suprascapular nerve 
block using bupivacaine and methylprednisolone in patients with 
frozen shoulder. There were statistically and clinically significant 
reduction in pain and disability. This benefit was prolonged, with 

rdbenefit still present at 3  month. The improvement in these parameters  
are better or at least comparable with published studies examining 
NSAIDs or intra-articular steroid injection. There were no significant 
side effects from the injection, and was well tolerated by most of the 
patients (E M Sanhan et al 2003 ) Malik javed Iqbal et al (2012) 
studied 64 patients with frozen shoulder out of which, 27 were males 
and 37 were females. The mean age patients was 65.3 years with range 
of 48 to 85 years. In this study, 80 patients were enrolled. The age of 
patients in group 1 and group 2 ranged from 38-68 years and 40-69 
years respectively with mean (± SD) 51.28 ± 7.63 years and 52.88 ± 
7.59 years respectively, showed that they did not differ significantly. 
The comparisons concluded that the patients of two groups were age 
and sex matched and thus comparable and had not influenced the study 
outcome measures. Considering the functional disability, the most 
important components of the treatment were pain relief and therapeutic 
exercises for early mobilization. After the pain reduction, an effective 
treatment was accomplished by the cooperation and active 
participation of the patient. Muscle guarding because of pain was 
reduced, and stretching was performed up to the available limit of 

motion. Korhan Ozkan et al (2012) included patients with refractory 
frozen shoulder pain having diabetes and previous intra articular 
steroid injection. No such criteria was used in this study. All patients 
having frozen shoulder pain whether or not having diabetes or previous 
intra articular injection were included. EM Sanhan et al (2003) in his 
study has given a single suprascapular nerve block by Dangoisse 
technique while other group received a placebo injection of normal 
saline subcutaneously. In our study, we used Meier technique, with 
indirect suprascapular nerve block, using anatomical landmark. This 
type of approach was easy and decreased the risk of pneumothorax. It 
could be performed by most trained specialists. The low incidence of 
reported side effects was an advantage. Pneumothorax has been 
reported as a complication of this procedure. However, in this study we 
had no such event. Our findings in this trial confirmed that the approach 
of Meier is safer than previous methods. Our safety record is consistent 
with that of other recent studies using this method. David S Jones et al 
(1999) compared results of single suprascapular nerve block with 
multiple intra articular steroid injections while in this study results of 
suprascapular nerve block were compared with physical, heat and drug 
therapy. Korhan Ozkan et al (2012) used a mixture of 40mg 
methylprednisoloneacetate and 5ml 1% lidocaine. In this study we 
used 10 ml volume with 9ml 0.5% bupivacaine and 1ml of 40mg 
methylprednisolone acetate. Malik javed Iqbal et al (2010) 
concluded that SPADI, the mean baseline total, subscale pain and 
disability scores were 70.9±6.8, 72.3±6.9 and 69.5±8.5 respectively 
which improved to 24.6 ±5.6, 22.3±5.3 and 27.5±6.6 respectively at 4 
week of suprascapular nerve block of the affected shoulder with p 
value of 0.000 each. Abhay kumar et al (2012) in their study of 40 
patients has used SPADI, VAS and ROM as parameters for 
comparision of results of Maitland techniques with Codman's 
exercises in one group and Codman's exercises alone in other group. 
Their study has showed significant improvement in all these 
parameters in former group as compared to later. In this study, we have 
used Oxford Shoulder Score and SPADI as scales for comparison. 
Comparing the mean OSS within the groups showed significant 
(p<0.001) increase in OSS at Visit 2 and Visit 3 as compared to Visit 1 
in both groups. However, at both Visit 2 and Visit 3, it was significantly 
(p<0.001) different and 10.1% higher in Group 2 as compared to 
Group 1. However, at both Visit 2 and Visit 3, it was significantly 
(p<0.001) different and 15.5% lower in Group 2 as compared to Group 
1. Dahan TH et al (2000) in their double blind randomised control trial 
of 34 patients with frozen shoulder showed 64% reduction in pain after 
3 consecutive suprascapular blocks at 1 week interval but no 
improvement in shoulder ROM. In this study, there were significant 
reduction  of pain as well as 6.1%, 8.3% and 11.9% improvement in 
Abduction, ER and IR respectively. 

CONCLUSION
Combined approach of SSNB followed by Codman's exercises and 
home exercises proved to accelerate the recovery of idiopathic frozen 
shoulder. This combined approach is effective and safe to be 
administered in outpatient clinics by a well-trained physician, offering 
clear advantages (ease of application, low cost, rare side effects) and 
considering that the top priority of a pain control program is restoration 
of function to perform usual ADL. It may prove to be a useful treatment 
for patients who are unfit or unwilling to consider manipulation under 
anaesthesia. It provides an alternative treatment or additional approach 
to oral drug or intra articular injections. Further, there are economic 
benefits as patients are able to return to work sooner without the need 
for hospitalization or spending time in physical therapy sessions. 
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Assessment of quality of life in patients of urethral stricture 
on clean intermittent catheterization following direct vision 
internal urethrotomy

Ankur Jhanwar, Ashok Kumar Sokhal, Kawaljit Singh, Satyanarayan Sankhwar, Durgesh Kumar Saini
Department of Urology, King George’s Medical University, Lucknow, Uttar Pradesh, India

Context: Clean intermittent catheterization (CIC) after direct vision internal urethrotomy (DVIU)
Aims: The aim is to assess the quality of life (QOL) in patients with urethral strictures on CIC following DVIU.
Settings and Design: Prospective study.
Materials and Methods: This prospective study was conducted between August 2013 and July 2015 in 
the Department of Urology at KGMU, Lucknow. We included patients above the age of 18 years with 
stricture urethra, who were on CIC following direct visual internal urethrotomy. Patients below the age of 
18 years, noncompliance, concomitant neurogenic voiding dysfunction, multiple strictures, pan anterior 
strictures, and posterior stenosis were excluded from the study. A 16 French Foley catheter was used for 
CIC following DVIU. Patients were evaluated at follow-up visit at 3, 6, and 12 months. At each follow-up 
visits, patients were assessed using CIC-QOL questionnaire, maximum urine flow rate and complications 
related to CIC if any.
Statistical Analysis Used: Unpaired t-test was used to compare continuous data, and Fisher’s exact test 
was used to analyze categorical data.
Results: Among total 144 male patients evaluated, we included 97 patients, who underwent DVIU. Mean 
age of the study population was 37.7 ± 14.03 years. Most urethral strictures were idiopathic (64.02%) 
followed by postinflammatory (24.25%). A significant number of patients reported difficulty in performing 
CIC, which hampered daily activities. No major procedure related complications were reported. Patients 
who were compliant to CIC reported no stricture recurrence till 6 months follow-up.
Conclusions: CIC following DVIU remains a reasonable adjunctive option. All the parameters of CIC-QOL 
questionnaire had improved on continuing CIC. Young men on CIC had greater impairment of QOL when 
compared to aged patients.

Keywords: Clean intermittent catheterization, direct vision internal urethrotomy, quality of life, urethral 
strictures
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INTRODUCTION

Urethral stricture is a common urological ailment and one 
of  the oldest diseases known to humankind. Three most 
commonly performed procedures for the management 
of  urethral strictures are urethral dilatation, optical 
urethrotomies, and urethroplasty. The treatment for 
urethral strictures has greatly changed after the introduction 
of  minimally invasive procedures like direct vision internal 
urethrotomy (DVIU), described by Sachse.[1] DVIU is 
now the preferred procedure for short segment urethral 
stricture. Despite good immediate results of  DVIU, it has 
been associated with high recurrence rate between 10% 
and 50%.[2-5] To improve the success rate of  DVIU, various 
adjunctive procedures have been adopted, most preferred 
is clean intermittent catheterization (CIC).

Objective
To assess the quality of  life (QOL) in patients with urethral 
strictures on CIC following DVIU.

MATERIALS AND METHODS

This prospective study was conducted between August 
2013 and July 2015 in the Department of  Urology at 
a tertiary care referral center, India. Ethical approval 
obtained from the Institutional Ethical Committee. 
Written informed consent was obtained from all patients. 
We included patients above the age of  18 years with 
stricture urethra, who were on CIC following DVIU. 
Patients below the age of  18 years, noncompliance, 
concomitant neurogenic voiding dysfunction, multiple 
strictures, pan anterior strictures, posterior stenosis were 
excluded from the study. Baseline demographic of  patients 
were recorded [Table 1]. The patient underwent either 
conventional cold knife DVIU or holmium laser DVIU 
under local or regional anesthesia. A 16 F (French) Foley 
catheter was used for CIC following DVIU. We instructed 
the patients about CIC schedule. Patients were taught 
about CIC by proper education and demonstration of  the 
technique. Patients were instructed to continue CIC once 
or twice a week. Patients were evaluated at follow-up visit 
at 3, 6, and 12 months. At each follow-up visits, patients 
were interviewed by CIC-QOL questionnaire (CIC-QOL), 
maximum urine flow rate (Qmax, ml/s) [Table 2] and 
complications related to CIC if  any.

To the best of  our knowledge, no validated questionnaire 
is available to assess QOL in patients on CIC. We designed 
a visual analog scale (1–10 scale) which was based on 
questionnaire previously used to assess the impact of  CIC 
in a neurogenic population. Modifications were made to 

Table 1: Baseline patient characteristic of the study 
population (n=97)
Parameters n (%)

Mean age±SD (years) 37.7±14.03
18‑30 28 (27.16)
31‑50 45 (43.65)
51 and above 24 (23.28)

Mean duration of symptoms (months) 27.8 (2‑120)
History of previous intervention 6 (5.82)
Comorbidities

Diabetes mellitus 5 (4.85)
Hypertension 12 (11.64)
CAD 2 (1.94)
COPD 2 (1.94)

Etiology
Idiopathic 66 (64.02)
Postinflammatory 25 (24.25)
Posturethroplasty 6 (5.82)

Procedure
Conventional DVIU 77 (74.69)
Laser DVIU 18 (17.46)
EEA urethroplasty 2 (1.94)

Site of stricture
Bulbar urethral stricture 67 (64.9)
Peno bulbar 24 (23.28)
Anastomotic site (posturethroplasty) 6 (5.82)

Mean frequency of CIC according to age overall (/day) 1.06±0.66
18‑30 years 0.96±0.66
31‑50 years 0.98±0.62
>51 years 1.28±0.65

Complications of CIC
None 89 (86.33)
Bleeding per urethra 4 (3.88)
Fever/UTI 4 (3.88)

SD: Standard deviation, CAD: Coronary artery disease, COPD: Chronic 
obstructive pulmonary disease, DVIU: Direct vision internal urethrotomy, 
EEA: End‑to‑end anastomotic, CIC: Clean intermittent catheterization, 
UTI: Urinary tract infection

make this questionnaire suitable for urethral stricture. The 
responses of  1–3 were considered good, 4–6 as moderate 
and 7 or greater were interpreted as poor. Item assessed 
were frequency, difficulty, interference with daily activities 

Table 2: Follow up variables and quality of life questionnaire 
score
Variables At 3 months At 

6 months
P

CIC‑QOL questionnaire parameters

Difficulty in performing CIC 5.06±1.36 3.84±1.15 0.0001
Interference with daily activities 3.11±1.63 1.38±0.52 0.0001
Painful perception 3.76±1.39 2.56±1.05 0.0001
QOL score 5.16±1.36 3.56±0.97 0.0001
18‑30 years 6.2±1.4 5.4±1.2 0.02
31‑50 years 5.12±1.35 3.58±1.02 0.001
>50 years 4.7±1.3 3.01±0.9 0.0001
Variables At 

presentation
At 

3 months
At 

6 months
Qmax (mL/s) 6.79±2.1 18.04±2.16 18.97±2.2

Variables At 3 months At 6 months
Recurrence of stricture (%)

Adhere to CIC (n=97) 0 9 (19.8)
Discontinued CIC (n=47) 0 19 (40.4)

CIC: Clean intermittent catheterization, QOL: Quality of life
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changed over the centuries. It was believed that the results 
of  urethroplasty were better than minimally invasive 
interventions. However, in the current era new minimally 
invasive intervention claimed results nearly approachable 
to conventional urethroplasties for short segment bulbar 
urethral strictures.

Most commonly performed the minimally invasive 
procedure for short segment bulbar urethral stricture is 
DVIU. It was popularized after the initial report of  Sachse’s 
in 1972. In 1980s, the concept of  CIC following DVIU 
took shape to decrease the stricture recurrence rate.[6]

Since the first description of  CIC for the prevention 
of  recurrence after urethrotomy, several reports have 
advocated it as an acceptable procedure to reduce the failure 
rate of  the DVIU. Many individualized regimens described 
and tapered within 3–6 months.[7-10]

Later, other beneficial aspects of  CIC have been evaluated, 
including early recognizing of  recurrence, maintenance 
of  the patency and has accepted as an adjunctive option 
tool for the management of  urethral stricture following 
DVIU.[11] Extrapolating the results of  CIC on the QOL in 
patients with urethral stricture was inevitable.

Some studies had assessed the QOL of  neurogenic patients, 
who were on CIC and reported improved QOL associated 
with CIC.[12]

To the author’s knowledge, there is a paucity of  literature 
regarding the impact of  CIC on QOL in patients of  
urethral stricture treated with DVIU.

and pain associated with the CIC. Impact on QOL was 
assessed using the level of  patient interest in continuing 
CIC for the duration of  life [Figure 1].

RESULTS

A total of  144 male patients were enrolled during the 
study. A total of  47 patients were excluded from the study 
due to inadequate follow-up or discontinuation of  CIC. 
Included 97 patients underwent DVIU either by cold knife 
or holmium laser. Mean age of  the study population was 
37.7 ± 14.03 years. Mean CIC frequency was 1.06 ± 0.66. 
Most urethral strictures were idiopathic (64.02%) followed 
by postinflammatory (24.25%), involving the bulbar urethra 
in majority patients (64.9%). Six patients underwent DVIU 
for anastomotic site stricture [Table 1].

QOL assessment of  patients doing CIC demonstrated 
a significant impact. A significant number of  patients 
reported difficulty in performing CIC, which hampered 
daily activities. Many patients described as a nightmare with 
significant painful experience [Table 2].

No major procedure related complications were reported. 
Only four patients had bleeding per urethra due to traumatic 
CIC, among them three patients developed fever [Table 1]. 
Patients who were compliant to CIC reported no stricture 
recurrence till 6 months follow-up [Table 2].

DISCUSSION

Urethral stricture is a common urological disorder, and it 
is one of  the age-old urologic disease known to ancient 
time. The management of  urethral stricture disease has 

Figure 1: Patient clean intermittent catheterization-quality of life questionnaire
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The most common site of  stricture in the present study 
was bulbar urethra in 67 patients (64.3%), followed by 
peno-bulbar region (23.28%) and 5.82% at postanastomotic 
site following urethroplasty and the most common cause 
was idiopathic in 64.02% and postinflammatory in 24% 
of  cases which is in comparable to various studies in the 
literature.[13,14]

The duration of  catheterization in this study was 7 days in 
all cases. There is no convincing evidence that extending 
the duration of  catheterization has a positive impact on the 
outcome.[15] Albers et al. reported that leaving the catheter 
in place for more than 7 days had a higher recurrence 
rate (65%).[16]

Girotti et al.[17] followed sixty patients up to 1 year and 
reported women, neurogenic voiding dysfunction and 
patient under 40 years old were significantly more adherent 
to CIC program. Malik et al.[18] reported that 89% of  
patients in their study were compliant to the procedure 
of  CIC following DVIU, anastomotic and substitutional 
urethroplasties. Similarly, Rijal et al.[19] reported that the 
procedure of  CIC was well tolerated by 84.1% of  patients 
and 79.6% had no technical difficulty. In our study, 67.3% of  
patients were adhering to CIC program up to 6 months of  
follow-up which was less than the adherence rate reported 
by Malik et al. and Rijal et al. Possible explanations may be 
our strict inclusion criteria, low literacy status and younger 
age group patients who were not interested in continuing 
CIC further and opted for reconstructive surgery.

WHOQOL[20] and Igawa et al.[21] mentioned possible 
complications of  CIC include bleeding, pain, fever which 
made or forced the patient to nonadherence.

In the present study, none of  the patients suffered any major 
complication related to CIC. Eighty-nine (86.33%) patients 
did not suffer any major complication, 4 (3.88%) patients 
reported mild bleeding per urethra and 4 (3.88%) 
patients developed a fever (>100 F) which was managed 
conservatively. Thus, CIC is a safe procedure, if  executed 
with proper instructions.

In this study, mean frequency of  CIC per day was 
1.06 ± 0.66 which is similar to study by Lubahn et al.[22] As 
there is no standard protocol and many patients may not 
follow the advised protocol for CIC. Hence, we calculate 
the mean number of  catheterization per day. In this study, 
mean number of  catheterization was nearly similar in all 
the age groups, which shows that it does not have a major 
adverse impact on QOL of  patients included in the study. 
In this study, no patients had a recurrence of  stricture who 

were on CIC following DVIU up to 6 months of  follow-up. 
Among 47 patients, who was excluded, 9 (19.8%) had a 
recurrence at 3 and 19 (40%) patients had a recurrence at 
6 months of  follow-up. This is in accordance with various 
studies in the literature which suggest that CIC decreases 
the rate of  recurrence.[7]

In the present study, the Qmax (ml/s) was significantly 
increased from the baseline value both at 3 and 6 months, 
and no statistically significant difference was observed 
between 3 and 6 months. Improvement in urinary flow 
might be a probable reason for the continuation of  CIC 
for 6 months. Shaw et al.[23] found that the positive impacts 
of  CIC were related to improvement in lower urinary tract 
symptoms, whereas the negative impacts resulted from the 
practical difficulties encountered, and the psychological and 
cultural context of  worry and stigma.

Rijal et al. reported that CIC was well tolerated by 84.1% of  
patients and 79.6% had no technical difficulty. Lubahn et al. 
also reported similar results in their study, in which younger 
age group patient who were on CIC had poor QOL.

Patients of  all ages (above 18 years) in this study found 
CIC a simple procedure and performed it without much 
difficulty and pain. With time, patients learned and adapted 
to the procedure well, as there was a statistically significant 
difference observed in this study between 3 and 6 months 
of  follow-up. This observation suggested that patients 
of  age above 18 years can perform CIC without much 
difficulty and pain. In this study, patients report difficulty 
and pain in performing CIC as moderate. Overall QOL 
reported by patients was moderate (3.56 ± 0.97) on 
CIC-QOL questionnaire.

This study strongly suggests that younger men, who 
performed CIC following DVIU had greater QOL 
impairment when compared to older age group patients. 
The reason for the underlying dissatisfaction in young men 
was not captured by the survey and may be related to poor 
psychosocial acceptance of  the regimen or sexual concerns. 
Although the questionnaire was not validated for this usage, 
we believed that it was satisfactory initial attempt to assess 
patient perceptions in this poorly studied treatment modality. 
Our impression was that QOL was greatly enhanced after 
urethroplasty, but patients had not administered the same 
QOL questionnaire postoperatively for comparison.

CONCLUSIONS

CIC following DVIU remains a reasonable adjunctive 
option for patients with stricture urethra who cannot 
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undergo or do not elect major urethral reconstructive 
surgery. All the parameters of  CIC-QOL questionnaire 
had improved on continuing CIC. Young men on CIC 
had greater impairment of  QOL when compared to aged 
patients.
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DesCripTion
A 77-year-old man presented with voiding lower 
urinary tract symptoms with history of terminal 
haematuria. His ultrasonography (USG) was sugges-
tive of a 58 g prostate with thickened urinary bladder 
walls along with two vesical calculi. A plain X-ray 
was taken that showed two radio-opaque shadows in 
the urinary bladder corresponding to vesical calculi 
reported on the USG. Along with that there were 
two serpentine radio-opaque shadows on each side 
of the urinary bladder (figure 1). The primary care 
physician thought these shadows to be ureteric calculi/
calcification and referred the patient to our centre 
for further workup and management. On carefully 
reviewing the X-ray we immediately recognised that 
the serpentine radio-opaque shadows were nothing 
but bilaterally calcified vas deferens. The shadow on 
the left also had a characteristic pattern of loop that 
the vas makes during its course towards the inguinal 
canal. The patient was non-diabetic and his metabolic 
workup was normal. We took up the patient for trans-
urethral resection of prostate under spinal anaesthesia 
and along with that we did cystoscopic laser lith-
otripsy of the vesical calculi. We also did a bilateral 
retrograde pyelography intraoperatively to confirm 

that the radio-opaque serpentine shadows were in fact 
vas deferens calcification and had nothing to do with 
the ureter. The patient was symptomatically relieved 
after the procedure. He was counselled regarding the 
benign nature of vas deferens calcification and that 
nothing further needs to be done for that, as it was 
probably due to age-related degenerative changes in 
the vas deferens and nothing more.

Vas deferens calcification is a rare condition and its 
incidence is largely unknown. Most of the literature is 
limited to case reports only. It is most commonly an 
incidental finding in radiological imaging performed 
for other conditions such as urinary tract calculi.1 
Diabetes mellitus has been implicated as a common 
aetiological factor. Age, hyperparathyroidism, tuber-
culosis and chlamydial/gonococcal infections are other 
aetiologies. It has also been reported in association 
with male infertility.2 On a plain X-ray the serpentine 
radio-opaque shadows of vas deferens calcification 
may perplex a physician who sees it for the first time. 
One should be aware of this rare and interesting condi-
tion and know that most of the times no treatment is 
required other than a simple reassurance to the patient.
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Figure 1 A plain radiograph showing vesical calculi 
(arrows) along with two serpentine radio-opaque 
shadows bilaterally (arrowheads) suggestive of bilateral 
vas deferens calcification. The shadow on the left has a 
characteristic looping pattern.

Learning points

 ► Vas deferens calcification is a rare condition 
which is usually an incidental diagnosis in 
radiological imaging performed for unrelated 
conditions such as urinary tract calculi.

 ► This condition is usually benign and nothing 
more than a simple reassurance to the patient 
required.

 ► Sometimes it is an indirect indicator of 
an underlying metabolic disorder such as 
hyperparathyroidism.
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Proximal Fibular Osteotomy, A New Horizon For Symptomatic Relief In Medial Compartment 
Osteoarthritis Knee – Prospective Study.

A R T I C L E I N F O A B S T R A C T

Keywords:
Knee pain
Medial compartment OA knee
OA surgery
Osteoarthritis
Proximal Fibular Osteotomy
Visual Analogue Scale.

Original Article

aim: to assess the effect of  Proximal Fibular Osteotomy in medial compartment osteoarthritis 

knee patient  by Visual Analogue Scale(VAS) & Western Ontario & Mcmaster  Universities 

Osteoarthritis Index (WOMAC). methods: From 2018 to 2019, 22 patients with grade 2 and 3 

(Kellgren Lawrence grade ) medial compartment OA knee, without having any symptomatic 

relief  by conservative measure were enrolled for proximal fibular osteotomy after obtaining 

pre op fitness,  and studied prospectively.  After surgery, patient was advised to walk on 2nd 

post op day onwards and follow up was done at end of 2nd week and 4th week. Patients were 

assessed by VAS and WOMAC at pre op and 4 week post op follow up.result: Significant relief in 

pain was observed in almost all patients [mean reduction in VAS & WOMAC were 4.09 &16.31 

respectively ] at 4th  week follow up after proximal fibular osteotomy. There was no variation in 

improvement according to OA knee grade. VAS & WOMAC both shows greater improvement in 

patient with lesser BMI. conclusion: Proximal Fibular Osteotomy is an emerging, low cost ,safer 

surgery with lesser hospital stay, that reduces symptoms in medial OA knee patients by 

improving the mechanical alignment , reflected in changes in VAS and WOMAC.  

History of Origin

Osteoarthritis knee is one of the commonest degenerative 

disorder of the knee, characterized by progressive damage to knee 

cartilage , subchondral bone and synovial lining; reflected by knee 

pain and difficulty in joint movement.[] The number of people 

affected with symptomatic knee OA is likely to increase due to the 

aging of the population and the increasing rate of obesity or 

overweight in the general population.[ ]Treatment options for OA 

knee are conservative (pharmacologic therapy, physical agent 

modalities, orthotic management, intra articular injection 

procedures, exercise programme etc.) and surgical (total knee 

replacement, high tibial osteotomy, proximal fibular osteotomy 

etc.). Proximal Fibular Osteotomy is an emerging standard of care 

for Osteoarthritis knee. This procedure has been performed in 

multiple institutions recently with improvement in symptoms 

and without any reported major complications of patients. It is 

found that PFO significantly improves both the radiographic 

alignment and joint function of the affected knee along with pain 

relief for considerably long period. This surgery has potential to 

be an alternative treatment option for OA involving medial 

compartment of knee. Compared with high tibial osteotomy and 

total knee arthroplasty, proximal fibular osteotomy is much 

simpler and cheaper procedure that effectively reduces knee pain 

and also correct the varum deformity for patients with medial 

compartment knee osteoarthritis (OA).[ ] Very less number of 

articles, regarding effectiveness of proximal fibular osteotomy in 

OA knee  are available. That is why, we had designed this 

prospective study to assess the symptomatic benefit of Proximal 

Fibular Osteotomy in OA knee patients.

Aim and objective: to assess the improvement in pain and 

function in medial compartment OA knee after proximal fibular 

osteotomy.
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MATERIAL AND METHODS:

Study design: Prospective study

Subjects : as per our inclusion and exclusion criteria (stated below)

Study duration : February, 2019 to February, 2020. 

Inclusion criteria:1.All patients  clinically diagnosed with 

osteoarthritis knee clinically  along with radiographic evidence of  

medial compartment knee OA (KL grade 2, grade3); 2.Age 50–70 

years; 3.Ineffective conservative measure; 4.patient willing to 

participate in the study.

Exclusion criteria:1. A history of previous hip or knee fracture, 

infection; 2.Surgery of the lower extremities, spine; 3.A clinical or 

radiological hip OA; 4.Congenital or developmental disease of lower 

limbs; 5.non ambulatory patient; 6. Patients with other systemic co 

morbidities.

Methodology: 22 patients were enrolled in our study setting 

according to inclusion and exclusion criteria ; informed consent 

were duly signed by each enrolled patient and patient's caregiver. 

Clearance from Institutional Ethical Committee was taken before 

enrolment. After recording the demographic data, all the enrolled 

patients were subjected to clinical and radiological assessment. 

Detailed history was taken before doing clinical examination. 

Grading of knee OA was done according to Kellgren and Lawrence 

grading system.[] Blood investigations were done to rule out other co 

morbidity and for pre op fitness.

Pre op assessments: 

WOMAC and VAS score were  obtained from each enrolled 

patient before surgery surgery (proximal fibular osteotomy)[ ]: 

First, the fibular head was marked by skin marker. To avoid injury to 

the common fibular nerve and tibial attachments of the soft tissue 

structures crossing the knee joint, a lateral incision of 3 to 5 cm was 

made at the proximal third of the fibula. The fascia was then incised 

in line with the septum between the peroneus and soleus, the 

muscles were retracted and the fibula was exposed. A 2-3 cm section 

of the fibula was removed ,6 to 10 cm below the fibular head with the 

use of a drill bit and osteotome. Following resection, the muscles, 

fascia, and skin were sutured separately after cleaning the wound 

with normal saline.[  ,  , , ]

Post operative protocol: 

Post op day 1: Patient was made to stand with walker for 

minimum 5 minutes  for 4 to 5 times in a day starting from after 24 

hours of surgery and isometric quadriceps strengthening exercises 

were started as per patient's convenience. Post op radiograph of 

knee was obtained. Post op day 2 : Patient was made to walk with 

walker or with cane or with attendant's support for 5 to 10 minutes 

for 4 to 5 times a day as per patient's convenience. Patient was 

followed up at 14th  post op day for stitch removal. Then patient was 

followed up at 4 week post op period with WOMAC and VAS score 

were obtained to track changes in symptoms. 

The results were analyzed using descriptive statistics and 

making comparisons among the various groups. Discrete 

(categorical) data were summarized as in proportions and 

percentages (%). Paired and unpaired t test; Pearson's correlation 

were used for calculation purpose. The data were analyzed by using 

the statistical package for social sciences software.  In testing a given 

hypothesis, the maximum probability with which we would be 

willing to take risk is called Level of Significance of the test [P-value 

≥ 0.05 – Non-significant; P-value < 0.05 – Significant; < 0.01 - Highly 

Significant; < 0.001 - Very Highly Significant].

RESULT & DISCUSSION:

As osteoarthritis knee is a progressive degenerative disease, 

major goal of treatment is symptomatic relief with slowing of disease 

progression. When conservative measures fail to provide enough 

symptomatic relief in term of reducing pain and improving 

functional outcome, surgical methods are undertaken. Total knee 

arthroplasty and High tibial osteotomy are performed widely for 

these patients but these procedures are costly, requires longer 

hospital stay and also offers some serious complication. In other 

hand Proximal fibular osteotomy(PFO), an emerging surgery is low 

cost and safer surgery and  patient can be discharged as early as 2nd 

to 3rd post operative day. In our study, the mean age of the cases was 

58.41±5.08 yr, the male female ratio was 9/13, mean weight and 

heights were 66.95±10.12 and 159.95±8.26 respectively while the 

knee grades 2 & 3 were in the ratio 10/12.[ ] There was noticeable 

female preponderance in our study, which matches the demographic 

data from other Indian studies on OA knee.[ ] Obesity is a risk factor 

for OA knee development and progress. It is seen in different studies 

that OA knee patients have higher Body Mass Index (BMI) than the 

normal population.[  ] The mean BMI in our study group was 

26.28±4.40 kg/m2. The Pre Op mean VAS was 7.73±0.77 which was 

changed to 3.64±1.73 at 4 week follow up (paired t test).[ ] The 

change in VAS score was found to be highly significant (p<0.001) . 

The Pre Op mean WOMAC was 50.36±6.08 which was changed to 

34.05±8.36 at 4 week post op follow up (paired t test)  .[ ] The change 

in WOMAC  was found to be highly significant (p<0.001). PFO 

improves varus alignment and decompresses medial knee joint. 

Trabecular bone percentage is high in case of tibia and medial 

condyle of tibia got no additional cortical support like lateral condyle 

which is supported by fibula. Due to this reason there is non-uniform 
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Table 2 : Comparison of  VAS scoreat pre op and 4 week follow 

up

Table 3: Comparison of  WOMAC at pre op and 4 weekfollow up

Table 4 : Correlation of VAS and WOMAC changes at 4 week 

follow up with BMI

Table 5 : Parameter changes according to different OA knee 

grades( K-L grade 2 and 3)

 The Pre Op mean VAS was 7.73±0.77 which was changed to 

3.64±1.73 at 4 week(using paired t test) followup. The change 

in VAS score was found to be highly significant (p<0.001).

 The Pre Op mean WOMAC was 50.36±6.08 which was changed 

to 34.05±8.36 at 4 week post op followup(using paired t test)  . 

The change in WOMAC  was found to be highly significant 

(p<0.001).

 The correlation of BMI was found to be significant with 

changes in VAS (r=-0.698, p<0.001) and WOMAC (r=-0.448, 

p=0.037)

 No significant difference was found in changes of various 

parameters at 4 week post op follow up  between  different OA 

knee grades (grade 2 & 3) (p>0.05).

The mean age of the cases was 58.41±5.08 yr, the male female 

ratio was 9/13, mean weight and heights were 66.95±10.12 

and 159.95±8.26 respectively while the knee grades 2 & 3 were 

in the ratio 10/12.

settlement and collapse of medial knee joint space. After removing 

the fibular support the weight bearing is redistributed and there is 

opening of medial joint space.[ ] There is another proposed 

mechanism is that, as the proximal part of fibula is detached from 

distal part, the pull of biceps femoris tendon over this proximal 

part take upper hand and due to this force lateral knee joint space is 

reduced a little; at the same time medial joint space opens up as 

compensation like lever arm mechanism. Proximal fibular 

osteotomy caused knee joint realignment due to this afore said 

mechanism and there is improvement in symptom and function in 

OA knee patients. The correlation of BMI was found to be 

significant(<0.05) with changes in VAS (r=-0.698, p<0.001) and 

WOMAC (r=-0.448, p=0.037) [r is pearson's correlation].[ ] 

Subjects with higher BMI were having lesser improvement in pain 

and function in 1 month post op follow-up as compared with 

subjects with lower BMI. This is because of increased mechanical 

load at the knee joint in obese patients. Increased inactivity leading 

to further obesity and production of inflammatory cytokines at 

adipose tissue are the reason behind relation between obesity and 

OA knee symptoms.[] In our study, we compared changes of VAS & 

WOMAC according to OA knee grades included in our study [that is 

grade 2&3(K-L grade)] at pre op and at 4 week post op follow up. 

No variation in result (p>0.05) was found according to the two OA 

knee grades.[ ] Study with higher number of sample in each group 

is necessary before coming to any conclusion about this finding. 

Using multivariate analysis regression equation for predicting VAS 

and WOMAC change were obtained [change in VAS = 1.804 + 

0.111(Age) – 0.172(BMI) + 0.613(Grade); change WOMAC = -

17.040 + 0.647(Age) – 0.178(BMI) - 0.009(Grade), where Grade 

will take value 1 for grade 2 and 0 for grade 3]; however no 

individual significant predictor was found (p>0.05).

        Table 1 : Baseline summaries of the study group
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Figure  measuring skin incision site

Figure : elevating fibula with bone lever

Figure : creating burr hole with drill bit before removing 

piece of fibula by osteotome

Figure : removed pieces of both fibula
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CORRELATION BETWEEN BODY MASS INDEX WITH KNEE PAIN IN 
OSTEOARTHRITIS KNEE: AN OBSERVATIONAL STUDY

Gupta A K
Associate Professor and Head of Department of Physical Medicine and Rehabilitation, 
KGMU, Lucknow (UP), India. 

ABSTRACT
OBJECTIVE : This study was aimed to determine correlation  between knee pain in osteoarthritis knee with body mass index.
METHODS: Total 109 patients of knee pain  with radiological diagnosis of OA knee were enrolled. Evaluation was done by Kallgren and 
Lawrence grading, numerical pain rating scale. Analysis were performed on SPSS software (windows version 17.0).
RESULTS : Pearson correlation analysis showed a signicant and positive (direct) correlation between BMI and NPRS (r=0.67,p<0.001). 
Regression analysis showed that BMI alone may account 45.0% of total variations of NPRS (r2=0.45)
CONCLUSION : Higher body mass index showed higher knee pain levels in study population. Weight reduction must be a part of life style 
modication.

KEYWORDS:
Osteoarthritis(OA) , Body mass index(BMI) , Numerical pain rating scale(NPRS)

INTRODUCTION
Knee osteoarthritis (OA), a degenerative disease, is the most common 
form of arthritis in the knee [1]. Knee pain was reported by up to a half 
of the individuals aged over 50, among which severe and disabling 
knee pain accounted for approximately 50%. The prevalence of 
obesity has been growing alarmingly in the world, concurrently with 
increasing predisposition to multiple co-morbidities [2].Knee OA has 
been associated with various risk factors, such as advancing age, 
female gender, genetic predisposition, prior knee injury, certain 
occupations, biomechanical gait and alignment defects, and obesity. 
Of these, obesity is perhaps the most important risk factor associated 
with the incidence of radiological OA knee [3]. Obesity is seen as the 
primary modiable trait to prevent or reduce the effects of knee OA [4]. 
The hypothesis is that individuals with higher body mass index (BMI) 
will have greater knee OA pain.

MATERIAL AND METHOD
This observational study was performed in a tertiary care teaching 
institution of northern India. Subjects were enrolled from the patients 
attending the outpatient facility of the department of Physical 
Medicine and Rehabilitation of this institution after obtaining written 
informed consent. Inclusion criteria for study are age ≥ 35 years, 
radiological evidence of knee OA with knee pain. Exclusion criteria 
for the study were: smoking , history of trauma over knee , intra-
articular injection(corticosteroids, hyaluronidase , prolotherapy ) 
within 6 months, HLA B 27+ / inammatory arthropathy , Gout , knee 
joints infections. Data collection included demographic details, 
roentgenogram of knee joints, and clinical examination. Knee OA was 
graded according to Kellgren and Lawrence grading[7].  Pearson 
correlation analysis and simple linear regression analysis were done to 
assess association between BMI and numerical pain rating scale 
(NPRS). A two-tailed (α=2) p<0.05 was considered statistically 
signicant. Analyses were performed on SPSS software (Windows 
version 17.0). 

RESULTS
Total of 109 subjects were enrolled in the study .
The subjects were comparable with respect of age, weight and BMI. 

Among patients 64 (58.7%) were females and 45 (41.3%) were males. 
Female to male ratio is 1.42:1 . The age of subjects ranged from 35-90 
years with mean (± SD) 50.58 ± 10.87 years and median 50 yrs. 
Weight, height and BMI of patients ranged from 46.0-93.1 kg, 1.3-1.9 
m and 18.3-35.8 kg/m2 with mean 66.84 ± 11.08 kg, 1.57 ± 0.12 m and 
26.98 ± 2.81 kg/m2 and median 67 kg, 1.56 m and 27 kg/m2 
respectively (table 1 & 2). Among patients 55% presented with 
bilateral knee pain, 25.7% with right knee pain and 19.3% with left 
knee pain.  Kallgren-Lawrence Grade of OA knee of 9 (8.3%) patients 
was grade 1, 41 (37.6%) were grade 2, 28 (25.7%) were with grade 3 
and 31 (28.4%) were with grade 4 severity. The NPRS of study 
population ranged from 2-9 with mean 5.92 ± 1.75 and median 6.Mean 
NPRS score in female subjects was seen to be 5.83 ± 1.77 as compared 
to 6.04 ± 1.72 in male subjects (Table 1).

Table 1

Table 2

Correlating the NPRS score with BMI, Pearson correlation analysis 
showed a signicant and positive (direct) correlation between BMI 
and NPRS (r=0.67, p<0.001) suggesting that as BMI increases, NPRS 
may also increases (Fig. 1). Further, regression analysis showed that 
the NPRS in OA knee patients can be estimated signicantly from their 
respective BMI as BMI alone may account 45.0% of total variations of 
NPRS (r2=0.45).
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No. of patients  (n=109) Mean ± SD
Age (yrs) 50.58 ± 10.87

Weight (kg) 66.84 ± 11.08

Height (m) 1.57 ± 0.12

Grade No. BMI  (Mean±SD) NPRS  (Mean±SD)

1 9 23.99±1.12 3.78±1.30

2 41 26.00±1.97 4.88±1.26

3 28 27.67±2.03 6.36±1.28

4 31 28.69±3.24 7.52±1.12

Overall 109 27.03±2.74 5.92±1.75
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DISCUSSION
Osteoarthritis is a degenerative disease of elderly population. 
Anatomical, structural, environmental factors contribute to the 
development and progression of disease process. Some factors 
inuencing the disease outcome include injury to the knee, dietary 
intake, level of physical activity and occupation.

This study demonstrates evidence to the known observation about the 
correlation of BMI with the severity of pain in OA patients. The sample 
taken from a population subset nearby the centre (King George’s 
Medical University) to decrease the confounding factor of genetic and 
environmental variability found in the subjects from differences in 
origin and environmental conditions.

BMI is perhaps the most important modiable factor found in OA 
knee. Research papers have attributed overweight conditions in >50% 
of knee replacement surgeries [8]. Excessive vertical loading forces 
over osteoarthritic knee joint can induce inammatory response 
(Berebaum F, Eymard F)[9]. Further, Leptins, found in adipose tissue, 
have been implicated in subtle chronic inammatory state of 
osteoarthritis (Gaumond I, Arsenault P)[10]. Obesity, as well as female 
sex, tend to have higher body fat to muscle mass ratio, correlating with 
increased OA severity and pain.

Three to six times body weight is transmitted across the knee during 
single leg stance. Any increase in weight may be multiplied by this 
factor to reveal excess force across the knee in overweight person 
during walking. Increase in obesity causes increased joint destruction 
and pain and therefore decreased physical activity. This reduction in 
physical activity further increases body weight considering no change 
in eating habits. Thus, a vicious circle develops resulting in increased 
BMI, increased disease and symptoms.

Elizabeth Weiss in 2014 conducted a study on 4769 individuals with 
radiological evidence of knee OA. ANCOVA multiple regressions 
with controls reveal that even when taking into account OA severity, 
individuals with higher BMI experience greater pain than individuals 
with lower BMI [5]. In this study regression analysis showed that the 
BMI alone may account for 45.0% of total variations of NPRS 
(r2=0.45).  Matthew et al in 2008 conducted a cross-sectional study on 
576 individuals with radiological evidence of knee OA. Patients were 
divided into categories based on WHO classication of BMI. Pain 
subjects presented with a higher mean BMI (30.4 kg/m2)  compared 
with no Pain subjects (27.5 kg/m2) (p < 0.0001). Unadjusted and 
adjusted odds ratios demonstrated a positive association between BMI 
group and pain for each successive elevated BMI category. Adjusted 
odds Pre-obese group had p < 0.05 and for the Obese III group p < 
0.0001 [6]. In this study we concluded that BMI has direct correlation 
with NPRS in symptomatic knee OA pain with p < 0.001.

CONCLUSION
This study provide further evidence that BMI has a signicant and 
positive (direct) correlation between BMI and pain levels suggesting 
that as BMI increases, NPRS may also increases. Although OA 
severity cannot be reversed and will increase, a lower BMI should 
reduce pain in knee OA patients. Patients should be encouraged to lose 
weight to manage knee OA pain and weight reduction must be a part of 
life style modication. Effective exercise program may be designed 
involving more of non-weight bearing joints and muscles to burn out 
excess fat and reduce BMI. Adequate bracing and assistive devices 
should be used to decrease mechanical stress and pain and to increase 

activity level. Bariatric treatment options should be considered early 
along with other treatment methods in high BMI patients.
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Aims: The aim of the study was to report a new technique of ergonomic 

tubularization.
Materials and Methods: Ten proximal hypospadias with severe chordee 

and penile degloving leaving inner prepuce attached to corona. Urethral plate was 
divided into the subfascial plane. Penile dartos was bisected in the dorsal midline. 

The second-stage tubularization after 6 months provided neourethral double dartos 
coverage with eccentric suture lines.
Results: Adequate dartos for neourethral coverage during second-stage 

one that was repaired. 
Conclusions: 

second-stage tubularization to minimize the occurrence of complications.

 Buccal mucosa graft, hypospadias, penile skin and dartos 
management
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varieties of hypospadias. The limitations are imposed by 

width of the urethral plate.

technical innovation which can be applied to all types of 
hypospadias including those with severe chordee where 
division of urethral plate is mandatory for chordee 
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ypospadias is a very common birth defect with 

is steadily increasing.  In the literature, more than 

which results from incomplete fusion of urethral folds 
indicating that none of the surgical techniques described 
in the past were perfect.  Leaving behind the several 
described techniques in the past, currently the technique 

performed techniques throughout the world.[4] However, 
TIP urethroplasty is not universally applicable in all 
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ABSTRACT 
 

BACKGROUND 

Epidural steroid injections (ESIs) have been widely used for over 50 years in the 

treatment of back pain with or without radiculopathy. In this study, we intended 

to evaluate the effect of single caudal epidural steroid injection (CESI) in patients 

suffering from chronic lumbago-sciatica syndrome, resistant to conservative 

medical therapy. 

 

METHODS 

This was a retrospective study. CESI was performed on thirty-four patients 

suffering from chronic lumbago-sciatica syndrome, from April 2019 to March 2020. 

Single injection of caudal epidural steroid (40 mg Triamcinolone Acetonide) diluted 

with 10 ml. of sterile water was given guided by anatomic landmark, confirmed by 

“Whoosh” test and radiologically with dye. Patients were followed for 12 weeks 

using Numeric Rating Scale (NRS) for pain, Oswestry disability index (ODI) and 

North American spine society patient satisfaction index (NASS). Values were 

recorded before the injection and after the injection at 1 week, 3 week, 6 week 

and 12 week during follow-up. 

 

RESULTS 

Significant improvement in patient’s status was observed after CESI, as measured 

with NRS, ODI and NASS at one, three, six and twelve weeks as compared to pre 

injection (zero week) but no significant difference was observed at successive 

follow ups at first to third and third to six weeks. There was significant reversal of 

NRS and ODI Score from 6 week to 12 week follow-up. Sixty seven percent of 

patients were satisfied at the end of the follow-up and mild side-effects were 

reported in a few patients. 

 

CONCLUSIONS 

CESI is a safe, simple and cost-effective intervention procedure for the treatment 

of chronic lumbago-sciatica syndrome. It provides rapid pain relief and physical 

function improvement of the patient starting within a week. 
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Chronic low back pain could be a multifactorial disorder with 

many possible aetiologies. It may occur due to irritation/ 

compression from inter-vertebral discs, facet joints, 

ligaments, fascia, muscles, and nerve roots as tissues 

capable of transmitting pain in the low back.1 The lifetime 

prevalence of chronic low back pain has been reported as 

high as 80 % with an annual prevalence ranging from 15 % 

to 45 %.1,2 Thirteen percent of the population suffers with 

persistent back pain of high intensity, with either moderate 

or severe disability.2 Lumbago-sciatica syndrome is low back 

pain with lower extremity pain secondary to disc disruption, 

disc herniation, and nerve root compression in lumbar 

spine.2  Mixter and Ayers in 1935 demonstrated that 

radicular pain can occur without disc herniation.3 

Subsequently, numerous investigators have described pain 

syndromes emanating from the lumbar intervertebral disc 

without mechanically compressing neural structures.4 Thus, 

in addition to the mechanical component, inflammation of 

the compressed nerve root is an important factor in the 

patho-physiology of radicular and discogenic pain.4 

Traditional conservative medical treatments for patients with 

chronic low back pain include trials of oral medication, 

exercise therapies, manual therapies, electrotherapies and 

lifestyle modifications.  

The caudal epidural steroid injection approach was first 

described in 1901 by a French radiologist who injected 

diluted solutions of cocaine through the sacral hiatus to treat 

intractable low back pain or sciatica.5 Capio in 1957 

investigated the therapeutic benefit of injecting 

corticosteroid into the epidural space via the caudal 

approach.6 In addition, lumbar epidural steroid injections 

have become a widely utilized conservative therapeutic 

modality in the treatment of patients with chronic low back 

pain after it was first advocated in 1952 by Robecchi and 

Capra.7 There have been many studies on epidural steroids 

but conclusive efficacy has not been demonstrated. The 

effectiveness of epidural corticosteroids has been reported 

to be varying from 18 % to 90 %.2,4 Level - I evidence exists 

for short- and long-term relief with CESI in managing chronic 

low back and lower extremity pain secondary to lumbar disc 

herniation and/or radiculitis and discogenic pain without disc 

herniation or radiculitis.8 Routinely we use caudal epidural 

steroid injection in our institute to manage chronic cases 

after exhausting conservative methods taking care of clear 

criterion of selection. Consecutively treated 34 patients were 

reviewed considering earlier prospective studies. 

The purpose of the study was retrospective evaluation of 

effect of single injection of caudal epidural steroid on pain 

disability and satisfaction in chronic lumbago-sciatica 

syndrome cases resistant to conservative medical therapy. 

 

 
 

METHODS 
 

 

Retrospective analysis was conducted at tertiary care centre 

in India on patients treated with CESI for chronic lumbago- 

sciatica syndrome from April 2019 to March 2020. CESI was 

performed as a routine therapeutic procedure in our institute 

in patients who found refractory to other conservative 

methods. The routine of our follow up was at one, three, six 

and twelve weeks for neurological status, Numeric Rating 

Scale (NRS), Oswestry disability index and North American 

Spine Society Patient’s Satisfaction Index which was 

compared with pre-treatment levels. The previous studies1,2 

observed that lifetime prevalence of low back pain was 80 

%. Taking this value as reference, the minimum required 

sample size with 20 % of relative precision and 5 % level of 

significance measured to 25 patients. Our sample size of 34 

patients with requisite follow-up was fully used to reduce 

margin of error. 

Ethical approval was taken for retrospective analysis and 

for publication of the hospital data after relevant statistical 

analysis (IHECAIIMS Bhopal – LOP / 2020 / IM0319 dated 

12 / 11 / 2020). 

Individuals of both genders, above 18 years of age with 

chronic lumbago sciatica syndrome confirmed by MRI, of at 

least 6 weeks duration, not responding to conservative 

therapy were included for analysis. Exclusion criteria were - 

1 - Unwillingness to participate in study, 2 - Previous lumbar 

surgery, 3 - Spinal structural abnormalities, 4 - Acute or 

chronic uncontrolled medical illness, 5 - Psychiatric 

disorders, 6 - Pregnant women, 7 - History of potential 

adverse reaction to steroids, 8 - Localized skin disease or 

pathology, 9 - Neurovascular deficiency in lower limbs. 

As routine pre-procedure formalities in our institute all 

the patients were explained about the procedure and a 

detailed written consent was taken. Examination of spine 

and neurological examination including Magnetic Resonance 

Imaging (MRI) of lumbo-sacral spine, blood sugar (fasting 

and postprandial) was done before the procedure. 

 

 

Procedure 

Patient lying in prone position with pillow under abdomen, a 

22 G needle 38 mm length was inserted through sacral 

hiatus into caudal epidural space. The injection needle was 

inserted 0.5 cm distal to rostral tip of the sacral hiatus which 

can be easily located and palpated. The needle was pointed 

anteriorly and 70° rostral. After piercing the ligament 

covering sacral hiatus, the needle touches bony anterior wall 

of the sacral spinal canal. The needle was then retracted 2 

mm and pushed rostrally at an angle of 30 - 40° for about 1 

cm. Ten ml air was injected in epidural space which gives 

minimal resistance as confirmation of being in epidural 

space. “Whoosh test” was performed with 5 ml of air.9 Thus, 

10 to 15 ml of epidural space was created with air dissection. 

Radiological confirmation was obtained with injection of 

2 ml radio-opaque dye diluted in 5 ml water for injection and 

visualized under C-arm image intensifier (Figure-1). Finally, 

triamcinolone acetonide 40 mg diluted in 10 ml of sterile 

water was injected. Post procedure vitals were recorded. 

Patient was kept on bed rest for a day in the hospital with 

regular monitoring of blood pressure and pulse. Patients 

were re-assessed after one, three, six and twelve weeks of 

injection as a routine follow-up in our hospital. Improvement 

in pain on Numeric Rating Scale (NRS), functional 

improvement in disability on Oswestry disability index and 
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satisfaction assessed on North American spine society 

patients satisfaction index (NASS). 

 

 

Numeric Pain Rating Scale (NRS) 

An eleven-point numerical pain rating scale in which patients 

rate their pain ranging from zero (no pain) to ten (worst 

imaginable pain) was used for assessing pain intensity. A 

two-point change on the NRS in patients with low back pain 

(LBP) was taken as a clinically meaningful change.10 

 

 

Oswestry Disabil i ty  Index (ODI)  

Oswestry disability index is a condition specific outcome 

measure for spinal disorders.11 It comprises of ten sections 

namely pain intensity, personal care, sitting, lifting, walking, 

standing, sleep, social life, travelling and employment. Total 

scores can range from zero (highest level of function) to 50 

(lowest level of function). For each section the total score 

ranges from zero to five according to deterioration of 

function. The total score is expressed in percentage. The 

ODI scores patient’s functional status. 

 

 

North American Spine Society Patients  

Satisfaction Index (NASS)  

This is a four-point scale (1 - 4) about patient satisfaction 

after injection with choices as follows “(1) The treatment 

met my expectations, (2) I did not improve as much as I had 

hoped, but I would undergo the same treatment for the 

same outcome. (3) I did not improve as much as I had 

hoped, and I would not undergo the same treatment for the 

same outcome, and (4) I am the same or worse than before 

treatment.”12 Satisfaction Score 1 and 2 were considered as 

showing successful outcome.13 

 

 

Statistical  Analysis  

The presentation of the categorical variables was done in the 

form of number and percentage (%). On the other hand, the 

presentation of the continuous variables was done as mean 

± SD and median values. The data normality was checked 

by using Kolmogorov-Smirnov test. The quantitative 

variables were analysed using Wilcoxin signed ranks Test 

(across follow up). The qualitative variables were analysed 

using Fisher’s exact test. Analysis was done with the use of 

Statistical package for social sciences (SPSS) software 

version 21.0. Significance of results was rated at P value of 

less than 0.05. 

 

 
 

 

RESULTS 
 

 

 

Thirty-four (34) subjects who completed twelve weeks 

follow-up period were analysed in the study. The age 

distribution of thirty-four patients (23 male and 11 females), 

49.5 ± 13.2 years (ranged from 30 to 80 years) as shown in 

Table 1. Duration of back pain ranged from two months to 

60 months, average being 2.37 ± 1.69 years (Table 2). Out 

of 34 subjects, 12 patients (35.30 %) had pain for less than 

one year duration. 

Mean NRS and ODI scores at baseline (T0) were 6.47 ± 

1.28 and 50.71 ± 14.62 respectively and maximal 

improvement was found at one week in pain (NRS) and 

functional disability (ODI) post CESI (Table 3). A statistically 

significant improvement was observed at one week and 

subsequent follow-up of up to 12 weeks post injection as 

compared to baseline (Table 4). There was non-significant 

regression from one to three weeks (T1 - T3) and three to 

six weeks (T3 - T6) but significant regression from six to 

twelve weeks (T6 - T12) follow up. 

Thirty one out of 34 patients (91.18 %) have satisfaction 

score 1 at first week post procedure while 9 patients (26.47 

%) regressed to level 1 at twelve weeks after improvement 

in the interregnum (Table 5). 

 

Gender Age in Years Average 
 30 - 50 50 - 70 > 70  

Male 12 8 3 23 (67.75 %) 
Female 6 5 0 11 (32.25 %) 

Table 1. Demographic Profile 
 

Duration of Symptoms (in Years) 
< 1 year 1-2 year > 2 year 

12 8 14 

Table 2. Duration of Symptoms 
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NRS 6.47 ± 1.28 1.62 ± 0.82 2.62 ± 1.72 1.79 ± 1.37 2.03 ± 1.53 
ODI 50.71 ± 14.62 14.09 ± 6.76 18.44 ± 14.65 14.56 ± 11.27 15.91 ± 13.15 

Table 3. Numeric Rating Scale and  

Oswestry Disability Index Scores 

T0 = Score at baseline, T1 = Score at one week, T3 = Score at 3 weeks, T6 = 
Score at 6 weeks, T12 = Score at 12 weeks 
 

Time Interval 

(in Weeks) 

Change in NRS 

Mean ± SD 

Change in ODI 

Mean ± SD 
P Value 

T0 - T1 4.85 ± 1.3 36.62 ± 13.64 S 

T0 - T3 4.68 ± 1.43 36.15 ± 15.02 S 

T0 - T6 4.44 ± 1.48 34.79 ± 15.84 S 

T0 - T12 3.85 ± 1.74 32.26 ± 18.23 S 

Table 4. Change in NRS and ODI at Follow-Ups 

T0= Score at baseline, T1= Score at one week, T3= Score at 3 weeks, T6= Score 
at 6 weeks, T12= Score at 12 weeks, SD= Standard deviation, S=Significant 
 

North American 
Spine Society 

Patients’ 
Satisfaction Index 

At 1 
Week  

(N = 34) 

At 3 
Weeks 

(N = 34) 

At 6 
Weeks 

(N = 34) 

At 12 
Weeks 

(N = 34) 

1 31 (91.18 %) 26 (76.47 %) 21 (61.76 %) 9 (26.47 %) 
2 3 (8.82 %) 7 (20.59 %) 9 (26.47 %) 14 (41.18 %) 

3 0 (0 %) 1 (2.94 %) 4 (11.76 %) 10 (29.41 %) 
4 0 (0 %) 0(0 %) 0(0 %) 1 (2.94 %) 

Table 5. North American Spine Society  

Patients Satisfaction Index (NASS) Score 

 

 
 

DISCUSSION 
 

 

Chronic lumbago sciatica syndrome is an important medical 

and socio-economic problem. Pain and reduced mobility 

severely compromise quality of life and are disruptive to 

active life of a working individual. The aim of any therapy 

should be achievement of normal lifestyle as soon as 

possible. 
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Our patients started improving after CESI within a week 

which persisted till the end of the observed period. We found 

significant reduction in pain score after CESI at one week, 

three, six- and twelve-week follow-up. The improvement in 

the pain score persisted till 12 weeks. Wilson–MacDonald et 

al.14 also observed significant and early reduction in pain in 

their study but found no long-term effect. Similar results 

were obtained by Buchner et al.15 with greatest relief of pain 

in the initial two weeks and but the improvement did not 

persist till six weeks and six months follow-up. Chaudhary et 

al.16 found significant pain relief in first three weeks, which 

was maintained till 12 weeks but no significant change 

occurred from 3 to 6 and 6 - 12-week period. 

The improvement in the ODI in our study started at one-

week post injection and significant change was observed at 

twelve weeks follow-up in comparison to baseline. There 

was minimal change at three, six- and twelve-weeks follow-

up. Patients returned to work and other functional activities 

early because of improvement in physical disability within 

one week. Manchikanti et al.2 also observed significant 

improvement in ODI score at three months but no further 

improvement at six months and one-year follow-up. Sayeh 

et al.17 also observed significant change in ODI at one-month 

post injection with no significant change at one-year follow-

up. 

In our study, 100 % patients were satisfied (satisfaction 

score 1 and 2) with the treatment at one week, 88 % at 6 

weeks and 67.6 % at 12 weeks where as Bowman18 reported 

some improvement in 85 % patients at one week while 43 

% had improvement lasting for three months. The present 

study was of short duration with a follow-up of three months 

only. Hence, we cannot comment on whether CESI 

potentially avoids the need for surgical procedures which are 

costly, involves significant risk to the individual patient, and 

may not always be successful. Many of the earlier authors 

found that benefits of CESI last for short term, regarding 

improvement in functional status and pain of the patient.14, 

19-21 

 

 
 

 

CONCLUSIONS 
 

 

 

For the treatment of chronic lumbago-sciatica syndrome, 

CESI is a safe, simple and cost-effective procedure in 

patients not responding to other conservative treatments. It 

provides rapid pain relief and improvement of function 

starting within a week. It may delay more invasive surgical 

procedures. Further studies on large sample are required to 

assess the long-term efficacy and safety of CESI. 
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This study was designed to find the association between the injury level 
and changes in bladder function. This was a descriptive cross sectional 
study performed on 30 patient of spinal cord injury. Categorization of 
patients was done based on clinical neurologic level and completeness 
and incompleteness of spinal cord injury (SCI) according to American 
Spinal Injury Association Classification (ASIA). Urodynamic study 
(UDS) was done on Laborie Dorado KT concept machine in Depart-
ment of Physical Medicine and Rehabilitation. Reduced bladder com-
pliance in 100% cases of cervical SCI and lumbar levels SCI and 
27.85% of thoracic level SCI. Detrusor overactivity was found in 2 cas-
es of cervical level, 10 cases of thoracic level and 1 case of lumbar lev-
el. Detrusor-external sphincter dyssynergia (DESD) in 100% patients of 
cervical, 77.8% patients of thoracic and 40% patients of lumbar level 
injuries. Detrusor areflexia was found in the 10% patients of the lumbar 
neurological level and absent in the cervical and thoracic level of injury. 
Normal PVRU was founded in 100% cases of thoracic and 10% of lum-
bar level. Bladder capacity was more affected in lumbar SCI than tho-
racic SCI. Detrusor over activity and bladder capacity significantly re-
lated with completeness and regional neurological level of injury. This 
association is not founded with all the parameter of urodynamic. Thus 
we can conclude that there is no significant association between neuro-
logical injury level and urodynamic parameter. 

Corresponding author 

 
Chandan Sharma 

Junior Resident, 
Department of Physical Medicine 
and Rehabilitation, 
King George’s Medical University, 
Lucknow-226003, 
Uttar Pradesh, India. 
Phone: +91-9336276456 
Email: 
chanduganeshian@gmail.com 

 
Key words: Detrusor areflexia (DA), Detrusor external sphincter 
dyssynergia (DESD), Detrusor overactivity (DO), Lower urinary tract 
(LUT), Postvoid residual urine (PVRU), Spinal cord injury (SCI) 

 DOI: 10.5455/jmas.110311 

 © 2020 Deccan College of Medical Sciences. All rights reserved. 

 

pinal cord injuries (SCI) are the known cause 
of high morbidity in chronic SCI survivors. 
The incidence of urinary complication in the-

se patients is very high which includes urinary tract 
infection 66.7% to 100%, bladder stones (36%), 
renal stones (8%), renal deterioration, 

hydronephrosis and vesicoureteral reflux
1
. All the-

se lead to renal failure and death in 37 to 76 per-
cent of cases

2
. As per international standards for 

neurological classification of SCI, the presence or 
absence of sensory and/or motor function caudal 
to lesion at sacral dermatomes or the presence or 

S 
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absence of deep anal pressure decides incom-
pleteness or completeness of a lesion

3
. The evac-

uation, storage and transportation of urine can be 
assessed by urodynamic study of bladder

4
. Usually 

the purpose of urodynamic testing is to correlate 
the neurogenic level of injury, bladder function by 
assessing voiding phases of micturition and stor-
age.  

An urodynamic study help to: (1) Identify contrib-
uting factors to dysfunction of lower urinary tract 
(LUT), (2) Predict possible consequences to dys-
function of LUT and outcome of their treatment, 
and (3) Assess the effects of intervention in exper-
imental studies. As per available data it is not pos-
sible to define the bladder characteristic based on 
neurological level of injury. Thus urodynamic test-
ing has become a standard diagnostic test for the 
evaluation of patients with dysfunction of LUT

5
. 

There are very few studies assessing bladder func-
tion based on level of SCI. Thus we designed this 
descriptive cross sectional study with an objective 
to assess bladder function based on level of spinal 
cord injury by using urodynamic machine.  

Materials and methods  

This descriptive cross sectional study was con-
ducted from July 2018 to June 2019 at Department 
of Physical Medicine and Rehabilitation, King 
George Medical University, Lucknow. After taking 
clearance from Institutional Ethical Committee 
(Ref. No.: ECR/262/Inst/UP?2013/RR-16), the pa-
tients satisfying the exclusion and inclusion criteria 
were enrolled. 

Inclusion criteria: 

 Patients having minimum 3 months duration of 
SCI  

 Patients who were interested in urodynamic 
evaluation of bladder 

 Age between 15 to 55 years 

Exclusion criteria: 

Patients with following finding: 

 Urinary tract stone, foreign body 

 Symptomatic UTI 

 Patients with persisting spinal shock 

 Brain injury 

 Cognitive problems 

 Urethral strictures, prostate related conditions 

 Hepatitis B&C/HIV infections 

 Previous or current surgeries on lower urinary 
tract 

 Patient on Drugs affecting urinary tract function 

All patients satisfying above criteria were enrolled. 
After detailed history and clinical assessment 
which includes sacral reflexes, perianal sensation, 
anal sphincter tone, along with bladder diary eval-
uation, hematological investigation includes routine 
blood counts, renal function tests, urological exam-
ination includes urine microscopy, and urine cul-
ture with sensitivity, radiological investigation in-
cludes urinary tract ultrasound followed by urody-
namic study (UDS).  

Sample type: Computer based simple random 
sampling.  

Sample size: We were able to enroll 30 patients in 
the study duration of 1 year as per protocol. 

Patients were categorized on following basis: 

ASIA:  a) complete – A; b) Incomplete – B, C, D, E 

Regional neurological level: Cervical, Thoracic, 
Lumbar 

Based on neurological injury level: below D6 and at 
or above D6 

All the patient and each category were assessed 
for UDS parameters. 

Urodynamic terms which were used in this study 
stick to the “International Continence Society”

6
. 

Positive sacral cord lesion were considered in pa-
tients with loose anal sphincter tone and no 
bulbocavernosus reflex, (abnormal sacral reflex 
arc) and negative for sacral cord lesion were con-
sidered in patients with intact anal sphincter tone 
and bulbocavernosus reflex. 

The urodynamic evaluation consists of voiding 
phase, filling phase and electromyography of 
perineal muscle with cystometrogram. Study was 
performed on Laborie Dorado KT concept ma-
chine. 

Parameters checked in this study were defined as 
follows:- 

 Detrusor pressure: It is the active and passive 
forces generated by detrusor muscle of bladder 
wall 

 Detrusor overactivity (DO): it is the provoked or 
spontaneous involuntary contractions of detru-
sor muscle in filling phase

7
 

 Detrusor-external sphincter dyssynergia 
(DESD): It is the desynchronized action of ure-
thral sphincter and detrusor muscle

7
 

 Bladder compliance: The ratio of change in vol-
ume of bladder to intra vesical pressure

6
 

 Detrusor areflexia (DA): It is bladder with no 
detectable detrusor contraction during UDS 
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 Postvoid residual urine (PVRU): It is the urine 
volume that remains after the emptying phase  

 Bladder capacity: The volume of bladder at the 
end of the filling phase on cystogram  

Method: 

A day prior to procedure patient’s bowel prepara-
tion was done with enema and patient was kept nil 
per oral for overnight. Urodynamic procedure was 
started under antibiotic cover the patient was laid 
supine on couch. After proper part exposure and 
part preparation with the betadine a double-lumen 
9 F transurethral catheter was placed into the 
bladder aseptically. A rectal catheter 12F was used 
to record intra abdominal pressure and two surface 
electrodes are placed peri-anally at the 10 O’clock 
and 2 or 3 O’clock positions.  Place as close as 
possible to the anus for pelvic floor muscle read-
ings. The third electrode is placed on a bony prom-
inence (knee or hip bone) or fleshy inner thigh. 
Then patient is taken for uroflometer assessment 
with the help of attendant in sitting position on 
uroflowmetry chair. After proper connection of dif-
ferent channels for study, instruction regarding 
urodynamic procedure was given to the patient. 
Then bladder filling was started by normal saline at 
room temperature through bladder filling tran-
surethral catheter. To check the patency of chan-
nels patient was instructed to cough. After confirm-
ing the patency of all the channels all pressure 
were set to zero and we continued the procedure. 
Bladder filling with normal saline set on an average 
flow rate of 10 ml/min through one lumen and 
intravesical pressure was recorded through anoth-
er lumen of transurethral catheter. The normal rate 
of bladder filling was kept less than the maximum 
predicted filling rate, decided by patient’s body 
weight divided by 4 ml/min. Patient was instructed 
to raise finger when he feels first sensation of 
bladder filling, first desire of passing urine and 
strong desire of passing urine. He was instructed 
to hold the urine on first desire of passing urine 
and to evacuate bladder on strong desire of pass-
ing urine after stopping bladder filling. All the com-

puter generated data was recorded and included in 
study. 

Statistical analysis 

Data entry was done on MS office excel software 
and analysis was done by SPSS version 21.0 (IBM 
SPSS, Chicago, USA). 

Results 

In this study after application of the Kolmogorov-
Smirnov test data was found to be normally distrib-
uted. Data analysis was done by parametric test of 
significance which were ANOVA test and unpaired 
t-test. 

This study included 30 patient of which 2 were cer-
vical, 18 were thoracic 10 were lumbar. There was 
25 male and 5 female patients with 5:1 
male:female ratio. The mean age of presentation 
was 33.7 years of which 42.5 were cervical, 31.4 
were thoracic 27.4 were lumbar. The distribution of 
cervical, thoracic and lumbar lesion based on Sex 
and ASIA grading shown in figure 1. 

 

Fig 1. Distribution of patients with cervical, thoracic and lumbar 

lesion based on sex ASIA grades 

The distribution of cases and the comparison of 
urodynamic parameters with neurological levels 
when classified as cervical, thoracic and lumbar is 
shown in table 1. There were significant associa-
tion between injury level with DO (p = 0.06) and 
level of injury with bladder capacity (p = 0.039) 

Table 1: Distribution of cases and the comparison of urodynamic parameters 

Neurological 
level 

Bladder com-
pliance 

DO 
DESD 

Detrusor  
areflexia 

PVRU 
Bladder ca-

pacity 

Normal Abnormal Absent Present Absent Present Absent Present Normal Abnormal Normal Reduced 

Cervical  0 2 0 2 0 2 0 2 0 2 0 2 

Thoracic  13 5 8 10 4 14 18 0 2 16 15 3 

Lumbar  8 2 9 1 6 4 9 1 1 9 7 3 

p-value  0.075 0.016 0.074 0.355 0.884 0.039 
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Table 2: Distribution of cases and the comparison of urodynamic parameters when neurological injury 

classified as at or above D6 and below D6 

Neurological 
level 

Bladder com-
pliance 

DO DESD 
Detrusor  
areflexia 

PVRU 
Bladder ca-

pacity 

Normal Abnormal Absent Present Absent Present Absent Present Normal Abnormal Normal Reduced 

D6 and 
above  

3 4 1 6 1 6 7 0 0 7 5 2 

Below D6  18 5 16 7 9 14 22 1 3 20 1 6 

p-value  0.073 0.010 0.222 0.575 0.314 0.896 

 

Table 3: Comparison of urodynamic parameters when neurological injury level  were classified as in-
complete and complete spinal cord injury according to ASIA scale 

Neurological 
level 

Bladder com-
pliance 

DO 
DESD 

Detrusor  
areflexia 

PVRU 
Bladder ca-

pacity 

Normal Abnormal Absent Present Absent Present Absent Present Normal Abnormal Normal Reduced 

Complete 16 4 12 8 7 13 20 0 2 18 17 3 

Incomplete  5 5 5 5 3 7 9 1 1 9 5 5 

p-value 0.091 0.602 0.784 0.150 1.000 0.041 

 
The distribution of cases and the comparison of 
urodynamic parameters when neurological injury 
classified as at D6 / above D6 and below D6 
shown in table 2. There was significant association 
found between injury level D6 / above D6 with DO 
(p = 0.01). 

The distribution of cases and  the comparison of 

urodynamic parameters when neurological injury 

were classified as incomplete and complete spinal 

cord injury according to ASIA scale shown in table 

3. There association between incomplete type of 

injury and bladder capacity were significant (p = 

0.041). 

Discussion 

The normal micturition process requires the modu-
lation and assimilation of neuronal pathways be-
tween sacral part of spinal cord, brainstem nuclei 
at the pons and the cerebral cortex. Integrity at S2, 
S4 sacral micturition centre is responsible for de-
trusor activity. Ideally detrusor areflexia should be 
present when injury remains at or below the sacral 
cord and uncoordinated, reflex detrusor activity 
should be present when injury remains 
suprasacral. 

Aziz et al
8
 in his study on SCI patients founded DO 

in 76% of thoracic, 20% of cervical, and 4% of 
lumbar level of SCI, he also founded DA in 26% of 

thoracic, 10% of cervical l, and 4% of lumbar of 
SCI.  

Agarwal and Joshi
9
 concluded that DO or detrusor 

sphincter dyssynergia should be present in thorac-
ic SCI. Similarly in this study we founded associa-
tion between neurological injury level with DO and 
bladder capacity.  

Cervical level is founded to be more affected than 
the lower level. This may be due to cases we were 
included have longer duration of injury, as longer 
the duration of injury more the chances of im-
provement in bladder further. Significant associa-
tion was found between neurological level and 
bladder capacity (p = 0.039) in our study.  

In this study we also founded a significant associa-
tion between the neurological injury level and DO. 
This maybe because of most of the patient at D6 
and above D6 were complete type, have detrusor 
overactivity. 

In SCI reflex center’s within the spinal cord remain 
unchecked due to lack or disruption of the de-
scending inhibitory fiber to spinal cord from brain 
leads to spasticity development. Absence of de-
scending inhibition in upper motor neuron lesion 
leads to overactive reflex firing. Most of the higher 
level of lesion are of complete type results more 
loss of the descending inhibitory signal which lead 
to reflex firing or over activity

10
. 
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As per literature there is no such study, so we can-
not compare with other study.     

Kooshesh et al
11

 in their study based on the com-
pleteness of injury by AIS classification they didn’t 
found any association between ASIA score and the 
injury level. Weld et al

12
 and Afsar et al

13
 in their 

study on voiding dysfunction patterns and com-
pleteness of injury, they didn’t found any significant 
differences between variables. In this study we 
also divided patient based on completeness and 
incompleteness of injury and we founded signifi-
cant association between bladder capacity and 
type of injury. We founded reduced bladder capaci-
ty in incomplete spinal cord injury. Although we 
founded poor bladder compliance and DESD in 
patient with incomplete type of injury but they were 
not significant. This can be explained as there are 
several factors responsible for this lack of a rela-
tionship between the SCI severity and neurogenic 
bladder type. There is partially modulation and in-
tegration of complex micturition signals at various 
levels of nervous system in cases of incomplete 
SCI. Unpredictable mixed voiding dysfunction in 
complete SCI results from coexisting injuries at 
different levels. When diagnosis of level of injury 
only based on urological history and evaluation of 
patients, multiplicity of injury remains undetected. 
In this study we found there was decreased blad-
der compliance, but association between bladder 
compliance and injury level were not significant. 
This can be explained through following three theo-
ries. First is neurogenic theory, it states that nerve 
hyperactivities are responsible for muscle hyper-
trophy. Second is myogenic theory, it states that 
the muscle tissue is getting replaced by non-
contractile collagenous tissue. Third theory states 
that due to inactivation of the detrusor muscle 
there is fibrosis in the bladder wall. Due to all the-
se, bladder compliance does not depend on type 
and level of lesion.  

As all the studies has some limitations, this study 
also is not free from limitations which were, short 
duration of study due to which the number of pa-
tients involved in the study were not adequate and 
poor follow up in terms of neurological recovery, 
functional recovery and long term bladder behavior 
which can be overcome by longer study and strict 
and longer follow up protocols. 

To summarize from this study, we found bladder 
capacity and detrusor overactivity significantly re-
lated with completeness and regional neurological 

level of injury. This association was not found with 
all the parameter of urodynamic study. 

Conclusion 

Detrusor over activity and bladder capacity signifi-
cantly related with completeness and regional neu-
rological level of injury but this association is not 
found with all the parameter of urodynamic study. 
Thus we can conclude that there is no significant 
association between neurological injury level and 
urodynamic parameter.   
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ABSTRACT 

 

The National Family Health Survey (NFHS), the 

fourth in series, provides information on 

population, health, and nutrition for India and 

each state and union territory. The most 

populous state of India is not doing well in 

many indicators and understanding them from 

different perspectives is imperative for 

translational changes in the future. The 

secondary analysis of NFHS-4 reported data 

freely available in public domain was done with 

the purpose to identify the differences in gender 

based data and to do the reason analysis with the 

purpose of suggesting remedies to address the 

issues of gender equity. All the results were seen 

dichotomously as for males and females to 

understand the extent of gender differences and 

identify the cause if any. The results of the 

analysis were eye opening as seen from the lens 

of Gender equity. These are the baseline data 

from where we have to head to targets of SDG 5 

and understanding them in depth is essential to 

be on track. 

 

Keywords: Gender Equity, Gender inequality, 

NFHS-4, Uttar Pradesh, India, SDG-5 

 

INTRODUCTION  

The National Family Health Survey 

(NFHS), the fourth in series, provides 

information on population, health, and 

nutrition for India and each state and union 

territory. This survey has been conducted 

under the stewardship of the Ministry of 

Health and Family Welfare (MoHFW), 

Government of India. MoHFW has 

designated the International Institute for 

Population Sciences (IIPS), Mumbai, as the 

nodal agency for these surveys. For the first 

time, NFHS-4 has provided district-level 

estimates for many important indicators. 

This has to be explored with new 

dimensions in order to identify the cause for 

corrective action. The most populous state 

of India is not doing well in many indicators 

and understanding them from different 

perspectives is imperative for translational 

changes in the future. Poor performing 

States have to be the focus to target 

improvement and attainment of the SDG -5. 

Gender equity is one of the social factors 

playing silently, unfortunately widening the 

gaps in the data at all levels. With this 

background this secondary analysis was 

planned to highlight the issues on gender 

differences evident in the survey and also 

aims to suggest measures to bridge the gaps. 

Secondary analysis of Health research data 

is necessary to be looked from different 

social perspective to understand the social 

determinants of health and also helps us in 

saving resources of conducting such large 

scale surveys again. We need to create 

specific evidence of the social problems 

highlighting their extent. They are needed 

for advocacy at all administrative and 

political level to achieve the bigger Goals. 

Sharing of such evidence will also attract 
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global solutions to our problems. Being a 

developing Country our outlook shall be 

always be affirmative because whatever we 

are facing has been overcome by others, we 

just need to pick the right solution. Moving 

together in collaboration is the primary 

requirement for achieving SDGs. 

 

MATERIALS & METHODS 

The secondary analysis of NFHS-4 reported 

data available in public domain, was done 

with the purpose to identify the differences 

in gender based data and to do the reason 

analysis with the purpose of suggesting 

remedies to address the issues of gender 

equity. Original data was collected with the 

help of interviews and questionnaires on 

wide range of variables from socioeconomic 

characteristics to health behaviour, health 

related events, states, services and also 

measurements of height, weight and 

haemoglobin. All districts of the state were 

included for data collection. Information 

was collected from 76,233 households, 

97,661 women age 15-49 years and 13,835 

men age 15-54 years. We have selected the 

gender specific data available for equity 

perspective analysis. Being a type of 

secondary data analysis, there is no 

intervention; therefore ethical clearance and 

informed consent were not required. 

 

RESULTS AND DISCUSSION 

Education, literacy and media exposure:- 

The first data with gender wise 

comparison was of school attendance of 

children. Here the percentage of children 

attending school in Uttar Pradesh shows a 

linear decreasing trend across the increased 

age groups from 91.5%  86%  63% in 

the 15-17 years group (Fig.1).This shows a 

very high dropout rate of 25.5%. Looking at 

the gender perspective the difference 

follows a similar trend. In all three age 

groups the differences in male and female 

are increasing. In the 15-17 years age group 

only 63 % of girls are going to school with 

69 % of boys i.e. 6% of the difference could 

be due to gender based issues and needs to 

be focussed. Despite several schemes to 

promote girl child education, the percentage 

of girls out of school (age 11-14) in Uttar 

Pradesh was found to be 9.9%, the highest 

in the country.  

The operational definition of literacy used 

here was a person who has either completed 

standard six or passed a simple literacy test 

conducted as part of the survey. The women 

were behind the men by a larger gap of 

about 21%. 

 

 
 

As there were only 61% literate 

women against 82% of men in age 15-49 

years (Fig : 2). After the literacy rate the 

data of schooling was compared, where only 

23% of women aged 15-49 years have 

completed at least 12 or more years of 
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schooling in comparison to 28% of men. 

The never been to school percentage was 

also 36% of women and 16% of men. The 

social effect of education is clearly seen 

here as the women are not doing well in all 

three indicators related to their education 

and schooling. This information is crucial in 

planning targeted interventions &IEC 

strategies for Women Empowerment and 

Gender equity in such population. In the 

current age of communication apart from 

school education the social media and print 

media are also important in delivering the 

key messages to our population. Electronic 

media exposure was also seen to be lower 

among women 50% than amongst men 

(60%) in Uttar Pradesh(Fig: 3). 

This could be due to their low 

exposure and lesser use of gadgets as 

compared to Men. Men (49%) are much 

more likely than women (19%) to read a 

newspaper or magazine at least once a 

week. This could be attributed to their 

schooling status. Also 44 % of women and 

27% of men and are not regularly exposed 

to print media or other forms of media. 

Gender equity cannot be established without 

increasing the awareness of the population, 

which is dependent on information. 

 

 
 

Women and Maternal Health: 

Women were better in getting married at the 

legal age(Fig: 4). As only 21.1% of women 

age20-24 years got married before the legal 

minimum age of 18 years, as compared to 

28.7% of Men age 25-49 who got married 

before age of 21 years. 

Among young women age 15-19 

years in Uttar Pradesh, 4 per cent have 

already begun childbearing that is they have 

already had a live birth or are pregnant with 

their first child. Young women age 15-19 

years who had no schooling are more than 

three times as likely to have begun 

childbearing (10%) as young women with 

12 or more years of schooling(3%).The 

social impact of female education is clearly 

evident from the figure as we can see the 

TFR is inversely related to completed year 

of schooling of female child. It is 3.5 in 

women with no schooling and reaches the 

target level of 1.9 for those who completed 

at least 12 years of schooling. This is also to 

realize here that we need inputs in female 

child education to control the population. 

Family planning services alone cannot give 

the returns required. 
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The Gender Biasness vs. Gender Equity: 

Issues in the Family Health due to 

Gender 

In Uttar Pradesh, there is a strong preference 

for sons. About 31%women and 28% men 

want more sons than daughters, but only 1% 

women and 2% of men want more 

daughters than sons. This preference has to 

be addressed at the community level by 

education and awareness. Women’s desire 

for more children isstrongly affected by 

their current number of sons as seen in 

Figure 5. Among women with two children, 

84 % with two sons and 77% with one son 

want no more children, compared with 37 % 

women with two daughters who want no 

more children. Notably, however the 

proportion of married women with two 

children who want no more children 

irrespective of their number of sons was 

found to be 73% for men it was also 

similarly 73%.In Uttar Pradesh, unplanned 

pregnancies are relatively common. If all 

women were to have only the number of 

children they wanted, the total fertility rate 

would have reached their placement level of 

2.1 children per woman, instead of the 

current level of 2.7 children per woman. 

What we have to realize here is that these 

figures are the result of tremendous work 

and expenditure being done for population 

control and Maternal & Child health care 

services. 

 

Men’s attitudes and their involvement in 

maternal care: 

Almost two-fifths (38%) of men age 

15-49 in Uttar Pradesh agree that 

contraception is women’s business and a 

man should not have to worry about it (Fig : 

6). However, only 19 per cent think that 

women using contraception may become 

promiscuous. A large majority of men 

(68%) know that a condom, if used 

correctly, protects against pregnancy most 

of the time. Only 2 per cent of men report 

that condoms do not protect against 

pregnancy at all. Contraception and family 

control is a mutual responsibility of the 

couple and we need to stress on it rather 

than shifting the onus from female to male. 

These behaviours have to be changed as we 

target the equity.  
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About 73% of men with a child 

under three years of age said that the 

youngest child’s mother received antenatal 

care. Half of men with a child under three 

years said they were present during at least 

one antenatal check received by the child’s 

mother (63% in urban areas and 46% in 

rural areas), but only 27 % were told by a 

health provider what to do if the mother had 

a pregnancy complication. This means that 

the health system is also giving the onus to 

the female and we cannot expect any 

handsome changes in male involvement 

without significant effort on the provider 

side.  

Only 34% of men were told about 

the signs of specific pregnancy 

complications. Among fathers with a child 

less than three years of age, 46% was given 

information about various aspects of 

maternal care. 46% were also told about the 

importance of proper nutrition for the 

mother during pregnancy and 42 % were 

told about the importance of delivering the 

baby in a health facility (Fig: 7). 35% were 

told about family planning or delaying the 

next child by a health provider. Only 32% 

of fathers whose child was not delivered in a 

health facility were told about the 

importance of cord care, the importance of 

keeping the baby warm immediately after 

birth, and the importance of breastfeeding 

the baby immediately after delivery. This 

relevant information should be given 

compulsorily to the male partners to 

understand their role and responsibilities. 
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Health profile of the population: Focus on 

gender based variations in diseases and 

risk factors 

Anaemia: It is a condition marked by low 

levels of haemoglobin in the blood. It not 

only causes weakness but also effects 

scholastic achievement and maternal and 

child health. Among children between the 

ages of 6 and 59 months, a large majority 

(63%) are anaemic. This includes 26 % per 

cent who are mildly anaemic, 34 % who are 

moderately anaemic, and 2% who suffer 

from severe anaemia. There was no 

difference in the prevalence of anaemia 

among girls and boys. In the adults 52% 

women in Uttar Pradesh have anaemia, 

including 39% with mild anaemia, 13% 

with moderate anaemia, and only 1% with 

severe anaemia. Slightly less than one-

fourth of men (24%) are anaemic (Fig: 8).  

 

 
So conclusively females are at more 

risk than males for anaemia. The prevalence 

of medically treated tuberculosis is higher 

among men (411/100,000) than among 

women (261) and is higher in rural areas 

(353) than in urban areas (289). This may be 

attributed to more exposure to outdoor 

environment. According to self-reports, 996 

women and 1,061 men age 15-49 per 

100,000 have diabetes. Overall, 1,179 

women and 963 men per 100,000 suffer 

from asthma.  

Males are suffering more from 

Diabetes and Tuberculosis, and Females 

more from Asthma and Anaemia. The 

prevalence of asthma among women and 

men is higher among older age groups, 

those who have little or no schooling, and 

those in rural areas. Goitre or any other 

thyroid disorder is slightly more common 

than asthma among women, but far less 

common than asthma among men 

(1,256cases per 100,000 women and 287 

cases per 100,000 men). The prevalence of 

any heart disease is more than twice as high 

among women (1,433 per 100,000) as 

among men (648 per 100,000).Among the 

five diseases, cancer is the least common, 

with 72 women per 100,000 and 79 men per 

100,000 reportedly suffering from cancer. 

This should be utilized for specific 

preventive strategies at the program level. 

Risk factors: Gender differences 

The NCD (Non communicable 

diseases) epidemic has already hit the 

developing nations and risk factor 

mitigation has been proven as the most 

economical solution. Women have more 

abnormal BMI (body mass index > 25 is a 

risk factor) than men 16.5% vs. 12.5% 

respectively as seen in Fig: 9. About 9% of 

women and 11% of men age 15-49 years 

have hypertension. In measurement of 

random blood glucose, 7% women and 10% 

men had high blood glucose level. Older 

women and men, and women with no 

schooling, have relatively high blood 

glucose levels. 53% of men, but only 7.6% 

of women use some form of tobacco. 

Women (4%) and men (28%) are more 

likely to use gutkha or paan masala with 

tobacco than to use any other type of 

tobacco. Men are less likely to drink alcohol 

(22%) than to use tobacco, and almost no 

women 0.2% say that they drink alcohol. 

The women have lower prevalence of all the 

risk factors except BMI, which is best 

predictor, hence specific physical activity 

programs need to be strategically planned at 

all village and urban ward level.  
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Awareness of HIV or AIDS:  

61% of women in Uttar Pradesh 

have heard of HIV or AIDS. Men are more 

likely than women to know about HIV or 

AIDS. Over four-fifths of men (84%) have 

heard of it. 

Knowledge of prevention and 

transmission:  

Men are more likely than women to 

know how HIV is transmitted and how to 

keep from getting it. As only 47% of 

women know that consistent condom use 

can help prevent HIV/AIDS, compared with 

73% of men, and only 50% of women know 

that having just one uninfected partner who 

has no other partners can reduce the chance 

of getting HIV/AIDS, compared with 73% 

of men(Fig: 10). Only 18 % of women and 

26 % of men in Uttar Pradesh have 

‘comprehensive knowledge’ about 

HIV/AIDS. This means they know that 

consistent use of condoms every time they 

have sex and having just one uninfected sex 

partner who has no other partners can 

reduce the chance of getting HIV/AIDS, 

they know that a healthy-looking person can 

have HIV/AIDS, and they reject two 

common misconceptions about transmission 

or prevention of HIV/AIDS. Female 

education again appears to be the crucial 

factor in prevention of deadly epidemics of 

HIV, as knowledge is the key to success. 
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Higher-risk behaviour: This was reported 

by 1%percent of women and 9% of men 

during the past 12 months. Even fewer 

respondents said that they had multiple sex 

partners in the past 12 months (0.3% of 

women and 3% of men). We see large 

difference in behaviour gender wise but 

reporting bias cannot be ruled out. As only 

1% men said they had paid for sex in the 

past year, these sensitive questions are 

subject to reporting bias, hence to be 

interpreted with caution. 

Women’s empowerment in Uttar 

Pradesh: Many important issues like women 

hygiene, employment and decision making 

has been taken in NFHS, which shall be the 

baseline for us to work in the direction of 

achieving Sustainable development goals 

2030. 

Women’s hygiene:  

Using a hygienic method of 

menstrual protection is important for 

women’s health and personal hygiene. In 

NFHS-4, young women age 15-24 were 

asked what method or methods they use for 

menstrual protection, if anything. As it was 

a multiple response question about (81%) 

use cloth, 33 per cent use sanitary napkins, 

14 per cent use locally prepared napkins, 

and 2 per cent use tampons. Overall, 47.1% 

of women use a hygienic method of 

menstrual protection (Fig: 11). Women with 

at least 12 years of schooling are more than 

three times as likely to be using a hygienic 

method as women with no schooling. 

Notably, only 40 per cent of rural women 

use a hygienic method of menstrual 

protection, compared with 69 per cent of 

urban women. 

Employment and earnings: Only 25% of 

women were employed in the 12 months 

preceding the survey as compared to 79% of 

men. Among employed women, only 16.6 

% earned cash, others were paid in kind or 

were not paid at all. Women reservation in 

all sectors should be the answer for such 

unjustified differences, from Parliament to 

villages the women representation shall be 

at least 50% to address multiple issues faced 

by the women. 

Decision making: Currently married 

women were asked who makes decisions 

about their own health care, major 

household purchases, and visits to their own 

family or relatives. Women are somewhat 

more likely to participate in decisions about 

their own health care (73%) than in 
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decisions about major household purchases 

and visits to their own family and relatives 

(69-71%). Overall, 60% of currently 

married women participate in making all 

three of these decisions, and 18 percent do 

not participate in making any of the three 

decisions.  

Other indicators of women’s 

empowerment:  

Majority of women 55% have a bank 

or savings account that they themselves use. 

This percentage is highest, at 73%, among 

women who have 12 or more years of 

schooling. Women’s knowledge and use of 

microcredit programmes is very limited. 

Only 28% of women know of a microcredit 

programme in the area and only 2% have 

ever taken a loan from a microcredit 

programme. Only 32% of women are 

allowed to go by themselves to all three of 

the following places: the market, a health 

facility, and places outside the 

village/community. Nearly one third 33% of 

women and 62% of men age 15-49 own a 

house alone or jointly with someone else. 

These are the indicators of social security 

and only educated women are a little 

privileged in getting these. The numbers are 

indicative of our social restrictions and 

education level of women. 

A little less than two-fifths (37%) of 

women have a mobile phone that they 

themselves use, and among women who 

have a mobile phone that they themselves 

use, 60% can read SMS messages. 49% of 

urban women have a mobile phone they 

themselves can use, compared with 33% of 

rural women. The proportion of women who 

have a mobile phone that they themselves 

use was found to be increasing with 

women’s schooling. 

Gender-role attitudes & domestic 

violence: 

Our society has well adapted to the 

domestic violence and the astonishing 

responses of the Indian women are below. 

51% of women believe it is justifiable for a 

husband to beat his wife under some 

circumstances (Fig: 12). Women are most 

likely to believe that wife-beating is 

justified if a woman shows disrespect for 

her in-laws (39%), followed by if she argues 

with him (32%), and if she neglects the 

house or children (30%). 
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Men are less likely to agree: 42% say that 

wife beating is justified in some 

circumstances, especially if the wife shows 

disrespect for in-laws (28%), if she argues 

with him (24%), or if he suspects her of 

being unfaithful (23%). Whatsoever 

justifications are given domestic violence 

can never be a part of civilised society, and 

we are here to address the issues of 

EQUITY, which looks way ahead from this 

reality. Even among women and men who 

have completed at least 12 years of 

schooling, 40% of women and 31% of men 

say that a husband is justified in beating his 

wife for one or more of the specified 

reasons. 

Spousal violence: 33%per cent of ever-

married women report having been slapped 

by their husband; between 11-17% per cent 

report being pushed, shaken, or having 

something thrown at them; having their arm 

twisted or hair pulled; being punched; or 

being kicked, dragged, or beaten up; and 2 

% have been choked or burned on purpose, 

while 1 % have been threatened or attacked 

with a knife, gun, or other weapon. 6% 

report that their husbands have physically 

forced them to have sex and 4% report that 

their husband forced them with threats or 

other ways to perform sexual acts they did 

not want to perform. Overall, 37% of ever-

married women have experienced spousal 

physical or sexual violence from their 

current husband or, if not currently married, 

from their most recent husband. 14% report 

spousal emotional violence. Few ever-

married women (2%) have ever initiated 

violence against their husband. About 4% 

pregnant women have ever experienced 

physical violence during one or more of 

their pregnancies. Although the prevalence 

of spousal violence is lower among more 

educated women, 1 in 5Women who have at 

least 12 years of schooling have experienced 

physical or sexual spousal violence. The 

contextual and intergenerational aspects of 

spousal violence are clear from the fact that 

women whose mothers were beaten by their 

fathers are almost twice as likely to be in 

abusive marriages themselves. Women 

whose husbands consume alcohol are much 

more likely than women whose husbands do 

not consume alcohol to experience spousal 

violence, especially if the husband often 

gets drunk. However, 30% of women whose 

husbands do not drink alcohol have 

experienced physical or sexual spousal 

violence (Fig: 13). Almost one-fifth (26%) 

of women who have experienced spousal 

physical or sexual violence have suffered 

injuries as a result of the violence, and 

among women who have experienced both 

physical and sexual violence this proportion 

rises to 53%. The most common type of 

injury is cuts, bruises, or aches. 
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Help seeking: Only 15% of women who 

have ever experienced physical or sexual 

violence by anyone have sought help. Here 

nearly four-fifths (77%) of women have 

neither sought help nor told anyone about 

the violence. Abused women who have 

sought help most often seek help from their 

own families. Only 4 per cent of abused 

women who sought help for the violence 

sought help from the police. This are the 

areas of concern that the women should be 

able to ask for help otherwise the reported 

data must be much lower than the actual and 

we may not adequately address the issues of 

equity. 

 

SUMMARY & CONCLUSION 

The gender equity has to be 

addressed at the primordial level rather than 

secondary. We have to work together at the 

level of primary education and primary care 

to target the equity issues. Special attention 

has to be given to school dropouts and that 

too female. Complete education will itself 

result in better health, better family health 

and a Nation with equal opportunities for 

both the gender. Then it is up to an 

individual to choose the role he or she likes 

accordingly. This type of analysis and 

representation will have exponential effects 

and will ignite the technical minds to work 

up for the suffering India. 
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ABSTRACT 

 

The theme of International Women’s Day 2020: 

‘I am Generation Equality: Realizing Women’s 

Rights’ is aligned with the Global commitment 

of achieving the SDG related to Gender Equality 

by 2030. Men and women share the same right 

to the enjoyment of the highest attainable 

standard of physical and mental health. Women 

are disadvantaged due to social, cultural, 

political and economic factors that directly 

influence their health and impede their access to 

health-related information and care. This review 

attempts to create a better understanding of 

gender equity issues among the scientific 

society. We have utilized the information 

available online at portals of various 

international organizations working in this field, 

journal papers and other resources. We need to 

work together to find out the best methods for 

addressing these inequalities so that the Global 

development is on the right track. 

 

Keywords: Gender Equality, Gender Equity, 

Healthcare, SDG 5 

 

INTRODUCTION 

Gender inequality has left deep 

impacts on our health, and it’s time to take 

action for correction and further prevention. 

Let us understand what is this equity and 

equality when we talk about gender and 

health. Equity and equality are two 

strategies which we can use in an effort to 

produce fairness. Equity is giving everyone 

what they need to be healthy. Equality is 

treating everyone the same. Equality aims to 

promote fairness, but it can only work if 

everyone starts from the same health status 

and needs the same amount of care. 

Gender equality is achieved when 

women and men enjoy the same rights and 

opportunities across all sectors of society, 

including economic participation and 

decision-making, and when the different 

behaviours, aspirations and needs of women 

and men are equally valued and favoured. 

Gender equality is the goal, while gender 

neutrality and gender equity are practices 

and ways of thinking that help in achieving 

the goal. Gender equality is more than equal 

representation; it is strongly tied to women's 

rights, and essentially requires policy 

changes. The Figure 1, taken from Google 

images, clearly shows the relation of these 

three confusing terms.  

 

Figure 1: The Equality, Equity and Reality or Inequality. 

Source: Google images. 
 

The Global Voice:-  

UNICEF (The United Nations 

Children's Fund) says gender equality 

"means that women and men, girls and 

boys, enjoy the same rights, resources, 
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opportunities and protections. It does not 

require that girls and boys, or women and 

men, be the same, or that they be treated 

exactly alike." Achieving gender equality 

also requires eliminating harmful practices 

against women and girls, including sex 

trafficking, femicide, wartime sexual 

violence, and other oppression tactics. 

UNFPA (United Nations Population 

Fund) stated that, "despite many 

international agreements affirming their 

human rights, women are still much more 

likely than men to be poor and illiterate. 

They have less access to property 

ownership, credit, training and employment. 

They are far less likely than men to be 

politically active and far more likely to be 

victims of domestic violence."  

Gender equality is the 5
th

 of 17 

sustainable development goals of the United 

Nations. The Goal 5: Gender equality: 

Achieve gender equality and empower all 

women and girls. Empowering women and 

promoting gender equality is crucial to 

accelerating sustainable development. 

Ending all forms of discrimination against 

women and girls is not only a basic human 

right, but it also has a multiplier effect 

across all other development areas. 

UNDP (United Nations 

Development Programme) has made gender 

equality central to its work and we’ve seen 

remarkable progress in the past 20 years. 

There are more girls in school now 

compared to 15 years ago, and most regions 

have reached gender parity in primary 

education. But although there are more 

women than ever in the labour market, there 

are still large inequalities in some regions, 

with women systematically denied the same 

work rights as men. Sexual violence and 

exploitation, the unequal division of unpaid 

care and domestic work, and discrimination 

in public office all remain huge barriers. 

Climate change and disasters continue to 

have a disproportionate effect on women 

and children, as do conflict and migration. It 

is vital to give women equal rights land and 

property, sexual and reproductive health, 

and to technology and the internet. 

Today there are more women in 

public office than ever before, but 

encouraging more women leaders will help 

achieve greater gender equality. The leaders 

who are confident and trained enough can 

only bring the policy changes and not the 

workers.  

Global figures:- 

 Women earn only 77 cents for every 

dollar that men get for the same work. 

 35% of women have experienced 

physical and/or sexual violence. 

 Women represent just 13 percent of 

agricultural landholders. 

 750 million, women and girls alive 

today were married before their 18th 

birthday. 

 2 out of 3, developing countries have 

achieved gender parity in primary 

education. 

 Only 24% of national parliamentarians 

were women as of November 2018(a 

small increase from 11.3 percent in 

1995). 

 

The case of Iceland:- 

Iceland, despite being an island, is 

not isolated from progress towards gender 

equality. The World Economic Forum’s 

Global Gender Gap Index has ranked 

Iceland first for gender equality, that too for 

the ninth year in a row. It is an inspiration 

for the world to continue to work towards 

complete equality of status, influence and 

power of men and women. Gender equality 

does not come about of its own accord. It 

requires the collective action and solidarity 

of women human rights defenders, political 

will, and tools such as legislation, gender 

budgeting and quotas. You need to be a very 

much part of the system to change it. 

 

Gender equity and health:- 

Gender inequality damages the 

physical and mental health of millions of 

girls and women across the globe, and also 

of boys and men despite the many tangible 

benefits it gives men through resources, 

power, authority and control. Because of the 

numbers of people involved and the 
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magnitude of the problems, taking action to 

improve gender equity in health and to 

address women’s rights to health is one of 

the most direct and potent ways to reduce 

health inequities and ensure effective use of 

health resources which are already scarce in 

developing countries like ours. Our aim of 

Universal Health coverage cannot be 

achieved without addressing this social 

determinant of Health. 

WHO has defined health as "a state 

of complete physical, mental, and social 

well-being and not merely the absence of 

disease or infirmity." Identified by the 2012 

World Development Report as one of two 

key human capital endowments, health can 

influence an individual's ability to reach his 

or her full potential in society. Yet health 

inequality between men and women 

continues to affect many societies today. 

Still the girls and women experience a 

majority of health disparities. 

 

The existing Gender Bias: 

This comes from the fact that many 

cultural ideologies and practices have 

structured society in a way whereby women 

are more vulnerable to abuse and 

mistreatment, making them more prone to 

illnesses and early death. These cultural 

norms and practices often influence the 

roles and behaviours that men and women 

adopt in society. Women are also restricted 

from receiving many opportunities. For 

example, women living in areas with a 

patriarchal system are often less likely to 

receive tertiary education or to be employed 

in the paid labour market due to gender 

discrimination. They have less access and 

control over healthcare resources. This 

unequal social order is responsible for the 

inequality in women’s health. As a result, 

female life expectancy at birth and 

nutritional well-being, and immunity against 

communicable and non-communicable 

diseases, are often lower than those of men.  

 

Disparities against males: 

While the majority of the global 

health gender disparities are weighted 

against women, there are situations in which 

men tend to fare poorer like in armed 

conflicts and areas with high incidence of 

violence where men are often the immediate 

victims. This also stems from social beliefs 

that associate ideals of masculinity with 

aggressive and confrontational behaviour. In 

such situations it is harder for men to 

provide for their family, a task that has been 

long regarded as the "essence of 

masculinity." So we need to strike a trade-

off between the responsibilities. Recently 

we had females taking charge as senior 

officers in our army, an evidence of change 

which will have long effects. Women live 

longer than men in all countries, and across 

all age groups, for which reliable records 

exist. But men are less healthy than women 

across all social classes. Men are over-

represented in dangerous occupations and 

represent a majority of on the job deaths.  

 

Male-Female Sex Ratio: 

At birth, boys outnumber girls with 

the ratio of 105 or 106 male to 100 female 

children.
 
However, after conception, biology 

favours women. Research has shown that if 

men and women received similar nutrition, 

medical attention, and general health care, 

women would live longer than men. This is 

because women, on a whole, are more 

resistant to diseases and less prone to 

debilitating genetic conditions. However, 

the ratio of women to men in developing 

regions such as South Asia, West Asia, and 

China can be as low as 0.94, or even lower. 

This deviation from the natural male to 

female sex ratio has been described by 

Indian philosopher and economist Amartya 

Sen as the "missing women" phenomenon. 

According to the 2012 World Development 

Report, the number of missing women is 

estimated to be about 1.5 million women per 

year, with a majority of the women missing 

in India and China. 

One of the documented cultural 

norms that augment gender disparities in 

health is the preference for sons. The 

increasing number of unborn girls has been 

attributed to technological advances that 
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made pre-birth sex determination, 

affordable and accessible to a wider 

population. The son preferring parents could 

practice sex-selective abortion. In spite of 

various efforts of government this 

incidences are still reported and are 

responsible for the inequality. 

Additionally, the culture of son 

preference also extends beyond birth in the 

form of preferential treatment of boys. 

Economic benefits of having a son in 

countries like India also explain the 

preferential treatment of boys over girls. For 

example, in Indian culture it is the sons that 

provide care and economic stability to their 

parents as they age, so it is assumed having 

a boy helps to ensure the futures of many 

Indian families. 

This preferential care can be 

manifested in many ways, such as through 

differential provision of food resources, 

attention, and medical care. Data from 

household surveys over the past 20 years 

has indicated that the female disadvantage 

has persisted in India and may have even 

worsened in some other countries such as 

Nepal and Pakistan. 

 

Female mortality: 

In many developing regions, women 

experience high levels of mortality. Most of 

these deaths result from maternal mortality 

and HIV/AIDS infection. Although only 

1,900 maternal deaths were recorded in 

high-income nations in 2008, India and Sub-

Saharan Africa experienced a combined 

total of 266,000 deaths from pregnancy-

related causes. India has achieved a decline 

of 6.15% from 2014-2016 to reach MMR of 

122 in 2015-17. As per the UNICEF, MMR 

is the key indicator for efforts to improve 

the health and safety of mothers during and 

after childbirth. The developed nations have 

it around 20 to 30 per 100,000 live births.  

 

Health outcome: 

Women tend to have poorer health 

outcomes than men for several reasons 

ranging from sustaining greater risk to 

diseases to experiencing higher mortality 

rates. In the Population Studies Centre 

Research Report by Rachel Snow that 

compares the disability-adjusted life years 

(DALY) of both male and females, the 

global DALYs lost to females for sexually 

transmitted diseases such as gonorrhoea and 

chlamydia are more than 10 times greater 

than those of the males. Moreover, the 

female DALYs to male DALYs ratio for 

malnutrition-related diseases such as Iron-

Deficiency Anaemia are often close to 1.5, 

suggesting that poor nutrition impacts 

women more than men. 

Additionally, in terms of mental 

illnesses, women are also two to three times 

more likely than men to be diagnosed with 

depression. Men die from suicide more 

frequently, though women more frequently 

have suicidal thoughts. Men may suffer 

from undiagnosed depression more 

frequently, due to gender differences in the 

expression of emotion. Women outlive men 

in 176 countries. Data from 38 countries 

shows women having higher life 

expediencies than men for all years both at 

birth and at age 50. Men are more likely to 

die; women are more likely to suffer from 

disease. This is called the mortality-

morbidity paradox, or Health Survival 

paradox. The women experience more 

medical conditions and disability during 

their lives, but they unexpectedly live longer 

than men. This is explained by an excess of 

psychological, rather than physical, distress 

among women. 

 

Access to healthcare: 

Women tend to have poorer access 

to health care resources than men. These 

disparities are often compounded by cultural 

norms and expectations imposed on women. 

For example, certain societies forbid women 

from leaving their homes unaccompanied by 

a male relative, making it harder for women 

to receive healthcare services and resources 

when they need it most. The inability to 

travel alone can prevent them from 

receiving the necessary health care they 

need. 
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  Gender factors, such as women's 

status and empowerment (i.e. in education, 

employment, intimate partner relationships, 

and reproductive health), are linked with 

women's capacity to access and use 

maternal health services. Family planning 

was typically viewed as the responsibility of 

women, with all programs targeting women. 

The role of men was ignored, even though 

he is the decision taker. According to the 

societal standard a woman cannot insist on 

condom use by her spouse or sex partners, 

leading to a higher risk of contracting HIV. 

In order to promote equity in access to 

reproductive health care, health programs 

and services have now shifted the focus to 

the male partners. 

 

Harmful cultural practices and violence: 

Practices such as female genital 

mutilation (FGM) cause girls and women to 

face health risks. Millions of females are 

estimated to have undergone FGM, which 

involves partial or total removal of the 

external female genitalia for non-medical 

reasons. It is estimated that 92.5 million 

females over 10 years of age in Africa are 

living with the consequences of FGM. Often 

performed by traditional practitioners using 

unsterile techniques and devices, FGM can 

have both immediate and late complications.
 

FGM may also complicate pregnancy and 

place women at a higher risk for obstetrical 

problems, such as prolonged labour. 

Psychological complications are related to 

cultural context. Women who undergo FGM 

might be emotionally affected when they 

move outside their traditional circles and are 

confronted with the view that mutilation is 

not the norm. 

Violence against women is a 

widespread global occurrence with serious 

public health implications. This is a result of 

social and gender bias. Many societies in 

developing nations function on a patriarchal 

framework, where women are often viewed 

as a form of property and as socially inferior 

to men. This unequal standing in the social 

hierarchy has led women to be physically, 

emotionally, and sexually abused by men, 

both as children and adults. These abuses 

usually constitute some form of violence.  

Such violence against women, 

especially sexual abuse, is increasingly 

being documented in areas experiencing 

armed conflicts. Often being placed in 

emergency and refugee settings, girls and 

women alike are highly vulnerable to abuse 

and exploitation by military combatants, 

security forces, and members of rival 

communities. The consequences range from 

debilitating physical injuries, reproductive 

health issues, substance abuse, depression, 

and even suicide attempts. During 

peacetime, most violence against women is 

perpetrated by either male whom they 

know. 

Other forms of violence against 

women include sexual harassment and 

abuse by authority figures (such as teachers, 

police officers or employers), trafficking for 

forced labour or sex, and traditional 

practices such as forced child marriages and 

dowry-related violence. At its most extreme, 

violence against women can result in female 

infanticide and violent death. Despite the 

size of the problem, many women do not 

report their experience of abuse and do not 

seek help. As a result, violence against 

women remains a hidden problem with great 

human and health care costs. 

 

Some other factors interacting in between 

gender inequality and Health: 

Poverty is often directly linked with 

poor health and nurtures the existence of 

gender disparities in health. Indirectly it 

affects factors such as lack of education, 

resources, and transportation. In addition to 

economic constraints, there are also cultural 

constraints that affect people's ability or 

likelihood to enter a medical setting. While 

gender disparities continue prevalent in 

health, the extent to which it occurs within 

poor communities often depends on factors 

like the socioeconomic state of their 

location, cultural differences and even age. 

Children living in poverty have limited 

access to basic health needs overall, 

however gender inequalities become more 
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apparent as children age. Gender 

inequalities in health for those living in 

poverty continue into adulthood. Poor 

women in underdeveloped countries were 

said to be at greater risk of disability and 

death.  

 

Healthcare system & gender inequality:  

Healthcare systems are known to be 

influenced by social, cultural and economic 

frameworks. As a result, health systems are 

regarded as not only "producers of health 

and health care", but also as "purveyors of a 

wider set of societal norms and values," 

many of which are biased against women. 

According to a WHO report, health systems 

in many countries were noted to have been 

unable to deliver adequately on gender 

equity in health as they tend to neglect the 

fact that men and women's health needs can 

be very different. Healthcare system can 

promote gender disparities in health through 

the lack of gender equity in terms of the 

way women are regarded - as both 

consumers (users) and producers (carers) of 

health care services. 

In the case of reproductive health 

services, these services are often provided 

as a form of fertility control rather than as 

care for women's well-being. Additionally, 

although the majority of the workforce in 

health care systems is female, many of the 

working conditions remain discriminatory 

towards women. Women are often expected 

to conform to male work models that ignore 

their special needs, such as childcare or 

protection from violence. This significantly 

reduces the ability and efficiency of female 

caregivers providing care to patients, 

particularly female ones. 

 

Structural gender oppression:  

Gender discrimination of women in 

many other areas has an indirect impact on 

women's health. For example, because 

women in many developing nations are less 

likely to be part of the formal labour market, 

they often lack access to job security and the 

benefits of social protection. Studies have 

shown that this expectation of having to 

balance the demands of paid work and work 

at home often give rise to work-related 

fatigue, infections, mental ill-health and 

other problems, which results in women 

faring poorer in health. Women's health is 

also put at a higher level of risk as a result 

of being confined to certain traditional 

responsibilities, such as cooking and water 

collection. Being confined to unpaid 

domestic labour not only reduces women's 

opportunities to education and formal job, 

but also potentially expose women to higher 

risk of health issues. For instance, in 

developing regions where solid fuels are 

used for cooking, women are exposed to a 

higher level of indoor air pollution due to 

extended periods of cooking and preparing 

meals for the family. 

 

Our approach to the scenario: 

Men and women share the same 

right to the enjoyment of the highest 

attainable standard of physical and mental 

health. Women are disadvantaged due to 

social, cultural, political and economic 

factors that directly influence their health 

and impede their access to health-related 

information and care. In the 2008 World 

Health Report, the World Health 

Organization stressed that strategies to 

improve women's health must take full 

account of the underlying determinants of 

health, particularly gender inequality. 

Additionally, specific socioeconomic and 

cultural barriers that hamper women in 

protecting and improving their health must 

also be addressed. 

 

Gender mainstreaming: 

The gender mainstreaming approach 

is a response to the realisation that gender 

concerns must be dealt with in every aspect 

of policy development and programming. In 

order to address gender health disparities, 

gender mainstreaming in health employs a 

dual focus. First, it seeks to identify and 

address gender-based differences and 

inequalities in all health initiatives; and 

second, it works to implement initiatives 

that address women's specific health needs 
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that are a result either of biological 

differences between women and men (e.g. 

maternal health) or of gender-based 

discrimination in society (e.g. gender-based 

violence; poor access to health services). 

Sweden’s new public health policy, which 

came into force in 2003, has been identified 

as a key example of mainstreaming gender 

in health policies. According to the World 

Health Organization, Sweden’s public 

health policy is designed to address not only 

the broader social determinants of health, 

but also the way in which gender is woven 

into the public health strategy. The policy 

specifically highlights its commitment to 

address and reduce gender-based 

inequalities in health. 

 

Female Empowerment: 
The enhancement of women's 

involvement has been identified as the best 

way to achieve gender equality in the realm 

of education, work, and health. This is 

because women play critical roles as 

caregivers, formally and informally, in both 

the household and the larger community. It 

is important that approaches and 

frameworks that are being implemented to 

address gender disparities in health 

acknowledge the fact that majority of the 

care work is provided by women. But all 

these work needs advocacy and evidence 

which has to be indigenous for its reliability 

and acceptability. So we need to conduct 

more and more researches to create 

evidence in this field. 

 

The way forward: 

There are gender-based differences 

in life expectancy, healthy life years, health 

behaviours, mortality, and morbidity risks. 

This is partly due to the socially constructed 

roles of men and women, and the 

relationships between them. These norms 

influence the health conditions individuals 

are susceptible to, as well as access to and 

uptake of health services. Women live 

longer than men but spend fewer years in 

good health. The Gender pay and pension 

gaps, put older women in particular at risk 

of poverty and social exclusion which 

creates barriers to health services. 

Further gender role conflicts, total 

workload, and unpaid work have potential 

adverse effects on women’s wellbeing and 

long-term health. We need an integrated 

holistic approach to health promotion, 

access to healthcare, and labour market 

integration based on gender equality; 

promoting empowerment of all women and 

girls through full participation in society and 

decision making; helping parents combine 

work with parental responsibilities and 

examining the links between Sustainable 

Development Goals 3 (Good health and 

wellbeing) and 5 (Gender equality). 

The theme of World Health Day 

2019 was Universal health coverage: 

everyone, everywhere. The slogan is 

“Health for all”. To address UHC we have 

to address the gender inequities in the health 

and social workforce that disadvantage 

women and limit their advance into 

leadership. Health systems cannot be strong 

resting on the fragile and inequitable 

foundation of unpaid work by women and 

girls. Recognizing and paying women fairly 

for all the work they do in health and social 

care will result in stronger health systems 

for us all. 

With demographic changes and 

rising life expectancy, the health sector is 

one of the fastest growing economic sectors 

globally and supply is not keeping pace with 

demand. We need 18 million new health and 

social care workers, primarily in low- and 

middle-income countries to deliver UHC. 

We must encourage females to enter health 

occupations and to stay there. Women will 

fill the majority of health worker jobs and 

deliver UHC, if we enable them to do so. 

Finally, Delivered by Women, Led by Men 

reality must change to achieve UHC. With 

men holding 75% of senior roles in global 

health, health systems are not drawing from 

the total talent pool. Our health outcomes 

are poorer because we are losing the 

perspectives of the women who run health 

systems, from both design and delivery. If 

UHC is to keep the promise of reaching 
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everyone, we need diverse perspectives and 

diverse leadership to reflect the populations 

we serve. We need women to lead health 

systems and have an equal voice in shaping 

them. 

WHO has designated 2020 as the 

Year of the Nurse and the Midwife in order 

to recognize the vital contribution of the 

largest single health worker occupation, an 

occupation comprised of 80% women.  
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ABSTRACT
Objective: Data on outcome of patients with ischemic priapism (IP) due to malignant causes are scant. In 
this study, we compared outcome of patients with malignant vs. non-malignant IP in adult North Indian men. 

Material and methods: We analyzed medical records of patients with IP who presented to a large tertiary 
care referral center from August 2005 to July 2017. 

Results: Data of 71 patients were analyzed. The median age was 30 years (range 17-65). The average dura-
tion of symptoms was 4.39 days (range 1-10). Most common etiology was idiopathic in 29 (40.84%), chronic 
myeloid leukemia (CML) in 24 (33.80%), and drug-induced in 15 patients. Thirty-eight patients underwent 
distal shunts, while nine patients underwent proximal shunt procedure. Men with malignant priapism (CML) 
had significantly lower success rates with interventions, prolonged hospital stay, and higher complications 
(p<0.05). Most complications after shunt surgery were minor (Clavein grade 1 and 2). After shunt surgery, 
bleeding at shunt site was observed in 14 cases, and wound infection developed in five patients. Prevalence 
of erectile dysfunction in patients at follow-up was high.

Conclusion: Men with malignant priapism (CML) had significantly lower success rates with interventions, 
prolonged hospital stay, and higher complications than men with non-malignant priapism.

Keywords: CML; ischemia; low flow; malignancy; priapism; shunts. 

Introduction

Priapism is the full or partial erection of penis 
unrelated to sexual activity or beyond sexual 
stimulation that persists for four or more hours.
[1] Priapism incidence has been reported to be 
0.3-1.0/100,000 males/year.[2] As compared to 
high-flow and stuttering priapism, low flow 
(ischemic priapism, IP) is the more common 
type of priapism.[1] In IP, there is a persistent 
and painful erection due to decreased or absent 
arterial inflow resulting in marked rigidity of 
the corpora cavernosa, which resembles penile 
compartment syndrome.[1,3] IP is a urological 
emergency that requires prompt treatment. The 
successful management of IP involves achiev-
ing timely detumescence and preserving the 
erectile function. Based on the geographic 
location, various etiologies of priapism have 
been reported in the literature.[4-6] Only a few 
studies have reported etiology and outcome of 

patients with IP from the Indian subcontinent.
[7] To the best of our knowledge, literature on 
outcome of patients with IP due to malignant 
causes is scant. So in this study, we compared 
the outcomes of IP based on etiology (malig-
nant vs. non-malignant) in adult North Indian 
men.

Material and methods

We analyzed data of all patients with IP who 
presented to a large tertiary care referral center 
between August 2005 and July 2017. Informed 
consent was obtained from all the participants 
for treatment, and ethical approval for this 
study was taken from the institutional ethics 
committee (3018/Ethics/R-cell-18). The di-
agnostic criteria for IP comprised clinical and 
corporal blood gas analysis criteria: persistent 
and painful erection with rigidity of the corpora 
cavernosa lasting for more than four hours un-
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related to sexual activity or beyond sexual stimulation with evi-
dence of dark deoxygenated blood (pO2<30 mmHg, pCO2>60 
mmHg, and pH<7.25) on corporal aspiration.[1,5] Penile color 
Doppler ultrasonography (CDU) was performed only in doubt-
ful cases. Medical records were analyzed for age, chief present-
ing complaints, past episodes, duration of symptoms, drug his-
tory, history of perineal trauma, blood dyscrasias, management 
performed (conservative/surgical), complications, and hospital 
stay. Based on the presentation and etiology, the management of 
patients was individualized. Therapeutic aspiration with or with-
out intracavernous irrigation with sympathomimetics (phenyl-
ephrine aliquots of 200 µg injected every 5-10 min) was initially 
attempted until detumescence was achieved. In case of failure 
to achieve detumescence, a percutaneous/surgical shunt proce-
dure was performed after repeated aspirations.[5] Use of phen-
ylephrine was omitted in patients with hypertension. In case of 
failure to achieve detumescence after repeated aspirations, a dis-
tal shunt procedure (Winter/Ebbehøj/Al-Ghorab) followed by 
a proximal shunt procedure (Quackle’s) was performed. When 
sufficient detumescence was achieved, patients were discharged. 
The complications were graded as per modified Clavin-Dindo 
classification system.[8] The erectile function during follow-up 
was assessed using a validated abridged five-item version of 
International Index of Erectile Function (IIEF-5) questionnaire 
at the sixth-month follow-up.[9] It comprises five questions with 
each item being scored on a five-point ordinal scale.[9] Based on 
the IIEF-5 score, erectile dysfunction (ED) is divided into five 
categories: severe (5-7), moderate (8-11), mild to moderate (12-
16), mild (17-21), and no ED (22-25).[9] For all patients, proper 
laboratory evaluation (including peripheral smear, hemoglobin 
electrophoresis, and/or bone marrow examination) and hematol-
ogy consultation were performed. 

Statistical analysis
All the statistical analyses were performed using IBM Statisti-
cal Package for the Social Sciences (IBM SPSS Statistics Corp.; 
Armonk, NY, USA) version 22. Continuous data were expressed 
as mean ± standard deviation. Quantitative data were analyzed 
using the unpaired student t-test, while qualitative data was ana-
lyzed using the chi-square test. A p value of <0.05 was consid-
ered significant.

Results 

The baseline demographic parameters are described in Table 1. Of 
88 men who presented with IP, 71 patients who had complete medi-
cal records were reviewed. The median age of presentation was 30 
years (range 18-65). Five patients had diabetes mellitus and hyper-
tension as added co-morbidities. In ten patients (14.08%), the epi-
sode was precipitated by sexual intercourse. The average duration 

Table 1. Demographic and baseline characteristics of 
patients

Parameter Value

No. of patients studied 71

Median age, year (range) 30 (18-65)

Complaints Number of patients

Penile pain 55

Sustained erection 65

Penile turgidity 71

Average duration of symptoms, day (range) 4.39 (1-10)

Cause Number of patients

• Idiopathic 29

• Chronic myeloid leukemia 24

• Sickle cell disease 2

• Essential thrombocythemia 1

• Drug-induced/psychoactive 15 
     substance abuse

Treatment received Number of patients

Penile aspiration ± 71 
phenylephrine irrigation

Distal shunt  38

• Winter’s shunt 30

• Ebbehøj 6

• Al-Ghorab 2

Proximal shunt 

• Quackle’s 6

• Grayhack 3

Average hospital stay, day (range) 7.4 (3-15)

Table 2. Outcome of patients with ischemic priapism
 Average duration of Number of patients with 
Treatment received presentation (days)  successful detumescence Success rate (%)

Penile aspiration ± alpha adrenergic 4.34±1.86 15 21.12 
 agonist (phenylephrine) irrigation  

Distal shunt  4.42±1.98 1 42.01

Proximal shunt  5.00±1.50 5 55.55
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of presentation after the onset of symptoms was 4.39 days (range 
1-10). The most common complaints were penile pain (n=55; 
77.46%) and sustained erection (n=65; 91.5%). Tender and rigid 
phallus was observed in almost all patients. Two patients (2.8%) 
presented with a prior history of stuttering priapism. Most common 
etiology was idiopathic in 29 (40.84%) and chronic myeloid leuke-
mia (CML) in 24 (33.80%) patients. In 15 patients, priapism was 
either drug-induced or secondary to psychoactive substance inges-
tion. Three patients took sildenafil; two each took papaverine, ris-
peridone, and clozapine; and six patients gave history of ingesting 
some local herb to enhance sexual performance. The average hospi-
tal stay was 7.4 days (range 3-15). The outcomes are stratified in Ta-
bles 2 and 3 based on time of presentation, intervention performed, 
and cause of priapism. Men with malignant priapism (CML) had 
significantly lower success rates with interventions, prolonged hos-
pital stay, and higher complications (p<0.05). Most complications 
after shunt surgery were minor (Clavein grade 1 and 2). Wound 
infection developed in five patients, while bleeding at shunt site was 
observed in 14 cases. One patient developed superficial skin necro-
sis. Only 21 patients (29.57%) returned for follow-up in the next 
six months. Of these, only 15 patients resumed sexual activity, and 
reported moderate to severe ED at sixth-month follow-up.

Discussion

Ischemic priapism is an acute urological emergency. Any treat-
ment delay leads to irreversible damage to corporal tissue ul-

timately resulting in ED.[10] There is progressive hypoxia, hy-
percarbia, and acidosis.(1) The corporal tissue has evidence of 
interstitial edema by 12 hours followed by endothelial destruc-
tion of sinusoids and thrombocyte adherence at end of 24 hours.
[3] If timely intervention is not performed, then necrosis of cav-
ernosal tissue and eventual fibrosis can occur after 48 hours of 
onset.[1,3] 

The median age of our cohort was 30 years, which is almost 
similar to that reported by Ekeke et al.[11] Previous studies have 
indicated that priapism mostly presents during first (5-10 years) 
and fourth decade (30-40 years) of life.[11-13] 

More than 70% patients (50/71) presented after >72 hours of on-
set with longest duration noted to be 10 days. Most patients were 
married and sexually active. Delayed presentation of priapism is 
a more common occurrence in developing countries than that in 
the Western world.[11,12] 

Most priapism episodes in this study did not have any precipitat-
ing cause such as sexual intercourse or drug intake. Various pos-
sible etiologies for IP have been described in literature including 
hemoglobinopathies (SCD), iatrogenic causes like intracaver-
nosal injections (papaverine hydrochloride/prostaglandin E2), 
phosphodiesterase 5 (PDE5) inhibitors, psychiatric medications 
(risperidone, clozapine etc.), and alpha-1 blockers.[14,15] 

In a study conducted by Ekeke et al.[11] in Nigeria, Africa, sickle 
cell disease (SCD) contributed to 55.56% cases of priapism. 

Drug-induced priapism is mainly seen in the Western world.[5] 
Psychoactive substance abuse like cocaine may directly contrib-
ute to IP or be a precipitating factor.[16] A detailed patient history 
as well as blood and urine toxicology analysis may be helpful to 
prevent recurrences.[16] 

Hematological malignancies like CML may present with pria-
pism as an initial manifestation of the disease. In this study, 
around one-third (24/71; 33.80%) cases were affected with 
CML. In patients with CML, the sinusoids of corpora caver-
nosa may get clogged due to aggregation of leucocytes lead-
ing to blockage of emissary and dorsal veins, hence resulting in 
venous return blockade.[17] Additionally, splenomegaly in these 
cases may compress intra-abdominal veins resulting in venous 
congestion in the sinusoids.[17] 

For patients with CML with priapism, adjuvant treatment such 
as systemic chemotherapy and leukapheresis have been pro-
posed besides traditional management.[18] All patients with CML 
received systemic chemotherapy with hydroxycarbamide/tyro-
sine kinase inhibitors in consultation with hematology. Corporal 
blood gas analysis and CDU are an integral part of the diagnosis 
of priapism.[1] 

Table 3. Comparison of outcomes based on cause of 
ischemic priapism

Parameter CML (n=24) Other causes (n=47) p 

Age of presentation (year) 27.50±6.45 32.19±9.64 0.34

Mean duration of 4.25±1.42 4.47±2.06 0.15 
presentation (days)

Treatment received

Aspiration 6 18 0.72

Distal shunt 12 26

Proximal shunt 6 3

Number of patients 8 28 0.04 
with successful 
detumescence

Hospital stay (days) 10.12±3.12 6.02±2.69 0.01

Number of patients 11 9 
developing 
Complications

• Wound infection 2 3 0.02

• Bleeding  9 5

• Skin necrosis 0 1

CML: chronic myeloid leukemia
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Color Doppler ultrasonography can be used to differentiate low-
flow and high-flow priapism as an alternative/adjunct to corpo-
ral blood gas analysis.[5] CDU can also be used to document the 
patency of shunt procedures in the post-operative period.[1,19] In 
our study, most patients were diagnosed with help of initial as-
pirate on corporal blood analysis, and CDU was performed for 
diagnosis in cases with equivocal findings (21 cases). 

Priapism lasting more than four hours should be promptly man-
aged with immediate penile aspiration, which is both diagnostic as 
well as therapeutic in some cases. Although there is little improve-
ment in potency reported for cases presented after >72 hours, first-
line treatments (ice packs, penile aspiration etc.) decrease local 
pain and improve intracorporal circulation.[5] The reported success 
rates of penile aspiration combined with sympathomimetic irriga-
tion in the literature vary from 43% to 81%.[20] Penile aspiration 
with/without irrigation with sympathomimetics was successful in 
achieving complete detumescence in around 21.12% of cases in 
our study. The lower success rates may be attributable to delayed 
presentation (average duration 4.39 days). The success rates with 
first-line treatments (penile aspiration combined with sympatho-
mimetics) further decrease with prolonged time of presentation.
[5,21] In patients with delayed presentation(>72 hours), tissue an-
oxia, glucopenia, and acidosis impair smooth muscle contractility 
despite use of alpha agonists.[21] Pal et al.[7] reported success rates 
of 15.7% with first-line managements. The mean duration of pria-
pism in their study was 96.7 hours.[7] The patients with CML may 
have different patterns of platelet dysfunction that might account 
for the lower success rates and increased complications making 
shunt surgery risky in these patients.[22] 

In this study, 47 patients underwent some shunt surgery as these 
cases failed treatment with penile aspiration plus sympatho-
mimetic irrigation. The use of distal shunts-Winter’s shunt, T/
Ebbehøj shunt, T-shunt + tunneling (modification of Al-Ghorab 
procedure)-is the standard second-line approach to manage IP 
when conservative measures fail.[5] A total of 38 patients under-
went distal shunt procedure (30 patients Winter’s procedure, six 
patients Ebbehøj, and two patients Al-Ghorab procedure), while 
nine patients underwent proximal shunt (Grayhack’s/Quackle’s) 
procedure. The patient’s on-table improvement of detumescence 
was variable, and only 50.70% patients reported successful de-
tumescence. The lower success rates of shunt surgeries in this 
study could be explained by the fact that ours is a tertiary refer-
ral center; and we usually cater to a population that has delayed 
presentation, and usually presents after consulting elsewhere. 

More than 90% of patients admitted that initially they took 
conservative treatment from unqualified persons, and later on 
presented to us when the symptoms failed to subside. Most of 
the complications including wound infection and local bleeding 
were managed conservatively. 

Erectile dysfunction is a commonly reported problem in the fol-
low-up period of men with IP who have delayed presentation.[4] 
In a study conducted by Gottsch et al.[23], the authors reported that 
only six out of 35 patients reported satisfactory erection following 
management of priapism. Normal erectile function after manage-
ment of priapism with Winter’s, Al-Ghorab, and Grayhack shunt 
was reported in 50%, 33.3%, and 25% of patients, respectively, 
by Tabibi et al.[24] In IP, delayed presentation (>48 hours), marked 
penile fibrosis, and failure to achieve complete detumescence may 
contribute to ED development.[25] In this study, we encountered 
moderate to severe ED at sixth-month follow-up in previously 
sexually active persons despite performing timely shunt surgery. 
The key reasons for this include that more than half of patients 
presented after 72 hours of onset of symptoms. These patients 
were managed with oral phosphodiesterase-5 inhibitors (silde-
nafil/tadalafil) initially; however, long-term data are lacking. 

Insertion of the early penile prosthesis is advocated by some au-
thors for priapism that lasts more than 48-72 hours as invariably 
there are increased chances of future ED.[26] Immediate insertion 
of the penile prosthesis has been considered technically easier, 
and has been shown to preserve penile length.[27,28] On the other 
hand, others hold the opinion that early insertion of the penile 
prosthesis has high complication and revision rates.[28] However, 
immediate penile prosthesis insertion could not be performed 
at our center due to financial constraints. MRI may be used to 
evaluate penile fibrosis in cases presenting after 48 hours.[29] 
However, routine use of MRI is not practical, and it is mainly 
used in diagnosis of unusual cases.[29] Given its acute nature and 
the impossibility of performing prospective and randomized tri-
als, priapism is a difficult topic to research.

Limitation of this study were that it did not include any pediatric 
patients; the diagnosis of priapism was based mainly on clinical 
criteria and corporal blood gas analysis; immediate penile pros-
thesis insertion could not be performed in patients with >72 hours 
of onset; and long-term follow-up data on sexual function out-
come are lacking. In developing countries such as India, the dis-
ease dynamics is complicated (due to social stigma, poor socio-
economic condition, ignorance of the disease, lack of specialists 
etc.); hence, most patients have delayed presentation, they hide 
the disease very often, and consult unqualified persons/practitio-
ners of indigenous medicine before presenting to specialists. 

In conclusion, most patients with IP had a delayed presentation. 
Men with malignant priapism (CML) had significantly lower 
success rates with interventions, prolonged hospital stay, and 
higher complications than men with non-malignant priapism. 
The prevalence of ED was high during follow-up.

Ethics Committee Approval: Ethics committee approval was received 
for this study from King George’s Medical University Institutional Eth-
ical Committee (3018/Ethics/R-cell-18).  
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Aims: Congenital colonic stenosis (CCS) is an extremely rare cause of 
low-intestinal obstruction in neonates/child. We report our experience with 
seven cases of CCS presenting with low-intestinal obstruction and diagnosed 
intraoperatively and also propose an algorithm for its appropriate treatment for the 
adequate outcome.
Materials and Methods: It was a retrospective study of seven patients 
of CCS including two neonates (5-days and 15-days old), four infants 

2019. Information regarding the age of presentation, clinical presentation, physical 

retrieved and analyzed.
Results: The male-to-female ratio was 5:2. Patients were initially diagnosed as 

of CCS was made during surgery and histopathological examination of resected 
stenotic segment. The segment involved was ascending colon in three, transverse 
colon in two, and sigmoid colon and junction of descending and sigmoid colon 
each in one patient. Resection of stenotic colonic segment and primary end-to-end 
anastomosis was performed in two, divided stoma after resection of the stenotic 
segment and secondary anastomosis in three, and proximal loop terminal ileostomy 
followed by resection of the stenotic colonic segment and ileocolic anastomosis 
after 10–12 weeks in two.
Conclusions: CCS is a rare but possible cause of large-bowel obstruction, in 
neonatal, infant, and children particularly when associated with a history of chronic 
constipation since birth. It should be kept in mind as a differential diagnosis while 
managing a case of neonatal and pediatric intestinal obstruction, particularly 
low-bowel obstruction along with a history of chronic constipation. Treatment 
should be individualized for each patient based on clinical status and associated 
anomalies to give the best results with less morbidity.

KEYWORDS: Congenital colonic stenosis, intestinal atresia, low-intestinal 
obstruction, pediatric large-bowel obstruction

Congenital Colonic Stenosis: A Rare Gastrointestinal Malformation in 
Children

intestinal atresias occurring in the colon.[1] To the best 

of CCS have been reported in the literature in neonates 

Original Article

INTRODUCTION
ongenital colonic stenosis (CCS) is an extremely rare 
cause of large-intestinal obstruction both in neonates 

and children.[1] In literature, it has been described as a 
further distinct type of intestinal atresia.[2] The exact 
incidence of CCS has not been known. However, it 
had been found to constitute only 1.8%–15% of the 
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ABSTRACT 

 

The incidence of Congenital Talipes Equino 

Varus (CTEV) is approximately one in every 

1000 live births. CTEV has been associated with 

many neuromuscular and congenital conditions. 

Down syndrome is the most common autosomal 

chromosomal anomaly. A 2 year old boy with 

Down syndrome was referred to the department 

of Physical Medicine &Rehabilitation of a 

tertiary care Hospital, for bilateral feet 

deformity. On examination, we found feet 

deformities typical of CTEV. The co-existence 

of these two conditions is rare, as their basic 

pathologies are entirely different. 

 

Keywords: Clubfoot, CTEV, Down syndrome. 

 

INTRODUCTION 

Down syndrome is the most 

common autosomal chromosomal anomaly. 

The orthopedic features usually seen are - 

pes planus, atlanto-axial subluxation, 

patellar subluxation or dislocation, 

metatarsus varus, scoliosis, slipped capital 

femoral epiphysis and subluxated or 

dislocated hip joint. Patients with Down 

syndrome are characterized by- generalized 

ligament laxity. 
[1] 

We recently saw a patient 

with Down syndrome with CTEV in our 

department. In contrast to generalized laxity 

seen in Down syndrome resulting in 

pesplanus, CTEV deformity in Down 

syndrome is striking as basic pathology of 

clubfeet results in contracture of soft tissue, 

tendons and ligaments surrounding the 

ankle, subtalar and midtarsal joints 

producing the deformity.  

 

CASE REPORT 

A 2 year old first order male child 

born out of Non-consanguineous marriage 

to a 24 year old father and a 20 year old 

mother with physical features of Down 

syndrome was referred to us for bilateral 

feet deformity. Antenatal period was 

uneventful. There is no family history 

suggestive of similar congenital deformities. 

 Clinical examination showed 

findings of Down syndrome, including- 

Mongoloid slant of eyes, epicanthic folds, 

depressed nasal bridge, protruding tongue, 

short neck, low set ears, stunted growth, 

delayed milestones, speech delay, mental 

retardation and hypotonia (Figure 1,2). The 

GTG chromosome banding analysis 

revealed 47XY with Trisomy of 21, 

diagnostic of Down syndrome. Patient was 

ambulant with manual support, could only 

turn 2-3 pages of the book at a time and 

came when called for, but indication for 

toileting needs has not started. He could 

only speak bisyllable words. His 

Developmental Quotient was 65. His 

echocardiography, Ultrasound whole 

abdomen and thyroid profile were normal. 

 Local examination of feet revealed 

typical appearance of clubfeet including- 

equinus of feet, adduction of forefeet and 

varus deformity of midfeet bilaterally with 
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the Pirani scoring of 3.5 on the right and 3 

on the left side (Figure 3,4,5). No other 

orthopedic anomaly was detected in child. 

X-ray of whole spine was normal. Plain X-

ray of both feet in Antero-Posterior and 

Lateral stressed dorsiflexion view- for 

measurement of angles of CTEV (Figure 6) 

was done. The values are shown in the 

table: 

 
Angles Normal [2] Right Left 

Talo-calcaneal (AP) 30-55o 18o 25o 

Talo-calcaneal (Lateral) 25-50o 15o 15o 

Talus-1st metatarsal (AP) 5-15o -8o -10o 

Tibio-calcaneal (Lateral) 10-40o -35o -33o 

 

 
Figure 1      Figure 2 

Patient showing typical features of Down syndrome: Mongoloid slant of eyes, epicanthic folds, depressed nasal bridge, protruding tongue, 
short neck, low set ears 

 

 
Figure 3      Figure 4 

Characteristic appearance of Clubfeet showing Equinus, Adductus, Varus & Cavus 

 

Treatment for CTEV was started with 

manipulation and casting by Ponseti 

method. After two and a half months 

correction was achieved. Following 

correction patient was put on bracing. For 

delayed milestones- gait training in parallel 

bars, activities to improve hand functions 

and milestones, along with speech therapy 

were advised to the patient. 
 

 
Figure 5: Unique combination of Down syndrome and CTEV 
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Figure 6: X-ray of both feet in Antero-Posterior and Lateral 

stressed dorsiflexion view- for measurement of angles of 

CTEV 

 

DISCUSSION 

Incidence of clubfoot is 

approximately 1 in every 1000 live births. 

Most cases are sporadic occurrences, 

although families with autosomal dominant 

trait with incomplete penetrance have been 

reported. 
[2] 

The basic pathology of CTEV is 

contracture of ligaments in the talo-

navicular joint complex. 

 Incidence of Down syndrome is 

1/600-800 births. 
[3] 

The commonest 

orthopedic foot manifestation seen in Down 

syndrome is flexible pes planus as a result 

of ligament hyperlaxity. 
[4,5]

 As the basic 

pathology of these two conditions results in 

two different clinical pictures, their 

coexistence is rare. On review of literature 

we found a similar case series of 8 cases 

from USA 
[1] 

and a case report from 

Thailand. 
[6] 

Case report described a 1 

month old girl of Down syndrome with 

bilateral CTEV. On chromosomal banding, 

they found translocation at long arm of 

chromosome 21 and the patient had cardiac 

abnormalities on echocardiography. We are 

presenting a similar case report of CTEV 

with Down syndrome in a 2 year old male 

child. But our case has trisomy of 21 and no 

cardiac abnormality.  

Clubfeet is seen in Neurological 

conditions like Polio, Cerebral Palsy and 

Myelomeningocele and syndromes such as 

Amniotic band syndrome, Arthrogryposis, 

Pierre Robin syndrome, Prune belly 

syndrome and many more with no mention 

of Down syndrome. 
[7]

 

 

CONCLUSION 

In our daily practice of 

Rehabilitation Medicine, we encounter both 

Down syndrome & CTEV cases regularly 

but their coexistence is rare. CTEV if found 

in Down syndrome should be promptly 

managed for optimum rehabilitation of a 

child with Down syndrome. We already 

know that clubfeet is seen in various 

neurological conditions. Our experience 

from above case shows that it can also occur 

in Down syndrome. 
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V

Clinical Perspective

Here is the third issue of Cutting Edge, Urology in your 
hands. It is packed with articles containing new informa-
tion in areas of clinically pertinent urology. 

Dr. Devisavifard and Dr. Moldwin present a very 
nicely written review on various minimally invasive and 
surgical options available today to manage the rather 
complex clinical cases having interstitial cystitis/bladder 
pain syndrome. �ey emphasize on declining value of 
hydrodistension as a diagnostic test and recommend its 
use as an e�ective therapeutic option. �ey have vividly 
explained the di�erences in case selection, scienti�c 
rationale and technical performance of all cystoscopic 
procedures i.e. hydrodistention, lesion resection, fulgura-
tion, laser ablation, steroid injection, BTA injection and 
this is a must read stu� for all urologists managing such 
cases. 

Anuria is another clinical challenge which needs 
quick yet through clinical evaluation to identify the 
main causative factor and Dr. Piro and Dr. Dversdal in 

their paper promote the use of Point-of-care Ultrasound (POCUS) to assess changes in lower 
and upper urinary tract as well as in diameter/collapsibility of IVC to arrive at right diagnosis 
quickly. �e urologists surely need to know the new IVC parameters given in the text.

Reconstruction of neobladder a�er radical cystectomy also calls for a safe, meticulous tech-
nique which has good long-term outcome. Nouhaud et al present a point to point detail of their 
robotic, combined intra- and extracorporeal method of using Hautmann’s W ileal pouch in six 
male patients. �is, at present point of time, is an evolving technique and surely needs more 
robust data from centers worldwide.

Gahl et al report a rather a new organism Facklamia hominis as a cause of post TURP 
bacteremia which is Gram-positive facultative cocci. �is has been more commonly reported 
in females as it is seen in vaginal secretions but �nding this in an elderly male in this clinical 
setting is unheard and unseen. Similarly, case report of stone formation over sutures in a patient 
who had earlier undergone Yang Monti Ileal Ureter reconstruction is rare but has been pre-
sented here. �e article demonstrates the exceptional skill of using holmium laser to cut stones 
as well as sutures buried in the wall of ileal ureter in the moving �eld due to pulsatile use of 
irrigant, without causing a perforation. So it is a con�dence generating publication. 

Overall, you will �nd this compendium full of new and interesting knowledge and to top 
up your experience it comes with a set of nice illustrative videos, so just submerge yourself in 
the text and the videos!

Dr. Divakar Dalela,  

MS, M Ch, FAMS, FICS

Professor and Former Head, 

Department of Urology, 

King George Medical University, 

Lucknow, India
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1

Surgical Management of Interstitial 
Cystitis/Bladder Pain Syndrome
Samir Derisavifard, Robert Moldwin

Introduction

Interstitial cystitis/bladder pain syndrome (IC/BPS) is a chronic condition associated with urinary 
urgency, frequency, and pelvic pain or discomfort. Symptoms from comorbid conditions such as 
irritable bowel syndrome, vulvar pain syndrome, and �bromyalgia o�en complicate the clinical 
picture. Given that its etiology is likely multifactorial, there exists a range of options regarding 
treatment. Severe cases may fail conservative measures and intravesical therapy; and then more 
aggressive approaches such as endoscopic or open surgery may become viable options. �e pres-
ence of Hunner lesions (HL), focal regions of in�ammation seen in approximately 10–15% of 
patients, may play a signi�cant role in the choice of intervention. For example, those patients 
with HL may achieve good, albeit usually temporary, symptom relief with fulguration or triam-
cinolone injection while those without HL are unlikely to bene�t. In contrast, botulinum toxin 
injection and sacral neuromodulation have a more general application, as do surgical reconstruc-
tive options. In this chapter we will review these indications and the treatment options for those 
patients requiring endoscopic and surgical management of IC/BPS.

Hunner Lesions

Formerly known as a Hunner “ulcer,” Hunner lesions were �rst described by Dr. Guy Hunner a 
century ago. �ey are de�ned by an area of in�amed and reddened mucosa with a central blanched 
scar and a con�uence of capillaries [1, 2]. �e prevalence of this classic �nding is highly variable 
within the literature; it has been quoted presently as low as 5–10% and up to 50% in patients with 
IC/BPS. Patients with HL are likely to be older, exhibit a decreased bladder capacity, and su�er 
from higher levels of urinary frequency [3, 4].

S. Derisavifard ()
Department of Urology, Northwell Health/Smith Institute for Urology, Lake Success, NY, USA

R. Moldwin
The Smith Institute for Urology, Zucker School of Medicine at Hofstra Northwell, Lake Success, NY, USA
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Upon gross examination, Hunner lesions are usually wedge-shaped, focal regions of in�am-
mation o�en associated with edema. Histologically, they demonstrate acute and chronic in�am-
mation with central �brin deposition and may or may not have an intact urothelial surface [5–8]. 
In�ammatory disease may be present in the lamina propria and detrusor as well, where it causes 
edema and �brosis [5]. Historically, it was believed the presence of mast cells in classic IC bladders 
led to histamine secretion and local in�ammatory e�ect that caused symptoms of pain, frequency, 
and neovascularization [9]. However, recent histopathologic assessment of HLs has shown evi-
dence of pancystitis with a signi�cant population of B cells undergoing clonal expansion instead, 
perpetuating a local in�ammatory response, urothelial injury, and denudation [10]. IC without 
HL, on the other hand, is histopathologically a nonin�ammatory disorder and should be consid-
ered as a separate entity. �e fact that the urothelium is not denuded in all cases is speci�cally why 
the �nding was renamed a nonspeci�c “lesion” rather than an “ulcer.”

�e presence of a HL classi�es a patient as having the “classic” variant of IC/BPS, the form of 
the condition originally described by Hunner. Severe pain and even bleeding appear to occur with 
bladder �lling, o�en to volumes which would not even provoke the need to void in the average 
individual. HL can be identi�ed with o�ce cystoscopy or with narrow band imaging in the setting 
of focal in�ammation that develops during the process of hydrodistension [11]. HL should not 
be confused with glomerulations. Glomerulations are a product of bladder hydrodistension. �ey 
are rarely seen on routine cystoscopy without over-distending the bladder, and unlike the de�ned 
centralized appearance of a HL, they are characterized by multiple, nonspeci�c punctate, submu-
cosal bleeding points (Fig. 1).

Attempts to identify clinical features or surrogate markers to predict the presence of HL 
in classic IC patients without the use of cystoscopy have been unsuccessful [6]. �ere are no 
lower urinary tract symptoms or demographic parameters that have been linked to classic IC. 
Additionally, no link has been found between classic IC and Sjogren’s syndrome, Lyme disease, 
multiple sclerosis, �bromyalgia, migraine headaches, or temporomandibular joint dysfunction 
[12]. It has been noted, however, that the incidence of pyuria is higher in classic IC patients [6, 12].

Hydrodistension: Is There a Role for It?

Historically, hydrodistension has played an important role as a diagnostic and therapeutic tool in 
IC/BPS; however, its use has been questioned in the modern era. �e procedure involves distend-
ing the bladder under anesthesia using a �uid irrigant to a level that would be uncomfortable for 
the patient had they been awake. �e technique for the procedure varies, and there is no standard 
accepted method [13–15]. Hydrodistension was �rst described in the 1920s and later incorpo-
rated into the de�nition of IC espoused by Messing and Stamey in 1978 [1]. Initially it was viewed 
as the “gold standard” for the diagnosis of IC, but as knowledge of the nuance and complexity of 
IC/BPS grew, hydrodistension’s lack of sensitivity and speci�city became painfully obvious. One 
study reported that 45% of women who were found to have cystoscopic evidence consistent with 
IC/BPS a�er hydrodistension were completely asymptomatic [16–18]. Furthermore, the �nding 
of glomerulations is o�en inconsistent in any given patient [18].
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Although its diagnostic ability remains in question, hydrodistension may still be used as a 
treatment option for IC/BPS [15, 19]. �e most current guidelines of the American Urological 
Association (AUA) at the time of this publication state that low-pressure hydrodistension (Table 1) 
may be used as a third-line treatment option in the setting of severe symptoms that have failed less 
invasive treatment methods. It is also noted that high-pressure or long-duration hydrodistension 
should be avoided at all costs [13]. It is our practice to perform o�ce cystoscopies for diagnostic 
purposes, especially if there is a concern for the presence of a Hunner lesion. However, we do not 
routinely perform hydrodistension for diagnostic purposes.

�e use of hydrodistension as a therapeutic option dates back to the original description of 
the condition [1, 20–22], although reports of its success are highly variable and dependent on the 
duration of follow-up and the metrics used to de�ne success. In modern series, hydrodistension 
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a separate entity. The fact that the urothelium is 
not denuded in all cases is speci�cally why the 
�nding was renamed a nonspeci�c “lesion” rather 
than an “ulcer.”

The presence of a HL classi�es a patient as 
having the “classic” variant of IC/BPS, the form 
of the condition originally described by Hunner. 
Severe pain and even bleeding appear to occur 
with bladder �lling, often to volumes which 
would not even provoke the need to void in the 
average individual. HL can be identi�ed with 
of�ce cystoscopy or with narrow band imaging in 
the setting of focal in ammation that develops 
during the process of hydrodistension [11]. HL 
should not be confused with glomerulations. 

Glomerulations are a product of bladder hydro-
distension. They are rarely seen on routine cys-
toscopy without over-distending the bladder, and 
unlike the de�ned centralized appearance of a 
HL, they are characterized by multiple, nonspe-
ci�c punctate, submucosal bleeding points 
(Fig. 19.1).

Attempts to identify clinical features or surro-
gate markers to predict the presence of HL in 
classic IC patients without the use of cystoscopy 
have been unsuccessful [6]. There are no lower 
urinary tract symptoms or demographic parame-
ters that have been linked to classic 
IC. Additionally, no link has been found between 
classic IC and Sjogren’s syndrome, Lyme dis-

a b

c
d

Fig. 19.1 (a) Glomerulations seen during hydrodisten-
sion during anesthesia. (b) Glomerulations and mucosal 
tears seen during hydrodistension. These tears commonly 
occur at the bladder neck. (c) Hunner lesion with diffuse 

hyperemia. Note the dif�culty differentiating this from a 
malignancy. (d) Hunner lesion with bladder wall scarring. 
This can cause a loss of bladder capacity

S. Derisavifard and R. Moldwin

Fig. 1: (a) Glomerulations seen during hydrodistension during anesthesia. (b) Glomerulations and mucosal tears seen 
during hydrodistension. These tears commonly occur at the bladder neck. (c) Hunner lesion with diffuse hyperemia. 
Note the difficulty differentiating this from a malignancy. (d) Hunner lesion with bladder wall scarring. This can cause 
a loss of bladder capacity.
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has been found to be e�ective in 56–100% of cases. Additionally, it may be e�ective in controlling 
symptoms of pain for up to 6 months [17, 23, 24]. Our experience suggests that only one third 
of patients derive a meaningful improvement in bladder-based pain and/or urinary frequency. 
Furthermore, the clinician and patient should understand, a symptom �are may occur postop-
eratively, o�en lasting three or more weeks. It is not clear which patients would bene�t the most 
from the use of hydrodistension. No signi�cant relationship has been identi�ed between post-
procedural outcomes and anesthetic capacity or the presence of glomerulations [24]. A paucity of 
strong evidence to support the use of low-pressure hydrodistension even as a therapeutic option 
has led to a grade C recommendation by the AUA [25]. Similarly, the European Association of 
Urology (EAU) reiterates its limited role [13]. Despite concession that little evidence exists to 
strongly support hydrodistension for treatment, the Japanese Urologic Association gives it a grade 
B recommendation [19]. Lastly, it is important to consider that although it is minimally invasive, 
low-pressure hydrodistension is not a completely benign procedure. We suggest caution if per-
forming hydrodistension on a patient with HL as the distension may produce signi�cant bleeding 
and potential perforation. Cases of bladder necrosis and ensuing urine extravasation have been 
reported even in non-HL patients, and care should be taken to tailor each procedure individually 
based on a patient’s clinical �ndings [22, 26, 27].

Endoscopic Management

Resection

�e idea of removing a HL as a method of symptom control has been around since it was �rst 
proposed by Hunner himself. Historically, however, the use of partial cystectomies proved to be 
less e�ective in the long term and carried a high complication rate [7]. �e development of sophis-
ticated endoscopic instrumentation ultimately provided a less-invasive approach to HL resec-
tion. Compared to more invasive, open procedures, transurethral resection (TUR) provides local 
peripheral denervation and as such does not cause any undesired motor e�ects. A few series have 
retrospectively reported their experience using TUR as a method of treating classic IC/BPS [7, 28]. 
Technically, the key is to focus on generous resection of the HL and the surrounding edematous 
tissue. �e depth of resection should not exceed more than half of the detrusor layer. �e electrical 

Table 1: Technical pearls regarding hydrodistension.

1. Anesthesia is required, either general or spinal.

2. Perform for a short duration (2–4 minutes) until a pressure of 60–80 cm H
2
O is reached.

3. Visualize the bladder mucosa at all times. If mucosal tearing is noted, discontinue the filling process or pro-
ceed with extreme caution.

4. Have electrocautery equipment on hand at the onset of the case in the event that it is needed for focal 
bleeding.

5. Avoid hydrodistension in the presence of a Hunner lesion. If present, biopsy the lesion to rule out carcinoma 
in situ (CIS).

6. For patient comfort, utilize a local intravesical anesthetic (i.e. 2% lidocaine) postprocedure
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setting should be on the lowest intensity that allows for e�ective resection, and coagulation should 
be limited to pinpoint spotting of bleeding vessels as to minimize the incidence of �brosis [29].

Peeker et al. demonstrated HL TUR to be extremely e�ective. In their study, 90% of partici-
pants noted an increase in the duration of symptom relief as compared to treatment with hydro-
distension for an average of 23 months [7]. �ey also reported on these patients separating into 
four distinct groups. Groups 1 and 2 involved patients with excellent responses to treatment who 
exhibited long and short periods of remission, respectively. Groups 3 and 4 encompassed patients 
who progressed toward end-stage disease, with group 3 taking more than 2 years and group 4 
less than 2  years to reach that point. Group 3 patients su�ered from bladder contracture and 
low capacities before reaching end-stage disease [7]. Symptomatic improvement a�er TUR was 
also reported by Chennamsetty et al. in which 89.6% of participants reported improvement a�er 
Hunner lesion TUR. Additionally, they found that on follow-up, TUR did not a�ect a patient’s 
bladder capacity [28]. �e reasoning as to why HL TUR is an e�ective treatment is hypothesized 
to be due to its downstream e�ect of decreasing the local production of in�ammatory mediators 
responsible for a patient’s symptoms. �is is in addition to removing the hypersensitive nerve 
endings within the lesion [7].

Despite satisfactory functional results of TUR, it still remains a surgical procedure and thus 
is not without risk. One of the aforementioned series reported an 11% risk of hematuria requir-
ing clot evacuation and fulguration under anesthesia [7]. Reports of bladder perforation a�er 
resection have also been made [29]. As such, within the current AUA guidelines, HL resection is 
not listed as a recommended treatment option. Less invasive methods detailed below, including 
electrocautery fulguration, laser ablation, and steroid injection, have been found to be equally 
e�ective but less morbid in treating HL. With grade C evidence, they are recommended for use in 
classic IC/BPS as third-line agents [13].

Fulguration

Due to the theoretically lower risk of bladder perforation and scarring, HL fulguration has become 
a common, preferred method of treatment. Here, thorough fulguration of the area in question is 
performed with a bugbee electrode or a TUR rollerball. Salient technical aspects for fulgurating 
HLs are detailed in Table 2. Most patients see relief within 24–48 hours of their procedure, but 
the reoperation rate is quoted as high as 98% in one study [28]. Hillelsohn et al. examined classic 
IC patients treated with HL fulguration and stated that 54.2% of patients necessitated a single 
procedure at 33 months of follow-up, of which 78% expressed symptom improvement or stability. 
On the other hand, the remaining 45.8% necessitated further treatment with repeat fulguration 
[30]. �ose requiring repeat procedures on average needed 4.3 procedures with a mean time of 
20.3 months between interventions. Forty-eight months a�er the initial procedure, the repeat ful-
guration rate stabilized, suggesting that the natural lifespan of classic IC may have an active phase 
that over time becomes quiescent [30]. �ese �ndings were echoed by Ryu et al. who stated the 
durability of the procedure to be 94%, 70%, and 33% at 2, 5, and 10 months of follow-up, respec-
tively [31]. Neither series found a clinical characteristic that could predict the need for repeat 
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fulguration, but those who did require it exhibited no di�erences in success rates or functional 
bladder capacity compared to those who required fewer fulgurations [30, 31].

Laser Ablation

An alternative to HL fulguration is endoscopic laser ablation. An experimental study in the 1980s 
�rst reported that the neodymium:YAG (ND:YAG) laser was an e�ective means of ablating HL 
with a response rate of 50–65% [32]. �at same series, however, reported two cases of delayed 
small bowel perforation, questioning the safety of this treatment modality. A more modern series 
from 2001 by Rofeim et al. revisited the issue with increased success. Here, the researchers more 
carefully chose laser settings to only allow for a 5 mm depth of penetration and a low degree of 
tissue heating to a range of 60–70  °C. �is minimizes damage to underlying elastic �bers and 
thus has minimal negative impact on bladder capacity [33]. As compared to the newer trial, the 
older one di�ered procedurally as well. �e patients in the older study underwent hydrodisten-
sion before proceeding with laser ablation. Additionally, the entire trigone with the exception 
of the ureteral ori�ces was ablated. Alternatively, in the newer trial, the bladder was minimally 
�lled with sterile water for no more than 3 seconds, and the laser power never exceeded 15 W. As 
soon as the targeted tissue blanched, treatment was discontinued in that area. With these more 
stringent parameters, laser ablation was not only well tolerated, but no complications were noted. 
Results showed that pain scores signi�cantly improved, falling on a visual analog scale from 9.1 
to 1.2. Subjective complaints of lower urinary tract symptoms including urgency, frequency, and 
nocturia also showed sizable improvement. Improvement was noted as soon as 2–3 days postop-
eratively, but like fulguration, 11 (45.8%) patients required a repeat procedure.

Steroid Injection

Endoscopic HL steroid injection is an alternative treatment that has recently become more com-
monly performed as it has the theoretical advantage of minimizing bladder scaring. As can be 

Table 2: Technical aspects of Hunner lesion fulguration.

Biopsy HL before proceeding to rule out neoplasia; lesions may be indistinguishable from carcinoma in situ.

1. Presence of a HL does not mandate surgical intervention. Consider other conservative measures.

2. Counseling should emphasize that fulguration is for symptomatic control and does not provide a cure; HL 
are likely to recur.

3. Patients with diffuse inflammatory disease are poor candidates for lesion ablation. Consider other methods 
of treatment in these cases, i.e. intravesical instillations or cyclosporine.

4. Avoid hydrodistension at the time of fulguration. Our experience suggests that this frequently leads to sig-
nificant bleeding from the friable lesions. They are more likely to tear during the filling process. Additionally, 
the edema caused by bladder overdistension often extends the area of hyperemia making identification of 
the lesion(s) difficult to assess when fulgurating.

5. For patient comfort, strongly consider use of an intravesical anesthetic agent postprocedure.

6. Consider a 3–4-week postprocedure bladder retraining protocol in an attempt to optimize bladder capacity

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.Patients with diffuse inflammatory disease are poor candidates for lesion ablation. Consider other methods 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.Patients with diffuse inflammatory disease are poor candidates for lesion ablation. Consider other methods 

Avoid hydrodistension at the time of fulguration. Our experience suggests that this frequently leads to sig

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Avoid hydrodistension at the time of fulguration. Our experience suggests that this frequently leads to sig-

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

-
nificant bleeding from the friable lesions. They are more likely to tear during the filling process. Additionally, 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

nificant bleeding from the friable lesions. They are more likely to tear during the filling process. Additionally, 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

the edema caused by bladder overdistension often extends the area of hyperemia making identification of 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

the edema caused by bladder overdistension often extends the area of hyperemia making identification of 

For patient comfort, strongly consider use of an intravesical anesthetic agent postprocedure.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

For patient comfort, strongly consider use of an intravesical anesthetic agent postprocedure.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

fulguration, but those who did require it exhibited no di�erences in success rates or functional 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

fulguration, but those who did require it exhibited no di�erences in success rates or functional 
bladder capacity compared to those who required fewer fulgurations [

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

bladder capacity compared to those who required fewer fulgurations [30

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

30, 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

, 31

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

31

An alternative to HL fulguration is endoscopic laser ablation. An experimental study in the 1980s 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

An alternative to HL fulguration is endoscopic laser ablation. An experimental study in the 1980s 
�rst reported that the neodymium:YAG (ND:YAG) laser was an e�ective means of ablating HL 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

�rst reported that the neodymium:YAG (ND:YAG) laser was an e�ective means of ablating HL 
]. �at same series, however, reported two cases of delayed 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

]. �at same series, however, reported two cases of delayed 
small bowel perforation, questioning the safety of this treatment modality. A more modern series 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

small bowel perforation, questioning the safety of this treatment modality. A more modern series 
. revisited the issue with increased success. Here, the researchers more 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

. revisited the issue with increased success. Here, the researchers more 
carefully chose laser settings to only allow for a 5 mm depth of penetration and a low degree of 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

carefully chose laser settings to only allow for a 5 mm depth of penetration and a low degree of 
tissue heating to a range of 60–70  °C. �is minimizes damage to underlying elastic �bers and 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

tissue heating to a range of 60–70  °C. �is minimizes damage to underlying elastic �bers and 
thus has minimal negative impact on bladder capacity [

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

thus has minimal negative impact on bladder capacity [
older one di�ered procedurally as well. �e patients in the older study underwent hydrodisten

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

older one di�ered procedurally as well. �e patients in the older study underwent hydrodisten
sion before proceeding with laser ablation. Additionally, the entire trigone with the exception 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

sion before proceeding with laser ablation. Additionally, the entire trigone with the exception 
of the ureteral ori�ces was ablated. Alternatively, in the newer trial, the bladder was minimally 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

of the ureteral ori�ces was ablated. Alternatively, in the newer trial, the bladder was minimally 
�lled with sterile water for no more than 3 seconds, and the laser power never exceeded 15 W. As 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

�lled with sterile water for no more than 3 seconds, and the laser power never exceeded 15 W. As 
soon as the targeted tissue blanched, treatment was discontinued in that area. With these more 
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stringent parameters, laser ablation was not only well tolerated, but no complications were noted. 
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seen with hypertrophic scars and keloids, local injection of steroids may result in regression of 
local scarring and subsequent tissue contraction.

Injections are performed under direct vision during cystoscopy with an endoscopic needle 
(Fig. 2). A target depth of injection is 2–3 mm, which can be appropriately adjusted given the 
angle of needle penetration. Just like any ablative procedure, we advocate that bladder �lling be 
kept to a minimum in order to prevent bleeding from the lesions. At the same time, the bladder 
must be distended enough to allow the needle to pass through the mucosa with ease. Given IC/
BPS patients are highly sensitive to bladder �lling and poorly tolerate any form of endoscopic 
manipulation, we advocate performing steroid injections or fulguration under anesthesia. In this 
manner, the bladder can be appropriately distended in order to visualize the operative �eld, allow-
ing for precise and safe injections. We suggest having electrocautery at hand in the event that the 
needle puncture into in�amed tissue produces signi�cant bleeding.

One series has evaluated the use of triamcinolone acetonide as an agent injected into HLs 
[34]. Triamcinolone was selected because of its prolonged duration of action spanning several 
weeks in addition to its common use in treating postop in�ammation. A 40 mg/mL solution of 
triamcinolone acetonide was injected into the center and periphery of Hunner lesions in 0.5 cc ali-
quots totaling no more than 10 mL. Twenty-eight of the 30 study participants (93%) experienced 
some level of pain improvement, whereas 21 of the 30 (70%) participants reported signi�cant 
improvement. IPSS scores fell from 21.1 to 11.3 at 4 weeks postoperatively, a signi�cant improve-
ment. No complications were reported in this series. �ese �ndings have been corroborated by 
another more recent series as well. Funaro et al. noted that triamcinolone injections into HLs at 
3–6 month follow-up resulted in an improvement in Likert pain scale scores and nocturia bother 
score, 8.3 (preprocedure) to 3.8 (postprocedure) and 7.5 (preprocedure) to 5.1 (postprocedure), 
respectively [35].
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 OnabotulinumtoxinA Injection

OnabotulinumtoxinA (BTA) inhibits the release 
of acetylcholine from neurons at the neuromus-
cular junction, causing a state of accid paralysis 
[36]. Intradetrusor BTA is currently FDA 
approved for use within the bladder to induce 
smooth-muscle relaxation to treat neurogenic 
detrusor overactivity and overactive bladder syn-
drome (OAB) [37, 38]. As such, it was initially 
overlooked in the treatment of bladder pain. Used 
as an off-label treatment option, Smith et al. �rst 
published on the use of BTA in treating IC/BPS 
pain [39]. In a proof-of-concept study from 2004, 
they reported a 69% improvement in pain with 
the use of BTA injected in the bladder wall and 
trigone. Further assessments of this treatment 
method ensued. Currently two meta-analyses 
have been published assessing BTA use in IC/
BPS.  They �rst assessed both the ef�cacy and 
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Fig. 19.2 (a) Small HL prior to injection. (b) Same 
patient after injection. Note the raised mucosa. (c) 
Different patient with recurrent symptoms 16  months 
after initial injection. Note region of previous injection 

devoid of inammatory disease (inside dashed line), but 
peripheral region of recurrent inammation. (Reprinted 
from Gurram and Moldwin [73] with permission from 
Springer Nature)

S. Derisavifard and R. Moldwin

Fig. 2: (a) Small HL prior to injection. (b) Same patient after injection. Note the raised mucosa. (c) Different patient 
with recurrent symptoms 16 months after initial injection. Note region of previous injection devoid of inflammatory 
disease (inside dashed line), but peripheral region of recurrent inflammation. (Reprinted from Gurram and Moldwin 
[73] with permission from Springer Nature).
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OnabotulinumtoxinA Injection

OnabotulinumtoxinA (BTA) inhibits the release of acetylcholine from neurons at the neuro-
muscular junction, causing a state of �accid paralysis [36]. Intradetrusor BTA is currently FDA 
approved for use within the bladder to induce smooth-muscle relaxation to treat neurogenic 
detrusor overactivity and overactive bladder syndrome (OAB) [37, 38]. As such, it was initially 
overlooked in the treatment of bladder pain. Used as an o�-label treatment option, Smith et al. 
�rst published on the use of BTA in treating IC/BPS pain [39]. In a proof-of-concept study from 
2004, they reported a 69% improvement in pain with the use of BTA injected in the bladder wall 
and trigone. Further assessments of this treatment method ensued. Currently two meta-analyses 
have been published assessing BTA use in IC/BPS. �ey �rst assessed both the e�cacy and safety 
of BTA compiling data from �ve randomized-controlled studies. With a total of 252 participants 
(133 experimental and 119 control), the study reported signi�cant improvements in lower urinary 
tract visual analog scale (VAS) scores and O’Leary Sant voiding and pain scores as compared to 
placebo. Relatively low rates of adverse events were also reported: large post void residual (8.3%), 
urinary retention (6%), urinary tract infection (6%), and hematuria (3.6%) [40]. �ese �ndings 
were corroborated by a second meta-analysis including 183 experimental and 134 control patients 
with similar e�cacy and safety results [41]. Acceptable protocols typically use 100 units of BTA 
trademarked as BOTOX® (Allergan, Dublin, Ireland) injected in equally spaced aliquots within 
the bladder trigone taking care not to involve the ureteral ori�ces. �is protocol was designed to 
a�ect the sensory neurons that were concentrated in the trigone in contrast to the supratrigonal 
injections typically employed for bladder overactivity.

Despite its e�ectiveness in treating IC/BPS, further work is needed to de�ne which patients 
would most bene�t from its use and how to optimally deliver the medication. �e goal is to 
maximize the e�ect of BTA on sensory a�erent nerve �bers while minimizing adverse e�ects of 
voiding di�culty and retention. As BTA has little to no e�ect on bladder function as an instilla-
tion, methods to enhance absorption through the urothelial surface have been sought. To that 
end, a liposome-encapsulated BTA has shown some e�cacy [42].

Currently bladder BTA for IC/BPS is seen a relatively safe, e�ective treatment option. Both 
American and European guidelines recommend its use before proceeding to more invasive treat-
ments [13, 25].

Bladder Wall Incision

Despite our best e�orts, some patients with HL progress to develop severe chronic pain in the 
setting of a severely contracted, small-capacity bladder resulting from chronic bladder wall 
�brosis and in�ammation. �ese patients, labeled as su�ering from an “end-stage bladder,” have 
limited minimally invasive surgical options. A case report from Bahlani and Moldwin catalogued 
the use a novel bladder incision technique on two patients who were poor candidates for urinary 
diversion [43]. Both patients su�ered from severe bladder scaring causing decreased bladder 
capacities, 30 and 120 cc, respectively. Both bladders showed evidence of severe tethering causing 
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decreased compliance. A holmium laser was used to incise the bands at multiple points along their 
length down to the level of the perivesical fat. Following the procedure, a Foley catheter was le� in 
place for a week and then a cystogram was performed to ensure proper bladder healing before its 
removal. A bladder training protocol was initiated therea�er in which the patients were encour-
aged to hold their urine for 15–20 minutes following the urge to urinate in order to improve their 
bladder capacity. At a mean follow-up of 4.2  years, both patients exhibited a bladder capacity 
increase nearing 50%. Signi�cant improvements in pain and time between voids were noted with 
bladder �lling postprocedure.

�e advantageous mechanism of utilizing the holmium laser include the precision with which 
the laser can be used to target the scar tissue minimizing injury to any other surrounding tissue 
while concomitantly providing a hemostatic e�ect. �e method of endoscopic bladder scar lysis 
can be an e�ective method to consider especially in patients who are either hesitant about or are 
poor candidates for any further invasive surgical measures.

Surgical Management

Sacral Neuromodulation

�e complexity of IC/BPS and broad spectrum of symptoms it encompasses cannot be empha-
sized enough. While in some it may be considered a primary bladder disease, in others it encom-
passes a di�use pelvic pain syndrome that may not appropriately respond to targeted bladder or 
other end-organ therapies [44]. In some patients, their symptoms may be due to the pathologic 
upregulation of pelvic nerves causing pelvic �oor dysfunction. Sacral nerve stimulation has been 
FDA approved for the treatment of refractory urinary retention and urinary frequency, urgency, 
and urge incontinence. Currently it is listed as a fourth-line agent in the AUA guidelines, on par 
with bladder BTA, for patients with symptoms refractory for less invasive therapies [13]. Although 
it has not been approved for treatment of IC/BPS per se, its use can be justi�ed based on patient’s 
symptoms of urgency and frequency. Peters et al. [45] assessed the use of the InterStim® (Medtronic 
Inc., Minneapolis, MN) implantable neuroprosthetic device to treat chronic pain in IC/BPS resist-
ant to more conservative measures. Twenty-one patients were enrolled who all had undergone 
at least six previous treatments for IC/BPS. At 15.4 mean months of follow-up, 20 of 21 (95.3%) 
of patients reported moderate to signi�cant improvement in their pain symptoms. In addition, 
patients’ morphine dose equivalent of pain medication decreased by 36% from an average of 
81.5 to 52 mg/day; 22% of patients who used opioids stopped taking them all together. Another 
study followed up 22 patients at 3-month intervals for 2 years and reported on the durability of 
treatment and outcomes. In their series, 9% of patients required explanation for infection. In 
the remaining 20 patients, 20% reported a loss of e�cacy at the end of the study period, but the 
remaining 80% were satis�ed with their level of symptom control [46]. Although the evidence in 
support of sacral neuromodulation in this patient population is limited, the literature suggests 
there may be a role for its o�-label use.
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Neurological Procedures

Since the 1940s, researchers have postulated that the pain and urgency of IC/BPS is in part 
secondary to altered function of those nerves innervating the bladder. Attempts were made to 
denervate the parasympathetics supplying the bladder with mixed results. An early case report 
cataloged the use of S3 sacral blocks with procaine in three patients. All patients improved a�er 
the injection and subsequently underwent bilateral S3 neurectomy. All three patients experienced 
postoperative improvement in symptoms as well as an increase in bladder capacity reported years 
later [47, 48]. Similar positive results were seen by a later series of 6–10 patients with an average 
of 15 months of follow-up [49, 50].

Bohm and Franksson focused on the dorsal sacral roots in their study testing this tech-
nique [51]. Previously they had established that sensory a�erents of the bladder would be carried 
through the dorsal nerve roots where they felt would be the source of pathology. In a series of 
eight patients, they divided the dorsal root of IC/BPS patients either unilaterally or bilaterally in 
up to three segments. Surprisingly, however, the results were lackluster. Only one patient reported 
complete pain relief, and one other patient exhibited measurable improvement. All others con-
tinued to su�er postoperatively. Bladder volumes and the frequency of developing HL remained 
unchanged in all patients. Compounding this, complications and side e�ects that have been docu-
mented included the following: postoperative wound infections, bladder atony, hyperalgesia, per-
ineal numbness, and loss of the Achilles re�ex [52].

Another neurosurgical option that has been historically explored is anterolateral chordot-
omy. �is is the most central form of denervation that has been attempted in order to treat IC/
BPS. �ere are only two published reports of the technique in the literature. Frazier et al. �rst 
reported this method in a case report in a 33-year-old female with symptoms of radiating vaginal 
and bladder pain associated with bladder lesions. �e initial procedure performed on this patient 
involved a unilateral chordotomy of the ��h thoracic segment, resulting in 1 year of pain relief. A 
second procedure was performed on her le� third thoracic segment for a recurrence of right-sided 
pain. �e patient’s pain resolved during the subsequent 8 years of follow-up. Unfortunately, the 
patient also su�ered from transient lower extremity weakness, urinary retention, and permanent 
loss of temperature sensation below the umbilicus [53]. Despite con�rming its ability to relive 
pain, other attempts to explore the procedure have been limited [54, 55].

Given the level of invasiveness and the lack of strong supportive evidence, neurosurgical pro-
cedures, including rhizotomy and anterolateral chordotomy, are not currently recommended as 
viable treatment options for IC/BPS.

Surgical Reconstruction

If a patient fails to respond to the aforementioned minimally invasive treatment options, surgical 
reconstruction is available as a sixth-line treatment [13]. Multiple clinical factors need to be rec-
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ognized before making the recommendation to perform a urinary diversion or augmentation cys-
toplasty. Consideration of renal function and comorbid medical illnesses are crucial to note given 
downstream metabolic consequences [56] and the elevated risk of malignancy a�er bowel has 
been incorporated into the urinary system [57]. As opposed to urothelium, bowel mucosa easily 
resorbs ammonium chloride, leading to chronic hyperchloremic metabolic acidosis. In patients 
with a glomerular �ltration rate less than 40 cc/min/1.73 m2 body surface, this can cause severe 
electrolyte abnormalities [58]. In addition, the patient must be prepared to cope with the rami-
�cations of surgery socially. Discussions of body image and the risk of complications and need 
for re-operation should be discussed with patients on multiple occasions in order to set realistic 
expectations. Patient cooperation, manual dexterity, and cognitive ability are paramount in the 
setting of a continent cutaneous diversion, which requires routine clean intermittent catheteri-
zation. Pain relief is never guaranteed, as many patients may have other associated pelvic pain 
generators, i.e., pelvic �oor myalgia, or have centralized pain [44]. Accordingly, one might expect 
the most reliably successful results in those patients with Hunner lesions and a small, noncompliant 
bladder.

Cutaneous Urinary Diversion

Cutaneous urinary diversions with bowel segment conduits are the most radical treatment 
options for IC/BPS. �ere can be either an incontinent urostomy (ileal conduit) or continent 
pouch (Indiana pouch), although they are associated with more issues related to body image than 
other forms of surgical reconstruction. Formation of an ileal conduit remains the most commonly 
performed diversion with the lowest complication rate. Advantages of this technique are that it 
utilizes the smallest bowel segment and requires the least amount of maintenance and patient 
cooperation. When performing an ileal conduit, it was initially deemed acceptable to leave the 
bladder intact based on early observations that as long as urine was not stored in the bladder, 
patient’s symptoms improved [2]. Leaving the bladder in situ also reduces the surgical morbid-
ity associated with its removal. Others have advocated for cystectomy reporting that it leads to 
improved quality of life, sexual function, patient satisfaction [59], and minimizes the risks of 
reoperation if symptoms persist or if patients develop pyocystis [60]. �e major disadvantage of 
this technique is the exposed urostomy may not be suitable for many patients because of its e�ect 
on body image both for its appearance and because a patient will remain incontinent.

Comparatively, a continent cutaneous diversion allows for the patient to remain continent 
without a urostomy of exposed external urine reservoir. But this comes with a price. As noted 
previously, the patient must be willing and able to catheterize and care for the pouch. In addition, 
the use of longer bowel segments may lead to malabsorptive disorders and/or diarrhea. Moreover, 
continent cutaneous diversions are plagued by a higher complication rate and frequently require 
revision or follow-up surgery. �ese are all factors a patient must buy into to be an acceptable 
candidate [52].
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Supratrigonal Cystectomy With Augmentation

Although simple bladder augmentation will increase the bladder’s capacity, it is likely to result 
in poor clinical outcomes, perhaps because it does not excise pain-generating tissue [61]. On the 
other hand, supratrigonal cystectomy with bladder augmentation has the advantage of remov-
ing a probable source of pain (particularly in the patient with Hunner lesions) while eliminating 
the need for ureteral reimplantation. �e procedure is aesthetically acceptable to many patients 
as there is no need for an ostomy or catheterizable channel. Supratrigonal cystectomy with aug-
mentation has, however, produced mixed clinical outcomes, with “success” rates ranging between 
25% [62] and 100% [63, 64]. Surgery has the potential to improve urinary frequency, functional 
bladder capacity, and measures of patient satisfaction [65]. Nielsen et al. noted that a marked 
reduction in preoperative anatomic bladder capacity was related to better outcomes [62]. �is 
group assessed the outcomes of supratrigonal cystectomies in eight IC/BPS patients. �e two 
patients who reported successful outcomes both had cystoscopic bladder capacities of 200 cc or 
less. �e remaining six patients, with an average bladder capacity of 534 cc (range 400–675 cc), 
reported no resolution of symptoms. �is �nding was echoed by other similar series that noted 
reduced bladder capacity as a positive predictor of augmentation and bladder substitution success 
[66–68] (Table 3).

A prime surgical dictum when performing supratrigonal cystectomy and bladder augmenta-
tion (particularly in the face of in�ammatory disease) is that the supratrigonal bladder should be 
completely resected, as this area is implicated as a root cause of symptoms. Hunner reported that 
all signi�cant lesions in classic IC patients occurred in the free portion of the bladder, whereas 
the trigone (or the �xed bladder) was una�ected [2]. Another series reported that all advanced 
HL either involved the either free bladder or just the dome. When the trigone was involved, it was 
much less a�ected [69]. In instances where the detrusor was not completely resected, patients’ 
symptoms continued postoperatively [66, 70]. In these cases, revisions may be considered. �is 
involves secondary resection of the bladder remnant to the level of the trigone [71] or to the 
bladder neck [68], both of which have been reported as e�ective treatment options. Another revi-
sion option is secondary supravesical urinary diversion [52].

�e presence of urethral pain should be considered a relative contraindication for supratrigo-
nal cystectomy and bladder augmentation as these patients will o�en continue to endorse symp-
toms despite the cystectomy. �e clinician must bear in mind that not all patients will empty their 

Table 3: Preoperative bladder capacity in IB/BPS predicts postoperative outcomes.

Study Mean preoperative bladder capacity (cc)

Successful outcome Failure

Goodwin [72] 50 0

Kontturi [66] 186 300

Nielsen [62] 200 524

Von Garrelts [67] <100 n/a

Webster [68] 192 362
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augmented bladders e�ectively and may need to be placed on a CIC protocol. �is, of course, 
would be problematic for the patient who remains with urethral pain. In these settings, a radical 
cystectomy with a continent or incontinent diversion should be considered to provide the optimal 
chance for a complete recovery without residual bladder or urethral pain symptoms.

Conclusions

Although treating IC/BPS is di�cult and requires trial and error as well as a multi-disciplinary 
approach, a range of minimally invasive and reconstructive surgical treatment options are avail-
able. Patients are good candidates for minimally invasive procedures if they have failed more 
conservative measures and su�er from well-documented bladder-based pain symptoms. �ese 
tools are continuously evolving, and as we better understand the disease process of IC/BPS, we 
hope that these techniques improve and render the use of more invasive higher order surgical 
options obsolete. In the meantime, if major surgical reconstruction is necessary, patient selection 
is key. Patient counseling regarding lifestyle changes and body image is of paramount importance 
to optimize patient satisfaction.
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Anuria Evaluation
Kevin M. Piro, Renee K. Dversdal

Classically, acute kidney injury (AKI) and anuria have been categorized in relationship to the 
location of the kidney injury: pre-renal, intrinsic, and post-renal. Anuria is de�ned as less than 
100 mL urine per day [1]. True anuria carries a narrow di�erential that includes vascular lesions, 
total obstruction, severe acute tubular necrosis (ATN), and severe glomerulonephritis [1,  2]. 
While the patient’s history and physical exam remain key to narrowing this di�erential, point-of-
care ultrasound (POCUS) can act as an extension of the clinical examination to focus diagnostic 
workup (Fig. 1). POCUS can rapidly identify obstructive uropathy, and contribute to clinicians’ 
understanding of underlying hemodynamic status and genitourinary anatomy without the added 
risk of nephrotoxic contrast that other imaging modalities carry [3].

Point-of-care ultrasound assessment should start by assessing for total bladder obstruction. 
�e patient should �rst attempt to urinate and then the bladder should be evaluated by ultrasound 
(Fig. 2). �e bladder should be measured to make a rudimentary assessment of bladder volume 
(Figs. 3, 4, and 5). Attention then should be turned to identifying both kidneys (Figs. 6, 7 and 8), 
looking for hydronephrosis or hydroureter (Figs.  9  and  10). Ultrasound is highly sensitive for 
urinary obstruction, thus the absence of hydronephrosis is clinically useful in ruling out obstruc-
tion in the evaluation of anuria [4]. Post-void residual of greater than 300 mL and/or bilateral 
hydronephrosis are suggestive of genitourinary obstruction. �e clinician should then attempt 
to understand the patient’s hemodynamics, which can be done by identifying and measuring the 
inferior vena cava (IVC) (Figs. 11, 12, and 13) and assessing le� ventricular function from the 
parasternal long axis. An IVC that measures less than 2 cm and whose diameter collapses greater 
than 50% with respiration can suggest prerenal disease in the right clinical context. �e IVC can 
be assessed globally with an “eyeball” assessment , or measured at both maximal and minimal 
diameters in a cine capturing at least one full respiratory cycle. Reduced LV function and a dilated 
IVC, non-collapsible IVC may suggest cardiorenal disease.
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�e clinician’s history and physical examination can be augmented by POCUS to aid rapid 
diagnosis and save valuable time in the management of anuria.

Fig. 1: Algorithm.

198

Fig. 39.1 Algorithm
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Fig. 2: Bladder image acquisition. The bladder should 
be viewed with the curvilinear (ideally) or phased array 
probe in both the transverse and sagittal planes. Locate 
the superior aspect of the symphysis pubis by palpation 
and place the probe cranial to this landmark. Fan through 
and identify both the superior and inferior margins of 
the bladder. Rotate the probe so that the probe marker 
is oriented cranially. Fan through the bladder and locate 
both lateral borders.

Fig. 4: Bladder in sagittal view. The probe should then 
be rotated clockwise so that the probe marker is facing 
cranially to obtain the sagittal view of the bladder. The 
diameter can then be measured as depicted. The prostate 
can be visualized (*) at the bladder outlet as shown. The 
bladder shown has roughly 480 mL (8.5 × 8.8 × 8.6 cm × 
0.75) of anechoic urine in the bladder.

Fig. 5: Bladder with Foley catheter balloon in sagittal 
view. A Foley catheter has been placed in this picture, 
with the hyperechoic balloon appearing within the 
bladder. The bladder has been decompressed.

199

Fig. 39.2 Bladder image acquisition. The bladder should be viewed 
with the curvilinear (ideally) or phased array probe in both the trans-
verse and sagittal planes. Locate the superior aspect of the symphysis 
pubis by palpation and place the probe cranial to this landmark. Fan 
through and identify both the superior and inferior margins of the blad-
der. Rotate the probe so that the probe marker is oriented cranially. Fan 
through the bladder and locate both lateral borders

Fig. 39.3 Bladder in transverse view. The patient should attempt to 
void prior to scanning to help obtain a post-void residual volume. 
Bladder volume can be estimate by measuring the largest depth, width, 
and length (in cm) using the correction Depth × Width × Length × 0.7
5 = Bladder Volume. The depth and width of the bladder are measured 
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Fig. 3: Bladder in transverse view. The patient should 
attempt to void prior to scanning to help obtain a post-
void residual volume. Bladder volume can be estimate 
by measuring the largest depth, width, and length (in 
cm) using the correction Depth × Width × Length × 0.75 
= Bladder Volume. The depth and width of the bladder 
are measured in the transverse view of the bladder. 
This estimate has shown excellent correlation with 
catheterization volume measurement [5]. The trigone 
can be seen in the far field of this view (*).
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Fig. 6: Right kidney image acquisition. Using either a 
curvilinear or phased array probe with the probe marker 
oriented cranially, place the probe laterally and posteriorly 
at the level of the liver to use it as an acoustic window 
to visualize the kidney. Once the kidney is identified, the 
probe should be rotated to identify the true long axis of 
the kidney, then fan through posteriorly and anteriorly. 
Then rotate the probe 90° counterclockwise to identify 
the kidney in the short axis, and fan through the kidney 
cranially and caudally.

Fig. 8: Normal kidney long axis. A normal kidney in 
the long axis is shown here with the cortex, medullary 
pyramid, and renal sinus labeled. There is no evidence 
of hydronephrosis as there are no discrete pockets of 
anechoic fluid in the kidney (see Video 1).

Fig. 7: Left kidney image acquisition. Repeat the same 
technique on the left kidney. The left kidney is located 
more posteriorly, which may necessitate placing the back 
of the hand holding the probe on the bed to visualize 
the kidney. Alternatively, the patient can be placed in the 
right lateral decubitus position to improve visualization. 
Additionally, asking the patient to inspire will displace 
the kidney inferiorly and may improve the operator’s 
image.

Fig. 9: Normal kidney short axis. A kidney is shown in the 
short axis with the ureter marked (*). The patient’s ureter 
is dilated, but there is no hydronephrosis. In the short 
axis, the kidney should appear as a “C”.
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Fig. 39.6 Right kidney image acquisition. Using either a curvilinear or 
phased array probe with the probe marker oriented cranially, place the 
probe laterally and posteriorly at the level of the liver to use it as an 
acoustic window to visualize the kidney. Once the kidney is identi�ed, 
the probe should be rotated to identify the true long axis of the kidney, 
then fan through posteriorly and anteriorly. Then rotate the probe 90° 
counterclockwise to identify the kidney in the short axis, and fan 
through the kidney cranially and caudally

Fig. 39.7 Left kidney image acquisition. Repeat the same technique 
on the left kidney. The left kidney is located more posteriorly, which 
may necessitate placing the back of the hand holding the probe on the 
bed to visualize the kidney. Alternatively, the patient can be placed in 
the right lateral decubitus position to improve visualization. 
Additionally, asking the patient to inspire will displace the kidney infe-
riorly and may improve the operator’s image

Fig. 39.8 Normal kidney long axis. A normal kidney in the long axis 
is shown here with the cortex, medullary pyramid, and renal sinus 
labeled. There is no evidence of hydronephrosis as there are no discrete 
pockets of anechoic �uid in the kidney (see Video 39.1)

Fig. 39.9 Normal kidney short axis. A kidney is shown in the short 
axis with the ureter marked (*). The patient’s ureter is dilated, but there 
is no hydronephrosis. In the short axis, the kidney should appear as a 
“C”

K. M. Piro and R. K. Dversdal
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Fig. 39.10 Moderate hydronephrosis. Anechoic �uid collects within 
the pelvicalyceal system. Progressive distortion of the renal structures 
characterizes the degree of hydronephrosis. The degree is measured by 
dilation of the renal sinus (mild), then obscuration of the renal papillae 
and blunting of the pyramids (moderate), and �nally to include cortical 
thinning (severe). Here, moderate hydronephrosis is seen with a dilated 
renal pelvis (see Video 39.2)

Fig. 39.11 IVC image acquisition. The IVC should be visualized from 
the substernal view using either a phased array or curvilinear probe. To 
optimize clinician time, this exam may be performed in tandem with the 
cardiac examination in the parasternal long axis using the cardiac mode. 
The probe marker should be located cranially and the right atrium 
should be visualized in most cranial aspects of the image. The IVC 
should be visualized emptying into the right atrium and the hepatic 
veins should be visualized emptying into the IVC. Fan through the IVC 
to ensure that you are visualizing it in its widest dimension (true long 
axis). The operator should be aware that the aorta is located opposite to 
the IVC (anatomic left) and is frequently mistaken for the IVC

Fig. 39.13 IVC collapses with respiration shown here using M-mode. 
The IVC can be measured at both maximal and minimal diameters in a 
cine capturing at least one full respiratory cycle. The measurement 
should be taken just distal to the entrance of the hepatic veins into the 
IVC. If the IVC measures less than 2 cm at its maximal diameter and 
collapses by >50% with respiration (measured either during passive or 
active respiration), this could suggest clinical hypovolemia in the right 
context and could be consistent with prerenal disease

Fig. 39.12 Normal IVC. The ideal image of the IVC should show the 
hepatic veins (HV) emptying into the IVC and the IVC emptying into 
the RA to con�rm that the IVC is the vessel being visualized. Tilting the 
probe may help the operator elongate the IVC and the operator should 
slightly rotate the probe to ensure the vessel is not improperly obliquely 
scanned
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Fig. 10: Moderate hydronephrosis. Anechoic fluid 
collects within the pelvicalyceal system. Progressive 
distortion of the renal structures characterizes the 
degree of hydronephrosis. The degree is measured by 
dilation of the renal sinus (mild), then obscuration of the 
renal papillae and blunting of the pyramids (moderate), 
and finally to include cortical thinning (severe). Here, 
moderate hydronephrosis is seen with a dilated renal 
pelvis (see Video 2).

Fig. 11: IVC image acquisition. The IVC should be 
visualized from the substernal view using either a phased 
array or curvilinear probe. To optimize clinician time, 
this exam may be performed in tandem with the cardiac 
examination in the parasternal long axis using the cardiac 
mode. The probe marker should be located cranially and 
the right atrium should be visualized in most cranial 
aspects of the image. The IVC should be visualized 
emptying into the right atrium and the hepatic veins 
should be visualized emptying into the IVC. Fan through 
the IVC to ensure that you are visualizing it in its widest 
dimension (true long axis). The operator should be aware 
that the aorta is located opposite to the IVC (anatomic 
left) and is frequently mistaken for the IVC.

Fig. 12: Normal IVC. The ideal image of the IVC should 
show the hepatic veins (HV) emptying into the IVC and 
the IVC emptying into the RA to confirm that the IVC is 
the vessel being visualized. Tilting the probe may help 
the operator elongate the IVC and the operator should 
slightly rotate the probe to ensure the vessel is not 
improperly obliquely scanned.

Fig. 13: IVC collapses with respiration shown here using 
M-mode. The IVC can be measured at both maximal and 
minimal diameters in a cine capturing at least one full 
respiratory cycle. The measurement should be taken just 
distal to the entrance of the hepatic veins into the IVC. If 
the IVC measures less than 2 cm at its maximal diameter 
and collapses by >50% with respiration (measured either 
during passive or active respiration), this could suggest 
clinical hypovolemia in the right context and could be 
consistent with prerenal disease.
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Abstract

�e objective was to describe our step-by-step technique for robot-assisted orthotopic “W” ileal 
neobladder (INB) for urinary diversion following radical cystectomy for oncological purpose, 
and to report the outcomes of this technique for the �rst six male patients treated at our center. 
Patients underwent robot-assisted radical cystoprostatectomy for bladder cancer and had a “W” 
ileal neaobladder as urinary diversion. Our surgical technique is described step-by-step and 
video illustrated. Patients and operative data were collected and reported. �e Expanded Prostate 
Cancer Index Composite Short Form (EPIC-26) self-administered questionnaire was used to 
assess the urinary, sexual and bowel functions outcomes at 90 days postoperatively. �e mean 
operative time was 475 min [420–525] and mean length of stay was 13 days [11–15]. No major 
complications occurred (Clavien grade ≥ 3). Regarding the continence four patients reported they 
leaked urine rarely or never and two patients having urine leak once a day. Two patients did not 
wear any pad, the four others reported using pad at night. Two patients reported urinary func-
tion as not a problem, one as a very small problem, two as a small problem and one as a moderate 
problem. �ese results from our six �rst cases using the technique described here are promising 
with interesting early functional outcomes. �is has to be con�rmed on larger cohort and with 
long-term follow-up.
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Introduction

Radical cystectomy (RC) with pelvic extended lymphadenectomy (PLND) and urinary diver-
sion is the standard for the surgical treatment of muscle invasive bladder cancer and recurrent 
or refractory high-risk non-muscle invasive bladder cancer [1]. When patients are suitable, ileal 
orthotopic neobladder is an attractive diversion o�ering a better quality of life by maintaining 
the body image and allowing near-normal voiding [2]. With the recent uptake of robotic surgery, 
robotic cystectomy which has recently been supported by randomized trials is becoming more 
common, and even if less performed, intracorporeal robotic diversions, including ileal neoblad-
der (INB) are also emerging especially in high volume centers [3, 4]. �is is led by the potential 
decreased morbidity and enhanced post-operative recovery allowed by the minimally invasive 
robotic approach. �e main objectives for a INB are to form a spherical low-pressure large-vol-
ume pouch, allowing low-pressure storage for urinary continence and upper tract preservation 
[5]. Open surgery experience, greater than 30 years, includes numerous studies reporting the out-
comes of several techniques optimized with time. �is experience is highly valuable and applica-
ble to a robotic approach. �e Studer and Hautmann pouches are the most commonly performed 
INB [6]. �is is mainly due to their better functional outcomes and large capacity, especially the 
continence rate reported at 95% for the Hautmann pouch [7, 8]. As such robotic INBs, should 
be based on this experience and replicate the open principles. �is rationale has been success-
fully described by Goh et al. replicating the principles of the Studer INB, adjusted for a robotic 
approach [9]. However, it is surprising to note that in the meantime, intracorporeal INB based 
on Hautmann’s “W” pouch has not been described until recently with the technique reported by 
Hussein et al. [10]. It suggests that this technique could be technically challenging due to a need of 
extended sutures, increasing the di�culty and the length of the procedure. As we strongly believe, 
based on the open technique evidence, that the W pouch is an excellent INB, we here describe 
our, step-by-step technique of robotic assisted “W” INB derived from open Hautmann pouch, 
and report the functional results of the �rst 6 patients treated at our center with that technique.

Materials and Methods

Robotic RC with extended PLND and W-INB was performed on six male patients for bladder 
cancer at our institution between November 2016 and June 2018 by the same experienced robotic 
surgeon (GC). �e study was approved by our internal review board and the signed informed 
consent was obtained from the patients. Patient’s data were collected and they answered the self-
administered questionnaire Expanded Prostate Cancer Index Composite Short Form (EPIC-26) 
to assess their quality of life, continence and erectile function at 90 days postoperatively.

Indication for robotic RC was the same as for Open RC, with no restrictions. Indication for 
robotic INB was based on the patient’s choice and limited to patients with normal upper urinary 
tracts, normal renal function, with no indication for urethrectomy.
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In this study, we focus on the robotic urinary diversion, our technique is described step by 
step and video illustrated. �e procedure described is performed using the da Vinci® Xi Surgical 
system (Intuitive Surgical, Sunnyvale, CA, USA).

Positioning and Port Placement

Robotic RC and PLND is performed according to a routine 7 port trans-peritoneal technique. �e 
patient is positioned in steep Trendelenburg position (from 20° to 25°) and secured with a bean 
bag. �is insertion is more cephalad than for a routine prostatectomy to ease proximal dissection 
of the ureters and INB formation. Once the RC and PLND is done, the site for urethro-neobladder 
anastomosis is identi�ed at least 40 cm proximal to the ileocecal valve. �e primary determinant 
of this site is length of small bowel loop/mesentery to reach the urethra. �e site on the ileum for 
anastomosis is marked with a suture which is le� long. �e distal side of the ileum is then marked 
with a suture to allow orientation when the bowel is delivered through the incision for specimen 
extraction. A 5 mm port is inserted in the mid line, 5 cm distally from the umbilicus and the 
cystectomy and lymph node specimen’s bag sutures as well as the bowel marking monocryl® are 
exteriorized through that port. �e robot is then undocked and the patient �attened. A 4  cm 
infra-umbilical incision is preformed including the later 5 mm port incision. �e specimens are 
removed through it and sent for urethral margin frozen section analysis. A medium Alexis retrac-
tor is then inserted to expose the small bowel for the bowel isolation whilst waiting for the frozen 
section results. �e orientation of the ileum is determined by the marking stitch.

Bowel Division and Anastomosis

For the INB formation, we isolate 60 cm of terminal ileum with preservation of at least the termi-
nal 10 cm prior to the ileocecal junction. �e mesentery is divided with respect to its blood supply, 
performing a deep mesenteric incision at the level of the distal ileal division to ease the mobiliza-
tion of the INB to the pelvis. �e incision for the mesentery window at the proximal ileal division 
is limited and to optimize the mobilization at this level we discard 5–10 cm of ileum proximally 
with the mesentery divided close to the bowel segment to respect the blood supply as previously 
described [9]. Small bowel anastomosis is performed with an end to end anastomosis using inter-
rupted sutures of 3–0 violet-dyed vircyl®. An enterotomy for urethral anastomosis is performed 
on the antimesenteric border 15  cm from the distal end of the ileal neobladder segment. �e 
segment is marked every 15 cm with diathermy to assist with limb orientation of the neoblad-
der intracorporeally. �e bowel is reinserted, and abdominal incision is closed in layers. Whilst 
technical possible to perform this intracorporeally, the specimen needs to be extracted at this time 
point for frozen section analysis and performing the bowel anastomosis extracorporeally allows 
the patient to stay �at reducing the potential risks related to prolonged Trendelenburg position. 
Pneumoperitoneum is re-insu�ated and the robot is re-docked with the patient positioned in a 
reduced Trendelenburg from 10° to 15°. �e reduced Trendelenburg helps the ileum reach the 
urethra and reduces the risks of this position for the patient.
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patient is positioned in steep Trendelenburg position (from 20° to 25°) and secured with a bean 
bag. �is insertion is more cephalad than for a routine prostatectomy to ease proximal dissection 
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bag. �is insertion is more cephalad than for a routine prostatectomy to ease proximal dissection 
of the ureters and INB formation. Once the RC and PLND is done, the site for urethro-neobladder 
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of the ureters and INB formation. Once the RC and PLND is done, the site for urethro-neobladder 
anastomosis is identi�ed at least 40 cm proximal to the ileocecal valve. �e primary determinant 
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anastomosis is identi�ed at least 40 cm proximal to the ileocecal valve. �e primary determinant 
of this site is length of small bowel loop/mesentery to reach the urethra. �e site on the ileum for 
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of this site is length of small bowel loop/mesentery to reach the urethra. �e site on the ileum for 
anastomosis is marked with a suture which is le� long. �e distal side of the ileum is then marked 
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anastomosis is marked with a suture which is le� long. �e distal side of the ileum is then marked 
with a suture to allow orientation when the bowel is delivered through the incision for specimen 
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with a suture to allow orientation when the bowel is delivered through the incision for specimen 
extraction. A 5 mm port is inserted in the mid line, 5 cm distally from the umbilicus and the 
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extraction. A 5 mm port is inserted in the mid line, 5 cm distally from the umbilicus and the 
cystectomy and lymph node specimen’s bag sutures as well as the bowel marking monocryl® are 
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cystectomy and lymph node specimen’s bag sutures as well as the bowel marking monocryl® are 
exteriorized through that port. �e robot is then undocked and the patient �attened. A 4  cm 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

exteriorized through that port. �e robot is then undocked and the patient �attened. A 4  cm 
infra-umbilical incision is preformed including the later 5 mm port incision. �e specimens are 
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infra-umbilical incision is preformed including the later 5 mm port incision. �e specimens are 
removed through it and sent for urethral margin frozen section analysis. A medium Alexis retrac
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removed through it and sent for urethral margin frozen section analysis. A medium Alexis retrac
tor is then inserted to expose the small bowel for the bowel isolation whilst waiting for the frozen 
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tor is then inserted to expose the small bowel for the bowel isolation whilst waiting for the frozen 
section results. �e orientation of the ileum is determined by the marking stitch.
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section results. �e orientation of the ileum is determined by the marking stitch.

Bowel Division and Anastomosis
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Bowel Division and Anastomosis
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For the INB formation, we isolate 60 cm of terminal ileum with preservation of at least the termi
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For the INB formation, we isolate 60 cm of terminal ileum with preservation of at least the termi
nal 10 cm prior to the ileocecal junction. �e mesentery is divided with respect to its blood supply, 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

nal 10 cm prior to the ileocecal junction. �e mesentery is divided with respect to its blood supply, 
performing a deep mesenteric incision at the level of the distal ileal division to ease the mobiliza
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performing a deep mesenteric incision at the level of the distal ileal division to ease the mobiliza
tion of the INB to the pelvis. �e incision for the mesentery window at the proximal ileal division 
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tion of the INB to the pelvis. �e incision for the mesentery window at the proximal ileal division 
is limited and to optimize the mobilization at this level we discard 5–10 cm of ileum proximally 
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is limited and to optimize the mobilization at this level we discard 5–10 cm of ileum proximally 
with the mesentery divided close to the bowel segment to respect the blood supply as previously 
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with the mesentery divided close to the bowel segment to respect the blood supply as previously 
described [
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described [9
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]. Small bowel anastomosis is performed with an end to end anastomosis using inter
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]. Small bowel anastomosis is performed with an end to end anastomosis using inter
rupted sutures of 3–0 violet-dyed vircyl
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rupted sutures of 3–0 violet-dyed vircyl
on the antimesenteric border 15  cm from the distal end of the ileal neobladder segment. �e 
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on the antimesenteric border 15  cm from the distal end of the ileal neobladder segment. �e 
segment is marked every 15 cm with diathermy to assist with limb orientation of the neoblad
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segment is marked every 15 cm with diathermy to assist with limb orientation of the neoblad
der intracorporeally. �e bowel is reinserted, and abdominal incision is closed in layers. Whilst 
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der intracorporeally. �e bowel is reinserted, and abdominal incision is closed in layers. Whilst 
technical possible to perform this intracorporeally, the specimen needs to be extracted at this time © Spri
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technical possible to perform this intracorporeally, the specimen needs to be extracted at this time 
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Urethroileal Anastomosis

Using robotic tip-up fenestrated graspers, the isolated ileal segment is extended into the pelvis 
adjacent to the urethra. A circumferential continuous anastomosis is performed between the 
neobladder and the urethra using of 3–0 double armed strata�x® running the two ends from 6 
o’clock to 12 o’clock on each side. A catheter is intermittently inserted through the urethra to guide 
this anasotomosis as usually described in prostatectomy.

�e ileal segment is then detubulised in sections corresponding to posterior limbs of the neo-
bladder. �e last 3 cm of both proximal and distal end are le� without detubularisation to create 
two chimneys. �e monopolar diathermy is used with the robotic scissors to incise the antimes-
enteric edge of the ileum. �e assistant helps during that time inserting his suction irrigator in the 
ileal lumen to improve the exposure.

W Orthotopic INB Configuration (Fig. 1)

�e W INB is performed based on the open procedure described by Hautmann et al., adapted for 
the robotic purpose [11]. �e posterior plan is con�gured with the limbs of the W, sewn together 
with 3 posterior sutures lines. To avoid disorientation during formation of the posterior wall the 
ileal segment is detublarised and sewn limb by limb (Fig. 1a, b, c). 3 stay stiches using 3–0 violet-
dyed vicryl® are positioned at regular distances on each of these three lines. One end of each stitch 
is le� long (3 cm) to apply tension on it with the grasper in the 4th robotic arm to optimize the 
exposure during the suturing. �e posterior plan is then sewn with continuous suture of single 
armed 3–0 strata�x®. To facilitate, the assistant tightens the suture a�er each throw using a lapa-
roscopic hook to spare robotic movements pulling the suture tight. �e anterior plan is then fold 
in a T-shape manner using the same stay-stiches technique for the anterior vertical suture anasto-
mosing the lateral edges as well as for the upper fold suture horizontally (Fig. 1d, e). �is anterior 
plan is sewn using the same technique and sutures. A 2 layered closure is performed anteriorly, 
whilst a single layer closure is used for the posterior wall.

Bilateral Ureteroileal Anastomosis

Bilateral separate ureteroileal anastomosis are performed between the ureters and the open-end 
of two chimneys of the neobladder. �e le� ureter is transposed beneath the sigmoid colon and 
anastomosed to the le� neobladder chimney. �is anastomosis typically sits on the le� side of the 
neobladder mesentery, whilst the right side is positioned on the right side of the mesentery. �e 
same technique is used on both sides. �e ureter is widely spatulated and sewn to the chimney end 
using a continuous suture of double armed 3–0 strata�x. Bander stents are inserted in both ureters 
before completing the suture. �e stent is exteriorized through the ileum and its mesentery at the 
level of the chimney (approximately 2 cm distal to the anastomosis. A 20Fr 2 way urethral catheter 
is inserted in the INB and the balloon is in�ated at 10 cc.

A drain is le� to the pelvis in front of the INB. �e two bander stents are exteriorized through 
the skin via a 5 mm lap port in the iliac fossa and bagged.
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o’clock to 12 o’clock on each side. A catheter is intermittently inserted through the urethra to guide 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.o’clock to 12 o’clock on each side. A catheter is intermittently inserted through the urethra to guide 

�e ileal segment is then detubulised in sections corresponding to posterior limbs of the neo
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-
bladder. �e last 3 cm of both proximal and distal end are le� without detubularisation to create 
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bladder. �e last 3 cm of both proximal and distal end are le� without detubularisation to create 
two chimneys. �e monopolar diathermy is used with the robotic scissors to incise the antimes
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two chimneys. �e monopolar diathermy is used with the robotic scissors to incise the antimes
enteric edge of the ileum. �e assistant helps during that time inserting his suction irrigator in the 
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enteric edge of the ileum. �e assistant helps during that time inserting his suction irrigator in the 

�e W INB is performed based on the open procedure described by Hautmann 
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�e W INB is performed based on the open procedure described by Hautmann 
]. �e posterior plan is con�gured with the limbs of the W, sewn together 
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]. �e posterior plan is con�gured with the limbs of the W, sewn together 
with 3 posterior sutures lines. To avoid disorientation during formation of the posterior wall the 
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with 3 posterior sutures lines. To avoid disorientation during formation of the posterior wall the 
ileal segment is detublarised and sewn limb by limb (Fig. 
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ileal segment is detublarised and sewn limb by limb (Fig. 1
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1a, b, c). 3 stay stiches using 3–0 violet-
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a, b, c). 3 stay stiches using 3–0 violet-
 are positioned at regular distances on each of these three lines. One end of each stitch 
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 are positioned at regular distances on each of these three lines. One end of each stitch 
is le� long (3 cm) to apply tension on it with the grasper in the 4th robotic arm to optimize the 
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is le� long (3 cm) to apply tension on it with the grasper in the 4th robotic arm to optimize the 
exposure during the suturing. �e posterior plan is then sewn with continuous suture of single 
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exposure during the suturing. �e posterior plan is then sewn with continuous suture of single 
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. To facilitate, the assistant tightens the suture a�er each throw using a lapa
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. To facilitate, the assistant tightens the suture a�er each throw using a lapa
roscopic hook to spare robotic movements pulling the suture tight. �e anterior plan is then fold 
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roscopic hook to spare robotic movements pulling the suture tight. �e anterior plan is then fold 
in a T-shape manner using the same stay-stiches technique for the anterior vertical suture anasto

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

in a T-shape manner using the same stay-stiches technique for the anterior vertical suture anasto
mosing the lateral edges as well as for the upper fold suture horizontally (Fig. 
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mosing the lateral edges as well as for the upper fold suture horizontally (Fig. 
plan is sewn using the same technique and sutures. A 2 layered closure is performed anteriorly, 
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plan is sewn using the same technique and sutures. A 2 layered closure is performed anteriorly, 
whilst a single layer closure is used for the posterior wall.
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whilst a single layer closure is used for the posterior wall.

Bilateral Ureteroileal Anastomosis
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Bilateral Ureteroileal Anastomosis

Bilateral separate ureteroileal anastomosis are performed between the ureters and the open-end 
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Bilateral separate ureteroileal anastomosis are performed between the ureters and the open-end 
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of two chimneys of the neobladder. �e le� ureter is transposed beneath the sigmoid colon and 
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of two chimneys of the neobladder. �e le� ureter is transposed beneath the sigmoid colon and 
anastomosed to the le� neobladder chimney. �is anastomosis typically sits on the le� side of the 
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anastomosed to the le� neobladder chimney. �is anastomosis typically sits on the le� side of the 
neobladder mesentery, whilst the right side is positioned on the right side of the mesentery. �e 
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neobladder mesentery, whilst the right side is positioned on the right side of the mesentery. �e 
same technique is used on both sides. �e ureter is widely spatulated and sewn to the chimney end © Spri
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same technique is used on both sides. �e ureter is widely spatulated and sewn to the chimney end 
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Post-Operative Management

�e nasogastric tube is removed at the end of the procedure. �e patient is encouraged to mobi-
lize early and started on clear �uids on day 1. �e diet is then advanced guided on the clinical 
tolerance and bowel function. �e urethral catheter is �ushed 6 h with 50 ml of normal saline. 
�e drain is removed when the output is ≤ 50 ml per 24 h. �e 2 bander stents are removed on 
day 7 postoperatively and patient is considered for discharge from day 8. �e urethral catheter 
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1 3

detubularisation to create two chimneys. The monopolar 
diathermy is used with the robotic scissors to incise the anti-
mesenteric edge of the ileum. The assistant helps during 
that time inserting his suction irrigator in the ileal lumen to 
improve the exposure.

W orthotopic INB con�guration (Fig. 1)

The W INB is performed based on the open procedure 
described by Hautmann et al., adapted for the robotic pur-
pose [11]. The posterior plan is configured with the limbs 
of the W, sewn together with 3 posterior sutures lines. To 

avoid disorientation during formation of the posterior wall 
the ileal segment is detublarised and sewn limb by limb 
(Fig. 1a, b, c). 3 stay stiches using 3–0 violet-dyed vicryl®

are positioned at regular distances on each of these three 
lines. One end of each stitch is left long (3 cm) to apply 
tension on it with the grasper in the 4th robotic arm to opti-
mize the exposure during the suturing. The posterior plan 
is then sewn with continuous suture of single armed 3–0 
stratafix®. To facilitate, the assistant tightens the suture after 
each throw using a laparoscopic hook to spare robotic move-
ments pulling the suture tight. The anterior plan is then fold 
in a T-shape manner using the same stay-stiches technique 
for the anterior vertical suture anastomosing the lateral edges 
as well as for the upper fold suture horizontally (Fig. 1d, 
e). This anterior plan is sewn using the same technique and 
sutures. A 2 layered closure is performed anteriorly, whilst 
a single layer closure is used for the posterior wall.

Bilateral ureteroileal anastomosis

Bilateral separate ureteroileal anastomosis are performed 
between the ureters and the open-end of two chimneys of 
the neobladder. The left ureter is transposed beneath the sig-
moid colon and anastomosed to the left neobladder chimney. 
This anastomosis typically sits on the left side of the neo-
bladder mesentery, whilst the right side is positioned on the 
right side of the mesentery. The same technique is used on 
both sides. The ureter is widely spatulated and sewn to the 
chimney end using a continuous suture of double armed 3–0 
stratafix. Bander stents are inserted in both ureters before 
completing the suture. The stent is exteriorized through the 
ileum and its mesentery at the level of the chimney (approxi-
mately 2 cm distal to the anastomosis. A 20Fr 2 way urethral 
catheter is inserted in the INB and the balloon is inflated at 
10 cc.

A drain is left to the pelvis in front of the INB. The two 
bander stents are exteriorized through the skin via a 5 mm 
lap port in the iliac fossa and bagged.

Post-operative management

The nasogastric tube is removed at the end of the proce-
dure. The patient is encouraged to mobilize early and started 
on clear fluids on day 1. The diet is then advanced guided 
on the clinical tolerance and bowel function. The urethral 
catheter is flushed 6 h with 50 ml of normal saline. The 
drain is removed when the output is ≤ 50 ml per 24 h. The 
2 bander stents are removed on day 7 postoperatively and 
patient is considered for discharge from day 8. The urethral 
catheter is left for 21 days. Patient is taught to self-flush 
their INB through the IDC to continue at home after dis-
charge. He is reviewed at day 21 for the catheter removal, 
control of the voiding function and post voiding residual 

Fig. 1  Step-by-step illustrations of the W neobladder formation. 
a Suture line of the first limb of the posterior plan (the bowel seg-
ment is only partially detubularised and sutured limb by limb to 
ease the presentation). b Suture of the second limb of the posterior 
plan. c Suture of the third limb of the posterior plan. d Aspect of the 
neobladder after completing the posterior sutures on the 3 limbs. e
T-shape suture of the anterior plan. f Final aspect after suturing the 
ureters separately at the tip of both chimneys

Fig. 1: Step-by-step illustrations 
of the W neobladder formation. a
Suture line of the first limb of the 
posterior plan (the bowel segment 
is only partially detubularised 
and sutured limb by limb to ease 
the presentation). b Suture of the 
second limb of the posterior plan. 
c Suture of the third limb of the 
posterior plan. d Aspect of the 
neobladder after completing the 
posterior sutures on the 3 limbs. 
e T-shape suture of the anterior 
plan. f Final aspect after suturing 
the ureters separately at the tip of 
both chimneys.
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Post Operative Management
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Operative Management
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is le� for 21 days. Patient is taught to self-�ush their INB through the IDC to continue at home 
a�er discharge. He is reviewed at day 21 for the catheter removal, control of the voiding func-
tion and post voiding residual measurements. Imaging is ordered on an individual basis at 
clinician discretion.

Results

�e �rst six male consecutive patients who had a RC, PLND and “W” INB diversion for the treat-
ment of a bladder cancer in our department were included. �e mean age was 59.5 years [range 
35–71]. �e mean follow-up was 11 months [3–20]. Mean BMI was 28.9 kg/m2. Four patients had 
a high grade T1 urothelial carcinoma with carcinoma in situ (CIS) for two patients, they all had 
a failure of intravesicle BCG treatment. Two patients had muscle invasive bladder cancer with 

Table 1: Patients’ characteristics and perioperative outcomes.

Demographic and perioperative data Mean [range] or n (%)

Age 59.5 [35–71]

Male 6 (100%)

BMI 28.9 [26.8–31.4]

ASA score

 1 1 (16.7%)

 2 3 (50%)

 3 2 (33.3%)

Clinical stage

 T1 4 (100%)

 ≥T2 2

 Cis 2 (50%)

Console time 355 [320–450]

Time to flatus 4 [2–6]

Time to bowel 8 [4–12]

Time to regular diet 6 [4–8]

Length of stay 13 [11–15]

Pathological stage

 T1 4 (66.7%)

 ≥T2 2 (33.3%)

 Cis 3 (50%)

Positive surgical margins 0

Positive lymph nodes 1 (16.7%)

Lymph nodes removed 37 [26–51]

Complication within 90 days

Clavien 1 1 (16.7%)

Clavien 2 4 (66.7%)

Clavien ≥ 3 0
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histological con�rmed pT2 on resection specimen, they both received platinum-based neoad-
juvant chemotherapy. Patients characteristics are reported in Table 1. De�nitive histology found 
high grade pT1 in the four patients with CIS in three of them, two patients had pT2 stage tumor. 
No patient had positive lymph nodes of a mean number of 37 nodes removed [26–51]. �e mean 
operative time was 475 min [420–525] and mean length of stay was 13 days [11–15]. No major 
complications occurred (Clavien grade ≥ 3), 1 patient had to be readmitted for a febrile urinary 
tract infection 1 week a�er the IDC removal and was treated with antibiotics (Clavien grade II).

Regarding the continence assessment with the EPIC questionnaire 90  days postoperative-
ly, four patients reported they leaked urine rarely or never and to have a total urinary control. 
Two patients reported urine leak once a day. Two patients on six did not wear any pad, and four 
used pads at night. Two patients reported urinary function as not a problem, one as a very small 
problem, two as a small problem and one as a moderate problem. Mean standardized values for 
each questions of the EPIC-26 questionnaire are reported in Fig. 2.

Discussion

�e choice for the type of urinary diversion a�er radical cystectomy for cancer varies widely 
between centers [6]. When given the option, patients tend to choose continent diversion rather 
than an ileal conduit [12]. Higher technical challenges combined with increased morbidity lead to 
lower utilization of INBs than theoretically possible and ileal conduit remains the most common 
diversion performed [5]. Regarding the robotic INB, technical challenges also appear to limit its 
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but needs to be confirmed with long-term assessment and 
larger cohort.

The console time was long which is in keeping with the 
majority of the reports for intracorporeal INB. In addition, 
our operative time was even longer than the most recent 
study reports for robotic INB. This can be explained by 
the fact that it was our first six cases using that technique. 
Indeed, it has been reported that operative time for robotic 
urinary diversion including INB significantly decrease with 
the number of cases performed suggesting that our operative 
time should be improved in the future [13, 14].

Our technique could be criticized as it is not “fully 
robotic” with bowel division and anastomosis done extra-
corporeally during a short open time. However, given that an 
incision is required in men to extract the specimen ± obtain 
frozen section analysis it is an attractive option to perform 
the bowel anastomosis extracorporeally. Furthermore, allow-
ing the patient to stay flat for a period in the middle of the 
procedure might be helpful to reduce potential complica-
tions of prolonged Trendelenburg positioning. However, 
this part of the procedure could also be done intracorpore-
ally, robotically. For this purpose, the bowel mesentery is 
divided with the robotic vessel sealer, whilst the patient is 
administered an infusion of ICG to visualize the vascular 
arcades in the mesentery. Robotic stapler is used to perform 
a latero-lateral small bowel anastomosis. We routinely use 
this technique for intracorporeal ileal-conduit diversion and 
INB for benign cystectomies. In addition, this fully intra-
corporeal approach also allows to remove the specimen 

through a short Pfannenstiel incision which is found to be 
better both in terms of reduced complications/hernia rates 
as well as cosmetically. Nevertheless, although the risk for 
surgical revision following this kind of surgery is rare, it 
is not negligible and most of the time a midline incision is 
necessary when it occurs. Therefore, this possibility should 
be kept in mind when considering a Pfannenstiel incision 
in that context.

Finally, this study included male patients only. This 
technique is feasible in female patients requesting a few 
changes and involving different functional outcomes. Fur-
ther dedicated studies are needed to assess these outcomes 
in a female population.

In conclusion, these results from our first six cases 
using the technique described here are promising with 
encouraging early functional outcomes. This has to be 
confirmed on larger cohort and long-term results.
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Fig. 2  Results of EPIC- Questionnaire SF 26 results for Sexual, Bowel, and Urinary function at day 90 post-op: means standardized value 
obtained for each itemFig. 2: Results of EPIC- Questionnaire SF 26 results for Sexual, Bowel, and Urinary function at day 90 post-op: means 

standardized value obtained for each item.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.operative time was 475 min [420–525] and mean length of stay was 13 days [11–15]. No major 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.operative time was 475 min [420–525] and mean length of stay was 13 days [11–15]. No major 

ient had to be readmitted for a febrile urinary 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.ient had to be readmitted for a febrile urinary 

tract infection 1 week a�er the IDC removal and was treated with antibiotics (Clavien grade II).

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

tract infection 1 week a�er the IDC removal and was treated with antibiotics (Clavien grade II).
Regarding the continence assessment with the EPIC questionnaire 90  days postoperative

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Regarding the continence assessment with the EPIC questionnaire 90  days postoperative-

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

-
ly, four patients reported they leaked urine rarely or never and to have a total urinary control. 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

ly, four patients reported they leaked urine rarely or never and to have a total urinary control. 
Two patients reported urine leak once a day. Two patients on six did not wear any pad, and four 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Two patients reported urine leak once a day. Two patients on six did not wear any pad, and four 
used pads at night. Two patients reported urinary function as not a problem, one as a very small 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

used pads at night. Two patients reported urinary function as not a problem, one as a very small 
problem, two as a small problem and one as a moderate problem. Mean standardized values for 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

problem, two as a small problem and one as a moderate problem. Mean standardized values for 

�e choice for the type of urinary diversion a�er radical cystectomy for cancer varies widely 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

�e choice for the type of urinary diversion a�er radical cystectomy for cancer varies widely 
]. When given the option, patients tend to choose continent diversion rather 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

]. When given the option, patients tend to choose continent diversion rather 
]. Higher technical challenges combined with increased morbidity lead to 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

]. Higher technical challenges combined with increased morbidity lead to 
lower utilization of INBs than theoretically possible and ileal conduit remains the most common 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

lower utilization of INBs than theoretically possible and ileal conduit remains the most common 
]. Regarding the robotic INB, technical challenges also appear to limit its 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

]. Regarding the robotic INB, technical challenges also appear to limit its 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.



30 • CUT TING EDGE  UROLOGY

expansion despite a potential bene�t from a minimally invasive surgical approach. In this context, 
several recent techniques have been described, aiming to simplify the technique of robotic INB 
with promising results [5]. Meanwhile, as the main objective for an INB is to o�er good functional 
outcomes, the robotic INB technique should also stay close to the rules inherited from years of 
open surgical experience. As mentioned in the introduction, the pouch described by Hautmann 
and Studer, have been largely reported with excellent outcomes as open techniques and should be 
used intracorporeally [6,7,8]. However, most of the intracorporeal INB techniques derived from 
the open Studer neobladder are actually closer to a modi�ed “J” pouch than a proper Studer INB. 
In this context, the Hautmann “W” INB seems to be an attractive technique to accurately replicate 
intracorporeally. Nevertheless, it has been described only in a few cases to date.
Interestingly, these results from our �rst cases based on that technique show promising outcomes 
regarding the quality of life related to the urinary and bowel functions. Especially, the continence 
and urinary control were reported good by the patients. As these results were obtained from the 
questionnaire at 90 days postoperatively, they represent early outcomes suggesting early recovery 
and adjustment regarding the post-operative urinary function which is encouraging but needs to 
be con�rmed with long-term assessment and larger cohort.

�e console time was long which is in keeping with the majority of the reports for intracor-
poreal INB. In addition, our operative time was even longer than the most recent study reports for 
robotic INB. �is can be explained by the fact that it was our �rst six cases using that technique. 
Indeed, it has been reported that operative time for robotic urinary diversion including INB sig-
ni�cantly decrease with the number of cases performed suggesting that our operative time should 
be improved in the future [13, 14].

Our technique could be criticized as it is not “fully robotic” with bowel division and anasto-
mosis done extracorporeally during a short open time. However, given that an incision is required 
in men to extract the specimen ± obtain frozen section analysis it is an attractive option to perform 
the bowel anastomosis extracorporeally. Furthermore, allowing the patient to stay �at for a period 
in the middle of the procedure might be helpful to reduce potential complications of prolonged 
Trendelenburg positioning. However, this part of the procedure could also be done intracorpore-
ally, robotically. For this purpose, the bowel mesentery is divided with the robotic vessel sealer, 
whilst the patient is administered an infusion of ICG to visualize the vascular arcades in the mes-
entery. Robotic stapler is used to perform a latero-lateral small bowel anastomosis. We routinely 
use this technique for intracorporeal ileal-conduit diversion and INB for benign cystectomies. In 
addition, this fully intracorporeal approach also allows to remove the specimen through a short 
Pfannenstiel incision which is found to be better both in terms of reduced complications/hernia 
rates as well as cosmetically. Nevertheless, although the risk for surgical revision following this 
kind of surgery is rare, it is not negligible and most of the time a midline incision is necessary 
when it occurs. �erefore, this possibility should be kept in mind when considering a Pfannenstiel 
incision in that context.
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Finally, this study included male patients only. �is technique is feasible in female patients 
requesting a few changes and involving di�erent functional outcomes. Further dedicated studies 
are needed to assess these outcomes in a female population.

In conclusion, these results from our �rst six cases using the technique described here are 
promising with encouraging early functional outcomes. �is has to be con�rmed on larger cohort 
and long-term results.
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Facklamia hominis Bacteremia After 
Transurethral Resection of the Prostate:
A Case Report
Miriam Gahl1, Thomas Stöckli2, René Fahrner1

Abstract

Background: Transurethral resection of the prostate (TUR-P) is one of the most frequent 
routine procedures in urology. Because of the semisterile environment, postoperative infections, 
including sepsis, are a common complication, with  Escherichia coli,  Klebsiella  spp.,  Proteus 
mirabilis  or  Enterococcus faecalis  as frequently isolated pathogens.  Facklamia hominis  is a 
Gram-positive, facultatively anaerobic, alpha-hemolytic, catalase-negative coccus that was �rst 
described in 1997. To date, only a few cases of infectious complications have been described. We 
report the �rst case of postoperative bacteremia due to Facklamia hominis after TUR-P.
Case Presentation: An 82-year-old man developed fever only a few hours a�er elective TUR-P 
because of benign prostate syndrome. A�er cultivation of blood cultures, antibiotic therapy 
with ce�riaxone was intravenously administered and changed to oral cotrimoxazole before dis-
charge of the afebrile patient. One anaerobic blood culture revealed Facklamia hominis. Under 
antibiotic therapy, the patient remained afebrile and showed no signs of infections during 
follow-up.
Conclusions: Fever and bacteremia are frequent complications a�er TUR-P. �is study is the 
�rst report of Facklamia hominis in a postoperative blood culture after TUR-P. To date, there 
are only a few reports of patients with infectious complications and isolation of  Facklamia 
hominis in various patient samples. Because Facklamia hominis resembles viridans streptococci 
on blood agar analysis, this pathogen may o�en be misidenti�ed. In this case identi�cation 
of  Facklamia hominis  was possible with matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry. It has been postulated that Facklamia hominis might be a facultative 
pathogen and that its incidence will increase in the future.

*Correspondence: r.fahrner@web.de
1Department of General, Visceral and Thoracic Surgery, Bürgerspital Solothurn, Schöngrünstrasse 42, 4500 Solothurn, 
Switzerland. 
2Department of Internal Medicine, Bürgerspital Solothurn, Schöngrünstrasse 42, 4500 Solothurn, Switzerland.
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Background

Transurethral resection of the prostate (TUR-P) is one of the most frequent routine proce-
dures in urology. Because of the semi-sterile environment and continuous rinsing with water, 
postoperative infections, including sepsis, are a common complication [1,  2]. Despite this 
fact, prophylactic antibiotics are still controversial, and applied substances vary in regard to 
the local spectrum of bacteria [1–4]. As a sign of procedural bacteremia, postoperative fever 
is o�en encountered early a�er surgical intervention. �e most frequently isolated pathogens 
are  Escherichia coli,  Klebsiella  spp.,  Proteus mirabilis  and  Enterococcus faecalis, which are also 
o�en detected during simple cystitis [5]. To cover these pathogens, preoperative prophylaxis 
with a single dose of oral cipro�oxacin is usually given in our department. In a case of postopera-
tive urinary tract infection, daily ce�riaxone is administered intravenously, with a change to oral 
treatment before discharge. �e antibiotic prophylaxis regarding the guidelines of the European 
Association of Urology should include the local pathogen prevalence and might thus di�er from 
center to center [6].

To the best of our knowledge, we present the �rst case of  Facklamia hominis  bacteremia 
during the postoperative course a�er urological surgery.

Case Presentation

An 82-year-old man underwent elective TUR-P because of a symptomatic benign prostate syn-
drome. Preoperatively, no urinary sample was analyzed regarding bacterial colonization. He had 
a past history of cerebrovascular insult with minimal residuals, curative surgery for an adeno-
carcinoma of the rectum and cervical discus hernia. In addition, he su�ered from hypertensive 
cardiopathy with a normal ejection fraction.

One hour after an uneventful operation, he developed chills that were successfully 
treated with pethidine. Three hours later, he developed a fever up to 38.7 °C so that two pairs 
of blood cultures were taken before initiating intravenous antibiotic therapy with ceftriaxone. 
Because of postoperative continuous rinsing of the bladder, it was impossible to cultivate 
the urine. The further course was uneventful, the patient remained afebrile and was in good 
condition so that the antibiotic therapy was changed to oral cotrimoxazole, and the patient 
was discharged. To our surprise, one out of four blood cultures turned positive for Facklamia 
hominis after the discharge of the patient. As the patient remained afebrile and in good clini-
cal condition under the current antibiotic treatment, the therapy was continued for 14 days, 
although cotrimoxazole has not been described as a therapy so far. During 6 months of fol-
low-up, the patient did not develop fever or signs of an urinary tract infection and had no 
need for antibiotic therapy again. During follow-up, there were urine and blood cultures 
without detection of Facklamia hominis.
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Discussion and Conclusions

In our case, bacteremia with Facklamia hominis was detected in blood cultures of a patient a�er 
TUR-P only a few hours a�er the intervention. Facklamia hominis  is a Gram-positive, faculta-
tive anaerobic, alpha-hemolytic, catalase-negative coccus [7]. It was �rst described in 1997 [8], 
and for six clinical isolates, previously nonclassi�ed cocci were characterized by phenotypic and 
phylogenetic methods as Facklamia hominis [9]. Since then, Facklamia hominis has been isolat-
ed in several specimens, such as urine, vaginal swabs, abscesses, joints, mitral valves, placentas, 
gastric aspirates, cerebrospinal �uid, preputial swabs, and blood [10–15]. Moreover, Facklamia 
hominis  is thought to be a resident of the bacterial �ora of the vaginal and urinary tracts [14]. 
Interestingly, Facklamia hominis has been so far isolated predominantly from females. In total, 16 
cases of Facklamia hominis infections have been reported worldwide (Table 1). Furthermore, �ve 
other species of the genus Facklamia have been described, namely, Facklamia ignava [17], Facklamia 
sourekii [18], Facklamia languida [19], Facklamia miroungii [20] and Facklamia tabaciasalis [21]. 
Except for Facklamia tabaciasalis [21] and Facklamia miroungii [20], all Facklamia species have 
been isolated from human clinical specimens. It is postulated that, as Facklamia  spp. resemble 
viridans streptococci on 5% sheep blood agar, they might have been confounded in the past with 
this group of organisms [9, 16].

�is study is the �rst case reported with Facklamia hominis bacteremia after TUR-P. There 
have been reports about isolations from patients with abscesses, joint infections, endocarditis 
with positive blood cultures, cerebrospinal fluid, urine and vaginal swabs (Table 1). It has been 
postulated that Facklamia hominis might be a resident of the vaginal and urinary tract floras and 
a facultative pathogen inducing urinary tract infections [14]. In the reported case, the source 
of Facklamia hominis is speculative and might be displaced during surgery from the urinary tract 
or urine. Furthermore, the prostate might be colonized, but microscopy of the surgical tissue 
failed to detect large amount of bacteria. Fever or infections after TUR-P are frequently seen 

Table 1: Overview of Facklamia hominis infections in the current literature.

Author Year Number of patients Type of sample Outcome

Collins [8] 1997 6 Urine, vaginal swab, 
blood, abscess

Not reported

Healy [10] 2005 2 Blood, placental tis-
sue, gastric aspirate

Cured

Safavi [11] 2010 1 Blood Died

Ananthakrishna [16] 2012 1 Blood Cured

Corona [7] 2014 1 Joint Cured

Parvataneni [9] 2015 1 Cerebrospinal fluid Cured

Abat [15] 2016 1 Abscess Not reported

Schlipkoter [12] 2017 1 Abscess Cured

Gomez-Luque [13] 2019 1 Preputial swab Cured

Mostafa [14] 2019 1 Urine Cured
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complications, as the intervention is semi-sterile, and microorganisms located within the urinary 
tract are o�en opportunistic. �ese facultative pathogens are common sources of postopera-
tive bacteremia or urinary tract infections [1, 2]. Accordingly, it is not surprising that Facklamia 
hominis  was now isolated in blood cultures after TUR-P. The treatment includes immediate 
antibiotic therapy depending on the prevalent resistance pattern after cultivation of blood and 
urine. To obtain an optimal antibiotic therapy, the isolation of the underlying pathogens is 
mandatory.

Traditional microbiological methods are o�en ine�ective in correctly detecting pathogens 
such as Facklamia hominis [15]. Current methods of identi�cation include matrix-assisted laser 
desorption/ionization time-of-�ight mass spectrometry (MALDI-TOF) [13, 15], genome sequenc-
ing [14], rRNA PCR [7], VITEK 2 system [9, 16] and characterization by the API Rapid ID32 
and API ZYM method [8]. Comparable to previous reports, in our case, Facklamia hominis was 
detected by MALDI-TOF.

Several treatment regimens have been described so far. �ey include penicillin derivatives, 
beta-lactamase inhibitors, metronidazole, cephalosporins, carbapenems, aminoglycosides, and 
glycopeptide antibiotics [7, 10–16]. In our case, the intravenous treatment with ce�riaxone for 
3 days and cotrimoxazole for a total of 14 days was successful. Whether the intravenous admin-
istration of ce�riaxone alone would have been su�cient as treatment is unclear. However, the 
patient rapidly recovered and remained afebrile without signs of bloodstream or urinary tract 
infection.

It is possible that due to the morphologic resemblance to viridans streptococci and inef-
fectiveness of traditional microbiological testing,  Facklamia hominis  has probably been often 
misdiagnosed in the past [15]. Whether Facklamia hominis will be an emerging pathogen in the 
future needs to be confirmed, but additional reports on antibiotic therapy are needed.

Abbreviations: C: Celsius; MALDI-TOF: Matrix-assisted laser desorption/ionization time-o�ight mass spectrometry; 
spp.: species; TUR-P: Transurethral resection of the prostate.

Acknowledgements: Not applicable for this study

Authors’ contributions: Study conception and design: M. G., T. S., and R. F. Acquisition of data: M. G., T. S., and R. F. 
Analysis and interpretation of data: M. G., T. S., and R. F. Dra�ing of manuscript: M. G., and R. F. Critical revision of 
manuscript: T. S. All authors have read and approved the �nal version of this manuscript.

Funding: Not applicable for this study.

Availability of data and materials: �e datasets used and/or analyzed during the current study are available from the 
corresponding author on reasonable request.

Ethics approval and consent to participate: All research protocols were carried out in accordance with the National 
Institutes of Health guidelines.

Consent for publication: Written consent to publish this case presentation was obtained from the patient.

Competing interests: René Fahrner is a member of the editorial board (Section Editor) of BMC Surgery.
�e other authors declare that they have no con�icts of interest.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.  was now isolated in blood cultures after TUR-P. The treatment includes immediate 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.  was now isolated in blood cultures after TUR-P. The treatment includes immediate 

antibiotic therapy depending on the prevalent resistance pattern after cultivation of blood and 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.antibiotic therapy depending on the prevalent resistance pattern after cultivation of blood and 

urine. To obtain an optimal antibiotic therapy, the isolation of the underlying pathogens is 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

urine. To obtain an optimal antibiotic therapy, the isolation of the underlying pathogens is 

Traditional microbiological methods are o�en ine�ective in correctly detecting pathogens 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Traditional microbiological methods are o�en ine�ective in correctly detecting pathogens 
]. Current methods of identi�cation include matrix-assisted laser 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

]. Current methods of identi�cation include matrix-assisted laser 
13

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

13, 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

, 15

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

15], genome sequenc

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

], genome sequenc
] and characterization by the API Rapid ID32 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

] and characterization by the API Rapid ID32 
]. Comparable to previous reports, in our case, 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

]. Comparable to previous reports, in our case, Facklamia hominis

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Facklamia hominis

Several treatment regimens have been described so far. �ey include penicillin derivatives, 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Several treatment regimens have been described so far. �ey include penicillin derivatives, 
beta-lactamase inhibitors, metronidazole, cephalosporins, carbapenems, aminoglycosides, and 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

beta-lactamase inhibitors, metronidazole, cephalosporins, carbapenems, aminoglycosides, and 
]. In our case, the intravenous treatment with ce�riaxone for 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

]. In our case, the intravenous treatment with ce�riaxone for 
s was successful. Whether the intravenous admin

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

s was successful. Whether the intravenous admin
istration of ce�riaxone alone would have been su�cient as treatment is unclear. However, the 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

istration of ce�riaxone alone would have been su�cient as treatment is unclear. However, the 
patient rapidly recovered and remained afebrile without signs of bloodstream or urinary tract 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

patient rapidly recovered and remained afebrile without signs of bloodstream or urinary tract 

It is possible that due to the morphologic resemblance to viridans streptococci and inef

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

It is possible that due to the morphologic resemblance to viridans streptococci and inef
fectiveness of traditional microbiological testing, 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

fectiveness of traditional microbiological testing, 
]. Whether 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

]. Whether Facklamia hominis

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Facklamia hominis
future needs to be confirmed, but additional reports on antibiotic therapy are needed.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

future needs to be confirmed, but additional reports on antibiotic therapy are needed.

 C: Celsius; MALDI-TOF: Matrix-assisted laser desorption/ionization time-o�ight mass spectrometry; 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

 C: Celsius; MALDI-TOF: Matrix-assisted laser desorption/ionization time-o�ight mass spectrometry; 
spp.: species; TUR-P: Transurethral resection of the prostate.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

spp.: species; TUR-P: Transurethral resection of the prostate.

Acknowledgements:

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Acknowledgements: Not applicable for this study

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

 Not applicable for this study

Authors’ contributions: 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Authors’ contributions: Study conception and design: M. G., T. S., and R. F. Acquisition of data: M. G., T. S., and R. F. 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Study conception and design: M. G., T. S., and R. F. Acquisition of data: M. G., T. S., and R. F. 
Analysis and interpretation of data: M. G., T. S., and R. F. Dra�ing of manuscript: M. G., and R. F. Critical revision of 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Analysis and interpretation of data: M. G., T. S., and R. F. Dra�ing of manuscript: M. G., and R. F. Critical revision of 
manuscript: T. S. All authors have read and approved the �nal version of this manuscript.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

manuscript: T. S. All authors have read and approved the �nal version of this manuscript.

Funding:

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Funding: Not applicable for this study.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

 Not applicable for this study.

Availability of data and materials:

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Availability of data and materials:
corresponding author on reasonable request.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

corresponding author on reasonable request.

Ethics approval and consent to participate:© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Ethics approval and consent to participate:
Institutes of Health guidelines.© Spri

ng
er 

Natu
re 

Ind
ia 

Priv
ate

 Li
mite

d.

Institutes of Health guidelines.



FACKLAMIA HOMINIS BACTEREMIA AFTER TRANSURETHRAL RESECTION OF THE PROSTATE • 37

References
1. Schneidewind L, Kranz J, Schlager D, Barski D, Muhlsteadt S, Grabbert M, Queissert F, Frank T, Pelzer AE. 

Mulitcenter study on antibiotic prophylaxis, infectious complications and risk assessment in TUR-P. Central 
Eur J Urol. 2017;70(1):112–7.

2. Wagenlehner FM, Wagenlehner C, Schinzel S, Naber KG, Working group “urological infections” of German 
Society of U. Prospective, randomized, multicentric, open, comparative study on the efficacy of a prophylactic 
single dose of 500 mg levofloxacin versus 1920 mg trimethoprim/sulfamethoxazole versus a control group in 
patients undergoing TUR of the prostate. Eur Urol. 2005;47(4):549–56.

3. Schmiedl S, Thurmann PA, Roth S. Antibiotic prophylaxis for patients with transurethral resection of the 
prostate (TUR-P). Der Urol Ausg A. 2009;48(1):66–72.

4. Berry A, Barratt A. Prophylactic antibiotic use in transurethral prostatic resection: a meta-analysis. J Urol. 
2002;167(2 Pt 1):571–7.

5. Hautmann R, Gschwend JE. Urologie. Springer Medizin Verlag. 2014. https://doi.org/10.1007/978-3-642-
34319-3.

6. https://uroweb.org/guideline/urological-infections/. Accessed 07 Nov 2020.
7. Corona PS, Haddad S, Andres J, Gonzalez-Lopez JJ, Amat C, Flores X. Case report: first report of a prosthetic 

joint infection caused by Facklamia hominis. Diagn Microbiol Infect Dis. 2014;80(4):338–40.
8. Collins MD, Falsen E, Lemozy J, Akervall E, Sjoden B, Lawson PA. Phenotypic and phylogenetic characterization 

of some Globicatella-like organisms from human sources: description of Facklamia hominis gen. Nov., sp. nov. 
Int J Syst Bacteriol. 1997;47(3):880–2.

9. Parvataneni KC, Iyer S, Khatib R, Saravolatz LD. Facklamia Species and Streptococcus pneumoniae Meningitis: 
A Case Report and Review of the Literature. Open forum Infect Dis. 2015;2(2):ofv029.

10. Healy B, Beukenholt RW, Tuthill D, Ribeiro CD. Facklamia hominis causing chorioamnionitis and puerperal 
bacteraemia. J Infect. 2005;50(4):353–5.

11. Safavi S, Tufnell M, Bhalla A. Multi-territory ischaemic strokes and subacute bacterial endocarditis. BMJ Case 
Rep. 2010;2010.

12. Schlipkoter M, Grieser T, Forst H. Unusual complication following placement of an epidural catheter. 
Anaesthesist. 2017;66(7):506–10.

13. Gomez-Luque JM, Foronda-Garcia-Hidalgo C, Gutierrez-Fernandez J. Balanopostitis by Facklamia hominis in 
pediatrics. Revista espanola de quimioterapia. 2019;32(3):278–80.

14. Mostafa HH, Taffner SM, Wang J, Malek A, Hardy DJ, Pecora ND. Genome sequence of a Facklamia hominis 
isolate from a patient with Urosepsis. Microbiol Resource Announcements. 2019;8(17).

15. Abat C, Garcia V, Rolain JM. Facklamia hominis scapula abscess, Marseille, France. New Microbes New Infect. 
2016;9:13–4.

16. Ananthakrishna R, Shankarappa RK, Jagadeesan N, Math RS, Karur S, Nanjappa MC. Infective endocarditis: a 
rare organism in an uncommon setting. Case Rep Infect Dis. 2012;2012:307852.

17. Collins MD, Lawson PA, Monasterio R, Falsen E, Sjoden B, Facklam RR. Facklamia ignava sp. nov., isolated from 
human clinical specimens. J Clin Microbiol. 1998;36(7):2146–8.

18. Collins MD, Hutson RA, Falsen E, Sjoden B. Facklamia sourekii sp. nov., isolated from human sources. Int J Syst 
Bacteriol. 1999;49(Pt 2):635–8.

19. Lawson PA, Collins MD, Falsen E, Sjoden B, Facklam RR. Facklamia languida sp. nov., isolated from human 
clinical specimens. J Clin Microbiol. 1999;37(4):1161–4.

20. Hoyles L, Foster G, Falsen E, Thomson LF, Collins MD. Facklamia miroungae sp. nov., from a juvenile southern 
elephant seal (Mirounga leonina). Int J Syst Evol Microbiol. 2001;51(Pt 4):1401–3.

21. Collins MD, Hutson RA, Falsen E, Sjoden B. Facklamia tabacinasalis sp. nov., from powdered tobacco. Int J Syst 
Bacteriol. 1999;49(Pt 3):1247–50.

Publisher’s Note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional 
a�liations.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.Wagenlehner FM, Wagenlehner C, Schinzel S, Naber KG, Working group “urological infections” of German 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.Wagenlehner FM, Wagenlehner C, Schinzel S, Naber KG, Working group “urological infections” of German 

Society of U. Prospective, randomized, multicentric, open, comparative study on the efficacy of a prophylactic 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.Society of U. Prospective, randomized, multicentric, open, comparative study on the efficacy of a prophylactic 

single dose of 500 mg levofloxacin versus 1920 mg trimethoprim/sulfamethoxazole versus a control group in 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

single dose of 500 mg levofloxacin versus 1920 mg trimethoprim/sulfamethoxazole versus a control group in 

Schmiedl S, Thurmann PA, Roth S. Antibiotic prophylaxis for patients with transurethral resection of the 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Schmiedl S, Thurmann PA, Roth S. Antibiotic prophylaxis for patients with transurethral resection of the 

Berry A, Barratt A. Prophylactic antibiotic use in transurethral prostatic resection: a meta-analysis. J Urol. 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Berry A, Barratt A. Prophylactic antibiotic use in transurethral prostatic resection: a meta-analysis. J Urol. 

https://doi.org/10.1007/978-3-642-

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

https://doi.org/10.1007/978-3-642-

Corona PS, Haddad S, Andres J, Gonzalez-Lopez JJ, Amat C, Flores X. Case report: first report of a prosthetic 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Corona PS, Haddad S, Andres J, Gonzalez-Lopez JJ, Amat C, Flores X. Case report: first report of a prosthetic 
joint infection caused by Facklamia hominis. Diagn Microbiol Infect Dis. 2014;80(4):338–40.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

joint infection caused by Facklamia hominis. Diagn Microbiol Infect Dis. 2014;80(4):338–40.
Collins MD, Falsen E, Lemozy J, Akervall E, Sjoden B, Lawson PA. Phenotypic and phylogenetic characterization 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Collins MD, Falsen E, Lemozy J, Akervall E, Sjoden B, Lawson PA. Phenotypic and phylogenetic characterization 
of some Globicatella-like organisms from human sources: description of Facklamia hominis gen. Nov., sp. nov. 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

of some Globicatella-like organisms from human sources: description of Facklamia hominis gen. Nov., sp. nov. 

Parvataneni KC, Iyer S, Khatib R, Saravolatz LD. Facklamia Species and

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Parvataneni KC, Iyer S, Khatib R, Saravolatz LD. Facklamia Species and Streptococcus pneumoniae

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Streptococcus pneumoniae
A Case Report and Review of the Literature. Open forum Infect Dis. 2015;2(2):ofv029.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

A Case Report and Review of the Literature. Open forum Infect Dis. 2015;2(2):ofv029.
Healy B, Beukenholt RW, Tuthill D, Ribeiro CD. Facklamia hominis causing chorioamnionitis and puerperal 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Healy B, Beukenholt RW, Tuthill D, Ribeiro CD. Facklamia hominis causing chorioamnionitis and puerperal 

Safavi S, Tufnell M, Bhalla A. Multi-territory ischaemic strokes and subacute bacterial endocarditis. BMJ Case 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Safavi S, Tufnell M, Bhalla A. Multi-territory ischaemic strokes and subacute bacterial endocarditis. BMJ Case 

Schlipkoter M, Grieser T, Forst H. Unusual complication following placement of an epidural catheter. 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Schlipkoter M, Grieser T, Forst H. Unusual complication following placement of an epidural catheter. 

Gomez-Luque JM, Foronda-Garcia-Hidalgo C, Gutierrez-Fernandez J. Balanopostitis by Facklamia hominis in 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Gomez-Luque JM, Foronda-Garcia-Hidalgo C, Gutierrez-Fernandez J. Balanopostitis by Facklamia hominis in 
pediatrics. Revista espanola de quimioterapia. 2019;32(3):278–80.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

pediatrics. Revista espanola de quimioterapia. 2019;32(3):278–80.
Mostafa HH, Taffner SM, Wang J, Malek A, Hardy DJ, Pecora ND. Genome sequence of a Facklamia hominis 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Mostafa HH, Taffner SM, Wang J, Malek A, Hardy DJ, Pecora ND. Genome sequence of a Facklamia hominis 
isolate from a patient with Urosepsis. Microbiol Resource Announcements. 2019;8(17).

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

isolate from a patient with Urosepsis. Microbiol Resource Announcements. 2019;8(17).
Abat C, Garcia V, Rolain JM. Facklamia hominis scapula abscess, Marseille, France. New Microbes New Infect. 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Abat C, Garcia V, Rolain JM. Facklamia hominis scapula abscess, Marseille, France. New Microbes New Infect. 

Ananthakrishna R, Shankarappa RK, Jagadeesan N, Math RS, Karur S, Nanjappa MC. Infective endocarditis: a 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Ananthakrishna R, Shankarappa RK, Jagadeesan N, Math RS, Karur S, Nanjappa MC. Infective endocarditis: a 
rare organism in an uncommon setting. Case Rep Infect Dis. 2012;2012:307852.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

rare organism in an uncommon setting. Case Rep Infect Dis. 2012;2012:307852.
Collins MD, Lawson PA, Monasterio R, Falsen E, Sjoden B, Facklam RR. Facklamia ignava sp. nov., isolated from 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Collins MD, Lawson PA, Monasterio R, Falsen E, Sjoden B, Facklam RR. Facklamia ignava sp. nov., isolated from 
human clinical specimens. J Clin Microbiol. 1998;36(7):2146–8.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

human clinical specimens. J Clin Microbiol. 1998;36(7):2146–8.
Collins MD, Hutson RA, Falsen E, Sjoden B. Facklamia sourekii sp. nov., isolated from human sources. Int J Syst 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Collins MD, Hutson RA, Falsen E, Sjoden B. Facklamia sourekii sp. nov., isolated from human sources. Int J Syst 
Bacteriol. 1999;49(Pt 2):635–8.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Bacteriol. 1999;49(Pt 2):635–8.
Lawson PA, Collins MD, Falsen E, Sjoden B, Facklam RR. Facklamia languida sp. nov., isolated from human 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Lawson PA, Collins MD, Falsen E, Sjoden B, Facklam RR. Facklamia languida sp. nov., isolated from human 
clinical specimens. J Clin Microbiol. 1999;37(4):1161–4.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

clinical specimens. J Clin Microbiol. 1999;37(4):1161–4.
20.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

20. Hoyles L, Foster G, Falsen E, Thomson LF, Collins MD. Facklamia miroungae sp. nov., from a juvenile southern 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Hoyles L, Foster G, Falsen E, Thomson LF, Collins MD. Facklamia miroungae sp. nov., from a juvenile southern 
elephant seal (Mirounga leonina). Int J Syst Evol Microbiol. 2001;51(Pt 4):1401–3.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

elephant seal (Mirounga leonina). Int J Syst Evol Microbiol. 2001;51(Pt 4):1401–3.
21.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

21. Collins MD, Hutson RA, Falsen E, Sjoden B. Facklamia tabacinasalis sp. nov., from powdered tobacco. Int J Syst 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

Collins MD, Hutson RA, Falsen E, Sjoden B. Facklamia tabacinasalis sp. nov., from powdered tobacco. Int J Syst 

https://doi.org/10.1007/978-3-642-34319-3
https://doi.org/10.1007/978-3-642-34319-3
https://uroweb.org/guideline/urological-infections/


38 • CUT TING EDGE  UROLOGY

Open Access �is article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. �e 
images or other third party material in this article are included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. �e 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to 
the data made available in this article, unless otherwise stated in a credit line to the data.

Source: Gahl, M., Stöckli, T. & Fahrner, R. Facklamia hominis bacteremia after transurethral resection of the prostate: a case 
report. BMC Urol 20, 192 (2020). https://doi.org/10.1186/s12894-020-00762-8. © The Author(s) 2020.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. �e 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. �e 

Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to 

 bacteremia after transurethral resection of the prostate: a case 

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

 bacteremia after transurethral resection of the prostate: a case 



39

Treatment of Urinary Calculi After Yang-
Monti Ileal Ureter Reconstruction: A Case 
Report
Zhenxing Wang1,2, Zhaolin Sun2*, Guangheng Luo2*, Ye Tian2, 
Xiushu Yang2

Abstract

Background: �e development of ureteral calculi a�er Yang-Monti ileal ureter reconstruction 
has not been reported. �is study was performed to explore the safety and e�ectiveness of uret-
eroscopy combined with laser lithotripsy in the treatment of ipsilateral lower ureteral calculi and 
lower calyceal calculi a�er Yang-Monti ileal ureter reconstruction.
Case presentation: A 48-year-old man was admitted to our hospital with ipsilateral distal ureteral 
calculi and ipsilateral lower calyceal calculi. One year prior to this admission, the patient had 
undergone Yang-Monti ileal ureter reconstruction due to long-segment ureteral stenosis. A�er 
conservative treatment failed, we used a rigid ureteroscope with a holmium laser to break up the 
distal ureteral calculi, and successfully removed the renal calculi with a digital �exible uretero-
scope and basket extractor.
Conclusion: �e successful outcome of the present case suggests that ureteroscopy combined 
with laser lithotripsy is a valuable option for the management of urinary calculi following Yang-
Monti ileal ureter reconstruction.

Keywords: Ureter, Ureteroscopy, Urinary calculi, Holmium, Lasers

Background

�e development of ureteral calculi a�er Yang-Monti ileal ureter reconstruction has not been 
reported. �e treatment of ureteral stones is technically challenging, especially for surgeons with 
minimal experience in such procedures. We used ureteroscopy combined with laser lithotripsy 
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to successfully treat a patient with ipsilateral distal ureteral calculi and ipsilateral lower calyceal 
calculi a�er Yang-Monti ileal ureter reconstruction due to long-segment ureteral stenosis.

Case Presentation

�e patient was a 48-year-old man with a 4-year history of ureteral calculi and a 2-year history 
of ureteral stenosis for which he had undergone multiple surgeries. Ureteral calculi recurred 
many times, resulting in repeated ureteral stricture that was treated three times by ureteroscopic 
holmium laser lithotripsy, and twice by ureteroscopic balloon dilation. He had been admitted to 
our hospital for le� ureteral stenosis in June 2015. Examination at that time revealed a 20-cm ste-
nosis in the middle and lower segments of the ureter. Noncontrast computed tomography showed 
in�ammation and adhesion around the kidney as a result of multiple ureteral surgeries, making 
the patient unsuitable for autologous kidney transplantation. Yang-Monti ileal ureter reconstruc-
tion was performed, and the 6-month postoperative examination revealed le� ureteral patency 
(Fig. 1), stable renal function, normal electrolyte levels, and no obvious mucus-like �occulation 
in the urine.

Ten months a�er the Yang-Monti ileal ureter reconstruction, the patient developed le� 
lumbar pain and discomfort. Noncontrast computed tomography showed that the le� kidney had 
a slightly smaller volume than the right, and that the le� renal pelvis and renal calices were slight-
ly expanded and hydronephrotic. Two nodule-shaped high-density shadows were present in the 
lower renal calyx; the diameter of the larger shadow was 4 to 5 mm. A liquid-density shadow was 
seen in the ileal lumen of the le� ureter, with a small nodule-shaped high-density shadow (3-mm 
diameter) at its end. Corticomedullary development was good. During excretion, accumulation 
of contrast agent could be seen in the le� renal pelvis, renal calices, and ureter (Figs. 2, 3 and 4). 
�e serum creatinine concentration was normal.

�e patient was placed in the lithotomy position under general anesthesia. �e ileal ureter-
ovesical reimplantation opening was smoothly entered under direct vision using a 9.5-Fr semi-
rigid ureteroscope (Richard Wolf Medical Instruments, Knittlingen, Germany). Ureteroscopic 
examination revealed that the calculi were attached to surgical sutures located from 1 cm from the 
inner end of the ileal ureter to the ureteral opening, and that the sutures were embedded under the 
ileal ureteral mucosa in a ring shape (Fig. 5). A basket extractor [NGage Nitinol Stone Extractor 
(NGE-017115), 1.7 Fr × 115 cm; Cook Medical, Bloomington, IN, USA] was used to hold the 
calculi and sutures, which were then broken up with a Holmium laser (0.6 J, 30 Hz, 200-μm �ber; 
60-W LISA Sphinx Holmium:Yttrium-Aluminium-Garnet Laser System, LISA Laser Products, 
Katlenburg-Lindau, Germany) and completely removed (Figs. 6, 7). Ureteroscopy revealed that 
the Yang-Monti ileal ureter had a thick and straight lumen, smooth mucosa, and no obvious 
folds or anastomoses between sections (Fig.  8). Using a Zebra guidewire (Boston Scienti�c, 
Marlborough, MA, USA) for guidance, a �exible ureteroscope working sheath (12/14 Fr × 115 cm, 
M006250226; Boston Scienti�c) was imbedded and inserted into the le� renal pelvis under direct 
vision using a digital �exible ureteroscope (8.5 Fr, 11278VS; Karl Storz, Tuttlingen, Germany). 
Using a �lling pump (26331020–1; Storz Medical, Tägerwilen, Switzerland) with an infusion pres-
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sure of 80 mmHg, the two lower calyceal calculi were identi�ed, broken up, and removed. As a 
preoperative urine culture had revealed a urinary tract infection, antibiotics were administered 
postoperatively. Additionally, a 5-Fr ureteral catheter (Kangge Medical Instruments, Shanghai, 
China) and a urinary catheter were le� indwelling, and were removed on postoperative day 3.

Fig. 1: Left ureteral patency at 
6 months after Yang-Monti ileal ureter 
reconstruction.

Fig. 2: Two nodule-shaped high-density 
shadows in the lower renal calyx (indicated 
by the arrows). high-density shadow (3-mm diameter) at its end. Corti-

comedullary development was good. During excretion,
accumulation of contrast agent could be seen in the left
renal pelvis, renal calices, and ureter (Figs. 2, 3 and 4).
The serum creatinine concentration was normal.
The patient was placed in the lithotomy position

under general anesthesia. The ileal ureterovesical reim-
plantation opening was smoothly entered under direct
vision using a 9.5-Fr semirigid ureteroscope (Richard
Wolf Medical Instruments, Knittlingen, Germany). Ure-
teroscopic examination revealed that the calculi were at-
tached to surgical sutures located from 1 cm from the
inner end of the ileal ureter to the ureteral opening, and

that the sutures were embedded under the ileal ureteral
mucosa in a ring shape (Fig. 5). A basket extractor
[NGage Nitinol Stone Extractor (NGE-017115), 1.7 Fr ×
115 cm; Cook Medical, Bloomington, IN, USA] was used
to hold the calculi and sutures, which were then broken
up with a holmium laser (0.6 J, 30 Hz, 200-μm fiber;
60-W LISA Sphinx Holmium:Yttrium-Aluminium-Gar-
net Laser System, LISA Laser Products, Katlenburg-Lin-
dau, Germany) and completely removed (Figs. 6, 7).
Ureteroscopy revealed that the Yang-Monti ileal ureter
had a thick and straight lumen, smooth mucosa, and no
obvious folds or anastomoses between sections (Fig. 8).
Using a Zebra guidewire (Boston Scientific, Marlborough,
MA, USA) for guidance, a flexible ureteroscope working
sheath (12/14 Fr × 115 cm, M006250226; Boston Scientific)

Fig. 1 Left ureteral patency at 6 months after Yang-Monti ileal
ureter reconstruction

Fig. 2 Two nodule-shaped high-density shadows in the lower renal
calyx (indicated by the arrows)

Fig. 3 A nodule-shaped high-density shadow in the ileal lumen of
the left ureter (indicated by the arrow)

Fig. 4 A nodule-shaped high-density shadow in the ileal lumen of
the left ureter (indicated by the arrow)
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Fig. 3: A nodule-shaped high-density 
shadow in the ileal lumen of the left ureter 
(indicated by the arrow).

Fig. 4: A nodule-shaped high-density 
shadow in the ileal lumen of the left ureter 
(indicated by the arrow).

Discussion and Conclusion

A previous study investigating minimally invasive treatment of ureteral calculi following ileal neo-
bladder surgery reported that the cause of calculi development may be related to the presence of 
foreign bodies (e.g., ureteral stents and sutures) [1]. Furthermore, the generation of ileal ureteral 
calculi also has a very close relationship with intestinal mucous [2]; when the ileal anastomosis 
is bulky, the intestinal mucous secreted in the ileal segment near the kidney during bowel move-
ments is more likely to enter the kidney, accumulate in the renal pelvis within the calyx, and 
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become a matrix or core of stone formation, along with urine salt deposition and stone formation 
[2]. If the ileal replacement ureter is too long and the postoperative replacement urine becomes 
stored in the ileum, this urine combines with the large amount of mucus secreted by the intestinal 

Fig. 5: The calculi were attached to 
surgical sutures, and the sutures were 
embedded under the ileal ureteral 
mucosa.

Fig. 6: A basket extractor was used to 
hold the calculi and sutures.

was imbedded and inserted into the left renal pelvis under
direct vision using a digital flexible ureteroscope (8.5
Fr, 11278VS; Karl Storz, Tuttlingen, Germany). Using
a filling pump (26331020–1; Storz Medical, Tägerwi-
len, Switzerland) with an infusion pressure of 80
mmHg, the two lower calyceal calculi were identified,
broken up, and removed. As a preoperative urine
culture had revealed a urinary tract infection, antibi-
otics were administered postoperatively. Additionally,
a 5-Fr ureteral catheter (Kangge Medical Instruments,

Shanghai, China) and a urinary catheter were left in-
dwelling, and were removed on postoperative day 3.

Discussion and conclusion
A previous study investigating minimally invasive treat-
ment of ureteral calculi following ileal neobladder sur-
gery reported that the cause of calculi development may
be related to the presence of foreign bodies (e.g., ureteral
stents and sutures) [1]. Furthermore, the generation of
ileal ureteral calculi also has a very close relationship
with intestinal mucous [2]; when the ileal anastomosis is

Fig. 5 The calculi were attached to surgical sutures, and the sutures
were embedded under the ileal ureteral mucosa

Fig. 6 A basket extractor was used to hold the calculi and sutures

Fig. 7 The calculi and sutures were broken up with a holmium laser

Fig. 8 The Yang-Monti ileal ureter had a thick and straight lumen
and smooth mucosa

Wang et al. BMC Urology           (2019) 19:12 Page 3 of 5

was imbedded and inserted into the left renal pelvis under
direct vision using a digital flexible ureteroscope (8.5
Fr, 11278VS; Karl Storz, Tuttlingen, Germany). Using
a filling pump (26331020–1; Storz Medical, Tägerwi-
len, Switzerland) with an infusion pressure of 80
mmHg, the two lower calyceal calculi were identified,
broken up, and removed. As a preoperative urine
culture had revealed a urinary tract infection, antibi-
otics were administered postoperatively. Additionally,
a 5-Fr ureteral catheter (Kangge Medical Instruments,

Shanghai, China) and a urinary catheter were left in-
dwelling, and were removed on postoperative day 3.

Discussion and conclusion
A previous study investigating minimally invasive treat-
ment of ureteral calculi following ileal neobladder sur-
gery reported that the cause of calculi development may
be related to the presence of foreign bodies (e.g., ureteral
stents and sutures) [1]. Furthermore, the generation of
ileal ureteral calculi also has a very close relationship
with intestinal mucous [2]; when the ileal anastomosis is

Fig. 5 The calculi were attached to surgical sutures, and the sutures
were embedded under the ileal ureteral mucosa

Fig. 6 A basket extractor was used to hold the calculi and sutures

Fig. 7 The calculi and sutures were broken up with a holmium laser

Fig. 8 The Yang-Monti ileal ureter had a thick and straight lumen
and smooth mucosa

Wang et al. BMC Urology           (2019) 19:12 Page 3 of 5

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.

© Spri
ng

er 
Natu

re 
Ind

ia 
Priv

ate
 Li

mite
d.



44 • CUT TING EDGE  UROLOGY

Fig. 7: The calculi and sutures were 
broken up with a Holmium laser.

Fig. 8: The Yang-Monti ileal ureter had 
a thick and straight lumen and smooth 
mucosa.

tract to form calculi, and ureteral calculi in the ureteral diversion may be formed by renal calculi 
falling through the urine drainage [3]. In the present case, the absorbable suture in the lower ileal 
ureteral segment from the previous ureteral reconstruction had not degraded or fallen o�, and 
so served as a matrix or core for calculi formation; its long-term contact with urine resulted in 
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urinary salt being continuously deposited to form calculi [4, 5]. �e lower ileal ureteral calculi 
were successfully removed using a rigid ureteroscope combined with Holmium laser lithotripsy 
to remove the sutures and attached calculi.

During the Holmium laser removal of sutures, it is important to determine the shape and 
direction of the suture, cut the suture from its root near the ileal ureteral mucosa, and check the 
integrity of the suture to prevent leaving residual suture that will again enable calculi to form. 
Suture removal must be performed under direct vision. As the suture moves along with the move-
ment of the perfusate, the suture must be �xed with a basket extractor to create adequate tension 
and thus prevent the suture from moving; this improves the success rate of suture removal, and 
reduces the risk of ileal ureteral injury.

A digital �exible ureteroscope was entered into the le� renal collection system. As the calculi 
were small (maximum diameter of 5 mm) and oval-shaped with smooth surfaces, we were able 
to use a basket extractor to cover and remove the calculi. During removal, we discovered that 
the calculi had diameters that were larger than that of the working sheath for the �exible uret-
eroscope; hence, we covered each calculus and removed it together with the working sheath of 
the �exible ureteroscope. Using intraoperative ureteroscopic guidance, a 5-Fr double-J stent was 
placed upon completion of the surgery.

�e key points gained from our experience are as follows. (1) �e thinnest Holmium laser 
�ber with the appropriate energy for cutting should be selected, so that the laser �ber can pass 
through the gap between the basket extractor and the ureteroscopic operation channel. It is best 
to conduct an in vitro analysis of suture materials, and then choose the best energy setting for 
cutting. �e appropriate energy setting is that which can cut the suture while preventing damage 
to the ureter. (2) Good intraoperative control of the perfusion pressure must be maintained. 
Excessive pressure causes dilatation of the reconstructed ureteral lumen, increased pressure in the 
renal pelvis and renal calices, and an increased risk of postoperative infection. (3) �e ileal ureter 
has a large lumen diameter. Even if the diameter of the intestinal canal is cut using the Yang-Monti 
method, the reconstructed ureteral lumen still has a large diameter, and thus the rigid uretero-
scope, �exible ureteroscope, and working sheath of the �exible ureteroscope can be successfully 
retrograded to the renal pelvis. When the diameters of the calculi are smaller than the diameter of 
the ureteral lumen, a basket extractor can be used.

In summary, ureteroscopy combined with laser lithotripsy seems to be a valuable option for 
the management of urinary calculi following Yang-Monti ileal ureter reconstruction.
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Abstract  

Background: Osteoarthritis (OA) is one of the most prevalent condition resulting to disability particularly in elderly 
population. Gait changes in knee OA has been explored but there are no previous studies establishing the relationship of 
these gait parameter changes with increase in radiological grade of OA. Research Question: Does the spatiotemporal 
parameters changes consistently with increase in radiological grade in patients with OA knee? 

Method: A total of 96 subjects, 24 subjects each from Kellgren-Lawrence grade 1 to 4, with bilateral medial compartment 
knee OA and age group 40-70 years, fulfilling inclusion and exclusion criteria were enrolled. Gait analysis was done for all 
subjects with the same protocol at a self-selected walking speed. Gait parameters were measured for each subject which 
included cadence [steps/min], speed [m/s], mean stride length [m], normalised stride length [% height], stance phase 
duration [%], swing phase duration [%], single support phase [%] and 1st double support phase [%]. 

Result: There was a progressive decrease in cadence, walking speed, mean stride length, normalised stride length, swing 
phase duration and single support phase, with a progressive increase in stance phase duration and 1st double support 
phase with increase in grade of OA. All the above parameters except mean swing phase duration were observed to have a 
significant change with increase in grade of OA. In conclusion, the changes in spatiotemporal gait parameters in patients 
with OA knee, appears to be consistent with the disease progression. Significance: Rehabilitation strategies for knee OA 
can be directed towards interventions addressing the gait changes and treatment effects can be monitored effectively 
with gait analysis because of the consistency in gait changes with increase in radiological grade. 

 

Keywords: Osteoarthritis; Spatiotemporal gait parameters; Radiological Grade; Rehabilitation strategies 

 
 

Abbreviations: OA: Osteoarthritis; K-L Kellgren-
Lawrence; P: Probability. 
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Introduction 

Osteoarthritis (OA) is one of the most prevalent disease 
resulting to disability particularly in elderly population. 
OA is the most common articular disease of the developed 
world and a leading cause of chronic disability, mostly as 
a consequence of the knee OA and/or hip OA [1]. Knee OA 
is more important not only for its high prevalence rate 
compared with other sites but also for its presentation at 
earlier age groups particularly in younger age groups of 
obese women.  
 
The incidence of knee OA increases by age and further 
increase with higher average weight of the population [2]. 
Gait analysis has become an important tool for 
quantifying normal and pathological walking patterns and 
has been suggested to be useful for selecting treatment 
options and evaluating their results, as well as identifying 
responders to specific interventions [3-5]. Spatiotemporal 
parameters are considered to be important parameters of 
gait in knee OA which is quite easy to evaluate and less 
time consuming and these may be good predictors of 
disability [6].  
 
Properly designed cross-sectional studies on gait changes 
in different radiological grades of knee OA can provide an 
important insight into the changing role of biomechanical 
factors and important gait adaptations by the patient 
throughout the progression of the disease. Understanding 
gait characteristics of individuals early in the OA disease 
process provides potential for developing non-surgical 
interventions to reduce pain and slow the disease 
progression. In regard to gait, compared to matched 
controls, knee OA patients have reductions in walking 
speed [7-9] and cadence [10], longer double support time 
[11] and a smaller stride length [12]. 
 

While knee OA has been shown to affect a multitude of 
kinematic, kinetic and spatiotemporal gait parameters, 
few investigators have examined the effect of increasing 
levels of radiographic OA severity on these gait 
parameters [13,14]. Furthermore, no such study to our 
knowledge has been done on Indian population. 
Moreover, study populations have typically been small 
[15-17]. In addition, knee OA has been used as a generic 
inclusion criterion [9,10,17-20] and no distinction was 
made between patients with OA affecting the medial knee 
compartment and those with OA in the lateral 
compartment. The objective of our study was to 
determine the influence of increasing radiological grades 
of knee OA on the spatiotemporal gait parameters in 
patients with bilateral medial compartment OA knee. We 
hypothesized that there is some change in various gait 
parameters with increasing radiological grade of knee OA. 
 

Material and Methods 

 Subjects and selection 

This observational study was conducted at Department of 
Physical Medicine and Rehabilitation, King George’s 
Medical University, Lucknow, India, of duration 12 
months from September 2017 to August 2018. A total of 
96 patients with primary bilateral medial compartment 
OA knee, 24 each from Kellgren-Lawrence (K-L) grade 1 
to 4 [21] were included in the study who met inclusion 
and exclusion criteria. Inclusion criteria were 
radiographic evidence of bilateral medial compartment 
knee OA (KL grade 1-4), ambulatory without the use of an 
assistive device, patients who were able to walk 11 
meters repeatedly and age between 40–70 years. The 
detailed exclusion criteria are shown in Table 1. The 
Institutional Ethical Committee approved the study 
design. 

Exclusion criteria of the knee OA subjects. 

 A history of previous fracture or other significant injury of hip, knee or pelvic region 
 Surgery of the lower extremities except knee arthroscopy 
 Surgery of the vertebral column 
 A clinical or radiological hip OA 
 A knee or hip joint infection 
 Congenital or developmental disease of lower limbs 
 Paralysis of lower extremities 
 Any disease or medication that might have worsened physical function and interfered with the Evaluation of knee 

pain, such as: 
 Malignancy 
 Psychiatric illness 
 Rheumatoid arthritis or spondyloarthropathies 
 Symptomatic cerebrovascular disease 
 Recent intra-articular injection in knee  
 Parkinson's disease 

https://chembiopublishers.com/IJARO
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 Polyneuropathies 
 Debilitating cardiovascular disease in spite of medication 
 Vascular/neurological claudication 
 Low back pain 

Table 1: Exclusion Criteria. 
 

 Radiographic assessment 

Weight bearing anterior-posterior and medial-lateral 
radiographs were taken from both knees. The 
classification was done based on anterior– posterior tibio-
femoral radiographs using the KL grading scale (0–4), in 
which grade ≥1 was regarded as knee OA. Subjects were 
further divided into four subgroups (Grade 1–4) 
according to KL scale classification. 
 

 Gait analysis  

All study participants walked barefoot along a defined 11-
meter walk-way in the gait and motion analysis 
laboratory (BTS motion analysis LAB, BTS 
Bioengineering, USA, 2009 Spa®), at a comfortable, self-
selected speed. The subjects were instructed to walk 
naturally at a steady speed. Spatiotemporal parameters 
were collected using the WALK protocol of BTS G-WALK. 
Components of BTS G-WALK include a wireless inertial 
sensor, belt (+ extension), Bluetooth dongle, USB charge 
cable, G-Studio Software and transport bag (figure1). 
 
 

 

Figure 1: BTS G-WALK kit. 
 
 
BTS G-SENSOR is a wearable inertial sensor allowing 
acquiring and transmitting data to the PC through a 
Bluetooth connection and BTS G-STUDIO is the advanced 
software for the management of the patient database, 
data acquisition, elaboration, and reporting. The sensor 
was placed firmly in place on the lower back near the 
body’s centre of mass, by inserting it in the specific pocket 
of the belt, with the power supply connector placed 

upward and logo facing out, paying attention in 
positioning it as vertical as possible (Figure2). 
 
 

 

Figure 2: Sensor positioning. 
  
 

The “Walk” protocol for the Gait analysis provides all the 
spatiotemporal gait parameters and the kinematics of the 
pelvic girdle. The software automatically recognizes the 
discontinuity points in the recorded path and will 
eliminate the corresponding strides from the analysis. To 
ensure that the gait analysis will be correctly performed, 
we recommended registering at least 5 complete strides 
per side. Before starting the recording it was necessary to 
instruct the subject of how to perform the trial. Once the 
subject was ready and standing in orthostatic position, 
the acquisition process was activated. Patient was asked 
to hold the orthostatic standing position for the whole 
duration of the stabilization phase. After completion of 
the acquisition phase, the test was done by the defined 
protocol. 
 

 Spatiotemporal Parameters Collected: 

 Cadence (steps/min): Number of steps in a minute. 
 Speed (metres/second): Average walking speed. 
 Mean stride length (metres): Average value of distances 

between each initial contact and the next one of same 
side.    

 Normalised stride length (% height): Stride length 
normalized over the height of the subject. 

 Stance phase duration (% gait cycle): Average value of 
the duration of the right and left foot support phase as 
percentage of the gait cycle. 

https://chembiopublishers.com/IJARO
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 Swing phase duration (% gait cycle): Average value of 
the duration of the right and left swing phase as 
percentage of the gait cycle. 

 Single support phase (% gait cycle): Duration of the 
phase in which only one foot is in stance position as 
percentage of the gait cycle. 

 First double support phase (% gait cycle): Duration of 
the double support phase (in which both foot are in 
stance position as percentage of the gait cycle) that 
occurs at initial contact phase. 

 

 Statistical analysis 

The data was analysed using PASW statistics 24.0 (SPSS 
Inc., Chicago, IL). Demographic statistics as well as 
spatiotemporal parameters in the four grades of OA were 

calculated using mean and standard deviation. Two tailed 
Probability (p) was calculated to test statistical 
significance at the 5% level of significance. One-way 
Annova test was used to compare mean value of 
spatiotemporal gait parameters across the four grades of 
OA. Spearman correlation test was used to determine the 
strength of relationship between changes in gait 
parameters and increase in grade of OA. 
 

Results 

A total of 96 patients with bilateral medial compartment 
OA knee were enrolled and equally distributed with 24 
patients each in K-L grade 1-4 respectively. All results are 
summarized in Tables 2 and 3. 

 
Parameters 1 2 3 4 p-value 
Age (years) 52.4±11.5 52.6±9.1 55.7±11.6 58.2±8.1 0.159 

Male (%) 22.2 29.6 25.9 22.2 
0.958 

Female (%) 18 16 17 18 
Body Mass Index (BMI) 

(Kg/m2) 
26.4±4.5 26.6±4.3 27.4±5.2 27.9±5.1 0.766 

Cadence (steps/min) 107.32±7.64 100.61±6.29 99.66±3.44 92.09±12.00 0.0001* 
Speed (m/s) 0.995±0.12 0.931±0.11 0.918±0.11 0.752±0.12 0.0001* 

Mean stride length (m) 1.12±0.14 1.12±0.12 1.09±0.16 0.98±0.13 0.003* 
Mean % stride 

length(%height) 
71.17±9.24 69.93±8.04 68.78±8.73 62.17±8.67 0.003* 

Mean stance phase duration 
(%cycle) 

61.62±1.97 62.09±2.51 62.95±1.71 63.98±3.48 0.009* 

Mean swing phase duration 
(%cycle) 

38.38±1.97 37.90±2.52 37.42±2.06 36.71±3.53 0.154 

Mean first double support 
phase (%cycle) 

12.97±1.48 14.99±2.64 16.45±2.80 19.12±4.05 0.0001* 

Mean single support phase 
(%cycle) 

36.77±1.33 35.03±2.54 32.95±3.16 31.31±3.55 0.0001* 

* p<0.01, highly significant 
Table 2: Demographic characteristics and the spatiotemporal parameters of patients with K-L grade 1-4. 
 

Parameter Correlation Coefficient# p Value 
Mean Stride Length (M) -0.334 0.001* 

Mean Normalised Stride Length 
(%Height) 

-0.351 0.0001* 

Mean Stance Phase Duration (%Cycle) -0.264 0.009* 
Mean Swing Phase Duration (%Cycle) -0.197 0.054 

Mean First Double Support Phase (%Cycle) 0.609 0.0001* 
Mean Single Support Phase Duration (%Cycle) -0.599 0.0001* 

Cadence 
(Steps/Minute) 

-0.507 0.0001* 

Speed (Metres/Sec) -0.563 0.0001* 
Mean Stride Length (M) -0.334 0.001* 

Mean Normalised Stride Length (%Height) -0.351 0.0001* 
Mean Stance Phase Duration (%Cycle) -0.264 0.009* 

https://chembiopublishers.com/IJARO
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Mean Swing Phase Duration (%Cycle) -0.197 0.054 
Mean First Double Support Phase (%Cycle) 0.609 0.0001* 

Mean Single Support Phase Duration (%Cycle) -0.599 0.0001* 
Cadence (Steps/Minute) -0.507 0.0001* 

Speed (Metres/Sec) -0.563 0.0001* 

#spearman correlation, *p<0.01, highly significant 
Table 3: Correlation of spatiotemporal parameters with OA knee grade 
 
There were no statistically significant differences in 
demographic variables of patients including age, sex, and 
BMI in all four groups. There was a progressive decrease 
in cadence, walking speed, mean stride length, normalised 
mean stride length, swing phase duration and single 
support phase with increase in grade of OA. All the above 
results were statistically significant except mean swing 
phase duration. Similarly there was a progressive 
increase in stance phase duration and double support 
phase with increase in radiological grade and the results 
were found to be statistically significant. Also the strength 
of correlation for all spatiotemporal  
parameters with grades of OA knee were found to be 
statistically significant except for mean swing phase 
duration. 
 

Discussion 

The objective of the present study was to determine the 
influence of increasing radiological grades of knee OA on 
the spatiotemporal gait parameters in patients with 
bilateral medial compartment knee OA. According to 
Borjesson et al., the spatiotemporal parameters of gait are 
those most directly influenced by the severity of the 
pathology or of the treatment done [22]. Assessment of 
gait changes should be helpful in determining the 
occurrence of adaptive mechanisms during the course of 
knee OA.  
 
There was a female preponderance in our study 
population (71.9%), as prevalence of knee OA is 
considered to be more in females. A study conducted on 
Indian population by Sharma et al. [23], also had female 
preponderance (73%) which is very similar to our study. 
Also, most of the subjects were overweight (41.6%) or 
obese (23.9%), as obesity is considered a risk factor for 
the development of knee OA [24]. In a systematic 
literature search obesity was consistently the main 
factors with knee OA by OR 2.63 [25]. 
 
There was a progressive decrease in cadence, walking 
speed, mean stride length, normalised mean stride length, 
swing phase duration and single support phase with 
increase in grade of OA. All the above parameters except 
swing phase duration had a statistically significant 

decrement with increase in grade of OA. This is in 
accordance with findings of several previous studies 
showing a decrease in cadence in OA knee patients 
[6,15,26]. In several past studies, self-selected walking 
speed has been reported to decrease in patients with OA 
knee [7,15,26,27].  
 
Previous studies also suggest a reduced mean stride 
length and normalised mean stride length in patients with 
OA knee [6,15,17,26,27]. A reduced mean single support 
phase in this study is supported by Chen et al. [28]. 
According to Andriacchi et al. [29], reduced walking speed 
and stride length were part of the adaptive mechanism to 
reduce pain by decreasing knee moments. According to 
Prodromos et al. [30], a reduced stride length suggest an 
unloading mechanism during gait which appears to be 
beneficial in patients with medial compartment OA knee, 
which could be a protective mechanism against further 
progression of the disease by resisting the external 
adduction moment. Mundermann et al. demonstrated that 
patients with knee OA, more effectively in those with 
higher grades, reduce velocity for reduction of the knee 
adduction moment [31]. 
 
In this study, there was a progressive increase in stance 
phase duration and first double support phase with 
increase in grade of OA and both of these findings were 
statistically significant. Above findings are supported by 
several past studies showing a longer stance phase 
duration [15,27,32] and a longer double support phase 
[9,11,15] in patients with OA knee. These changes may 
also be indicative of adaptations to the abnormal knee 
joint loading caused by OA knees. Another possible 
explanation for the observed gait differences between 
different grades is the difference in self-selected speed of 
walking. Also among others are decreased joint mobility, 
reduced muscle strength, and impaired proprioception all 
of which might have contributed to altered gait 
characteristics especially in the elderly patients with knee 
OA [33]. 
 
This study can’t determine whether the gait pattern 
differences are the result, or a contributing factor, of knee 
OA. There is a need for further work examining 
differences in gait across the spectrum of disease severity. 
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Furthermore, the gait differences observed in this study 
may have been affected by differences in walking velocity. 
At issue is the fact that the effect of speed on gait 
mechanics is not fully understood. Also because of high 
cost and time constraint of the study we didn’t evaluate 
the changes in ground reaction force, kinetic and 
kinematic parameters, and muscle activation patterns, 
which are much important parameters of gait. Although 
the results of this study are encouraging, relatively few 
patients were evaluated to serve as a basis for broad 
clinical conclusions at this time. Therefore, longitudinal 
studies with larger groups are needed to support our 
findings. 
 

Conclusion 

In conclusion, the changes in spatiotemporal gait 
parameters in patients with OA knee, appears to be 
consistent with the disease progression. Assessment of 
gait changes at an early stage of OA knee should be helpful 
in distinguishing between abnormalities causing 
progression of the disease and occurring as a part of the 
compensatory mechanism during the course of the 
disease. We recommend rehabilitation strategies to be 
directed towards interventions addressing gait 
dysfunction effectively and future studies should 
incorporate an objective gait analysis to examine and 
monitor various treatment effects compared to matched 
controls. 
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INTRODUCTION

Oral cancer is the sixth and third most common cancer 
globally and in India, respectively.[1] The incidence rate of  

oral cancer in India is over 83,000 new cases and 46,000 
deaths annually.[2] Approximately 90% of  oral cancer 
cases are diagnosed for squamous cell type carcinoma. 

Background: Harvey-Ras (H-Ras) is an important guanosine triphosphatase protein for the regulation of 
cellular growth and survival. Altered Ras signaling has been observed in different types of cancer either by 
gene amplification and/or mutation. The H-Ras oncogene mutations are well reported, but expression of 
the H-Ras gene is still unknown.
Objective: This study aimed to examine both protein and messenger-RNA (mRNA) expressions of H-Ras in oral 
squamous cell carcinoma (OSCC) and analyzed the association with risk habits and the clinicopathological 
profile of cases.
Methodology: A total of 65 tissue specimens of OSCC (case group) and equal number of normal 
tissues (control group) were included in this study. H-Ras protein and mRNA expressions were analyzed 
using immunohistochemical and quantitative real time-polymerase chain reaction techniques, respectively.
Results: The H-Ras protein was significantly overexpressed in the oral carcinoma group compared to the 
normal group (P = 0.03). Most of the OSCC cases showed positive staining with moderate expression, while 
negative and moderate staining was high in the control group. The majority of H-Ras positive cases were 
found in individuals with multiple risk habits including tobacco chewing. The risk of H-Ras positivity was 
1.46 times higher in smokers than non-smokers. H-Ras positivity increased in cases affected with buccal 
mucosa site and higher grade of carcinoma. Relative mRNA level of H-Ras was significantly elevated in 
oral carcinoma as compared with the control group (P ≤ 0.001). Protein and mRNA levels of H‑Ras in case 
group was poorly correlated.
Conclusion: H-Ras oncogene expression was markedly higher in oral carcinoma, and it can be a prognostic 
marker and target for an effective molecular therapy.
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Therefore, oral cancer is also called oral squamous cell 
carcinoma (OSCC).[3] Tobacco-related practices such as 
chewing or smoking, alcohol consumption and HPV are 
well-established risk factors for oral cancer. Moreover, 
approximately 10% of  OSCC cases were identified for 
HPV infection in the North Indian population.[4]

A number of  transforming cellular oncogenes have been 
identified and isolated from different types of  human 
tumor. Categorization of  these oncogenes provides an 
understanding of  cancer at the molecular level. In this 
context, attention has focused on the Harvey-Ras (H-Ras) 
gene in oral cancer. The RAS gene family consists of  three 
functional genes, H‑Ras, Kristen Ras (K‑Ras: isoform A and 
isoform B) and Neuroblastoma Ras (N‑Ras) encoding four 
highly similar, small and conserved Ras proteins (or p21 
proteins), which located on the inner surface of  the plasma 
membrane.[5]

The Ras proteins have intrinsic guanosine triphosphatase 
(GTPase) activity that transduces the growth signal from 
the cell surface to intracellular effectors through mitogenic 
activating protein kinase (MAPK), c‑Jun N‑terminal kinase 
(JNK) and p38‑kinase pathways, which regulate normal 
cell proliferation function.[6,7] The RAS GTPases activation 
regulates through cycle between GDP bound inactive and 
GTP bound active state with the help of  guanine nucleotide 
exchange factors and GTPase-activating proteins (GAPs).[8]

For the last two decades, it has been shown that Ras 
genes are frequently mutated in different types of  tumor 
and participate in their proliferation and maintenance.[9] 
G12D, G12V, G13D, G13R, Q61H and Q61R are possible 
missense mutations occurring at codons G12, G13 and 
Q61; but their frequencies are not consistent. A remarkable 
variation in incidence of  activational mutations of  H-Ras 
gene in different ethnic groups with oral cancer has been 
recognized to be very different (0‑55%).[10‑14] H-Ras gene is 
most commonly mutated gene than the K‑Ras and N‑Ras in 
oral cancer. Moreover, G12V, Q61 R and G13R are reported 
as predominant mutations in H-Ras gene.[15] A study defined 
that K‑Ras protein was highly expressed in advance stages of  
OSCC with higher grade carcinogenesis.[16] However, most 
of  the reports detailed the frequency of  all three isoforms of  
Ras gene mutations, but none of  them investigated the exact 
pattern of  H-Ras protein expression in cancers. Hence, in this 
perspective, we analyzed the H-Ras protein and messenger 
RNA (mRNA) expression in OSCC and normal tissues of  the 
oral cavity. In addition, an attempt was also made to identify 
an association of  H-Ras expression with clinicopathological 
profiles and risk habits in the North Indian population.

METHODOLOGY

The present study was carried out in one of  the best tertiary 
care hospital of  North India, King George’s Medical 
University (K.G.M.U.) which is located in Lucknow, district 
of  Uttar Pradesh (U. P.) state, India. This medical university 
facilitates to the health needs of  people from the North 
India and the Eastern India as well. However, in this study, 
all the participants were belonged from the North India.

A total of  65 biopsies and surgically removed tumor 
tissues of  the oral cavity were collected from suspected 
and confirmed oral carcinoma cases from January 2013 to 
June 2016 at the Department of  Surgical Oncology and 
Department of  Oral and Maxillofacial Surgery, K.G.M.U., 
Lucknow, U.P., India. Only histopathologically confirmed 
OSCC tissue samples were included in the case group. Equal 
number of  age and sex-matched oral tissue samples from 
nonmalignant lesions of  the oral cavity were also collected 
as a control group. Only those nonmalignant tissue sections 
which showed no evidence of  dysplasia, i.e., normal 
cell morphology in histopathological examination were 
considered as controls. The study protocol was approved 
by the Institutional Ethics Committee, K.G.M.U., Lucknow, 
U.P., India. Demographic details and history of  risk habits 
were recorded using a predesigned standard questionnaire. 
Details of  clinical and pathological characteristics of  each 
patient were noted down from their case history sheet. 
Patients who had completed or were undergoing therapy 
or diagnosed for secondary or any other malignancy, were 
excluded from the study.

All tissue samples (cases and controls) were collected in 
4% formaldehyde solution for histological diagnosis and 
immunohistochemical analysis of  the H-Ras protein. Tissues 
collected in RNA later solution (Invitrogen, USA) were used 
for relative mRNA expression analysis. Hematoxylin and 
Eosin (HE) staining was performed to diagnose the type, 
grade and stage of  tumor in tissue sections according to 
WHO guidelines and the AJCC cancer staging manual for 
the histological and clinical classification of  oral lesions.[17,18]

The immunohistochemistry (IHC) of  the H‑Ras protein 
was performed on paraffin‑embedded 4 µm tissue sections. 
Detection of  the H-Ras protein was done using polyclonal 
primary antibody against H‑Ras (sc‑68743, Santa Cruz, USA; 
1:100 dilution) and horseradish peroxidase (HRP) enzyme 
labeled‑secondary antibody detection kit (TL‑015‑QHD, 
Thermo Fisher Scientific, USA) as per the manufacturer’s 
protocol. The sections were incubated overnight with 
the primary antibody at 4°C after blocking endogenous 
peroxidase activity with 3% hydrogen peroxide and protein 
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block reagent. Antigen retrieval of  tissue sections was 
done in Tris-EDTA buffer (pH 9.0) using Pascal retrieval 
system (Dako, Denmark). The HRP-labeled secondary 
antibody was applied on tissue sections with primary 
antibody and incubated for 30 min in a dark chamber at 
room temperature. Positive staining was visualized using 
diaminobenzidine (DAB) and counterstained with Mayer’s 
hematoxylin. Normal skin tissue was used as positive 
control for H-Ras protein.

The interpretation of  H‑Ras protein expression in IHC was 
carried out in the tumor hotspot, including invasion fronts. 
Five hundred tumor cells were viewed at high‑magnification 
power (×40) in tumor hotspots and scored by assessing the 
cytoplasmic staining, using a semi-quantitative method in at 
least five fields. The staining score was ranged from 0 to +3; 
0 negative expression (<5% positive‑stained cells), +1 low 
expression (5%–20% positive‑stained cells), +2 moderate 
expression (21%–50% positive‑stained cells) and +3 strong 
expression (>50% positive‑stained cells). Scores of  2 and 
3 were defined as the H‑Ras positive expression.[19]

Relative mRNA expression of  the H‑Ras gene was 
analyzed by quantitative real time-polymerase chain 
reaction (qRT‑PCR). Total RNA was isolated from OSCC 
and control oral tissue samples by RNeasy Mini Kit (Qiagen, 
Germany). cDNA was synthesized from isolated RNA 
samples by reverse transcription, followed by PCR 
amplification with high capacity cDNA reverse transcription 
kit (Applied Biosystem, USA). qRT‑PCR was performed 
in Lightcycler 96 system (Roche, USA) using Power 
SYBR Green PCR Master Mix (Applied Biosystem, USA). 
The specific primers H‑Ras (NM001130442.1) forward 
5 ’ ‑ T T T G A G G A C A T C C A C C A G T A C A ‑ 3 ’ , 
reverse 5’‑GCCGAGATTCCACAGTGC‑3’ (product 
size 118 bp)[20] and β‑actin (XM006715764.1) forward 
5 ’ ‑ATCGTGCGTGACATTAAGGAGAAG‑3 ’ , 
reverse 5’‑AGGAAGGAAGGCTGGAAGAGTG‑3’ 
were used as internal control (product size 179 bp). The 
annealing temperature was standardized by Gradient PCR 
at 57°C–62°C for both gene, and 58°C was considered 
as final annealing temperature [Figure 1]. qRT‑PCR 
reactions for each sample were performed in triplicates. 
The qRT‑PCR thermal profile for H‑Ras and β-actin 
gene was 94°C: 10 min (94°C: 30 s, 58°C: 35 s, 72°C: 
1 min) ×45 cycles and final extension at 72°C for 5 min. 
Fold change was calculated by relative gene quantification 
method (2-ΔΔCT method).[21]

Statistical analysis
Statistical analysis was performed using SPSS software 
(version 16; IBM corp., IL, USA). Continuous data were 

summarized as mean ± standard error (SE), while categorical 
data in number and percentage. Two‑tailed Chi‑square test 
and unpaired t-test were used to assess the associations 
between two parameters. Correlation between two 
continuous data was calculated using Pearson’s correlation 
coefficient (r) method. Associations of  demographical 
characteristics, risk habits and clinicopathologic variables 
with H-Ras expression status were calculated with binary 
logistic regression method. Odd ratio (OR), with 95% 
confidence interval, was used to assess the risk value of  
biomarker. P < 0.05 was considered statistically significant.

RESULTS

HE-stained histopathological sections showed proliferated 
atypical squamous epithelial cell with high nuclear-
cytoplasmic ratio, enlarged hyperchromatic nuclei few 
having prominent nucleoli and variable amount of  scanty 
cytoplasm presenting low-grade dysplasia arranged in 
tubercular and cluster patterns. At places epithelial, keratin 
pearl formation was seen. Moderate (+2 score) and strong 
(+3 score) immunostaining of  the H‑Ras protein was 
observed in most cases. However, tissue sections of  oral 
nonmalignant lesions depicted normal squamous epithelial 
lining based on an intact basement membrane. Several 
cells of  normal tissue section exhibited the negative 
and moderate cytoplasmic immuno-reactivity of  H-Ras 
[Figure 2a-d].

The percentages positivity and expression patterns of  the 
H-Ras protein in case and control groups are shown in 
Table 1. Out of  a total of  65 cases, 39 cases (60%) showed 
H‑Ras positive expression whereas, 27/65 (41.5%) normal 
tissues expressed positive immunostaining. This difference was 
significantly associated with oral carcinoma (P = 0.03). The 
mean (±SE) percent positivity of  H‑Ras protein in the cases 
versus controls was 31.48 ± 2.5 versus 23.42 ± 2.5, respectively. 
The subcategorization of  percentage positive staining of  H-Ras 
illustrated that 10/65 OSCC cases showed negative expression, 
16/65 cases weak expression, 26/65 cases moderate expression 
and 13/65 cases showed strong expression. However, in the 

Figure 1: Two percent Agarose gel showing amplified product of 
H-Ras at different temperatures by gradient PCR
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we subcategorized group of  all cases and controls according 
to type of  risk habits; single, multiple (habituated with 
any two or more type of  tobacco-related and alcohol 
consumption habits) and no risk habit. It was shown that 
majority (61.5%) of  H‑Ras‑positive cases were attributed 
with multiple risk habits (OR = 1.36, P = 0.56) [Table 2].

The association of  clinicopathological profile of  OSCC 
cases and H-Ras-protein expression is presented in Table 3. 
Buccal mucosa was the most common affected site in both 
H-Ras positive as well as negative cases. H-Ras protein 
expression was detected in most of  Stage III (28.2%) and 
Stage IV (59%) oral cancer patients. In histopathological 
investigations, H-Ras positivity was enhanced in higher 
grade carcinoma. Most cases with lymph node involvement 
showed H-Ras positive expression.

In the present study, out of  the total tissue samples of  both 
groups, nine tissue samples of  OSCC cases and thirteen tissue 
samples of  control samples were dropped out due to either 
insufficient samples or poor yields of  isolated total RNA. 
The H‑Ras mRNA fold change level in cases (n = 56) range 
(min‑max) 0.46–6.38, median 1.28 and mean ± standard 
deviation [SD] 1.62 ± 1.02 was analyzed. However, in the 
control group, mRNA fold change range was 0.34–2.47 with 
a median value of  0.97 and mean ± SD 1.10 ± 0.50. mRNA 
level of  H‑Ras was significantly elevated in oral carcinoma 
compared to control group (P ≤ 0.001) [Figure 3].

The Pearson’s correlation test showed a poor positive 
correlation in between protein and mRNA levels of  H‑Ras 
in the case group. However, in the control group, protein 
and mRNA levels were significantly correlated with each 
other [Figure 4].

Table 1: H‑Ras protein expression and percentage positivity 
in cases and controls
H‑Ras protein Case  

n=65 (%)
Control 

n=65 (%)
P

Percentage positivity
Positive 39 (60) 27 (41.5) 0.03*
Negative 26 (40) 38 (58.5)

Expression
Negative 10 (15.4) 20 (30.8) 0.13
Weak 16 (24.6) 18 (27.7)
Moderate 26 (40) 19 (29.2)
Strong 13 (20) 8 (12.3)

Mean (%)±SE positivity 31.48±2.5 23.42±2.5 0.09

*Significant, P value obtained by Chi‑square test and unpaired t‑test. 
SE: Standard error

control group, 20/65 samples presented negative expression 
followed by moderate, weak and strong expression.

Among H‑Ras positive cases, most cases (26/39; 66.7%) 
were from the age group 41–60 years. In controls, H‑Ras 
positivity was more frequent in the age group ≤40 years 
compared to 41–60 and >60 years age groups. In this study, 
H-Ras positivity was high in males in both case and control 
groups. All the demographic variables of  both groups did 
not show any significant association with H‑Ras positivity. 
Nearly 82.1% of  H‑Ras‑positive cases were associated with 
habit of  tobacco chewing, and 74.1% of  controls with 
H-Ras positive expression had similar habits. Moreover, 
a higher risk (1.46) of  H‑Ras positivity was estimated in 
smokers than nonsmokers of  control group. Furthermore, 

Figure 3: Relative messenger RNA expression of the H-Ras gene in 
case and control groups. Prominent horizontal line and star marks of 
boxes present the median and extreme values of fold change. Upper 
and lower bars present the distance of the 10th to 90th percentile from 
the median. The open circle indicates to outliers

Figure 2: Photomicrograph showing HE section and immunohistochemistry 
images of diagnosis and H-Ras protein expression: (a) HE-stained 
tissue section of oral squamous cell carcinoma (OSCC) case (digital 
magnification, ×100), (b) IHC image showing strong cytoplasmic 
immunoexpression in oral squamous cell carcinoma (DAB, digital 
magnification, ×100), Inset shows the brown color-stained H-Ras 
positive cells (OSCC) (DAB, digital magnification, ×400), (c) HE of 
normal tissue section of nonmalignant lesions of oral cavity (digital 
magnification, ×100), (d) Weak immunostaining in normal tissue (DAB, 
digital magnification, ×100), Inset shows brown colored H‑Ras positive 
cells (DAB, digital magnification, ×400)
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Table 3: Association of H‑Ras protein expression with clinicopathological variables in oral squamous cell carcinoma cases
Characteristics OSCC cases (n=65) H‑Ras expression (n=65) OR (95% CI) P

Positive n=39 (%) Negative n=26 (%)

Oral cavity sites
BM 27 16 (41.0) 11 (42.3) NA 0.25
LA 14 9 (23.1) 5 (19.2)
UA 9 5 (12.8) 4 (15.4)
Tongue 5 1 (2.6) 4 (15.4)
Lips 3 2 (5.1) 1 (3.8)
RMT 3 3 (7.7) 0
Palate 3 3 (7.7) 0
FM 1 0 1 (3.8)

Histological grade
WD 45 26 (66.7) 19 (73.1) Reference
MD 17 10 (25.6) 7 (26.9) 1.04 (0.34‑3.24) 0.94
PD 3 3 (7.7) 0 ‑ 1.0

TNM stage
I + II 12 5 (12.8) 7 (26.9) Reference
III 16 11 (28.2) 5 (19.2) 3.08 (0.64‑14.66) 0.16
IV 37 23 (59.0) 14 (53.8) 2.30 (0.61‑8.66) 0.22

Node
Absent 19 10 (25.6) 9 (34.6) Reference
Present 46 29 (74.4) 17 (65.4) 1.53 (0.52‑4.52) 0.44

P value obtained by binary logistic regression method. BM: Buccal mucosa, LA: Lower alveolus, UA: Upper alveolus, RMT: Retromolar trigone, 
FM: Floor of mouth, WD: Well differentiated, MD: Moderately differentiated, PD: Poorly differentiated, TNM: Tumor, node and metastasis, CI: 
Confidence interval, OR: Odds ratio

Table 2: Association of H‑Ras protein expression with demographic characteristics and risk‑habits in cases and controls
Characteristics H‑Ras expression 

Cases (n=65)
OR (95% CI) P H‑Ras expression 

Controls (n=65)
OR (95% CI) P

Positive 
n=39 (%)

Negative 
n=26 (%)

Positive 
n=27 (%)

Negative 
n=38 (%)

Age (years)
≤40 8 (20.5) 8 (30.8) Reference 13 (48.2) 17 (44.7) Reference
41‑60 26 (66.7) 15 (57.7) 1.73 (0.54‑5.57) 0.35 12 (44.4) 17 (44.7) 0.98 (0.35‑2.77) 0.97
>60 5 (12.8) 3 (11.5) 1.66 (0.29‑9.44) 0.56 2 (7.4) 4 (10.6) 0.98 (0.19‑5.16) 0.98

Gender
Male 30 (76.9) 19 (73.1) Reference 20 (74) 22 (57.9) Reference
Female 9 (23.1) 7 (26.9) 0.81 (0.26‑2.55) 0.72 7 (26) 16 (42.1) 0.43 (0.15‑1.28) 0.13

Marital status
Unmarried 1 (2.6) 5 (19.2) Reference 3 (11.1) 10 (26.3) Reference
Married 38 (97.4) 21 (80.8) 9.04 (0.99‑82.65) 0.05 24 (88.9) 28 (73.7) 3.08 (0.76‑12.5) 0.11

Residence area
Urban 17 (43.6) 7 (26.9) Reference 13 (48.1) 21 (55.2) Reference
Rural 22 (56.4) 19 (73.1) 0.48 (0.16‑1.39) 0.17 14 (51.9) 17 (44.8) 1.17 (0.44‑3.14) 0.74

Risk habits
Tobacco chewing

No 7 (17.9) 2 (7.7) Reference 7 (25.9) 17 (44.8) Reference
Yes 32 (82.1) 24 (92.3) 0.38 (0.07‑2.00) 0.25 20 (74.1) 21 (55.2) 2.55 (0.87‑7.45) 0.08

Tobacco smoking
No 16 (41.0) 10 (38.5) Reference 10 (37.0) 18 (47.3) Reference
Yes 23 (59.0) 16 (61.5) 0.89 (0.32‑2.48) 0.83 17 (63.0) 20 (52.7) 1.46 (0.54‑3.96) 0.45

Alcohol consumption
No 22 (56.4) 19 (73.1) Reference 21 (77.8) 25 (65.8) Reference
Yes 17 (43.6) 7 (26.9) 2.09 (0.71‑6.13) 0.17 6 (22.2) 13 (34.2) 0.50 (0.16‑1.55) 0.23

Types of risk habit
Single habit 11 (28.2) 10 (38.5) Reference 9 (33.2) 12 (31.6) Reference
Multiple habits 24 (61.5) 16 (61.5) 1.36 (0.47‑3.95) 0.56 14 (51.8) 16 (42.1) 0.96 (0.31‑2.94) 0.94
No habit 4 (10.3) 0 ‑ 0.99 4 (14.8) 10 (26.3) 0.44 (0.10‑1.86) 0.26

P value obtained by Binary logistic regression method. CI: Confidence interval, OR: Odds ratio

DISCUSSION

This study shows the presence of  H-Ras gene expression 
in oral cancer and normal control groups, examined by 

immunohistochemical and quantitative real‑time PCR 
procedures. As similar to our previous study Krishna 
et al.,[22] the prevalence of  OSCC found in this study was 
also high in males aged 41–60 years. Tobacco‑related risk 



Krishna, et al.: H‑Ras oncogene expression in normal and neoplastic epithelium of oral cavity

70  Journal of Oral and Maxillofacial Pathology | Volume 22 | Issue 1 | January - April 2018

habits were more highly associated with OSCC cases in this 
study. The clinicopathological profile showed that buccal 
mucosa was the most affected site in oral cancer cases. 
The majority of  oral cancer patients had advanced stages 
of  tumor at the time of  clinical investigations in the study.

The Ras family proteins are often deregulated in various 
types of  human cancer. In the last three decades, various 
in vitro and in vivo studies confirmed that there is a significant 
association of  specific mutated Ras family genes and their 
altered products with particular types of  tumor.[23] The 
altered Ras signaling may also participate in the progression 
and development of  other types of  pathologies besides 
cancer and developmental syndromes such as non-obese 
diabetes and diabetic retinopathy.[24] Mutations in any one 
of  three members of  the Ras family are common events 
in human tumorigenesis. Several studies reported that 
most oncogenic mutations predominantly affect the K‑Ras 
locus and express altered protein in oral carcinoma and 
some other cancer.[25‑27] However, very few studies have 
attempted to correlate the variant feature of  the H-Ras gene 
in different types of  cancer[28] while its protein and mRNA 
expression patterns in oral cancer are still unexplored. 
Hence, in this context, we have tried to elaborate the H-Ras 
gene expression in oral cancer of  the Northern India 
population. We have analyzed that the H-Ras protein was 
significantly overexpressed (60%) in OSCC as compared 
to normal tissues (41.5%) of  oral mucosa. Our findings 
are in concordance with Cutilli et al., who carried out 
immunohistochemical and genetic research on the tumor 
suppressor p53 and H‑Ras oncogene in oromaxillofacial 
neoplasms. They found immunohistopathological 
overexpression of  the H-Ras protein in the majority of  
cases (12/15 cases; 80%) and 60% cases mutated for this 
gene.[29] Similarly, McDonald et al. also obtained H-Ras 
positive staining in 68% of  cases of  head and neck 
squamous cell carcinoma and this is in agreement with 
the findings of  the present study.[30] We did not find any 

significant statistical difference in subcategories of  H‑Ras 
expression between case and control groups, whereas most 
tissue samples presented H-Ras positive immunostaining at 
moderate levels. According to the previous literature, the 
H-Ras protein occurs not only in malignant tumors but 
also in the metabolism of  normal cells.[31]

H-Ras positivity in our study groups was regardless 
of  age, gender and residential area of  patients. In this 
investigation, the frequency of  H-Ras positive expression 
was higher in patients who had tobacco-related habits such 
as chewing and smoking. Genetic alteration and increased 
immunoexpression level of  Ras genes in tumors may 
reflect etiology and ethnic origins. Chang et al.[32] found that 
smoking, tobacco and betel quid chewing accounted for the 
high incidence of  Ras mutations in the Indian subcontinent. 
In our investigation, most of  the oral cancer patients 
had tobacco or multiple risk habits. A study conducted 
elsewhere reported that H-Ras mutations in codons 12, 
13 and 61 related with tobacco use in oral carcinomas.[10] 
Hence, we can hypothesize that overexpression of  H-Ras 
protein in the present study groups may be due to the 
presence of  mutant-type of  protein.

With regard to clinicopathological parameters of  
OSCC cases, no significant association was observed 
between H-Ras positivity and tumor sites. Moreover, 
another striking finding of  current study that out of  
27 buccal carcinoma cases 16 cases (59.2%) showed 
overexpression of  H-Ras while only one case of  tongue 
carcinoma (1/5 cases; 20%) was positively stained for 
H‑Ras. This finding is partially consistent with a study 
by Trivedi et al., in which 45% patients with buccal 
mucosa cancer showed higher H-Ras protein expression 
whereas this was 39% in tongue carcinoma patients.[33] 
Vairaktaris et al. examined the expression of  H-Ras in an 
experimental model of  chemically induced oral cancer 
in sequential stages of  carcinoma; the expression was 
found to be progressively increased during all stages of  
oral carcinogenesis.[19] In agreement with this, the present 
study demonstrated that 26/45 well‑differentiated cases 
and 10/17 moderately differentiated cases exhibited higher 
expression of  H‑Ras protein; however, the difference 
was statistically insignificant. The results of  other studies 
are also supported by this analysis.[13,30,32] The expression 
pattern of  H-Ras in the different stages of  cancers is 
ambiguous. Enhanced expression of  H-Ras was also 
defined in early stages of  urinary bladder cancer.[34] 
However, in the current study, H-Ras expression was 
more pronounced in the stages of  more advanced tumor 
and this is in accordance with previous study.[30] We also 
demonstrated the relative mRNA expression of  the 

Figure 4: Correlation between protein and messenger RNA expression 
of H-Ras in case and control groups
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H‑Ras gene. In our cases, mRNA mean fold change of  
H‑Ras was significantly higher in comparison with normal 
mucosal tissue of  the oral cavity (P ≤ 0.001), in harmony 
with K‑Ras gene expression.[35] The H-Ras oncogene was 
also overexpressed in laryngeal and other types of  head 
and neck cancer.[36,37] Overexpression of  the H-Ras gene 
promoted gastric cancer aggressiveness by activating 
VEGFA/PI3K/AKT pathway and Ras/Raf/MAPK 
signaling.[38] A study also established the association 
of  K‑Ras and PI3K/AKT pathways in advance stages 
of  oral cancer.[16] This suggested a strong association of  
upregulated H-Ras gene in oral cancer.

Our study also illustrated a significant positive correlation 
between the H‑Ras protein and mRNA levels of  controls, 
although a poor insignificant correlation was analyzed in 
the OSCC group. The exact interpretation of  this finding 
remains unclear, but previous Indian studies based on 
etiological factors and mutational status of  Ras oncogenes 
indicate that rare mutations or transcriptional splicing in 
H-Ras gene might be related to overexpression or mutant 
type H-Ras protein in tumoral tissues. More studies are 
required on the functional and mutational gene expression 
of  H-Ras in oral carcinogenesis.

CONCLUSION

The present findings indicate that the H‑Ras oncogene is 
markedly upregulated in oral carcinoma compared with 
normal oral cavity. H-Ras positivity was higher in those 
patients who use tobacco or have multiple risk habits. 
The highest score of  H-Ras expression was observed in 
well-differentiated carcinoma and advanced stage tumor. 
This suggested that enhanced H-Ras expression in oral 
carcinoma of  the North Indian population is probably 
due to their risk habits and genetic alteration. This study 
highlighted the H-Ras gene expression in oral cancer, 
which may extend our knowledge for better prognosis 
and molecular-targeted therapy by inhibiting well known 
MAPK and PI3K signaling pathways.
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INTRODUCTION
Eco-labels are voluntary certications practiced around the world. 
They are developed by governments, manufacturers, and third-party 
organizations independently. Producers and service providers 
demonstrate through eco-labels that they comply with high standards 
of environmental protection during the life-cycle of the products and 
the provided services.

In this modern era of developed technology and increasing 
environmental awareness by consumers, the concept of the eco-labels 
helps the consumers to take decisions about the products which are 
eco-friendly. It has emerged as one of the effective communication 
tools to communicate these actions to the consumers. It enables 
consumers to make safe and healthy purchasing decisions based on the 
information provided related to environmental characteristics and 
environmental impacts of eco-labelled products over its life cycle. So, 
it is now imperative for manufacturers to gain competitive advantage 
in the marketplace and to differentiate their products from others [1].

More and more international organizations are trying to transform the way 
they procure and to bring their contribution towards a more sustainable 
economy. Green procurement is a powerful tool to support the cause of the 
environment but, like every other change, it takes time for it to sink in to 
organizational practices. Environmental labels can be useful tools in the 
hands of public procurers and requisitions to overcome these difculties. 
But more clarity is needed on the nature of different types of labels, on the 
way they function and on how they can be used in the procurement process. 
The increasing number and differing quality of environmental labels is also 
per se a challenge; the growing popularity of environmentally friendly 
products has caused the multiplication of consumer facing logos, with very 
different levels of reliability, thoroughness and independence. The risk of 
misusing labels, or misinterpreting their quality and features is real. 
Procurement practitioners will also nd information on the progress of 
environmental labelling in developing countries, and on how to support 
sustainable production and consumption through the use of labels in 
procurement [2]. 

Figure1: Health care emissions of all over the world

OBJECTIVES
1. To study the status of eco label-l on surgical consumables.
2. To study the status of recycling symbols on surgical consumables.
3. To study the procurement rules for surgical consumables with 

respect to green procurement rules.

METHODOLOGY
The study was conducted at the central store of a tertiary care 
Government hospital. It was a cross sectional, observational and 
descriptive type of study. Duration of study was 4 weeks. The data was 
collected by a checklist. Parameters taken were availability of Eco 
label-1 and recycling symbols on surgical consumables and cost of 
consumables, policy for procurement of consumables.

RESULTS
Availability of Eco label-I on surgical consumables
All the surgical consumables available in the central store were 
observed for the availability of eco label-I [3]. 

Figure 2: Eco-labels Type I : -

Total 18 eco labels under eco label-I were observed on 81 surgical 
consumables out of which it was available on one (1.23%) item. The 
Eco label ISO 14001:2015 was available on this item. ISO 14001 is an 
internationally agreed standard that sets out the requirements for an 
environmental management system. It helps organizations improve 
their environmental performance through more efcient use of 
resources and reduction of waste, gaining a competitive advantage and 
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ABSTRACT
Aim:  A Study on status of environmental labels and recycling symbols on procured surgical consumables in a Tertiary Care Government Hospital. 
Objectives: To study the status of eco label-l and recycling symbols on surgical consumables, and procurement rules with respect to green procurement rules.
Methodology: Study was conducted at central store of a tertiary care Government hospital. It was cross sectional, observational and descriptive 
type of study for 4 weeks duration. Observational checklist with parameters like availability of Eco label-I and recycling symbols on surgical 
consumables and cost of consumables, policy for procurement of consumables.
Results: Out of  81 items observed only 1 (1.23%) item had Eco label-1 and 23 (28%) items had recycle symbols. There was a procurement policy 
as per government nancial rules 2017. 
Conclusion: A policy for green procurement is need of the hour. Policy decisions at central level should consider Eco-labels/environmental 
parameters for procurement.
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in gaining trust of stakeholders.

Figure2: Availability of Eco-labels

Figure3: Eco-label available

The practice of Eco labelling indicates that a company has a long-term 
vision, is exible and innovative. anticipates market expectations, is 
environmentally conscious and has the creativity to produce 
sustainable products [4, 5].
 
Availability of recycling symbols on surgical consumables
Available surgical items of the central store were observed for 
recycling symbols. All items were observed for Mobius and green dot 
symbols. A total of 81 items were observed out of which 23 items 
(28%) had a recycling symbol. Mobius symbol was available on 10 
items (12.34%) and green dot symbol was available on 13 items 
(16.04%). Recycling offers both environmental and economic 
benets. A conscious and judicious practice of recycling not only 
reduces the amount of waste sent to oceans, landlls and incinerators 
considerably it also safeguards natural resources by limiting the need 
to harvest new resources, prevents pollution by reducing the need to 
collect new raw materials and consequently reduces greenhouse gas 
emissions that contributes to global climate changes, saves energy and 
as it produces new material from waste, creates new jobs and therefore 
helps a country remain economically competitive in a resource-
constrained future [6].

Figure4: Availability of recycling symbols  

Policy of tertiary care hospital for procurement of surgical 
consumables
It was observed that hospital had followed the government nancial 
rules for the procurement. No green procurement policy was available.

Figure 5: Availability in terms of cost

It was observed that total purchase price for surgical items from 1 
stSeptember 2018 to 31  august 2019 was twenty-one crores thirteen 

lakh sixty-seven thousand two hundred twenty-nine rupees. The 
purchase price of items with Eco label was thirty-ve lakh ninety-eight 
thousand two hundred rupees (1.7%) of total amount. The purchase 
price of items with recycle symbols was two crore forty-three lakh 
forty-nine thousand two hundred thirty rupees (11.52%). 

CONCLUSIONS & RECOMMENDATIONS
In March 2004, the Council and the European Parliament adopted new 
Public Procurement Directives and developed several tools in order to 
support green public procurement. The Buying Green EU handbook is 
designed to help public authorities launch green purchasing policies. 
The handbook follows through the structure of a procurement 
procedure, explaining the European Community law in a practical 
way, and looks at simple and effective solutions for implementing the 
procedures [7]. 

Unfortunately, not many studies have been conducted on the status of 
environmental labels. So, a policy for green procurement is the need of 
the hour. More studies should be conducted on the availability of Eco 
labels and recycling symbols on consumables which in turn will help to 
generate awareness amongst the staff regarding benets of certain 
products, energy efciency, waste minimization and product 
stewardship.
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INTRODUCTION
According to the UNIDO, “Corporate social responsibility” (CSR) is a 
management concept whereby companies integrate social and 
environmental concerns in their business operations and interactions 
with their stakeholders. CSR is generally understood as being the way 
through which a company achieves a balance of economic, 
environmental and social imperatives (Triple-Bottom-Line 
Approach), while at the same time addressing the expectations of 
shareholders and stakeholders. In this sense it is important to draw a 
distinction between CSR, which can be a strategic business 
management concept, and charity, sponsorships or philanthropy [1].

CSR in India has traditionally been seen as a philanthropic activity and 
in keeping with the Indian tradition, it was an activity that was 
performed but not deliberated. As a result, there is limited 
documentation on specic activities related to this concept. However, 
it was clearly evident that much of this had a national character 
encapsulated within it like endowing institutions to actively participate 
in India's freedom movement, and embedded in the idea of trusteeship 
[2]. The government of India's spending on healthcare is estimated to 
be about 1.5% of the GDP which is signicantly lower when compared 
with other developed countries. [3].

The objectives were to achieve the highest possible level of good 
health and well-being, through a preventive and promotive health care 
orientation in all developmental policies, and to achieve universal 
access to good quality health care services without anyone having to 
face nancial hardship in National Health Policy 2017. The aim of this 
policy was raising expenditure on healthcare in a time bound manner to 
2.5% of GDP. [4]. Much variation is found in developed and 
developing countries expenditure on health. Public expenditure on 
health according to World Bank income group is described below in 
the gure1 [5].

Figure1: Public Expenditure on Health – International comparison

Expecting the government to solve all the problems is not possible. 
Companies can do support health care as a part of their 2 per cent 
mandatory spending as per companies act. Nowadays companies focus 
signicantly on healthcare i.e., about 24% of the total spend on CSR is 
focused on healthcare, study of India's top companies for sustainability 
and CSR shows that the top 200 companies spend around ₹ 1369 crores 
on healthcare and wellness. However, majority of this fund is spent on 
health camps and building hospitals or for upkeep of hospital facilities. 
Health camps tend to have a short-term orientation and are number 
driven and setting up and running hospitals are often poorly targeted. 
Given the above issues, companies need to nd more ways to engage in 
CSR activities around healthcare.

Aggregate CSR spend for 173 companies in 2014-15 were ₹ 5752 
crores with an average spend of ₹ 33.25 crores per company. This 
translated into an average CSR spend as a percentage of average PAT 
of 1.4%, which is lower than the Government mandate of 2% and more 
[6, 7].

AIM
To study resources under corporate social responsibility of a tertiary 
care government hospital.

OBJECTIVES
1. To identify revenue resources of tertiary care government hospital
2. To identify resources under corporate social responsibility  in 

tertiary care government hospital
3. To suggest recommendations if any.

METHODOLOGY
It was a cross sectional, observational and descriptive type of study. 
The study was conducted in tertiary care government hospital. The 
study duration was 4 weeks. The data was collected by an 
observational checklist. The parameters taken for study were various 
resources of revenue and various resources under CSR. The data 
generated was entered and analysed using Microsoft Excel and 
Microsoft Word.

RESULTS
Various sources of revenue generation
All the sources of revenue generation were identied and grouped into 
two categories:

1. Patient Care Revenues
Ÿ Revenue from OPD
Ÿ Revenue from diagnostic services
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ABSTRACT
Aim:  Objectives:  To identify revenue resources To study resources under corporate social responsibility of a tertiary care government hospital.
and identify resources under corporate social responsibility.  The study was conducted in tertiary care government hospital. It was a  Methodology:
cross sectional, observational and descriptive type of study. Duration of study was 4 weeks. The data was collected by observational checklist. 
Parameters taken were various sources of revenue and various resources under CSR. Total funds received under CSR for 2019 was 27 Results: 
crore 99 lakh 85 thousand [Power Grid (48.73%), UPPCL (40.16%), Helping Hands (10.68%), State Bank of India (0.43%).] The funds received 
for doss house (48.73%), Burn unit (40.16%) and Paediatric oncology building (10.68%).  CSR is a good source for non-patient  Conclusion:
revenue generation. CSR should be further explored in order to meet additional requirements not catered under routine budget allocation.

KEYWORDS
CSR, Patient Care Revenue, Non-Patient Care Revenue

5.2

3.8

2.5

1.4

1

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

High income countries

Upper middle income countries

Lower middle income countries

Low income countries

India

Public Expenditure on Health as a % of GDP across 
World Bank Income Groups- 2015

46 International Journal of Scientific Research



Volume - 10 | Issue - 02 | February - 2021

2. Non-patient Revenues
Ÿ Budget from State government
Ÿ Resources received under CSR
Ÿ Resources received under Donations
Ÿ From xed assets disposal 

Various resources received under CSR
All the resources received under CSR from April 2016 to December 
2019 were identied. These were in the form of building and material 
and source of non-patient revenue. Various organizations were 
involved in it, details are given in table 1.
  
Table 1: Various resources received under CSR (2016-2019)

                                             

Figure 2: CSR for buildings

A total ₹ 279.67 million was received for all buildings from 2016 to 
2019 out of which ₹ 136.87 million (48.94%) for doss house, ₹ 112.80 
million (40.33%) for burn unit and  ₹ 30 million (10.73%) for pediatric 
oncology building.

Figure 3: CSR for materials

It was identied that funds were received for forty stretchers and eight-
wheel chairs. Total ₹ 3.1 lakhs was received in 2019 out of which ₹ 
2.70 lakhs (87%) for stretchers and ₹ 0.40 lakhs (13%) for wheel 
chairs. 

Figure 4: Various sources of CSR

                                

Figure 5: Contribution of Building Budget

It was identied that a total ₹ 3081.37 million was used for 
construction of building from year 2016 to year 2019 out of which ₹ 
2801.7 million (90.91%) was received from state government and ₹ 
279.67 million (9.09%) from various CSR activities. 
                           

Figure 6: Contribution for Material Budget

A total ₹ 350.31 million was used for purchase of materials in year 
2019 out of which ₹ 350 million (99.87%) was received from state 
government and ₹ 0.31 million (0.09%) from various CSR activities. 

                            

Figure 7: Comparative Ratio of various sources of revenue

It was analysed that that funds generated from internal revenue (patient 
revenue + non patient revenue) is 3.29 times of funds received under 
various CSR activities and state government budget is 37.59 times.

Conclusion and Recommendations
There are various sources of revenue generation in hospital. Major 
concern is given to government funds and patient care revenue in 
government hospital.  There is little literature about the non-operating 
revenues of hospital. In this study major focus is on the resources 
which come under corporate social responsibility from various 
agencies.  

A study was done on non-patient revenue generation in Tainan 
municipal hospital, Tainan City, Taiwan; where a total of 9.29% of 
nance was generated from non-patient revenue out of which 12.4% 
from various donations. CSR is a good source for non-patient revenue 
generation. CSR should be further explored in order to meet additional 
requirements which are not catered under routine budget allocation. 
For expansion of extent and exploring new avenues supported through 
CSR a professional cell designated as CSR cell for hospitals should be 
planned as part of hospital administration. 
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S. 
No.

Name of item Total 
number

Total revenue 
allocated under 
CSR

Name of  
organization

1 Doss house building One 13,68,76,074 Power grid
2 Burn unit One 11,28,00,000 UPPCL
3 Pediatric Oncology 

building
One 3,00,00,000 Helping 

hands
4 Stretchers Forty 2,70,000 State Bank of 

India
5 Wheel chairs Eight 39,920 State Bank of 

India
Total funds under CSR 27,99,85,994
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INTRODUCTION
Bio-medical waste is dened as any waste, which is generated during 
the diagnosis, treatment or immunization of human beings or animals 
or in research activities pertaining thereto or in the production or 

1testing of biologicals.  Biomedical waste Management Rule was 
enacted by the Government of India in the year July 1998 and 

2underwent various amendments, latest being in May 2019.  

Biomedical waste management is still at the infancy stage and recently 
got at tention due to increased awareness about human 
immunodeciency virus, hepatitis B virus, hepatitis C virus, and other 
potentially infectious diseases more prevalent among the healthcare 

3 workers. Health care workers have an important role in managing the 
bio medical waste and periodic studies should be carried out in order to 
identify the gaps with respect to knowledge and practices of healthcare 
workers. Recommendations from these studies will help the 
administrators to identify the training needs. The present study was 
conducted to study knowledge, attitude and practices of bio medical 
waste management among staff of a government tertiary care teaching 
hospital in Lucknow.

MATERIALS AND METHODS:
This cross-sectional study was undertaken in a government tertiary 
care teaching hospital in Lucknow between June 2019 and June 2020. 
The study included staff working in wards, intensive care units (ICUs), 
operation theatres, accident and emergency department, dressing 
rooms, injection rooms, laboratories and dental clinics who were 
involved in activities related to bio medical waste management such as 
segregation, collection, transport, treatment and proper disposal and 
gave consent to participate in the study.

Assuming the minimum knowledge of 50% among the staffs of the 
2healthcare institute, with the formula 4pq/l , taking precision to be 5% 

and level of condence to be 95%, sample size was calculated to be 
384. Accounting for the nite population of 3924 possible participants, 
population proportion sampling was used and nal sample size of 407 
was calculated.

Data collection was done using a pre-tested semi-structured 
questionnaire translated to Hindi which was administered by the 
researcher to assess knowledge and attitude. There were Seventeen 
multiple choice questions of knowledge domain and nine three-point 
Likert scale questions representing “Agree”, “Neutral” and 
“Disagree” for assessing attitude. An observational checklist was used 
to assess the practices of bio medical waste management comprising of 

nine observation checkpoints.

Ethical approval was obtained from the institutional ethics committee. 
Data analysis was done using SPSS version 23. Total individual and 
overall practice scores were calculated for the three domains.  
Descriptive statistical analysis was done.

RESULTS:
The 407 participants included housekeeping staff (42%), staff nurses 
(30%), academic residents (22.4%) and paramedical staffs (5.6%). The 
mean age of the participants was 32.2 + 7.7 years and majority were 
females. Most of the participants (40.5%) had educational 
qualication of intermediate / post high school diploma and 82% of the 
study participants had a work experience of less than 10 years. 
Majority (72%) of the study participants had received training in 
biomedical waste management and 54.1% of the study participants had 
received the training within last one year (Table 1).

Table 1. Demographic Details And Biomedical Waste 
Management Training Of The Study Participants
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ABSTRACT
Health care workers have an important role in managing the bio medical waste and periodic studies should be carried out in order to identify the 
gaps with respect to knowledge and practices of healthcare workers. This cross-sectional study was undertaken in a government tertiary care 
teaching hospital in Lucknow between June 2019 and June 2020. Sample size was calculated to be 407 and population proportion sampling was 
used. Data collection was done using a pre-tested semi-structured questionnaire translated to Hindi which was administered by the researcher to 
assess knowledge and attitudes. An observational checklist was used to assess the practices of bio medical waste management. Majority (72%) of 
the study participants had received training in biomedical waste management. Mean score of knowledge about Biomedical waste management rule 
was highest for doctors, followed by staff nurses and housekeeping staffs and paramedical staffs. Positive attitude was more among the 
paramedical staffs followed by doctors and housekeeping staffs. With respect to practice, highest mean score was observed for staff nurses 
followed by housekeeping staffs. Periodic trainings and appreciation will go a long way in reinforcing the good practices.

KEYWORDS
Biomedical waste, tertiary care hospital, Lucknow

Variable Job category /Cadre
Residents
(n=92)

Nurses
(n=122)

Parame
dical
Staff
(n=23)

Houseke
eping
Staff
(n=170)

Total
(N=407)

Gender Female 46
(50%)

101
(82.8%)

0 61
(35.8%)

208
(51.2%)

Male 46
(50%)

21
(17.2%)

23
(100%)

109
(64.2%)

199
(48.8%)

Age of 
study 
participa
nts

20-30 
years

77
(84%)

76
(62.3%)

8
(34.8%)

66
(38.8%)

227
(55.7%)

31-40 
years

15
(16%)

35
(28.7%)

9
(39.1%)

77
(45.3%)

136
(33.4%)

41-50 
years

0 9
(7.4%)

3
(13.1%)

17
(10%)

29
(7.1%)

51-60 
years

0 2
(1.6%)

3
(13.1%)

10
(5.9%)

15
(3.7%)

Educatio
nal 
qualica
tion

Illiterate 0 0 0 43
(25.3%)

43
(10.6%)

Primary 0 0 0 33
(19.4%)

33
(8.1%)

Middle 
school

0 0 0 3
(1.8%)

3
(0.7%)
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The mean score of knowledge about biomedical waste management 
(out of 17) was highest for doctors (12.4), followed by staff nurses 
(11.96). Positive attitude was more among the paramedical staffs (9.2 
out of 10) followed by doctors and housekeeping staffs. With respect to 
practice, out of 9, highest mean score was observed for staff nurses 
(4.52) followed by housekeeping staffs (4.32). Overall mean score for 
knowledge was 11.47 out of 17; attitude score was 9.1 out of 10; and 
overall practice mean score was 4.32 out of 9 (Table 2).

Table 2: Mean Score In Knowledge, Attitude And Practice 
Regarding Biomedical Waste Management

Although 93% knew that hospital waste should not be mixed with 
general waste, only 71% were observed to practice it (gure 1). Staff 
nurses (96.7%) had a higher knowledge followed by residents (85.9%) 
and then by the housekeeping staff (80.6%) regarding the disposal of 
soiled and anatomical waste in yellow bin. The awareness regarding 
the disposal of sharp needle waste in blue bin was present in 83.5% of 
study participants and regarding the disposal of expired and discarded 
medicine in yellow bin in only 29.5%. Regarding the disposal of 
contaminated linen in yellow bin, 64.2% of total study participants 
answered correctly and residents had a higher knowledge followed by 
staff nurses and then by housekeeping staffs. It was low in paramedical 
staff.

Figure1: Knowledge, attitude and practice about mixing infectious 
wastes with general wastes

Around 93.8% of the total study participants agreed to the need of 
colour coding for segregation and waste disposal and 10.5% were not 
of the positive attitude about the requirement of further training for 
BMW. For the question if the study participant was comfortable if 
other staff members corrected them for wrong segregation practice, 
89.6 % of them had a positive attitude. The residents were most 
reluctant for correction followed by staff nurses. Residents were most 
reluctant to inform the concerned authority i.e., the University 
Environment Department for picking up the BMW if the bin was lled 

thmore than 3/4 , followed by the staff nurses and paramedical staffs.

The correct practice of segregating tissue waste or other wastes in 
yellow bin was found to be 71.4% of study participants. Of these, the 
best practice was found in staff nurses followed by housekeeping staff 
and then by residents. Segregation of infected plastic waste in red bin 
was found correct in 70.5% and segregation of sharp waste (metal) in 
puncture proof and closed containers in 74.6% of participants. Syringe 
and sharp waste were found mixed in blue bin in some clinical areas. 
Glass waste was disposed in blue bin by 81.6% of the study 
participants. It was practiced by residents the most, followed by 
housekeeping staffs and by staff nurses.

Around 86.8% of the study participants segregated biomedical waste 
at the source of generation. It was seen that 92.1% of the house keeping 
staffs did good practice of segregation of biomedical waste at the 
source of generation followed by the staff nurses and then by residents. 
Around 98.5% of the study participants did not segregate the liquid 
waste. Waste water contaminated with body uids were ushed into 
the sewage drainage directly. Regarding the pre-treatment of the 
laboratory waste/microbiological waste/blood samples and suction 
apparatus, it was practised by only 4% of study participants. Separate 
segregation of blood bag in order to be sent for autoclaving prior to 
incineration was found in some of the departments like Radiotherapy 
department and blood bank.

DISCUSSION:
The present study was conducted to study knowledge, attitude and 
practice of bio medical waste management among staff of a 
government tertiary care teaching hospital in Lucknow.

It was seen that 72% of the study participants had received training in 
BMW management. This is lower than studies by Kumar et al in Gujrat 

4,5and Sehgal R K et al in Delhi.  But this proportion is higher than other 
 6,7studies like Munda N.K et aland Karmakar N et al.

Around 93.8% of the participants in our study agreed to the need of 
colour coding for segregation. Findings varied from 45.6% in the study 
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High 
school

0 0 3
(13.1%)

51
(30%)

54
(13.3%)

Interme
diate/ 
post 
high 
school 
diploma

0 119
(97.5%)

15
(65.2%)

31
(18.2%)

165
(40.6%)

Graduat
e and 
above

0 3
(2.5%)

5
(21.7%)

9
(5.3%)

17
(4.1%)

Nature 
of work

Permane
nt

0 30
(24.6%)

13
(56.5%)

35
(20.6%)

79
(19.4%)

Contract
ual

0 92
(75.4%)

10
(43.5%)

135
(79.4%)

237
(58.2%)

Resident 92
(100%)

0 0 0 92
(22.4%)

Working 
area

Ward 35
(38%)

70
(57.4%)

5
(21.7%)

91
(53.5%)

201
(49.4%)

OT 14
(15%)

3
(2.5%)

5
(21.7%)

7
(4.2%)

25
(6.1%)

Laborat
ory

4
(4%)

1
(0.8%)

5
(21.7%)

11
(6.7%)

21
(5.2%)

ICU 9
(10%)

13
(10.7%)

3
(13%)

12
(7.1%)

32
(7.8%)

Others 30
(33%)

35
(28.7%)

5
(28.9%)

49
(28.8%)

119
(29.2%)

Work 
experien
ce

0-10 
years

92
(100%)

111
(90.9%)

18
(78.3%)

113
(66.5%)

334
(82.1%)

11-20 
years

0 9
(7.4%)

3
(13.1%)

42
(24.7%)

54
(13.3%)

21-30 
years

0 2
(1.6%)

0 10
(5.9%)

12
(2.9%)

31-40 
years

0 0 2
(2.9%)

5
(2.9%)

7
(1.7%)

BMW 
Manage
ment 
training 
done

Yes 90
(98%)

87
(71.3%)

15
(65.2%)

101
(59.4%)

293
(71.9%)

No 2
(2%)

35
(28.7%)

8
(34.8%)

69
(40.6%)

114
(28.1%)

Years 
since 
last 
BMW 
training

No 
training 
received

2
(2.17%)

35
(28.6%)

8
(34.8%)

69
(40.5%)

114
(28%)

0-1 
years

68
(73.9%)

63
(51.6%)

9
(39.1%)

80
(47%)

220
(54.1%)

1-5 
years

22
(23.9%)

21
(17.2%)

6
(26.1%)

19
(11.2%)

66
(16.2%)

5-10 
years

0 3
(2.5%)

0 2
(1.2%)

5
(1.2%)

10-15 
years

0 0 0 0 0

15-20 
years

0 0 0 1
(1%)

1
(0.2%)

 Job category /Cadre wise Mean score

Residents Nurse Paramedi
cal
staff

Housekee
ping
staff

Total

BMW 
Knowledge 
(out of 17)

12.4 11.96 10.39 10.77 11.47

BMW 
Attitude (out 
of 10)

9.15 8.97 9.2 9.15 9.1

BMW 
Practice (out 
of 9)

3.75 4.52 3.6 4.32 4.23
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8,7by Deress.T et al and 96.8% in the study by Karmakar N et al.  Even 
though 86.8% of the study participants segregated biomedical waste at 
the source of generation, we have seen that disposal of expired and 
discarded medicines, contaminated / discarded linen and liquid waste 
need more focus.

In the study by Puneet.A et al all the doctors and laboratory technicians 
and 75% of class IV employees wanted to upgrade their knowledge on 

9BMW management.  As per the study by Kumar D et al in Gujarat on 
staff nurses, 97.7% of the study participants felt the need for such 
training to be held annually and 96.3% were willing to attend such 

4training if conducted in near future.  Majority (89.5%) of our study 
participants were also willing for further training. Induction training 
programme of all categories of health care workers, periodic CME 
sessions, annual trainings in the hospital would help reinforce and 
update knowledge of BMW management and motivate staff to comply 
with the rules and guidelines. Strengthening the supportive 
supervision of work done by the supervisors of the respective cadres, 
provision of certicates of appreciation or “Employee of the month” 
awards will encourage good practices. Performance feedback and 
positive reinforcement may also be useful. On the Spot memo, 
administrative and work practice controls and provision of proper 
infrastructure as well as materials will improve the practice of 
biomedical waste management.

CONCLUSION
The knowledge aspect of biomedical waste management was good for 
resident doctors followed by staff nurses, paramedical staffs and 
housekeeping staffs. But when it comes to the attitude and practice 
aspect it was found that in majority of the areas the housekeeping staffs 
and nurses were performing better than the resident doctors. Periodic 
trainings and appreciation will go a long way in reinforcing the good 
practices.
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INTRODUCTION: 
Diet plays a vital role in the treatment and recovery of patients. The 
dietary department not only caters to the patient's food requirement but 
they are responsible for planning, prescribing and counseling patients 

[1]about their diet according to their diseased conditions . Quality of 
hospital food services has a critical effect on patient satisfaction which 
in turn inuences the patient's perception of the quality of the services 

[2,3]provided by the hospital . The importance of hospital food services is 
vital but when comparing with other clinical activities, meal services 

[4]are more prone to be subject to a budgetary cut than other services . 
Therefore it is difcult to nd the balance between delivering quality 
food services and appropriate costs mainly because of the lack of 
competencies required to perform this task and tools to enable proper 
management of the services. The provision of hospital meals is a 
difcult process aggravated by the potential of patient's malnutrition.

Cost effectiveness of appropriate healthcare services is a very 
important domain that needs to be addressed in order to minimize the 
growing gap of health requirements between available and required 
needs and resources. These gaps may be due to deviated social, 
demographic and epidemiological changes in developing countries. 
However this difculty can be effectively overcome by handling 
current available resources more effectively through upgraded 
allocation patterns and maximized efciency in management of 

[5] hospitals .

Information taken from costing studies help in cost savings in 
hospitals. The three main methods of cost analysis are the direct 
method, step-down method and the reciprocal method. Majority of the 
costing studies done across the globe have been done by applying 
either direct method or step- down method and out of the two the later 
was found to be more accurate, less costly and less time consuming. 
The objective of the dietary service is providing clean, hygienic and 
nutritious diets for the indoor patients according to calorie and 
nutritional requirement. Thus, nutrition is an important determinant of 
health for any patient and as such its cost analysis is of utmost 
importance especially in health systems which manage with scarce 

[6,7] resources .

Aim :To study the diet cost per meal per patient admitted in a Tertiary 
Care Government Hospital. 

Objectives : 1) To estimate the direct cost of various types of diets. 2) 
To estimate the indirect cost of various types of diets. 3) To estimate the 
total unit cost of various types of diets. 4) To suggest 
recommendations, if any.

Methodology: The study was conducted in tertiary care Government 
hospital. It was a cross sectional, observational and descriptive type of 
study conducted over a duration of 4 weeks. The data was collected by 

observational checklist. Parameters taken were list of various types of 
diets, analysis of all components of direct and indirect cost (raw 
materials, depreciation, administration, manpower, transportation, 
LPG, electricity, equipment maintenance, miscellaneous) & analysis 
of total cost per day per diet.

RESULTS: 
On an average a total of 2500 diets were distributed in the hospital per 
day . There were 8 types of diet out of which it was observed that the 
highest distribution was of normal diet and high protein diet. Various 
types of diet and their average consumption are shown in the table 
below:

Table 1: Type of Diet & Consumption

Cost of Diet

Direct and indirect cost incurred for all types of diet was calculated by 
historical method. All three components (material, manpower and 
overhead expenses) of direct and indirect cost were calculated. The 
details of all costs are given  in the table below:

Table 2: Direct Material Cost

It was observed that the maximum cost incurred was on high protein 
diet. No indirect cost was identied for materials.

Table3: Manpower cost
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ABSTRACT
Aim: Objectives: To study the diet cost per meal per patient admitted in a Tertiary Care Government Hospital.  To estimate direct cost, indirect cost 
and total unit cost of various types of diets.  It was a cross sectional, observational and descriptive type of study conducted in a Methodology:
tertiary care government hospital over a period of 4 weeks. It was observed that the total cost of Normal diet was ₹122.8 per day per diet Results: 
and ₹130.5 per day per diet for high protein diet.

KEYWORDS
Diet cost , Direct cost, Indirect cost, Total Unit Cost.

S. No. Name of Diet Per day consumption
f % N=2500

1 Normal diet 1600 64
2 High Protein Diet 700 28
3 RT Diet 75 3
4 Semi solid Diet 50 2
5 Diabetic Diet 30 1.2
6 Paediatric (1-3 years) Diet 10 0.4
7 Paediatric (4-6 years) Diet 15 0.6
8 Paediatric (7-12 years) Diet 20 0.8

S. No. Type of Diet Cost in ₹ per day per diet
1 Normal diet 69.39
2 High Protein Diet 77.09
3 RT Diet 57.79
4 Semi solid Diet 61.39
5 Diabetic Diet 62.58
6 Paediatric (1-3 years) Diet 48.67
7 Paediatric (4-6 years) Diet 61.21
8 Paediatric (7-12 years) Diet 73.71

S.
No.

Type of Cost Direct Cost in ₹ 
per day per diet

Indirect Cost in ₹ 
per day per diet
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It was observed that the maximum cost incurred was on salaries of 
staffs. Direct cost of manpower is signicantly higher than indirect 
cost.

Figure1: Components of cost incurred on Manpower

Table 4: Overhead Expenses

In overhead expenses, it was observed that the maximum direct cost 
incurred was on food preparation /cooking. Depreciation cost of xed 
assets and equipment maintenance cost were also found to be 
signicant.

Table 5: Direct cost

It was found that the total direct cost was highest for high protein diet. 
Total Indirect cost= Indirect manpower +indirect overhead expenses 
Total Indirect cost= 1.84 + 9.006 = ₹ 10.846 per day per diet

Table 6: Total Cost

Figure 2: Distribution of  cost components of Normal Diet

Figure 3: Distribution of cost components of High Protein Diet

It was observed that the maximum cost incurred was on procurement 
of materials followed by manpower in both normal diet as well as high 
protein diet.

CONCLUSION: 
In KGMU, being a government institution diets are provided free of 
cost, but for private ward patients the diet is chargeable. A study done 
in PGIMS Rohtak and other national studies on diet costing show 
similar results as our study. Major funds were utilised for normal and 
high protein diet. Cost reduction can be done by prevention of wastage 
of materials.

Recommendations
Ÿ To assess the quality of diet provided in the private wards further 

satisfaction survey needs to be done.
Ÿ To assess the factors for wastage of material and their probable 

solution, further study needs to be conducted.
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1 Staff salary 21.7 1.22
2 Staff uniform 0.42 0.04
3 Staff bonus 1.49 0.14
4 Staff room rent 0.96 0.2
5 Food allowances 2.77 0.14
6 staff welfare 0.26 0.05
7 Medical expenses 0.9 0.05

Total manpower cost 28.5 1.84

Direct Overhead Expenses Indirect Overhead Expenses

Name of item Cost in ₹ per 
day per diet

Name of item Cost in ₹ per 
day per diet

LPG 3.744 Administration 0.8
Electricity 1.2 Transportation 0.06

Transportation 3.5 Equipment 
maintenance

0.013

Cleaning 1 Miscellaneous 8.133
Depreciation on 

xed assets
2.52 Total indirect 

overhead
9.006

Equipment 
maintenance

2.1

Total direct 
overhead

14.064

S. 
No.

Type of 
Diet

Material 
Cost in 

₹per day 
per diet

Manpower 
Cost in ₹ 

per day per 
diet

Overhead 
Expenses in ₹
per day per 

diet

Total Direct 
Cost in ₹ 

per day per 
diet

1 Normal 
diet

69.39 28.5 14.064 111.954

2 High 
Protein 

Diet

77.09 28.5 14.064 119.654

3 RT Diet 57.79 28.5 14.064 100.354

4 Semi solid 
Diet

61.39 28.5 14.064 103.954

5 Diabetic 
Diet

62.58 28.5 14.064 105.144

6 Paediatric 
(1-3 years) 

Diet

48.67 28.5 14.064 91.234

7 Paediatric 
(4-6 years) 

Diet

61.21 28.5 14.064 103.774

8 Paediatric 
(7-12 

years) Diet

73.71 28.5 14.064 116.274

S.
No.

Type of Diet Total Direct 
Cost in ₹ per 

day per
diet

Total Indirect 
Cost in

₹ per day per 
diet

Total Direct 
Cost in ₹ per 
day per diet

1 Normal diet 111.954 10.846 122.8
2 High Protein Diet 119.654 10.846 130.5

3 RT Diet 100.354 10.846 111.2
4 Semi solid Diet 103.954 10.846 114.8
5 Diabetic Diet 105.144 10.846 115.99
6 Paediatric 

(1-3 years) Diet
91.234 10.846 102.08

7 Paediatric 
(4-6 years) Diet

103.774 10.846 114.62

8 Paediatric 
(7-12 years) Diet

116.274 10.846 127.12
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ABSTRACT 

Background n View of the increasing risk of arsenic on human health. the present study has been carmed out to 

vesigate the hepato-protective effect of piperine on arsenic induced-hepatic and renal toxICity n mice VariOUs OxIdative 

stresspuarameter antioxdant level and micro nutrients were analyses in hepatic and hepatic renal organ ot mice. Methods: 

Mce exased arsenic (sodium arsenate 5 mg/kg body weight po. for 45 days) caused a SIgnilicant increases oxidative 

stress in hepatc and renal tissue as compared to controls group. Results: Abnomal levels of arsenic in hepalic and renai 

USSUe mcreased the levels of ROS, LPO, and decreased the levels of GSH with SOD, CAT, and GPx activities in the 

hepatk and renal tussue of mice as Compared to controls. Co-treatment of arsenic with piperine (1.5 mg/kg body weight p.o 

to aays) decreased the levels of ROS, LPO, and increased the level of GSH, also increased SOD, CAT, and GPx 

actv, nd showed improvements in hepatic and renal tissue of mice as compared to arsenic-treated grOups Conclusion: 

Our resuits proved that pipenne worked as antioxidant, antu- intlammatory in nature. 

Keywords Hepatic toxicity, renal toxicity, Piperine 
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ABSTRACT 

Background: Osteoarthritis is a chronic degenerative disorder of multifactorial etiology. The present study was 

conducted to compare cfficacy of intra-articular triamcinolone with intra-articular morphine in management of 

cases of osteoarthritis. Materials & Methods: The present study was conducted on 90 patients of osteoarthritis of 

both genders. Patients were divided into 3 groups of 30 palients each. Group I received morphinc plus bupivacaine 

intra-articularly, group I| received triamcinolone plus bupivacaine intra-articularly, and group I received saline 

plus bupivacaine intra-articularly. Patients were evaluated before injection and in 2nd, 4th, 6th weeks after 

injection. Results: The mean VAS score in 6.2, 6.8 and 6.7 in group I, Il and 1Il respectively at 2 weeks. It was 

2., 4.5 and 5.3 in group I, II and i1! respectively al 4" weeks. It decreased to 1.2, 2.5 and 4.2 in group I, ll and I| 

respectively at 6" weeks. The difference was significant (P< 0.05). Conclusion: Authors found that combination of 

morphine plus bupivacaine found to be effective as compared to triamcinolone plus bupivacaine and saline pBus 

hupivacaine.

KEYWORDS: Morphinc, Osteoarthritis, Trianicinolonc. 

morphine injection provides analgesia, which is 

cquivalent to dexamethasone. It is also possible that 

intra-articular morphine nmay have some 

inflammatory actions. The present study was 

conducted to compare etticacy of intra-articular 

with intra-articular 

INTRODUCTION 

Osteoarthritis (OA) is a chronic degencrative disorder of 

multifactorial etiology characterized by loss of articular 

cartilage, hypertrophy of bone at the margins, 

subchondral sclerosis and range of biochemical and 

morphological alterations of the synovial membrane and 

joint capsule." Pathhological changes in the late stage of 

OA include soflening. ulceration and focal disintegration 
of the articular carlilage: synovial inllammation also may 

OcCur. Typical clinical sy1ptoms are pain, particularly 

alter prolonged activity and weight bcaring, wlhereas 

stiffness is experienced after inactivity.It is probably 

not a single disease but represents the linal end result of 

various disorders as joint lailure. Ii is also known as 

degenerative arthritis, which commonly affects the 

hands, feet, spine, and Jarge weight-bearing joints, such 

as the hips and knees. 

anti- 

triamcinolone morphine in 

management ol cases ol osteoarthritis. 

MATERIALS AND METIIODS 
The present study was conducted in the Department of 

Pharmacology 
Osteoarthritis of botii genders. Ethical approval was 

obtained irom institute prior to the study. All were 

informed rcgarding the study and written consent was 

Icomprised of 90 patients of 

obtained. 

Morphine and endogenous opioids stimulate o-, K-, and 

l-opioid receptors. eta-endorplhines stimulate sigma, 

Kappa-, and l-opio1d receptors. Activation of all three 

man receptors has biological ellects, which are mediated 

primarily via central nervous system. After discovery of 

opioid receptors in peripheral nerve terminals, opioids 
were administered locally."" Antinociceptive and anti- 

inflanmatory effccts of morphine have 
demonstrated. In chronic arthritis patients, intra-articular 

General information such as name, age, gender etc. was 

recorded. Patients were divided into 3 groups of 30 

patients cach. Group rCceived morphine plus 

bupivacaine ntra-articularly, 
triamcinolone plus bupivacaine intra-articularly, and 

group l received saline plus bupivacaine intra- 

articularly. Patients were evaluated before injection and 

in 2nd, 4th, 6th weeks afier injection. Results were 

tabulated and subjected to statistical analysis. P value 

less than 0.05 was considered significant. 

group received 

been 
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ntrartuculariy. group II received triamcinolone plus bupivacaine 
intra-articularly, and group l| 
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INTRODUCTION
Poor growth and development can have a lifelong effect on health and 
nutritional status of the individual. Adverse nutrition-infection 
interaction results in a vicious cycle with serious consequences to the 
life of the infant/young child. Stunted and underweight children grow 
up into short adults and women who are short and under-weight and are 
more likely to give birth to Low Birth Weight babies. The result is an 
intergenerational cycle of under-nutrition since low birth weight 

(1)infants tend to attain smaller stature as adults . The need for 
appropriate growth in childhood is necessary to protect against both 
under and over-nutrition and consequent health hazards. Right from 
the Bhore Committee the inter-relationship between health and 
nutrition was understood; this has been emphasised in India's Five-
year Plans. Realising the need for a programme to promote adequate 
nutritional status and prevent under-nutrition especially in the 
vulnerable groups like pregnant and lactating women and pre-school 
children the Government of India started the Integrated Child 
Development Services (ICDS) as a Project in 1975 focussing on 
“Nutrition, Assisting Health Services. Pre-school Education”.

Even after three decades of implementation of nutritional services 
under the ICDS programme, poor nutritional status of children in India 
is seen. The percentage of children who are too short for their age 
(stunted) decreased by less than one percentage point per year over the 
seven years between the two surveys, from 51 percent in NFHS-2 to 45 
percent in NFHS-3. The percentage of children who are underweight 

(2)also decreased, but only by three percentage points .

In Delhi 42% of children under age ve are stunted, or too short for 
their age, which indicates that they have been undernourished for some 
time. 15% are wasted, or too thin for their height, which may result 
from inadequate recent food intake or a recent illness. 25% are 
underweight, which takes into account both chronic and acute under-
nutrition. Even in the wealthiest households, one-third of children are 
stunted, 17% are wasted, and 20% are underweight. The nutritional 
status of children in Delhi has improved slightly since NFHS-2 by one 

indicator (the prevalence of underweight), but not by other two 
indicators. In Delhi children under age three years (the age group for 
which nutritional status data are available in NFHS-2) are less likely to 
be too thin for their age, which means that acute under-nutrition among 
children is less widespread today than it was seven years ago. 
However, the likelihood of children being too short for their age is 
same as they were at the time of NFHS-2, and they are slightly more 

(3)likely to be too thin for their age .

Children in slum areas are much more likely to be stunted and 
underweight than children in non-slum areas. The focus has also been 
on distributing food rather than changing family-based feeding and 
caring behaviour. Variety of reasons resulting in low community 
participation and poor coordination between Health and Social 
Welfare Department has resulted in limited impact and slow pace of 
improvement. 

In view of few studies addressing these issues this study will try to nd 
out: perception of the user regarding the nutritional services provided 
by the anganwadi, reasons for non-utilization of services. The study 
will also suggest locally feasible remedial measures for gaps 
identied.
 
The National Family Health Survey (NFHS-3), India, 2005-06 showed 
that only 8-10% of children aged 0-71 months received any service 
from an AWC in the 12 months preceding the date of the survey in 
Delhi, Bihar, and Arunachal Pradesh. It also showed equally clearly 
that children living in urban slums in metros and big cities had very 
high proportion of under-nourished children. Hence the study was 
planned in Delhi in a slum/unauthorised colony/underserved area of 
Delhi.

OBJECTIVE
To assess the perceptions of users regarding the nutritional services 
provided in anganwadi of urban area and the reasons for non-
utilization of the nutritional services by anganwadi among non-users.
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ABSTRACT
Introduction: Nutritional services under the ICDS programme aims to improve nutritional status of children in India. Perception of the user 
regarding the nutritional services provided by the anganwadi, reasons for non-utilization of services is important to understand to achieve its aim. 
Objective: To assess perceptions of users regarding nutritional services provided in anganwadi of urban area and reasons for non-utilization of the 
nutritional services by anganwadi among non-users.
Methdology: Cross sectional and descriptive study conducted at Mehrauli Project of South District and Hastsal Project of West District. Mothers 
were interviewed based on the pre-tested interview schedule.
RESULTS: Signicant differences were observed in prole of user and non-user, population with years of stay less than 2 years are utilizing the 
services less as compared to those who have comparatively more years of stay in the area. Utilization of anganwadi services is less among families 
with children in age group up to 12months, lower birth order and families with relatively higher monthly income of household. Awareness about 
anganwadi services for pregnant women was low (83.3% for supplementary nutrition and 68% for NHE). Utilization of supplementary nutrition 
and NHE services for pregnant women was also low 57.5% and 9.6% respectively. Among the non-users 34% were not aware of the location of 
AWC and awareness level for the growth monitoring services was 57.5% and 62.7% for supplementary nutrition / Take Home Rations. Among 
users 23 (13%) were not aware of importance of growth monitoring and 17 (9%) were not aware about importance of SNP/THR. Awareness among 
the user about feeding the child during illness and after illness was 72.8% as compared to 33% in the non-user.
Conclusion And Recommendation:  Active efforts to include the migrant young population, families with relatively higher household monthly 
income in the nutrition and health services for growth monitoring to enable detection of under or over-nutrition in these children and appropriate 
advice for corrective measures. 

KEYWORDS
ICDS, User Perspective, Supplementary Nutrition
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METHDOLOGY
Operational Definitions:
User: Mother of (0 to 3 years) child using Anganwadi services (growth 
monitoring or supplementary nutrition)

Non – User: Mother of (0 to 3 years) child not using Anganwadi 
services (growth monitoring & supplementary nutrition) matched for 
user for same geographical area.  

The study was conducted at Mehrauli Project of South District and 
Hastsal Project of West District. In South District CDPO of Mehrauli 
Project granted permission for 12 centres and in West District CDPO of 
Hastsal Project granted permission for areas 10 centres. It was a cross 
sectional and descriptive type of study. The study population includes 
User (as per operational denitions of this study) and Non–User (as per 
operational denitions of this study) for each anganwadi. Variables such 
as awareness about location and services provided by AWC, services 
utilized at AWC for the child, reasons for satisfaction or dissatisfaction 
with the AWC services of users, reasons for non-utilization of anganwadi 
services by nonusers, awareness about Infant and Young Child Feeding 
Practices, awareness of services provided by anganwadi for pregnant 
women, utilization of services provided by anganwadi for pregnant 
women during pregnancy were taken for study.

For assessing the perception of user and non-user the researcher went 
to the residence of each of the identied user as well as non-user from 
the same locality and the mother of the child was interviewed. Mothers 
were interviewed based on the pre-tested interview schedule

Sample size calculation:
According to National Family Health Survey (NFHS-3), India, 2005-
06 among the 46 percent of children under six years in Delhi who are in 
areas covered by an anganwadi centre, only 12 percent receive 
services of any kind from a centre. The most common services that 
children age 0-71 months in areas covered by an anganwadi centre 
receive are supplementary food (12%), followed by immunizations 
(5%) and health check-ups (3%). 

The sample size was calculated taking the NFHS -3 data of 12.4% of 
under ve children who received any service from an AWC in the 
previous 12 months and condence level of 95% (probability), margin 
of error accepted (d) 10% i.e. 0.05 and by the following formula.

Sample size (N) = (Z 2) * P (1-P)
2                                        d

p = 0.12

q= (1-p) = 0.88
  
z =1.96 as per table of area under normal curve for condence level of 
95 %  

d = allowable error, since estimate should be within 5% of true 
value=0.05 

Sample size (N) =  (1.96)2 * 0.124 (1 - 0.124)  = 166.9  ~ 167   
2               (0.05)

For users 228 children were selected randomly from the list of users 
available with the Anganwadi Workers of selected Anganwadis, thus 4 
children from each anganwadi were randomly selected from the 
enrolment register of AWC. Corresponding 228 children (matched for 
the same geographical area) not using Anganwadi services (growth 
monitoring & supplementary nutrition) were selected as non-user.

Data collection was done in duration of two months, April – May 2011. 
Data was analyzed by using Statistical Package for the Social Sciences 
19 (SPSS 19) and Microsoft Ofce Excel 2010 and 97-2003 for 
windows software as follows: Descriptive statistics and Test of 
signicance

RESULTS
This study was conducted in Delhi, in the anganwadi centres of Neb 
Sarai (12), Lado Sarai (8), and Andheriya Mod (10) (Mehrauli Project, 
South District) and Shiv Vihar (10) and Vikas Nagar (17) (Hastsal 
Project, West District) were covered. 

Socio – demographic profile of user and non-users

Years of stay in area: 
Table 1. Distribution of users and non-users according to year of 
stay in area

Details of distribution of users and non-users according to year of stay 
in area are given in Table 1. The proportion of users increases with 
increasing duration of stay in the area as compare to non-user within 
each group. This can be because those with shorter duration of stay are 
recently migrant population who may not be familiar with all services 
available in the area. Families staying for less than two years are 
largely composed of unskilled or poorly skilled migrant population 
who are more vulnerable as they are new to cities and are unaware of 
location of AWC and services provided by the AWCs, no regular 
source of income and social security, and nuclear families with no 
elders accompanying them who are able to guide the young parents. 

Table 2. Distribution of users and non-users according to age of the 
child

Age of child: Details of distribution of users and non-users according 
to age of the child is given in Table 2. The proportion of users was more 
with increasing age of the child. Less than 12 months age group is the 
most crucial segment as there is a steep increase in under-nutrition as 
assessed by weight-for-age in this age group; the children will benet 
by regular weighing and growth monitoring and advice to mothers if 
required on necessary IYCF practices 

Table 3. Distribution of users and non-users according to birth 
order of the child

Birth order of child: Details of distribution of users and non-users 
according to age of the child is given in Table 3. As the birth order 
increases there is statistically signicant increase in proportion of 
family using anganwadi services for the child from 37.2% with birth 
order one to 65.8% with birth order of three or more. Mothers with 
children of lower birth order requires more support for feeding the 
infant and young child, child care and for management of childhood 
illness as they are young and due to increase in nuclear families no one 
to guide them in child care.

Table 4. Distribution of users and non-users according to monthly 
income of the household

Monthly income of household: Details of distribution of users and 
non-users according to age of the child is given in Table 4. There was 
decrease in proportion of family utilizing anganwadi services (both 
growth monitoring and supplementary nutrition) for their child in 
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Years of stay in area User % Non-
User

% Total 2X (4) P-
value

up to 2 years 37 38.5 59 61.5 96 9.804 0.044*
2 years one day to 5 
years

57 46.3 66 53.7 123

5 years one day to 8 
years

40 55.6 32 44.4 72

8 years one day to 12 
years

43 56.6 33 43.4 76

more than 12 years 51 57.3 38 42.7 89
Total 228 50.0 228 50.0 456

Age of child User % Non-
User

% Total X2(2) P-
value

Less than 12 months 77 42.5 104 57.5 181 8.037 0.018*
13 - 24 months 77 51.7 72 48.3 149
25 - 36 months 74 58.7 52 41.3 126
Total 228 50.0 228 50.0 456

Birth order of child User % Non-
User

% Total 2X (2) P-
value

1 55 37.2 93 62.8 148 21.79 0.000*
2 94 50.0 94 50.0 188
3 & >3 79 65.8 41 34.2 120
Total 228 50.0 228 50.0 456

Monthly income of 
household

User % Non-
User

% Total 2X (2) P-
value

Low up to Rs 4000 103 55.4 83 44.6 186 6.656 0.036*

Medium Rs 4001 - 
6000

77 51.0 74 49.0 151

High > 6000 48 40.3 71 59.7 119

Total 228 50.0 228 50.0 456
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respect of monthly household income from 55.4% with household 
income less than Rs 4000 per month to 40.3% with household income 
of more than Rs. 6000 per month as compare to families of non-user. 

Families with relatively higher income are self-excluding themselves 
which is dangerous as growth monitoring of these children are not 
done resulting in delay in detection of growth attening.
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Table 5. Distribution of users and non-users

Sex of child Users % Non-Users % Total 2X (1) P-value

Male 118 52.7 106 47.3 224 1.264 0.261

Female 110 47.4 122 52.6 232

Total 228 50.0 228 50.0 456

Place of delivery of child Users % Non- Users % Total 2X (1) P-value

Hospital 136 49.5 139 50.5 275 0.082 0.774

Home 92 50.8 89 49.2 181

Total 228 50.0 228 50.0 456

Age of Mother Users % Non-Users % Total 2X (3) P-value

17 – 22 years 55 47.0 62 53.0 117 0.951 0.813

23 – 28 years 135 51.7 126 48.3 261

29 – 34 Years 30 50.0 30 50.0 60

35 – 40 Years 8 44.4 10 55.6 18

Total 228 50.0 228 50.0 456

Education of mother Users % Non-Users % Total 2X (3) P-value

Illiterate 103 53.6 89 46.4 192 4.293 0.231

literate but less than tenth 75 51.4 71 48.6 146

Tenth and less than twelfth 38 44.2 48 55.8 86

graduate and above 12 37.5 20 62.5 32

Total 228 50.0 228 50.0 456

Working status of mother Users % Non-Users % Total 2X (1) P-value

Working 19 43.2 25 56.8 44 0.906 0.341

Housewife 209 50.7 203 49.3 412

Total 228 50.0 228 50.0 456

Type of family Users % Non-Users % Total 2X (1) P-value

Nuclear 128 48.3 137 51.7 265 0.73 0.393

Joint 100 52.4 91 47.6 191

Total 228 50.0 228 50.0 456

Religion Users % Non-Users % Total 2X ()

 
P-value

 Hindu 196 49.5 200 50.5 396

Muslim 27 54.0 23 46.0 50

Sikh 2 40.0 3 60.0 5

Christian 3 60.0 2 40.0 5

Total 228 50.0 228 50.0 456

Occupation of head of family Users % Non-Users % Total 2X ()

 
P-value

 Legislators, senior ofcials and managers 2 28.6 5 71.4 7

Professionals 2 18.2 9 81.8 11

Technicians and associate professionals 9 33.3 18 66.7 27

Clerks 21 43.8 27 56.3 48

Service workers and shop & market sales workers 22 59.5 15 40.5 37
Skilled agricultural and shery workers 0 0.0 1 100.0 1

Craft and related trades workers 62 59.0 43 41.0 105

Plant and machine operators and assemblers 49 55.7 39 44.3 88

Elementary occupations 60 45.8 71 54.2 131

Workers not classied by occupations 1 100.0 0 0.0 1

Total 228 50.0 228 50.0 456

Details of distribution of users and non-users according to sex of child, 
place of delivery of child, age of mother, education of mother, working 
status of mother, type of family, religion and occupation of head of family 
are given in Table 5. There was no signicant difference in proportion of 
user as compared to non-user in relation to sex of child, place of delivery, 
age of mother, education level of mother, working status of mother and 

(4)type of family. However, the study by NIPPCD 2006  observed more 
registration of male children (59.1%) than those of female children 
(55.2%). percentage of female children availing supplementary nutrition 
was (82.5%), as against male children (74.4%).

Awareness, utilization and satisfaction for AWC services among 
the users
Table 6. Utilization and Satisfaction For Growth Monitoring 
Supplementary Nutrition / Take Home Ration And Referral 
Services Provided By Anganwadi Among The Users.

Table 6 shows that satisfaction for the growth monitoring services was 
76.3% followed by 83.3% satisfaction for supplementary nutrition and 
97.9% satisfaction for referral services provided by anganwadi among 
their users. The users understand very clearly the importance of growth 
monitoring as the most crucial services of AWC required for early 
detection of growth attening and corrective actions and appropriate 
growth of the children, in view of service being not complete, 
comprehensive and regular satisfaction level for the growth 
monitoring services was low among all services.

Table 7. Reasons for satisfaction/dissatisfaction for growth 
monitoring services provided By Anganwadi Among the Users.

Service Utilize % (N=228) Satisfied %
Growth monitoring service 228 100.0 174 76.3

Supplementary nutrition/ THR 228 100.0 190 83.3

Referral 188 82.5 184 97.9
* All 228 users were aware of growth monitoring service 
supplementary nutrition/THR and Referral services.

Reasons for satisfaction
Group I F % N=174
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Table 8. Reasons for satisfaction/dissatisfaction for Supplementary 
Nutrition and take-home ration services provided By Anganwadi 
Among the Users.

Table 9.  Reasons for not utilizing Growth Monitoring services 
provided By Anganwadi Among the Users.

Table 10. Reasons for not utilizing Supplementary Nutrition and 
Take-Home Ration

Know about weight gain 64 36.78
Know about growth of the child 29 16.66
Get feedback on growth of child 20 11.50
Know monthly growth 10 5.75
If child is weak then get advice what to do and 
where to go

9 5.17

Know the status of child nutrition 9 5.17
If child is ill weight decreases 6 3.45
Know early if child is weak take action 
accordingly

3 1.72

Told that the child was weak so referred him/her 
now child is normal

3 1.72

If weight of the child is less increasing the food 
quantity

2 1.15

Know the status after illness 2 1.15
Came to know that child was weak after 
diarrhoea

1 0.57

Group II F % N=174
Come to know about weight of the child but 
weight does not increase and is same as last 
month

25 14.37

Group III F % N=174
Not aware of importance or reason of growth 
monitoring of child

23 13.22

Group IV F % N=174
AWH take child from home 3 1.72
Easy to get weight done 5 2.87

Reasons for dissatisfaction
Reasons F % N=54
Not Regular 48 88.89
No Machine available 43 79.63
No feedback so no importance 12 22.22

Reasons for satisfaction
Group I F % N=190
Added food to child 127 66.84
Added good food we cannot afford 1 0.53
Group II F % N=190
Food provided helps in growth of child 31 16.32
Child can play and eat 18 9.47
Child likes the food 14 7.37
The food provided helps to increase the weight 
gain

12 6.31

At least child eats in competition / company of 
another child

8 4.21

If do not feed the child then there is less growth 4 2.10
Group III F % N=190
Not aware of importance or reason of providing 
supplementary nutrition or THR

17 8.95

Group IV F % N=190
Food is good for child growth but sometimes 
child do not like food

9 4.74

Reasons for dissatisfaction
Group I F % N=38
Child does not like food 9 23.68
Group II % N=38
There is no variety, only panjiri, sometimes child 
do not like

4 10.53

There is no variety, xed menu children are 
bored

3 7.89

Nothing like dal and rice or puri and sabji 2 5.26
There should be fresh vegetables 1 2.63
Group III F % N=38
Dry ration to be given 7 18.42
Should be dry ready to eat food which child can 
eat any time in day

12 31.58

Group IV F % N=38
Poor quality of grains 15 39.47

Group I F % N=228
No use of weighing for the child 34 14.91
No need of weighting the child 33 14.47
If the weight is done then Nazar lag jayege
(evil-eye)

3 1.31

This child was conceived after long t/t for infertility 
so fear something goes wrong to child

2 0.88

ASHA did not help us during pregnancy so do not 
use govt service

1 0.44

Child of elder brother died after vaccination so no 
faith in govt supplies

1 0.44

Elder child died of drowning at village so fear that 
anything wrong will happen to child

1 0.44

Elder child had "reaction" after immunization, so 
lost faith in govt supplies

1 0.44

Child is too young to be taken out 1 0.44
Group II F % N=228
Get weight of the child done at DDU Hospital 
whenever go to hospital

4 1.75

Get weight of the child done at SJH or AIIMS 
whenever go to hospital

1 0.44

Not require get weight of the child done at private 
clinic

14 6.14

Group III F % N=228
No feedback is given about the weight and growth 
of child

4 1.75

No machine is available at AWC thus no weight 
done

17 7.46

Weight is not done regularly 17 7.46
Even if weight is done, weight does not increase 5 2.19
Group IV F % N=228
Have to go to work thus, no one to accompany the 
child

9 3.95

Help husband in household business hence cannot 
accompany child to AWC

2 0.88

No time to accompany the child as busy in 
household work

21 9.21

Take the child at work site 3 1.31
Group V F % N=228
Not aware of the AWC 79 34.65
Not aware of the services of AWC 85 37.28
Group VI F % N=228
Weight of the child done when go for immunization 6 2.63
Group VII F % N=228
Child suffering from hydrocephalus 1 0.44
Other child may tease/beat the child as we are from 
northeast

1 0.44

Other child suffering from spinal bida, and cannot 
leave the child alone

1 0.44

Group I F % N=228

Child does not like panjiri 26 11.40
Child does not like taste of the food 29 12.71
Group II F % N=228
Child of elder brother died after vaccination so no 
faith in govt supply

1 0.44

Elder child died of drowning at village so fear that 
anything wrong will happen to child

1 0.44

Elder child had reaction after immunization, so lost 
faith in govt supply

1 0.44

Group III F % N=228
Child is suffering from hydrocephalus 1 0.44
Other child suffering from spinal bida, cannot 
leave the child alone

1 0.44

Group IV F % N=228
Poor quality 27 11.84
Doubt about standard of raw material used 9 3.95
Doubt if food is fresh 4 1.75
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Referral Service: Reasons for satisfaction for Referral Services was 
that “we get immunization done” (184) and “AWW guide where to 
go”. (8), (N = 184). A reason for dissatisfaction for Referral Services 
was that “behaviour of Govt health staff is rude so prefer to go to 
private clinic.” (4), (N = 4)

Table 11. Awareness for growth monitoring supplementary 
nutrition / take home ration and referral services provided by 
anganwadi among the non-users.

Table 11 shows that awareness for the growth monitoring services was 
57.5% followed by 62.7% awareness for supplementary nutrition and 
52.6% awareness for referral services provided by anganwadi among 
their non users. There is need of enhancing the IEC and IPC activities 
to increase in awareness level about the location and services of AWC 
among the community especially growth monitoring which is very 
crucial.

Reasons for not utilizing referral services 
Reasons for not utilizing referral services are as follows: (Multiple 
reasons were given by each user. Frequency of each response is given 
in bracket, N = 268)

1. “ASHA did not help us during pregnancy so do not use govt 
service”. (1)

2. “Go to private clinic”. (176)
3. “Govt health staff is rude”. (102)
4. “No medicines in dispensary”. (88)
5. “Referrals are not honoured”. (60)
6. “Not aware of referral service”. (41)

Infant and Young Child Feeding Practices (IYCFP).
 
Table 12. Awareness about IYCFP among users and non-users. 

Table 12 shows the details of awareness about components of IYCFP 

among the users and the non-users. Except for feeding the child during 
illness and after illness there was marginal difference in awareness 
among the users and the non-users. Awareness among the users about 
feeding the child during illness and after illness was 72.8% as 
compared to 33% in the non-users; this could perhaps be because this 
aspect is highlighted by AWW as part of nutritional and health 
education component of anganwadi services.
 
Services for pregnant women
Table 12. Awareness and utilization of services for pregnant 
women provided by AWC among the mother of users and non-
users (for child services).

Though all the users were aware of and utilizing growth monitoring 
and supplementary nutrition services provided by AWC for the 
children, but their awareness about anganwadi services for pregnant 
women was low (83.3% for supplementary nutrition and 68% for 
NHE). Utilization of supplementary nutrition and NHE services for 
pregnant women was also low 57.5% and 9.6% respectively. Similar 
low awareness was also observed in non-users about anganwadi 
services for pregnant women (7.9% for supplementary nutrition and 
4.8% for NHE), and utilization was as low as (2.2% for supplementary 
nutrition and 0.4% for NHE)

(5)The study by Adarsh Sharma et al 1992  observed that 36% 
expectant mothers were registered for supplementary nutrition, 77% 
registered expectant women were receiving supplementary nutrition 
and in urban projects 83% expectant mothers were utilizing the 

(4)services. Study by NIPPCD 2006  observed that maximum numbers 
of pregnant women (49.5%) were registered in AWCs run under World 
Bank-assisted ICDS projects, followed by AWCs under NGO-run 
ICDS projects (48.6%) and regular ICDS projects (47.2%). 
Interestingly, maximum coverage of pregnant women was found in 
tribal AWCs of regular ICDS projects (61.8%) and NGO-run ICDS 
projects (58.3%).

CONCLUSION AND RECOMMENDATION
Signicant differences were observed in prole of user and non-user, 
population with years of stay less than 2 years are utilizing the services 
less as compared to those who have comparatively more years of stay 
in the area. Utilization of anganwadi services is less among families 
with children in age group up to 12months, lower birth order and 
families with relatively higher monthly income of household. 
Awareness about anganwadi services for pregnant women was low 
(83.3% for supplementary nutrition and 68% for NHE). Utilization of 
supplementary nutrition and NHE services for pregnant women was 
also low 57.5% and 9.6% respectively. Among the non-users 34% 
were not aware of the location of AWC and awareness level for the 
growth monitoring services was 57.5% and 62.7% for supplementary 
nutrition / Take Home Rations. Among users 23 (13%) were not aware 
of importance of growth monitoring and 17 (9%) were not aware about 
importance of SNP/THR. Awareness among the user about feeding the 
child during illness and after illness was 72.8% as compared to 33% in 
the non-user.
                        
 Active efforts are needed by the AWW to include the migrant young 
population with small children, the children of families with relatively 
higher household monthly income in the nutrition and health services 
for growth monitoring to enable detection of under or over-nutrition in 
these children and appropriate advice for corrective measures. AWW 
should enhance efforts to reach out to pregnant women for NHE and 
SNP, and highlight benets of early initiation of breast feeding within 
1hr of birth and feeding of colostrum. IEC and IPC activities should be 
envisaged to increase awareness regarding the services available at 
AWC and their importance for normal growth and development of the 
child from pregnancy till 6 years so that even marginalised families 
like recently migrated into city become aware of and utilise the 

Service f % N=228
Growth monitoring service 131 57.5
Supplementary nutrition/THR 143 62.7
Referral 120 52.6

Doubt about hygiene of cooking 1 0.44
Not given regularly 1 0.44
Group V F % N=228
Do not require SNP 35 15.35
No use for child 21 9.21
Group VI F % N=228
Not aware of the services of AWC 83 36.40
Not aware of the AWC 78 34.21
Group VII F % N=228
Child suffering from seizures 1 0.44
We are Brahmin cannot eat food from outside 1 0.44
ASHA did not help us during pregnancy so do not 
use govt service

1 0.44

Group VIII F % N=228
No time to accompany as busy in household work 17 7.46
Have to go to work no one to accompany the child 11 4.82
Take the child at work site 3 1.32

Users Non Users
IYCF component Aware %

(N=228)
Aware %

(N=228)

Early initiation of breast 
feeding

211 92.5 210 92.1

Exclusive breast feeding for six 
months

224 98.2 218 95.6

Continuing of breast feeding 
for two years

228 100.0 224 98.2

Complementary food started 
with soft food six month to one 
year

225 98.7 221 96.9

Adult food without spices from 
one year

228 100.0 220 96.5

Precautions while preparing 
food

228 100.0 221 96.9

Feeding during and after illness 166 72.8 33 14.5
Feeding malnourished child 16 7.0 3 1.3

Type service for 
pregnant women

 Users % 
(N=228)

non 
users

%
(N=228)

Supplementary 
Nutrition

Awareness 190 83.3 18 7.9

Utilization 131 57.5 5 2.2

TT Immunization Awareness 166 72.8 18 7.9

Utilization 108 47.4 5 2.2

Referral service Awareness 88 38.6 10 4.4

Utilization 6 2.6 0 0.0

Nutrition and 
health education

Awareness 68 29.8 11 4.8

Utilization 22 9.6 1 0.4



services available in the AWC.
                  
In conclusion the people want the services of growth monitoring, 
advice on IYCF and health care and supplementary nutrition for their 
children however, they have some views on certain modalities which 
are different from what is provided in the programme.

REFERENCES
1. ACC/SCN (United Nations Administrative Committee on Coordination/ Standing 

committee on Nutrition). 3rd Report on the World Nutrition Situation. Geneva: 
ACC/SCN. 1997. [Internet] [last visited on 2011 Oct 02]Available from: 
http://www.unscn.org/layout/modules/resources/les/rwns3.pdf

2. International Institute for Population Sciences (IIPS) and Macro International. 2007. 
National Family Health Survey (NFHS-3), 2005–06: India: Volume I. Mumbai: IIPS. 
[Internet] [last visited on 2011 Oct 02] Available from:  http://www. nfhsindia. 
org/NFHS-3%20Data/VOL-1/India_ volume_I_ corrected_ 17oct08. pdf format.

3. International Institute for Population Sciences (IIPS) and Macro International. 2009. 
National Family Health Survey (NFHS-3), India, 2005-06: Delhi. Mumbai: IIPS. 
[Internet] [last visited on 2011 Oct 02] Available from:http://www. nfhsindia. 
org/NFHS3%20 Data/Delhi_printed_version_for_website.pdf format.

4. Three Decades of ICDS – An appraisal by National Institute of Public Cooperation and 
Child Development NIPCCD (2006). [Internet] [last visited on 2011 Oct 02] Available 
from:  Available from:   http://wcd.nic.in/3dicds.htm

5. Adarsh Sharma et al National Evaluation of Integrated Child Development Services, 
NIPCCD, New Delhi. New Delhi: 1992. 204p. Research on ICDS: An Overview (1986-
1995) Volume 2 Research on ICDS: An Overview (1986-1995) Volume 2 National 
Institute of Public Cooperation and Child Development 5, Siri Institutional Area, Hauz 
Khas, New Delhi – 110016. [Internet] [last visited on 2011 Oct 02] Available from: 
http://www.nipccd.nic.in/reports/icdsvol2.pdf  

Volume-9 | Issue-3 | March-2020 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

44 International Journal of Scientific Research



A STUDY ON FUNCTIONING OF THE NUTRITIONAL SERVICES IN ANGANWADIS 
FOR 0 – 3 YEARS CHILDREN UNDER ICDS PROGRAMME IN DELHI FROM 

PROVIDER'S PERSPECTIVE.

Dr Nitin Dutt 
Bhardwaj*

Assistant Professor, Department of Hospital Administration, KGMU, Lucknow 
*Corresponding Author

Dr John Paul G 
Momin

Resident, Department of Hospital Administration, KGMU, Lucknow 

Dr Amit Kumar Resident, Department of Hospital Administration, KGMU, Lucknow

Professor K. 
Kalaivani

Professor, National Institute of Health and Family Welfare, New Delhi

INTRODUCTION
Pregnant and lactating women and children under three years have 
high nutritional requirements due to rapid growth both physical and 
mental/cognitive, of the developing foetus/neonate/infant/young 
child. Adverse nutrition-infection interaction results in a vicious cycle 
with serious consequences to the life of the infant/young child.  
Realising the need for a programme to promote adequate nutritional 
status and prevent under-nutrition especially in the vulnerable groups 
like pregnant and lactating women and pre-school children the 
Government of India started the Integrated Child Development 
Services (ICDS) as a Project in 1975 focussing on “Nutrition, 
Assisting Health Services. Pre-school Education”.

Even after three decades of implementation of nutritional services 
under the ICDS programme poor nutritional status of children in India 
is seen. The ICDS programme faces substantial operational challenges 
such as: 

Achieving ICDS universalization with quality:
Variations in age, gender, socio-economic status has hampered in 
achieving universality with quality. Responding to Public Interest 
petitions, the Supreme Court intervened by issuing various orders from 

(1)time to time . On 28.11.01, the Supreme Court directed the 
government to ensure that every settlement has a functional anganwadi 
centre (AWC), and that ICDS is extended to all children under 6, all 
pregnant and lactating women and all adolescent girls. The order 
further extended to specify that Below Poverty Line (BPL) is no longer 
a criterion under ICDS to be an eligible beneciary. 

Providing a safe and hygienic environment for ICDS service 
delivery
Location of anganwadi centres: Various evaluation studies indicate 

that the services under ICDS Scheme have delivered better quality 
results in those AWCs, which are located in their own premises. Most 
AWCs in urban areas are located in rented buildings, especially 
community buildings moreover budgetary allocation to rent is low 
with the consequence that AWCs are frequently found in small or 
unclean locations which thwarts their purposive function. 

Construction of anganwadi centres: An improvement was found in 
building structure of Anganwadi Centres over the past 14 years. It was 
found that the percentage of AWCs housed in kutcha structure (38.7%) 
in 1992 has gone down in 2006 (19.9%). On the other hand, in 1992 
only 43 per cent AWCs were found to be housed in pucca structure 
whereas in 2006, this percentage has gone up to 75 per cent. This 
progressive trend would have been because of provision of 
constructing pucca building of AWCs under World Bank and Jawahar 

(2, 3, 4)Rojgar Yojana/Nehru Rojgar Yojana . But space was found to be a 
problem in most of the Anganwadi Centres in urban areas. Adequate 
outdoor and indoor space and separate space for storage was available 
in only 44, 36 and 39 per cent Anganwadi Centres respectively. This 
situation was found to be little better in rural and tribal areas.

Toilet & Drinking water: While around 41 per cent of Anganwadis had 
toilet facilities, 17 per cent of these facilities were not found to be in 
good condition and 59 per cent AWCs were even deprived of this 

(2)amenity . The majority of AWCs obtain their drinking water from a 
tap or hand pump, but the water source varies substantially across state 
and rural-urban-tribal location. 27% AWCs do not have drinking water 

(4)facility .

Anganwadi worker training, workload, status and remuneration:
Undoubtedly, the skills of the AWW and her capacity to mobilize the 
community to support ICDS and recruit all children stand central to 
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ABSTRACT
INTRODUCTION: Pregnant and lactating women and children under three years have high nutritional requirements due to rapid growth both 
physical and mental/cognitive, of the developing foetus/neonate/infant/young child. Providing a safe and hygienic environment, Anganwadi 
worker training, workload, status and remuneration, inadequacy and uneven distribution of staff and low prioritization of monitoring and 
evaluation activities are the factors which are responsible for quality of ICDS services.
OBJECTIVES: To study availability and functional adequacy of infrastructure for providing nutritional services in anganwadi of urban area
METHDOLOGY: The study was conducted at Mehrauli and Hastsal Project of Delhi. The study population includes Anganwadi supervisor and 
Anganwadi worker of all the Anganwadis in the study areas. It was a cross sectional and descriptive type of study. Variables of study was manpower 
available at AWC and Infrastructure at AWC were assessed by the researcher visiting each anganwadi centre and observation of AWC/questions 
from Anganwadi staff.  Data was collected by observational checklist and interview schedule. 
RESULTS: All AWC of both project areas have been operational since ve to more than 20 years. While all AWC had provision of safe drinking 
water, toilet facility was available in only 31.58% of AWC. Out of 57 AWCs covered in this study 21AWC from Mehrauli have functional Dial 
Salter balance with place to hang it. Training regarding handling of children with handicap/disability and child nutrition in both areas was given to 
some AWW. Anganwadi Supervisor in Hastsal reported that a panel of AWW was on ad hoc basis and 2 AWW were posted in new ICDS project 
from the month of data collection however in Mehrauli there was no list of on panel AWW. Mother held 'Mother and Child Protection card' was not 
present in any AWC. Anganwadi Supervisors' were able to plot the weight correctly. All 51 AWW were able to identify correctly Weight within 
normal, moderately undernourished and severely undernourished range as per WHO norms. Visit of supervisors were to disseminate regular 
instructions and MPR and provide supportive supervision/guidance if required by AWWs. 
CONCLUSION AND RECOMMENDATION: Infrastructure norms for AWC especially for space for multiple activity room and storage space 
may need to be different for rural and urban. Coordination between the AWW and the health staff for convergence of needed health and nutrition 
services including referral should be enhanced for improving health and nutritional status of the children.
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quality service delivery and ICDS effectiveness. Too often, though, 
performance is constrained by poor quality of training and the pressure 
of a large and diverse workload. AWWs can spend up to 40% of their 
time on supplementary nutrition-related activities and a further 39% on 

(4)preschool education , which does not leave much time for other 
important ICDS activities such as growth-promotion, health and 
nutrition education, home visits, referral services and meeting with the 
community. In addition, AWWs must maintain different types of 
records, teach and assist in other government programmes for women 
and children. Low regard for important work and frequent lags in 
payment of honoraria contribute to dissatisfaction and lack of 

(5, 6)motivation .

Inadequacy and uneven distribution of staff 
While a general shortage of staff was noticed across the projects the 
uneven distribution of the staff had probably made things worse. This 
clearly led to poor functioning of the programme as often the workload 
of the concerned staff becomes so heavy that she cannot effectively 

(7)deliver services in spite of her best efforts .

Low prioritization of monitoring and evaluation activities
Given the size of the ICDS programme, monitoring and evaluation is a 
daunting task. The complexity, reliance on manual entries and 
compilations, delays and bottlenecks in the replenishment of supplies 
etc. has resulted in an inadequate monitoring – in the sense that 
information is regularly collected on inputs and outputs but the system 
is not oriented towards using that information to make an informed 
action, i.e. it is not used to improve service delivery, beneciary 
recruitment or, eventually, modify programme design.  A relatively 
small number of qualied people assigned to the monitoring and 
evaluation activities at almost all levels of programme implementation 
has further contributed in widening the gaps. Central information 
system for processing so much data is held back by insufcient 
utilization of computer networks. Software programmes are seldom 
used to analyse the data collected at the state and central level, except 
in some of the states covered under World Bank ICDS Projects.

In view of few studies addressing these issues this study will try to nd 
out; providers' perspective on the issues of functional adequacy of 
infrastructure, skills for using available equipments for accurate 
weight and growth monitoring, efforts for universal coverage, 
supportive supervision available to the Anganwadi worker (AWW).

OBJECTIVES
1. To study availability and functional adequacy of infrastructure for 

providing the nutritional services in anganwadi of urban area.
2. To assess type of nutritional services provided and the extent of 

their utilization.

METHDOLOGY
The study was conducted at Mehrauli Project of South District and 
Hastsal Project of West District. In South District CDPO of Mehrauli 
Project granted permission for 12 centres of Neb Sarai,  8 centres of  
Lado Sarai and 10 centres of Andheriya Mod. In West District CDPO 
of Hastsal Project granted permission for areas 10 centres of Shiv Vihar 
and 17 centres of Vikas Nagar. All anganwadi centres present in the 
areas where permission was granted were covered in the present study. 
The study population includes Anganwadi supervisor and Anganwadi 
worker of all the anganwadies in the study areas. It was a cross 
sectional and descriptive type of study.

Background variables, manpower available at AWC and Infrastructure 
at AWC were assessed by the researcher visiting each anganwadi 
centre and observation of AWC/questions from Anganwadi staff. In 
case there was no AWW at the AWC the supervisor was contacted and 
details were collected from AWW of another AWC, as detailed by the 
supervisor. Information on type of building, indoor and outdoor space 
available and source of drinking water; availability and functional 
status of toilet, light, fan and furniture (table and chair/stool) were 
obtained by observation; In case of weighing machine the number of 
weighing machines, type, make, sensitivity minimum and maximum 
weight the balance can weigh and functional status of each weighing 
scale were assessed by direct observation.  In case the Weighing scale 
was of Dial Salter which needs to be hung from a height the way the 
scale was hung whether it was stable etc were assessed. 

For assessing skills of AWW for weighing and growth monitoring each 
anganwadi worker was observed while weighing the children under 3 

where ever weighing scale was available. Variables  taken were 
experience and training, knowledge of AWW about weighting child, 
knowledge of AWW about assessing accuracy of weighing balance, 
knowledge of AWW about assessing sensitivity of the weighing 
balance, knowledge of interpretation of growth chart, knowledge 
about IYCF, perceptions of the AWW on problems faced in performing 
duty, remedial measures taken and supportive supervision available 
for problem faced. 

For assessing skills of anganwadi supervisor variables taken were 
experience and training, knowledge about weighing child, knowledge 
about accuracy of weighing balance, knowledge about sensitivity of 
the weighing balance, knowledge and interpretation of growth chart, 
knowledge about IYCF, Perceptions about Supportive supervision 
being provided for problems faced by AWW.

Data was collected by observational checklist and interview schedule. 
In this study two supervisors (two), fty-seven anganwadi centers and 
fty-seven anganwadi workers were covered. Data collection was 
done in duration of two months, April – May 2011. Data was analyzed 
by using Statistical Package for the Social Sciences 19 (SPSS 19) and 
Microsoft Ofce Excel 2010 and 97-2003 for windows software as 
follows: Descriptive statistics and Test of signicance

RESULTS
This study was conducted in Delhi, in the anganwadi centres of Neb 
Sarai (12), Lado Sarai (8), and Andheriya Mod (10) (Mehrauli Project, 
South District) and Shiv Vihar (10) and Vikas Nagar (17) (Hastsal 
Project, West District) were covered. 

Infrastructure 
Table 1. Infrastructure available at anganwadi centres.

Details of infrastructure available in AWC are given in Table 1. All 
AWC of Hastsal Project were operational for at least ve years, 
whereas in Meharauli project area it ranges from ve years in Andheria 
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ICDS Project Total

Mehrauli Hastsal

Number of years AWC is 
operational

f %
N = 30

F %
N = 27

f %
N = 57

up to 10 years 11 36.67 27 100.00 38 66.67
10 years one day to 20 years 11 36.67 0 0.00 11 19.30

more than 20 years 8 26.67 0 0.00 8 14.04

AWW positioned at AWC f %
N = 30

F %
N = 27

f %
N = 57

AWW present at AWC 26 86.67 25 92.59 51 89.47

NO AWW, AWC looked after 
by AWW of other AWC

4 13.33 2 7.41 6 10.53

Ownership of AWC building f %
N = 30

F %
N = 27

f %
N = 57

Rented 29 96.67 27 100.00 56 98.25
Government girls' senior sec 
school

1 3.33 0 0.00 1 1.75

Availability of outdoor space 
for children at AWC

f %
N = 30

F %
N = 27

f %
N = 57

Available 10 33.33 0 0.00 10 17.54

Not Available 20 66.67 27 100.00 47 82.46

Location of AWC f %
N = 30

F %
N = 27

f %
N = 57

Ground oor 26 86.67 27 100.00 53 92.98
First oor 4 13.33 0 0.00 4 7.02

Source of safe drinking 
water in AWC

f %
N = 30

F %
N = 27

f %
N = 57

Piped water into dwelling 18 60.00 0 0.00 18 31.58

Public tap or standpipe 0 0.00 7 25.93 7 12.28

Tube well or borehole 12 40.00 20 74.07 32 56.14
Supportive Infrastructure f % F % f %
Light 26 87 27 100 53 92.98

Fan 26 87 27 100 53 92.98
Table 9 30 1 4 10 17.54
Chair 30 100 27 100 57 100.00
Toilet 16 53 2 7 18 31.58

*All anganwadi centres open at 0900Hrs and Close at
*All anganwadi centres in pucca building.



International Journal of Scientific Research 3

Mor to more than 20 years in Neb Sarai. Six AWC (10.53%) were 
without AWW in place; the services for these areas were being provided 
by AWW of another nearby AWC in the same locality with resultant 
increase in area of responsibility of such AWW; this arrangement may 
affect coverage and quality of service rendered by them. 

While all AWC had provision of safe drinking water, toilet facility was 
available in only 31.58% of AWC. The study conducted by FORCE 

(8)Delhi 2007  where only 58% AWCs had clean drinking water. Toilet 
facility was available in only 18 (31.58%) of AWCs; this compares 

(2)well with study by NIPPCD 2006  where of 41% of AWCs with toilet 
facilities, 17% of these facilities were not found to be in good condition 
and 59 % AWCs did not have toilet facilities In the study conducted by 

(8)FORCE Delhi 2007  57% centres had toilets facility. 

Space available for AWC activities
Table 2. Area of AWC Room 

Size of AWC room is tabulated in Table 2. The size varies from range 
5.4m X 7.2m to as small to 1.2m X 1.2m. All AWC in the study 
population were situated in one room of size less than proposed area. 
This highlights the shortage of space for all activities of the AWC like 
weighing children and conducting nutrition and health education 
sessions or preschool education. AWC in urban areas are likely to have 
this constraint. 

Space requirement for an anganwadi centre, as per proposed 
infrastructure norms for anganwadi centre by Ministry of women and 
child development Government of India, dated 10 March 2011, for 
multipurpose room (room to cater 30 children for multipurpose 
activities) is 7m X 7m or 8m X 6m.

Storage space 
Table 3: Storage space available in the AWC

Storage space available in the AWC of the study is given in Table 3. 
Space requirement for storage in an anganwadi centre, as per proposed 
infrastructure norms for anganwadi centre by Ministry of Women and 
Child Development Government of India, dated 10 March 2011, is 
3.05m X 1.5m. In Delhi since supplementary nutrition and THR 
(panjiri) is supplied by self-help groups on daily and weekly basis 
respectively, need for storage space at AWC is reduced. The study 

(2)conducted by NIPPCD 2006  also highlights inadequacy of indoor 
and outdoor space, storage in 49% and 50% of AWCs respectively. 

Balances
Three type of weighing balance were present in various distributions in 

AWC, details of their specication are given in Table 4.

Table 4. Type of Balance present at AWC

The number of functional weighing balance present at AWC for 
weighing infants, children and adults was assessed in the study; details 
are given in Table5.

Table 5. Availability of Functional Weighing Balance at AWC

UNICEF provided Dial Salter balance for weighing infants and young 
children, platform dial balance for weighing adults and pan balance for 
weighing infants were present in various combinations in different 
AWC. Details of distribution of three type of weighing balance were 

(8)present in AWC, are given in Table 6. Similarly, FORCE Delhi 2007  
observed 82.23 % AWWs reported scarcity of equipment like 

(2)weighing machines in the study by. Whereas, NIPPCD 2006  
observed weighing scales were available in 97 % Anganwadis of 
World Bank-assisted ICDS Projects, followed closely by NGO run 
projects 95.3 % and 85 % of regular ICDS projects, around 89 % of 

(9)them were in working condition also. Umesh Kapil et al 1996  
observed 75% per cent AWCs had Salter type weighing scales; in 9% 
of the AWCs, weighing scales were not in working condition and about 
7% AWCs did not have any weighing scales in the study. 

Table6. Distribution of Various Weighing Balance at AWC

Out of 57 AWCs covered in this study 21AWC from Mehrauli have 
functional Dial Salter balance with place to hang the balance, thus can 
weigh children up to 6 yrs but do not have any balance to weigh adults. 
None of AWC in Hastsal had place to hang weight; however, 4 AWC in 
Hastsal were supplied with Dial Salter balance. In Hastsal 15 AWC can 
weigh infants and adults as they have both Pan and platform Dial 
Balance, 3 AWC can weigh infants as they have only Pan Balance and 1 
AWC can weigh only Adults as it has only platform Dial Balance. 
There were 17 AWC [Mehrauli (9), Hastsal (8)] where there was no 
weighing balance.

Action taken by AWW
Anganwadi supervisor was informed about non-functional status on 
weighing balance. Anganwadi Supervisor asked AWW to manage 
deciency of weighing balance by rotation of weighing balance but 
AWW stated that rotation cannot be done as Dial Slater balance are 
bulky and difcult to transport even for short distances.

Action taken by Anganwadi Supervisor
Anganwadi Supervisor has already reported about the non-functional 
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ICDS Project Total

Mehrauli Hastsal

Size of AWC 
room

f %         
N=30

F % 
N=27

F %   
N=57

5.4m*7.2m 3 10 0 0 3 5.26

5.4m*5.4m 1 3 0 0 1 1.75

5.4m*2.4m 1 3 0 0 1 1.75

3.6m*3.6m 8 27 2 7 10 17.54

3m*3m 1 3 4 15 5 8.77

2.4m*3.6m 1 3 3 11 4 7.02

2.4m*3m 0 0 13 48 13 22.81

2.4m*2.4m 13 43 5 19 18 31.58

1.2m*2.4m 1 3 0 0 1 1.75

1.2m*1.2m 1 3 0 0 1 1.75

ICDS Project Total

Mehrauli Hastsal

Storage Space Available At 
AWC

F %
N = 30

F %
N = 27

f %
N = 57

no storage space available 6 20 0 0 6 10.53

One small iron almirah 1 3 0 0 1 1.75

One small iron almirah and one 
iron box

2 7 0 0 2 3.51

Two large iron almirah 1 3 0 0 1 1.75
One iron box 1 3 0 0 1 1.75
shelf in wall 18 60 27 100 45 78.95

shelf in wall, iron almirah, iron box 1 3 0 0 1 1.75

*All anganwadi centres open at 0900Hrs and Close at
*All anganwadi centres in pucca building.

Type of balance Maximum weight can be measured Sensitivity
Pan Balance 15 Kg 50gm
Dial Salter 25Kg 100gm
Adult Dial 140Kg 500gm

ICDS Project Total

Mehrauli Hastsal

Number Of Weight 
Balance At AWC

f %    
N=30

f %    
N=27

f %    
N=57

0 9 30.00 8 29.63 17 29.82
1 21 70.00 3 11.11 24 42.11

2 0 0.00 13 48.15 13 22.81
3 0 0.00 3 11.11 3 5.26

Availability of place to 
hang weighing balance

F %  
N=30

f %  
N=27

f %   
N=57

Available 30 100 0 0 30 52.63
Not available 0 0 27 100 27 47.36

Project Area Type of Balances f N %
Mehrauli Lado Sarai Dial Salter 8 8 100

Neb Sarai Dial Salter 12 12 100
Andheria 
Mod

Dial Salter 1 10 10
No Balance 9 90

Hastsal Shiv Vihar Pan 1 10 10
Pan + Platform Dial 7 70
Pan + Platform Dial + Dial Salter 2 20

Vikas 
Nagar

Pan 1 17 6
Pan + Platform Dial 5 29
Pan + Dial Salter 1 6
Platform Dial 1 6
Pan + Platform Dial + Dial Salter 1 6
No Balance 8 47
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weighing balance but it usually takes 4-6months to get it 
repaired/replaced, in the meantime AWW are asked to rotate functional 
weighing balance among them. 

Table7. Availability of AWW and functional weighing balance at 
AWC.

It is signicant to note that out of 57 AWC there was no AWC where 
both children of 0 to 6yrs and adults can be weighed and the weight 
recorded in an appropriate growth chart. In Mehrauli where Dial 
Salter balance are present children of 0 to 6 years age group can be 
weighed; but in Hastsal, no AWC can weigh all children of 0 to 6 
years age group due to non-availability of functional balance or 
place to hang the balance. 

Reporting format
Records maintained at AWC were, Property register; Survey register; 
Attendances register; Stock; Immunization register; Referral register; 
Birth and Death register; Monthly progress report (MPR); Daily dairy; 
Medicine kit; weight book; Diet register; Daily SNP register; Visit 
dairy; Mahila mandal; Weight register; and Pregnant women register. 
There was variation in number of registers in Mehrauli and Hastsal as 
weight was maintained in weight book in Hastsal rather than registers 
as in Mehrauli. Mother and Child Protection Card were not available in 
any AWC. 

According to WHO MGRS standards child is assessed as Above 
Normal (White coloured area denoting weight above +2SD); Normal 
(Green coloured area denoting weight between +2SD to -2SD); 
Moderately undernourished (Yellow coloured area denoting weight 
between -2SD to -3SD); Severely undernourished (Red coloured area 
denoting weight below -3SD). 

In Hastsal weight of the child is plotted on the WHO growth 
monitoring booklet using WHO MGRS standards but they are 
reporting in IAP standards. This is done by reporting those children in 
the white part (Above +2SD) of the WHO growth chart as Normal 
(IAP), those in the green part (from +2SD to -2SD) as Grade I (IAP), 
those in the Yellow area (between -2SD and above -3SD) as Grade II 
(IAP) and those falling in the red area (below -3 SD) as Grade III (IAP).  
Thus, there is misinterpretation of the nutritional status based on 
weight-for-age of children i.e. Above Normal is reported as Normal; 
Normal is reported as Grade I; moderately undernourished is reported 
as Grade II; severely undernourished is reported as Grade III; there is 
no reporting of Grade IV. 

Supportive supervision by Anganwadi Supervisor
Anganwadi Supervisor in Hastsal felt urgent need to change the 
reporting format in accordance to WHO MGRS standards-based 
M&CP card because AWW are plotting the weigh on WHO growth 
monitoring booklet using WHO MGRS standards but they are 
reporting in IAP standards.

Manpower
The details of AWWs and the training received by them in the 51 AWC 
with an AWW posted and in position in the AWC are given in Table 8.

In Mehrauli all AWW had received training regarding handling of 
children with handicap/disability and only one AWW had received 
training regarding child nutrition during last one year. In Hastsal area 
only 2 AWW had received training on child nutrition and 2 AWW had 
on job training for providing services at AWC 21 (84%) AWW had not 
received any training during last one year.

Table 8. Manpower Available At AWC

Supportive supervision by Anganwadi Supervisor
Anganwadi Supervisor of Mehrauli reported that there was no list of on 
panel AWW thus there were 4 AWC without AWW. Whereas as in 
Hastsal one on panel AWW was on ad hoc basis and 2 AWW were 
posted in new ICDS project from the month of data collection thus 
process has been initiated to ll vacant position of AWW.

Table 9. AWW Skills of weighing child correctly
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AWW and 
functional weighing 

balance

Project Total

Mehrauli Hastsal

Lado 
Sarai

Neb 
Sarai

Andheria 
Mod

Shiv 
Vihar

Vikas 
Nagar

 Total  AWC 8 12 10 10 17 57

AWW available at 
AWC

8 11 7 8 17 51

No AWW at AWC 0 1 3 2 0 6

AWC available with 
functional weighing 
balance

8 12 1 10 9 40 

No functional 
weighing balance at 
AWC

0 0 9 0 8 17

AWC with AWW 
and functional 
balance

8 11 1 8 9 37

AWW without 
functional balance

0 0 6 0 8 14

No AWW and No 
functional Balance

0 0 3 0 0 3

ICDS Project Total
Mehrauli Hastsal

AWW positioned at AWC F %
(N=30)

F %
(N=27)

F %
(N=57)

AWW present at AWC 26 86.67 25 92.59 51 89.47

Age of AWW worker in 
years

F %
(N=26)

f %
(N=25)

F %
(N=51)

20 to 30yrs 4 15 7 28 11 21.57
30yrs one day to 40 years 5 19 16 64 21 41.18

40 years one day to 50 years 11 42 2 8 13 25.49
50 years one day and more 6 23 0 0 6 11.76
Education qualification of 
AWW

F %
(N=26)

f %
(N=25)

F %
(N=51)

Tenth 5 19 6 24 11 21.57
Twelfth 14 54 12 48 26 50.98
Graduate 6 23 5 20 11 21.57
Postgraduate 1 4 2 8 3 5.88
Number of years AWW 
completed service

F %
(N=26)

f %
(N=25)

F %
(N=51)

up to 10 years 9 35 25 100 34 66.67
10 – 20 9 35 0 0 9 17.65
more than 20 years 8 31 0 0 8 15.69
AWW belongs to same 
area

F %
(N=26)

f %
(N=25)

F %
(N=51)

Yes 20 77 6 24 26 50.98
No 6 33 19 76 25 49.02
Distance of AW worker 
from AWC

F %
(N=26)

f %
(N=25)

F %
(N=51)

Less than 3 Km 16 62 10 40 26 50.98
3 to 5 Km 7 27 14 56 21 41.18
6 to 8 Km 1 4 1 4 2 3.92
Type of training course 
attended in last one year

F %
(N=26)

f %
(N=25)

F %
(N=51)

Handicap child 26 100 0 0 26 50.98
Child nutrition 1 4 2 8 3 5.88
No Training during last one 
year

0 0 21 84 21 41.18

Job Training 0 0 2 8 2 3.92
* AWC where AWW were not present are not taken in 
calculation for N

ICDS Project Total

Mehrauli Hastsal

AWW hang the weighing 
scale correctly and securely at 
eye level

F %
N = 26

f %
N = 25

f %
N = 51

Yes, As observed 20 77 0 0 20 39.22

No weighing scale available, 
But answered correctly when 
asked

6 23 21 84 27 52.94

No place to hang Salter 
balance, But answered correctly 
when asked

0 0 4 16 4 7.84

AWW read weight reading at 
eye level for hanging balance 
and vertical for adult dial 
balance

F %
N = 26

f %
N = 25

f %
N = 51
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Details of skills for weighing correctly are given in Table 9. Out of all 
51 AWW, observations for Dial Salter weighing balance was carried 
out in 20 AWW as hanging balance and place for hanging was available 
whereas knowledge was assessed in rest 31 AWW. For all the 
following steps in weighing the child 37 AWW with functional balance 
(any type) were observed and rest 14 AWW were assessed for the 
knowledge as there was no weighing balance. All AWW were aware of 
securely hanging weighing scale correctly and at eye level, taking the 
reading of the weight at eye level or looking at the reading from 
directly above without any inclination or angulations, checking and 
correcting zero error and taking weight up to smallest fraction. But, no 
AWW was either aware of or practicing taking nal reading as average 
of two readings; checking sensitivity of weighing balance and 
checking accuracy at regular and frequent intervals. 

(9)In contrast Umesh Kapil et al 1996  observed that almost 90% of the 
AWWs were not aware of the correct sequence of steps required for 
conducting growth monitoring and nearly 75% of AWWs were not 
able to use the Salter weighing scales correctly. K. Indira Bai et al 

(10)1989  in their study observed that only 69%AWWs bring the pointer 
to zero and 54% adjust for zero error before weighing a child. 

Supportive supervision by Anganwadi Supervisor
Both Anganwadi Supervisors were aware of securely hanging 
weighing scale correctly and at eye level, taking the reading of the 
weight at eye level or looking at the reading from directly above 
without any inclination or angulations, checking and correcting zero 
error and taking weight up to smallest fraction and checking accuracy 
at regular and frequent intervals. They used to advice the AWWs on the 
need for checking accuracy of the balance using an ISI standard 
weights/PDS ration shop ISI std weight.

But, no Anganwadi Supervisors was aware of taking nal reading as 
average of two readings; checking sensitivity of weighing balance 
using an ISI standard weights/PDS ration shop ISI std of 100gm and 
checking for increase in weight at regular and frequent intervals. Thus, 
Anganwadi Supervisor were able to provide supportive supervision to 
AWW for weighing the child for growth monitoring but not for 
checking sensitivity or taking nal reading as average of two reading.

Skills of plotting and interpretation of the growth chart
Table 10. AWW skills of plotting weight of the child in growth 
charts and growth monitoring

Details of AWW's skills for plotting and interpretation of growth card 
are given in Table 10. Mother held 'Mother and Child Protection card' 
was not present in any AWC. In Mehrauli record is maintained in the 
self-maintained registers according to IAP standards. For testing the 
knowledge AWW were asked to plot weight of the child on the growth 
charts in the M & C P Card provided by us, (see observational 
checklist). All 26 AWW of Mehrauli were able to plot the weight 
correctly but, only 20 AWW were maintaining the record in register 
and maintaining the record, rest 6 AWW do not have weighing 
machine thus not maintaining the record regularly. In Hastsal weight of 
the child is recorded in growth monitoring booklets based on WHO 
MGRS standards. The way the AWW plotted the weight in the growth 
monitoring booklets available and being currently used in the AWC 
was observed. All 25 AWW of Hastsal were able to plot the weight of 
the child correctly but only 12 AWW were maintaining the record 
regularly in the growth monitoring booklet, out of rest 13 AWCs 5 
AWW were irregularly maintaining the growth monitoring booklet 
even with functional balance and 8 AWW do not have functional 
weighing machine. 

Supportive supervision by Anganwadi Supervisor
Anganwadi Supervisors' were able to plot the weight correctly. Thus, 
Anganwadi Supervisor was able to provide supportive supervision to 
AWW for plotting the weight correctly whenever necessary.

Interpretation of growth patterns of weight of children
Table 11. AWW skills of interpretation of the growth card and 
advising the mother of the child for corrective actions and IYCFP

To assess AWW skills of interpretation of growth patterns of weight for 
age, pre marked weight for age growth patterns in the growth chart in 
the Mother and Child Protection Card were used.  All 51 AWW were 
able to identify correctly Weight within normal, moderately 
undernourished and severely undernourished range as per WHO 
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Yes, As observed 20 77 17 68 37 72.55

No weighing scale available, 
But answered correctly when 
asked

6 23 8 32 14 27.45

AWW check for and correct 
zero error

F %
N = 26

f %
N = 25

f %
N = 51

Yes, As observed 20 77 17 68 37 72.55

No weighing scale available, 
But answered correctly when 
asked

6 23 8 32 14 27.45

AWW take the reading from 
one foot away

F %
N = 26

f %
N = 25

f %
N = 51

Yes, As observed 20 77 17 68 37 72.55

No weighing scale available, 
But answered correctly when 
asked

6 23 8 32 14 27.45

AWW take reading up to 
smallest fraction possible

F %
N = 26

f %
N = 25

f %
N = 51

Yes, As observed 20 77 17 68 37 72.55

No weighing scale available, But 
answered correctly when asked

6 23 8 32 14 27.45

* No AWW take average of minimum of two weight reading. 
* No AWW had knowledge about how to check accuracy of the 
weighing balance.
* No AWW had knowledge about how to check sensitivity of the 
weighing balance.

ICDS Project Total

Mehrauli Hastsal

AWW Plot weight against Child 
Age In Growth Card correctly

f %
N=26

F %
N=25

F %
N=51

Yes, As observed 0 0.00 17 68.00 17 33.33

No growth chart available but able 
to mark on graphs provided by us.

20 76.92 0 0.00 20 39.22

No weighing scale present, but 
answered correctly and able to 
mark on graphs provided by us.

6 23.08 8 32.00 14 27.45

AWW Plot Weight Against Child 
Age In Growth Card 

Immediately

f %
N=26

F %
N=25

F %
N=51

No growth chart/booklet available 
record maintained in registers

20 76.92 0 0.00 20 39.22

Yes, done on  growth monitoring 
booklet available

0 0.00 12 48.00 12 23.53

Not done on growth monitoring 
booklet available

0 0.00 5 20.00 5 9.80

No balance, weight not done 
regularly

6 23.08 8 32.00 14 27.45

* Mother and Child Protection card was not available in any 
AWC.

ICDS Project Total
Mehrauli Hastsal
f %

(N=26)
f %

(N=25)
F %

(N=51)
Weight in above normal range 13 50 0 0 13 25.49
Weight in Normal Range 26 100 25 100 51 100.00
Weight in Moderately 
Undernourished

26 100 25 100 51 100.00

Weight in Severely 
Undernourished

26 100 25 100 51 100.00

Trajectory normal range 26 100 1 4 27 52.94
Trajectory moderately 
undernourished

13 50 0 0 13 25.49

Trajectory severely 
undernourished

13 50 0 0 13 25.49

Growth attening 26 100 25 100 51 100.00
AWW referred beneficiaries 
to health centre for severe 
malnutrition and disease

f %
(N=26)

f %
(N=26)

F %
(N=26)

Yes, refers to local dispensary. 19 73.08 8 32.00 27 52.94
No feedback of referrals as 
local dispensary don't honour 
referrals

7 26.92 17 68.00 24 47.06



norms. Trajectory within normal range and growth attening was 
identied by all AWW. Though there was no prior training of AWW 
regarding Mother and Child Protection Card, 13 AWWs from 
Mehrauli were able to identify correctly weight in above normal range 
and maintaining trajectory while located within moderately 
undernourished or within severely undernourished zone as being 

(9)normal for that individual child. Umesh Kapil et al 1996  observed 
that 54.2% of the workers did not know about the type of intervention 
measures to be taken on ndings of growth monitoring.

(11)Adarsh Sharma et al 1992  observed that about 36.3% AWWs were 
not able to monitor the growth of children and the reasons were non 
availability of growth charts, lack of skills in lling up growth charts, 

.and weighing scales not being in working condition

Supportive supervision by Anganwadi Supervisor
Both the Anganwadi Supervisor were neither aware of WHO MGRS 
standards nor they were trained to interpret the M&CP card, urgent 
need of training to interpret WHO MGRS standards was felt by the AW 
supervisor of Hastsal. Thus, Anganwadi Supervisors' were not able to 
provide supportive supervision to AWW for interpretation of M&CP 
card based on WHO MGRS standards.

Referral of severely under-nourished children and linkage with 
health services
Severely malnourished child was referred to local dispensary by 19 
AWW of Mehrauli (all from Lado Sarai and Neb Sarai) and 8 AWW of 
Hastsal; 7 AWW of Mehrauli (all from Andheria mod) and 17 AWW of 
Hastsal do not refer as they felt referrals are not honoured, however 
they advised the parents/care givers to get a medical opinion for their 
children. 

Reported coverage of services by the AWCs
Denominator for providing service is calculated based on the survey 
done by AWW in her area of responsibility. There is no provision of 
assessing coverage against expected number of children in the 0-6 year 
age group based on CBR for the district. Hence, though the services are 
available universally but it is been rendered only to those children who 
are registered in AWC, children left unaddressed may include those 
who need the anganwadi services the most.

Supportive supervision by Anganwadi Supervisor
Anganwadi Supervisor were not aware of importance of assessing 
coverage against expected number of children in the 0-6 year age 
group based on CBR for the district hence cannot provide supportive 
supervision to AWW for assessing coverage against expected number 
of children in the 0-6 year age group based on CBR for the district.  

For assessing frequency of weighing the children 0 to 3 years, all AWC 
were taken, including those where there was no AWW. Out of all 57 
AWC weighing of the children registered in their AWC was done 
regularly each month at 34 AWC (20 AWC from Mehrauli and 14 AWC 
from Hastsal). If only those AWCs are considered where there are 
AWWs and functional weighing balance i.e. 37 AWC weighing of the 
children registered in their AWC was done regularly each month at 
91.89% of AWC. 

Supplementary Nutrition and Take-Home rations supplied
Table 12. Menu schedule, frequency, quantity and source of 
supplementary nutrition and Take-Home Rations provided at 
AWC in Delhi. 

Details of Menu schedule, frequency, quantity and source of 
supplementary nutrition and Take-Home Rations provided at AWC in 

(2)Delhi are given in Table 12. In study by NIPPCD 2006  Ready to Eat 
(RTE) food was provided in all types of projects, maximum being in 
Anganwadis of urban projects (45.8%), followed by rural (33.6%) and 
tribal (23.5%) projects. Some Anganwadis (18.0%) were providing 

(11)both cooked and RTE. Adarsh Sharma et al 1992  observed that 
about 38% urban, 29% rural and 19% tribal AWWs mentioned that the 
food items served as supplementary nutrition in Anganwadis were not 
acceptable to the community. The food was difcult to digest, caused 
diarrhoea, was not tasty, and sometimes not t for consumption. In 

(8)study by FORCE Delhi 2007  in 26 per cent centres AWWs 
complained about irregular food supply. 

As per the afdavit submitted to Honourable Supreme court on behalf 
of Ministry of Women and Child Development, Government of India it 
was stated that the children especially those in the age group of 6 
months to 24 months children are not required to come to the 
Anganwadi Centre every day. Instead, 'Take Home Ration' has to be 
provided to this category of beneciaries. But, the State 
Governments/Union Territories have the exibility to select the type of 
food to be given to the beneciary as part of the supplementary 
nutrition depending upon local availability, type of beneciary, 
location of the project, administrative feasibility etc. 

Supportive supervision and visit of senior staff
Table 13. Frequency of Visit of Senior Staff.

Visit of supervisor were to disseminate regular instructions and MPR 
and provide supportive supervision/guidance if required by AWWs. 

CONCLUSION AND RECOMMENDATION
AWC should be assessed for ability to provide growth monitoring 
including all its components - functional weighing balance with at least 
sensitivity of 100gms to weigh all children; AWW skilled in weighing 
the children, plotting the weight in individual child based mother held 
M&CP cards, interpreting M&CP card correctly, advising the mother 
for corrective actions according to nutritional status of child and 
reporting format based on WHO 2006 MGR standards to report the 
nutritional status of children.

Anganwadi supervisors should optimally utilise available enabling 
provisions for ad hoc appointment of AWW, repair of equipment, or 
shortage of balances in a project for eg. by rotation of balance within a 
project if required. It is essential that the list/panel of AWWs be kept 
updated regularly in every project. 

Day Type of cooked 
food

Quantity         
in gms

Cooked Snack Quantity 
in gms

Mon Sweet Pudding of 
coarse our (Halwa)

200 Yellow Peas 
boiled(Matar)

50

Tue Namkeen Dalia 270 Black Gram boiled 
(Channe)

50

Wed Vegetable Kichiri 270 Yellow Peas boiled 
(Matar)

50

Thr Vegetable Pullao 270 Lobiya boiled 50

Fri Sweet Dalia 270 Yellow Peas boiled 
(Matar)

50

Sat Vegetable Kichiri 270 Black Gram boiled 
(Channe)

50

* Panjiri as THR 840 gms per child per week for age of 7 
months to 12 months.

* Panjiri as THR 840 gms per child per 2 weeks for age of 1 yr 
to 3 yrs.

* Source of THR for 7 mths to 12 mths is packed panjiri 
supplied on weekly bases to AWC.
* Source of cooked food and snack for 1 year to 6 years is 
common kitchen for project in each area run by NGO.

*Site for beneficiaries to consume food is within AWC for 3 
years to 6 years and less than 3 years take cooked food and 
snack to home
*Menu schedule present and followed in AWC

 
 

ICDS Project Total

Mehrauli Hastsal

Frequency of visit of health 
staff to AWC

F %
N=30

f %
N=27

F %
N=57

For Immunization in group of 
two or three AWC average once 
in two months

8 30.77 17 68 25 49.02

Any case is taken to local 
dispensary as it is situated 
centrally in area

12 46.15 0 0 12 23.53

No visit to AWC, immunization 
done at Dispensary and referrals 
are not honoured

0 0.00 10 40 10 19.61

No Visit of Health staff in AWC 
and no coordination and 
referrals are not honoured

10 38.46 0 0 10 19.61

* Frequency of visit of CDPO to AWC once per month * 
Frequency of visit of Anganwadi Supervisor to AWC 4 to 5 
times per month
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Measures to full deciency of weighing balance and reduce four to 
six months' time usually taken to replace or repair balance may need to 
be put in place. A single electronic balance with 100 gm sensitivity 
could be used instead of multiple balances for weighing different age 
groups. Provision of petty cash for anganwadi centre can be used for 
minor repairs as well as procurement of the battery used for the 
electronic balance.

Skills and knowledge upgradation training of AWWs should continue 
with focus on areas where skills are decient. Untrained supervisors 
need to undergo training for growth monitoring (with focus on all 
aspects as mentioned earlier) on priority. Monthly Progress Report 
Formats need to be according to WHO 2006 MGRS standards so that 
correct assessment of the under nutritional status of the children can be 
done.

Inclusion of a column giving expected number of under 6 age children 
(calculated from CBR for the district) in the MPR would help in 
assessing the performance for growth monitoring and supplementary 
nutrition as a measure of universal access as per Supreme Courts 
directive.

Infrastructure norms for AWC especially for space for multiple activity 
room and storage space may need to be different for rural and urban 
especially large metros given the constraints of available space in such 
cities. There is need to explore possibility of providing dry grains 
through PDS for those 6-36 months aged children who need SNP 
accompanied with regular growth monitoring of child to ensure 
improvement in nutritional status of the child. AWW should provide 
advice and counselling to mothers for practicing components of infant 
and young child feeding practices and for appropriate health care; this 
can be done during Nutrition and Health Education session (NHEs) in 
urban areas and Village Health and Nutrition Day in rural areas.

Coordination between the AWW and the health staff for convergence 
of needed health and nutrition services including referral should be 
enhanced for improving health and nutritional status of the children.
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Surgical Techniques in Urology

Duplex Ultrasound-guided Direct
Percutaneous Management of
Pseudoaneurysm of Branch of
Segmental Renal Artery: Technique
and Its Outcome
Kumar Manoj, Gaurav Garg, Deepak Nagathan, Sanjeev Kumar Verma, Neera Kohli,
Santosh Kumar, Sant Kumar Pandey, and Satya Narayan Sankhwar

OBJECTIVE To describe the role of duplex ultrasound imaging (DUI) in prompt diagnosis of pseudoaneurysm
(PSA) of a branch of the segmental renal artery (b-SRA) and to evaluate outcomes of DUI di-
rected percutaneous embolization.

MATERIALS AND
METHODS

Forty-five patients were referred to us for the management of intractable renal hematuria. A total
of 20 cases (44.44%) had developed PSA after nephrolithotomy, 12 cases (12.66%) had devel-
oped PSA after guided renal biopsies, 6 cases (13.33%) had developed PSA following road side
trauma, and 2 cases (4.44%) of the tuberous sclerosis complex had developed PSA. Three cases
(6.66%) of arteriovenous and 2 cases (4.44%) of arteriocalyceal fistulae had been excluded from
the study. DUI-guided direct percutaneous management (DPM) was done as a 4-step process. First
is the identification of PSA sac in the neck and offending b-SRA. Second is the puncture of PSA
sac with 18 g puncture needle under DUI. Subsequently, manual injection of temporary embolic
agent was done followed by N-butyl cyanoacrylate glue. Thrombosis of the PSA sac was con-
firmed by absent flow on DUI.

RESULTS Forty cases of b-SRA were managed successfully in a single session and followed up by clinical
findings, DUI, and computed tomography angiography. There was no need for the second session
of DPM, transarterial embolization, or surgery in this cohort. Twelve cases (30%) had developed
a mild fever and were managed conservatively. All 40 cases had no evidence of renal hematuria
after follow-up of 3 months.

CONCLUSION DUI-guided DPM is a safe, feasible, cost-effective, and nephron-sparing promising alternative to
TAE or surgery for management of PSA of b-SRA. UROLOGY 118: 234–238, 2018. © 2018 Elsevier
Inc.

The primary goal of open or percutaneous nephro-
lithotomy (PCNL) is to achieve complete stone
clearance without complications. Pseudoaneurysm

(PSA), arteriovenous fistula (AVF), and arteriocalyceal
fistula (ACF) are one of the most feared complications of
PCNL occurring in <1% of the cases.1 Major complica-
tions of ultrasound (US)-guided renal biopsies occur in 2.4%
of the cases requiring prompt, active intervention, and blood

transfusion.2 Tuberous sclerosis complex (TSC) is also
known for rupture of renal angiomyolipoma (AML), the
formation of PSA and its subsequent rupture presenting
as Wunderlich syndrome in 50% of the cases. Renal hem-
orrhage occurs in 15% of the cases of isolated renal AML
of size >4 cm.3 Prompt recognition and treatment are nec-
essary to avoid life-threatening renal hemorrhage and to
salvage the nephrons. Nowadays, the standard treatment
of PSA, AVF, and ACF is selective transarterial emboli-
zation (TAE), which is effective in 94% of the cases.4,5

Duplex ultrasound imaging (DUI)-guided injection of
thrombin, fibrin, adhesive glue, and gelfoam has been de-
scribed previously with good technical success and clini-
cal outcomes.6-8 In our setup, we carried out a modification
of embolization technique in preference to already docu-
mented other percutaneous techniques. Herein, we de-
scribe the indigenously modified percutaneous sandwich
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embolization technique along with complications and clini-
cal outcomes with use of a temporary embolic agent
(gelfoam) followed by permanent embolic agent—NBCA
(N-butyl cyanoacrylate) glue.

MATERIALS AND METHODS
After clearance from the institutional ethics committee and ob-
taining informed consent from the patients, we included 45 pa-
tients who had presented with intractable renal hematuria from
December 2009 to December 2016. Three cases of AVF and 2
cases of ACF were excluded from the study due to small caliber
of offending vessels, extremely difficult percutaneous intravas-
cular access, and high chances of spillage of glue in the
pelvicalyceal system (PCS). Hence, the final analysis included
only 40 cases. There were 30 male and 10 female patients (M:F
ratio 3:1) of age group between 12 and 60 years (mean age 36
years). Twenty cases (50%) had developed a ruptured PSA of a
branch of the segmental renal artery (b-SRA) after open neph-
rolithotomy or PCNL, 12 cases (30%) had developed ruptured
PSA after guided renal biopsies. Six cases (15%) had developed
intermittent hematuria, flank pain, and unstable vitals after road
traffic accident. Two cases (5%) of TSC had developed a rup-
tured PSA of b-SRA and presented with flank pain, palpable mass,
perirenal hematoma, intermittent hematuria, azotemia, and anemia.

In the study cohort, the volume of PSA sac was ranging from
1.5 to 22.5 mL (mean volume 1.52 mL). The diagnosis was sus-
pected on clinical findings and confirmed with B mode, color
mode, power mode, and pulse wave mode of DUI (Siemens
Acuson X 300, Erlangen, Germany), contrast-enhanced com-
puted tomography (CECT) of abdomen, and computed tomog-
raphy angiography (CTA) (Philips Extended Brilliance Workspace
Philips Healthcare, Eindhoven, The Netherlands). The
preprocedural workup showed anemia in all cases with normal
coagulation profiles. Two cases of TSC had mildly raised blood
urea and serum creatinine levels. Preprocedural systolic blood pres-
sures and diastolic blood pressures of these 2 cases were raised
in the range of mild-to-moderate hypertension, which was managed
conservatively by antihypertensive drugs.

Technique
DUI-guided direct percutaneous management (DPM) was done
by a single interventional radiologist (K.M.) in the presence of
a urologist after intravenous injection of 1 g ceftriaxone in every
patient 30 minutes before needle puncture of PSA sac. Patients

were placed in prone, right or left decubitus position according
to the suitability of puncture site, needle trajectory, and loca-
tion of PSA. Under all aseptic precautions local part prepara-
tion, and cleaning and draping of desired puncture areas were done.
US probe was also disinfected with 5% Betadine solution and
strapped with sterile transparent plastic covering. Concomi-
tantly, we prepared the “slurry” by mixing the fine particles of
gelfoam with normal saline using tri-way (three-lumen device)
and 2 Leur Lock syringes of 5 mL. Subcutaneous infiltration of
2% xylocaine (5-10 mL) was done at the desired puncture site.
PSA sac was identified with 3.5-5 MHz convex US probe that
had characteristically depicted PSA sac as a saccular, anechoic
lesion on B mode (Fig. 1A), monochromatic pulsating color filling
within a PSA sac on power mode (Fig. 1B), “yin-yang” sign (each
half of PSA sac depicted in opposite colors) on color mode
(Fig. 1C), and “to-fro” motion of flowing blood (denotes flow or
tracing within the PSA sac is above and below the baseline) on
pulse wave mode of DUI (Fig. 1D). PSA of offending b-SRA was
also identified by CECT and CTA of the abdomen (Fig. 2A,B).

DPM was done as a 4-step process. First, we accurately iden-
tified the PSA sac, punctured the sac with 18 g puncture needle
(Needle Technologies Inc 1711, Wisteria, Lane Brea, CA) and
the needle-tip was advanced up to the PSA-neck under DUI guid-
ance. Second, the temporary embolic agent “slurry” was in-
jected into the PSA sac as well as in the offending b-SRA. After
that, needle-tip was directed opposite to the PSA-neck under DUI
followed by injection of a small amount (0.5-1 mL) of NBCA
glue as a permanent embolic agent. The NBCA glue was in-
jected just after the injection of the slurry to avoid intra-
arterial reflux of glue in adjacent segmental and main renal arteries
(sandwich technique—offending rent or PSA in the vessel was
sandwiched between distal and proximal occlusion of vascular
lumen to avoid collateral filling).Termination of the procedure
was done after confirmation of complete thrombosis of PSA sac
as suggested by hyperechoic sac, absent flow within the PSA sac,
and distal part of offending b-SRA on pulse wave, power, and
color mode of DUI (Fig. 2C).

RESULTS
All 40 cases with a ruptured PSA and its offending b-SRA
underwent successful DUI-guided DPM in a single session.
After 12 hours of DPM adequate irrigation of urinary bladder
was done with normal saline and a new urobag was con-
nected to each urethral catheter (already in situ) to watch

Figure 1. Focal an oval anechoic appearance of PSA sac (A) on B mode, pulsating monochromatic color filling within PSA
sac, (B) on power mode, “yin-yang” sign on color mode, (C) “to-fro” motion of blood within PSA sac on pulse wave mode,
(D) of DUI. (Color version available online.)
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for fresh bleed and to monitor urine output. All patients
were advised for relative bed rest until visible clear urine.
Thirty cases (75%) did not report any procedure-related
complications; however, 10 cases (25%) developed a mild
fever and flank pain due to the presence of organized blood
clots in PCS and urinary bladder causing ipsilateral
hydroureteronephrosis. All patients responded well to con-
servative management. Postprocedural CECT and CTA of
the abdomen (Fig. 3A,B) were done within a week to
confirm and to document the resolution of PSA, the absence
of rebleed, and technical success of this technique. During
follow-up, 3 US were obtained in the first week after the
procedure: one US immediately just after the procedure,
another US 24-48 hours after the procedure, and third one
just before discharge (Fig. 3C). During follow-up, both sys-
tolic blood pressure and diastolic blood pressure of all pa-
tients were within normal range. The single session of DPM
was successful in all 40 cases. The technical success rate
and clinical outcome of this modified DPM were very
promising.

Comments
The primary aim of renal stone management is to achieve
maximal stone clearance with negligible renal tissue damage

without morbidity and mortality. PCNL is the estab-
lished treatment of choice for renal stones more than 2 cm
with an overall success rate of >90%.9 Renal hemorrhage
is one of the most feared complications of PCNL or open
nephrolithotomy and renal biopsies, and it requires blood
transfusion in 5%-18% of the cases.10-14 Every PCNL is as-
sociated with bleeding; however, various factors that result
in excessive bleeding requiring blood transfusion include
technical error in tract puncture (infundibular entry,
anterior calyceal access, and calyx that do not allow
direct access resulting in aggressive torque of sheath),
overadvancement during tract dilatation, type of dilator
used, tract size, trauma during use of rigid nephroscope, and
misuse of adjuvant tools such as lithotrites, guide wires, etc.
Needless to say, surgeon expertise is the most important
factor in the prevention of excessive bleeding. De la Rosette
et al15 have reported that a trainee can achieve profi-
ciency, competence, and excellence after performing 24,
60, and 100 cases of PCNL, respectively. It is difficult to
assess as to which step of PCNL resulted in trauma to
the segmental vessels. Hemorrhage after PCNL can have
acute or delayed manifestations. Acute hemorrhage usually
occurs from the renal parenchyma or small branch of renal
artery and vein. It is usually managed by clamping the

Figure 2. Contrast-enhanced axial CT image (A) revealed a PSA sac in mid-polar region of left kidney with perinephric col-
lection at PCNL puncture site and dilated PCS filled with organized hematoma, volume rendered CTA, (B) revealed large,
lobulated PSA sac arising from inferior segmental artery of right main renal and accessory renal arteries. During termina-
tion of intervention, absent flow within the PSA sac (C) and adjacent normal flow pattern on color mode of DUI. (Color
version available online.)

Figure 3. Contrast-enhanced axial CT image (A) revealed thrombosis of PSA sac with hypodense intrarenal and perineph-
ric collection, CTA, (B) revealed superselective thrombosis of PSA sac with visualization of most distal part of inferior seg-
mental branch of main right and accessory renal arteries. Post interventional follow-up by color mode of duplex ultrasound
imaging after 3 months (C) revealed thrombosis of PSA sac with normal flow pattern in arcuate and cortical branches.
(Color version available online.)
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nephrostomy tube, which causes tamponade effect result-
ing in cessation of bleeding. Delayed bleeding can occur
with nephrostomy tube in place, at the time of tube removal
or following discharge of the patient. Moreover, delayed
hemorrhage can be continuous or intermittent and usually
occurs due to AVF, ACF, or PSA. Classically, PSA of the
b-SRA presents with intermittent hematuria on the second
to the seventh day postintervention.1 PSA occurs when
an artery is injured, clots off, and then gets intermit-
tently ruptured, often clotting off again at variable inter-
vals. Minor and major complications also do occur with
US-guided renal biopsies. González-Michaca et al16 in their
series of 1005 cases of percutaneous renal biopsies con-
cluded that minor complications developed in the form of
hematuria in 8.65% of the cases and perirenal hematoma
in 2.7% of the cases. Of these only 2.4% of the cases re-
quired active intervention and blood transfusion. Inci-
dence of renal AML is 1%-3% in general population and
accounts for 0.5% of renal tumors. Hemorrhage occurs in
15% cases of the renal AML and commonly seen in
medium- and large-sized AML (>4 cm). AML is also as-
sociated with TSC in 20%-50% of the cases. Renal AML
is the second most common cause after renal cell carci-
noma causing retroperitoneal hemorrhage.2 Harabayashi
et al17 have classified renal AML on basis of size into 3 cat-
egories: small (<4 cm), medium (4-10 cm), and large
(>10 cm). The size, multifocality, and vascular abnormal-
ity of renal AML are directly related with spontaneous hem-
orrhage. Other common lesions causing renal hematuria
are neoplasms, polyarteritis nodosa, Behcet’s disease, and
fibromuscular dysplasia. We also relied on noninvasive CTA
to make a diagnosis of PSA and its etiology, which was ac-
curate in more than 90% of the cases. Once a diagnosis
of PSA is made, the standard treatment is TAE, which is
effective in 94% of the cases.2,4 However, TAE is costly, a
highly skilled technique, and has inherent complications
like contrast-induced nephropathy and catheter dislodg-
ment leading to inadvertent embolization of other vessels.
Anatomic variations of renal vessels can also hinder in cath-
eter manipulation. If embolization is not super selective,
TAE can have complications in the form of partial or total
renal infarction.

Migration of coils and catheter fragments to unwanted
location can result in undesired infarction and failure of
the TAE. Radiation hazard is another issue to avoid TAE.

Hardware and surgical inventories are also costly. The
average cost of DUI-guided DPM is approximately $10 as
compared to TAE inventories costing approximately $1000
in our setup. We have also achieved similar success rates
of this percutaneous sandwich embolization technique in
ruptured PSA of a branch of hepatic, splenic, and gastro-
duodenal arteries.18,19

Gelfoam is a sterile, water-insoluble, porous, pliable, and
temporary embolic agent. It dissolves in 22 hours-90 days.
Gelfoam is preferable to thrombin as it has surface medi-
ated temporary hemostatic properties forming a clot and
producing a mechanical matrix that facilitates clotting
mechanism. It also does not interfere with clotting factor

as compared to thrombin because thrombin-antibody in-
teracts with human clotting factor V resulting in coagu-
lation derangement in 75% of the cases. When the gelfoam
alone was injected, we have observed that the “geofoam”
(slurry) gets washed away from the PSA sac and offend-
ing b-SRA because of high velocity and turbulent flow of
blood in PSA sac. In addition to gelfoam, we had in-
jected 0.5-1 mL of NBCA glue to stabilize and to strengthen
the “clot-slurry-glue” complex immediately to prevent it
from being washed away. We have not preferred the glue
as a permanent embolic agent prior to injection of gelfoam-
slurry to avoid the high risk of intra-arterial reflux and in-
advertent renal infarction. Therefore, we preferred controlled
manual injection of a temporary embolic agent (gelfoam-
slurry) leaving no space for spillage of glue, as slurry also
has a tendency of intra-arterial reflux into the undesired
intrarenal arteries.

Sakr et al8 have described a percutaneous thrombin in-
jection in PSA of segmental renal artery with success in
92.86% of the cases. Despite the fact that our series was
short in numbers and had a limited follow-up period of only
3 months, the technical success rates and clinical out-
comes were 100%. The probable reasons were experience
and expertise of the interventional radiologist; use of fine
particles and an adequate volume of temporary embolic
agent “gelfoam-slurry”; and use of large bore (18 g) and short
length puncture needle as delivery of gelfoam and glue
through long catheter or needle is usually difficult. The
follow-up in our series was very encouraging confirming the
long-term cure, allaying the fear of recurrence of PSA, AVF,
ACF, and renal arterial hypertension. The limitation of the
study is that it was a short series and we were unable to
document the renal scar formation by renal scintigraphy
(as this facility is not available in our institution).

CONCLUSION
The DPM highlights the role of the DUI in detecting the
PSA of b-SRA in patients who present with renal hema-
turia and for the guidance of needle trajectory, injection
of embolic agents during intervention, and follow-up of
these cases. This indigenously, modified sandwich embo-
lization technique is a promising alternative to TAE and
surgery. It is quick, safe, repeatable, cost-effective, and also
nephron-sparing. It has no risk of contrast-induced ne-
phropathy, no ionizing radiation hazard, and catheter-
related complications. It is also feasible in cases of anatomic
variations and life-saving procedure in limited resource
scenario.
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Log in

Background: The burden of community acquired pneumonia (CAP) in infants is high in India and

Streptococcus pneumoniae is stated to be an common etiological agent for it. Hence

Pneumococcal Conjugate Vaccination (PCV) has been introduced in India since 2017 in a phased

manner. The objective of this study was the effect of PCV on radiological findings of chest in

infants hospitalized with WHO-defined CAP.

Methods and materials: This prospective hospital-based pneumonia surveillance is ongoing

since 2015-2016 in Lucknow and Etawah districts of Uttar Pradesh and Patna and Darbhanga

districts of Bihar, India, after institutional ethical approvals. Recruitments were done from a

network of hospitals formed especially for the project. Infants (2-11 months) hospitalized with

WHO-defined CAP from index districts with < 14 days of symptoms were recruited after parental

consent. Clinical data was abstracted. Chest X-rays (CXRs) were digitalized and interpreted by a

panel of three independent blinded radiologists.

Results: From May 2017 to October 2018, 282 (22.7% females) infants with PCV vaccination

(cases) and 570 (29.8% females) without PCV vaccination (controls) with interpretable CXRs

were analyzed. Primary end point pneumonia (PEP) + other infiltrate (OI) were found in 43

(15.2%) cases and 140 (24.7%) controls (p = 0.001); OI in 30 (10.6%) cases and 69 (12.1%)

controls (p = 0.5) and normal CXR in 209 (74.1%) cases and 361(63.3%) controls (p = 0.001).

There was one death among cases whose CXR showed OI. There were 22 deaths among

controls whose CXRs showed PEP + OI in 12 (54.6%); OI in 3 (13.6%) and normal 7 (31.8%).

Crude odds ratio for death among cases was 0.088 (95%: CI 0.012-0.66).
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Conclusion: Among hospitalized patients of CAP, radiological findings differ by PCV vaccination

status in infants.
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Introduction
Since its introduction in 1978 ureteral stents become 

an essential part of urologic practice [1]. Double J ureteral 
stent is being used in various urological and non -urological 
surgeries. Indications for double J ureteric stents placement is 
to negotiate the obstruction and maintain adequate drainage 
from kidneys, help in localization and prevention of ureteral 
injuries during various gynecological and general surgical 
procedures and as an adjunctive procedure to extra corporeal 
shock wave lithotripsy (ESWL) [2]. Double J stent insertion is 
also not without complications; various intra and post-operative  
complications related to double J stent have been mentioned in  

 
the literature. Management of forgotten double J ureteral stents 
is also important for the surgeon’s prospect due to its medico-
legal implications. This article highlights on unique complication 
of forgotten DJ stent and its endourological management and 
preventive measures to avoid devastating complications. To 
best of our knowledge, this is the first study of such kind which 
focused on etiology, endourological management and preventive 
measures of forgotten DJ stents.

Materials and Methods
A data of 47 patients (Male-34, Female-13) were reviewed 

and analyzed after ethical clearance from institutional review 

JOJ uro & nephron 1(4): JOJUN.MS.ID.555566 (2017) 001

Abstract

Background: Double J (DJ) ureteral stent is being used in various urological and non-urological procedures. Indications for double J ureteric 
stents includes; to negotiate the obstruction and maintain adequate drainage from kidneys, help in localization and prevention of ureteral 
injuries during various gynecological and general surgical procedures and as an adjunctive procedure to extra corporeal shock wave lithotripsy 
(ESWL). A forgotten DJ stent is not uncommon in developing countries and is particularly seen in patients with poor socioeconomic status. These 
patients present with flank pain, hematuria, irritative voiding lower urinary tract symptoms (LUTS) and even lend up with features of renal 
failure. Management of forgotten DJ ureteral stents is not only important for patient’s perspective but also for the surgeon’s prospect due to its 
medico-legal implications.

Methods: Retrospective data search from 2008-2015 revealed 47 patients admitted with forgotten ureteral stent includes (broken and 
encrusted) were managed endoscopically. Patients were evaluated with X-ray, ultrasonography of Kidney ureter and bladder region (KUB), 
intravenous urography (IVU) and non-contrast computed tomography, renal function test (where indicated). Endourological procedure for DJ 
stent removal was decided according to the location of stents. 

Results: A total of 47 patients (males: 34, females: 13) were included in the study. The mean age of patients was 23.53 years (range 4-65 
years), mean duration of stent insertion was 39 months (4-68 months). Fifteen patients (31.9%) had stent insertion following percutaneous 
nephrolithotomy, 8 (16.96%) following ureteroscopic lithotripsy (URSL), 3 (6.3%) following pyeloplasty, 10 (21.2%) following ureterolithotomy, 
6 (12.72%) following pyelolithotomy and 3 (6.3%) following ureteric re-implantation. Two patients (4.2%) had DJ insertion for bilateral upper 
ureteric calculus with deranged renal function. 

Conclusion: Forgotten double J ureteral stent still a common and preventable complication in developing nations, patients may lend up in 
renal failure. Its removal is a challenging task.

Keywords: Forgotten; Encrusted; Broken; Double J stents 

Abbreviations: DJ: Double J; ESWL: Extra Corporeal Shock Wave Lithotripsy; LUTS: Lower Urinary Tract Symptoms; KUB: Kidney Ureter and 
Bladder Region; URSL: Ureteroscopic Lithotripsy; UTI: Urinary Tract Infection; PCNL: Percutaneous Nephrolithotomy; CLT: Cystolithotripsy
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board in the department of Urology, King George’s Medical 
University admitted with diagnosis of forgotten DJ stent 
(broken and encrusted) from 2008-2015. Forgotten Double 
J (DJ) stent was defined as the stent not removed or replaced 
within 6 months duration post operatively. Data collected 
includes, patient’s and stent characteristics, cause for double J 
ureteral stent insertion, presenting symptoms, and reason for 
forgetting or avoiding stent removal on time and procedure 
of DJ stent removal. All patients were thoroughly evaluated 
for stent encrustation, fragmentation and location with plain-
film radiography, sometimes supplemented by intravenous 
urography ornon-contrast computed tomography (if serum 
creatinine was deranged). Ultrasonography of Kidney, ureter, 
bladder (KUB) was performed to assess the status of upper 
tract. Urine routine analysis with culture and sensitivity were 
done to rule out urinary tract infection (UTI). All patients 
were stabilized prior to intervention and preoperative 
antibiotics were administered according to culture report 
till repeat culture becomes sterile. Procedure performed for 
the removal of forgotten (broken or encrusted) double J stent 
were percutaneous nephrolithotomy (PCNL), combined PCNL 
and cystolithotripsy (CLT), Ureteroscopic lithotripsy (URSL), 
combined URSL and cystolithotripsy (CLT), and CLT alone. All 
procedures were performed under general or spinal anesthesia 
with standard technique. Holmium laser (Versa Power suite 
HO:YAG laser) and pneumatic lithoclast (Swiss Lithoclast 2, 
Wolf) were used for removal of hard encrustation over double 
J ureteral stents. Post-operatively stone clearance was evaluated 
with X- ray and ultrasonography of KUB region.

Results
Table 1: Baseline characteristics and reason for Double J stent insertion.

No of Patients 47

Gender

Male 34

Female 13

Mean Age (Years)

Mean duration of stent 
placement (months) 39 (4-68)

Broken 9 (18.8%)

Encrusted 36 976.32%)

Procedure (n) %

PCNL 1531.9%)

URSL 8 (16.96%)

Pyelolithotomy 6 (12.72%)

Ureterolithotomy 10 (21.2%)

Ureteric-re-implantation 3 (6.3%)

Pyeloplasty 3(6.3%)

B/L DJ stenting 2 (4.2%)

A total of 47 patients (males-34, females-13) were included 
in the study. The mean age of patients was 23.53 years 
(range 4-65 years), mean duration of stent insertion was 39 
months (4 -72 months). Fifteen patients (31.9%) had stent 
insertion following percutaneous nephrolithotomy, 8 patients 
(16.96%) following URSL for lower ureteric stone, 3 patients 
(6.3%) following pyeloplasty, 10 patients (21.2%) following 
ureterolithotomy, 8 patients (16.96%) following pyelolithotomy, 
and 3 patients (6.3%) following ureteric re-implantation (Table 
1). PCNL was performed in 10 (21.2%), combined PCNL and 
CLT in 15 (31.8%), URSL in 12 (25.44%), combined URSL and 
CLT in 18 (38.16%), CLT alone in 11 (23.32%) cases (Table 2). 
None of the 47 cases required open surgery or underwent extra-
corporeal shock wave lithotripsy (ESWL). Two patients (4.2%) 
underwent hemodialysis prior to intervention to stabilize the 
condition. No major intra or post post-operative complication 
reported. (Figure 1 & 2).
Table 2: Patients presentation and procedure performed for removal 
of Double J stents.

Presenting Symptoms (n) %

Flank pain 23 (48.7%)

Irritative voiding LUTS 18 (38.16%)

Hematuria 4 (8.48%)

Renal failure 2 (4.24%)

Procedure (n) %

PCNL 10 (21.2%)

PCNL + CLT 15 (31.8%)

URSL 12 (25.44%)

URS +CLT 18 (38.16%)

CLT 11 (23.32%)

Figure 1 a: X ray KUB (Kidney, ureter and bladder) showing 
left forgotten JJ stent with encrustation and stone formation. b: 
Photograph of stent after removal.
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Figure 2 a: X ray KUB (Kidney, ureter and bladder) showing 
right forgotten JJ stent with encrustation and stone formation. b: 
Photograph of stent after removal.

Discussion
Since its introduction in 1978, it is common in urologic and 

non-urologic practice. Multiple indications of Double J stent 
insertion described in the literature. Certain modifications 
made in double J stents to decrease stent related complications. 
Double J stent behave like a double edge sword, if left in situ for 
longer duration can cause significant morbidity. Various short 
term complications (3-9 weeks) related to stent include pain, 
frequency, dysuria and hematuria (stent syndrome). Long term 
complications include blockage, encrustation, fragmentation, up 
migration and hydronephrosis [3-6].

In this study, we observed that PCNL is the most common 
procedure performed (31.9%) where double J stent is being 
used, followed by various other urological procedure both 
endoscopic and open. In this study, we observed multiple factors 
for forgotten double J stents. Patients were not informed properly 
about the stent insertion and its removal, which seems to be a 
major reason (38.16%) (Table 2). Economic issue is also a major 
concern in developing nations, although hospital charges were 
low, but patient transportation to the tertiary health care centers 
for stent removal, as these facilities are not readily available 
at many centers and large volume of patients in government 
hospital increases the waiting period and cost of stent removal. 
Other important reasons were poor patient’s compliance and 
low education status. The most common presenting symptom 
of patients with retained double J stents were flank pain in 
23 (48.7%), followed by irritative voiding lower urinary tract 
symptoms (LUTS) in 18 (38.16%), hematuria in 4 (8.48%) and 
2 patients (4.2%) included in the study were lend up in renal 
failure (Table 2). The reason being one patient had congenital 
solitary kidney and other had history of prior nephrectomy for 
benign pathology. Both these patients underwent hemodialysis 
before intervention. These complications of retained stents 
were also reported in literature. The management of forgotten 
ureteral stents is a challenging task due to encrustation which 
causes its removal very difficult and sometimes causes serious 
injury to the ureter. The required intervention depend on the 
site and condition of stent (broken or encrusted), function 
of the affected kidney and the availability of endourological 
instruments. Endourological management of a forgotten DJ stent 
is well established and there is algorithm for its use described 

by Somers in 1996. Multimodal treatment approach most 
commonly followed for DJ stent removal (7-10). Similarly, all 
forgotten double J stents were managed endoscopically without 
any intra or post-operative complications in present study. The 
most common treatment modality attempted for forgotten and 
retained DJ stents was combined URSL and CLT in (38.16%) 
cases, followed by PCNL and CLT.

Certain precautions and guidelines must be ensured prior to 
double J insertion. 

I. Patients and attendant should be well informed about 
the timely removal. 

II. Patients details like age, name, telephone no. and 
address should be register in the hospital, so that patient can 
be timely informed for DJ stent removal. 

III. If not contraindicated Check X ray KUB region should 
be performed and handed over to patients. So that he/ she 
remember about the stent in situ and its timely removal.

Conclusion
Forgotten Double J ureteral stent still a common complication 

in developing nations and its removal is a challenging task, 
patients may lend up in renal failure. The minimally invasive 
endoscopic procedures are preferred choice. Open surgery is an 
alternative option. However, best treatment is patient awareness 
and properly informed about the indwelling stents through 
proper follow up system.
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Introduction

Prostate cancer (PCa) is second most prevalent and 
fifth leading cause of cancer related death among men 
worldwide (Stuopelytė  et al., 2016) and it continues to 
be  second leading cause of motility after lung cancer in 
western world (Siegel  et al., 2016; Bray et al., 2008).  
However, according to population based cancer registries 
of India, PCa is second leading site of incidence among 
males belonging to metro cities (Jain S et al., 2014). 
Discovery of serum based prostate specific antigen 
(PSA) revolutionized prostate cancer diagnosis, although 
the success was not far reaching and evidenced several 
shortcomings. Major clinical issues addressed with PSA 
includes inaccuracy of this serum marker to distinguish 
between patients with and without PCa leading to over 
diagnosis and most importantly its levels not exactly 
corresponding to disease severity. Other diagnostic 
methods are Digital rectal examination (DRE), and 
trans-rectal ultrasound-guided biopsy (on basis of Gleason 
score) all of which are appropriate for early diagnosis but 
again fail to discriminate between pathological stages 
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of PCa (Hugosson et al., 2010; Schröder et al., 2009).
Therefore it is imperative to identify novel diagnostic 
biomarkers with high sensitivity and specificity and 
above all more precision for stage specific diagnosis. 
MicroRNAs (miRNAs) are small non-coding RNAs of 
approximately 22 nucleotides in length and are considered 
as powerful regulators of cellular gene expression 
(Jackson et al., 2007). Since their initial discovery, their 
involvement has been proved in almost all of the biological 
processes including cellular growth, development and 
proliferation, metabolism, differentiation and apoptosis 
(Xu L et al., 2014). MicroRNAs predominantly bind 
to 3´-untranlated regions (3´-UTR) and sometimes to 
5´UTR, codons of the transcribed mRNAs through specific 
seed sequences. This binding eventually results in either 
translation repression of target mRNAs to protein or 
induces their exonuclease-mediated cleavage, thereby 
regulating the expression of target genes (Inui et al., 2010; 
Deng et al., 2008). Moreover, their deregulated expression 
is also linked to the onset and progression of many 
diseases including prostate cancer (Ambs et al., 2008). 
Misexpression of much microRNA has been reported 

1Molecular and Cell Biology, Department of Biochemistry, 5Department of Urology,King George’s Medical University, 2Department 
of Zoology, Lucknow University, 3Environmental Carcinogenesis, CSIR-IITR, 4Division of Endocrinology, CSIR-Centre Drug 
Research Institute, Lucknow, U.P. India. *For Correspondence: abbasalimahdi@gmail.com



Mohammad Waseem et al

Asian Pacific Journal of Cancer Prevention, Vol 182186

to be associated with cancer progression, metastasis 
as well as chemoresistance and is therefore classified 
as tumor suppressor miRNAs or oncogeneic miRNAs 
(oncomiRs) (Ding et al., 2015). Depending upon their 
relative expression and biological importance, miRs are 
very much presumed to be valuable diagnostic, predictive 
and prognostic biomarkers in all cancer types (Trang et 
al., 2008; Lu et al., 2005). Recent studies have identified 
many novel miRs in human tissues which have uncertain 
their biological functions (Londin et al., 2015). On the 
basis of this it may be presumed that there are still many 
unidentified miRNAs which may have significant role in 
cancer etiology. Identification of these miRNAs and their 
targetome will help in characterizing their role in cancer 
initiation as well as progression from low grade tumors 
to high grade tumor.

In the present study we therefore, attempted to 
identify novel microRNAs in PCa through comprehensive 
profiling of benign prostate hyperplasia (BPH) and PCa 
tissue samples. Through this study we aimed to find 
out the putative miRNAs which may be responsible for 
transitions between early stage of PCa to more invasive 
stage and that may serve as stage specific biomarker for 
PCa progression.

Materials and Methods

Human prostate tissue samples(n=144, including 
PCa, BPH and adjacent Control) from BPH and PCa 
patients were collected from Department of Urology, 
King George’s Medical University, Lucknow with 
informed written consent.  The adjacent tissue samples 
were also obtained from the same patient who served as 
control. The BPH tissue samples (N=35) were obtained 
from Transurethral resection of prostate (TURP) method, 
whereas PCa tissues (N=74) were recovered through 
transrectal ultrasound (TRUS) biopsy and channel TURP 
and adjacent control tissues (N=35).The tissue samples 
were collected in RNA later and stored at - 80oC for further 
analysis. Histopathological reports of the respective 
tissues were obtained from Department of Pathology, 
King George’s Medical University and Lucknow. In case 
of prostate cancer patients prostate specific antigen (PSA) 
levels in serum were evaluated. The histopathological 
grading was done according to Gleason score grading 
methods. On the basis of Gleason score, patients were 
divided in two groups. The patients with Gleason score 
(GS) 7 or below were considered as low prostate cancer. 
However, the patients with Gleason score greater than 7 
were considered as high prostate cancer. For the evaluation 
of metastatic disease, patients went under for bone scan. 
Clinical information of the patients were also collected 
and maintained for statistical evaluation. The clinical 
characteristics for these patients are described in Table 
1.The present study was approved by Ethics Committee, 
King George’s Medical University, Lucknow. 

MicroArray analysis
MicroRNA expression profiling through microarray 

was carried out in 27 prostate tissue samples  from out of 
144 tissue samples. The tissue samples were randomly 

selected for miR expression profiling through microarray 
analysis. The demographic profile of patients is mentioned 
in Table 1. We used one pooled RNA sample in each group 
of human sample set for microarray analysis, [Control 
sample (n=3); 2 individuals and 1 pooled sample of 6 
individual), BPH sample (n=3); 2 individuals and 1 pooled 
of 6 individual, PCa sample (n=6); 5 individuals and 1 
pooled of 6 individual)].

For microarray profile, the total RNA from tissues 
samples were isolated and enriched by using mirVana 
miRNA Isolation kit from Ambion according to 
manufacturer’s recommendations with slight modification. 
One microgram of total RNA from each sample was 
labelled with the FlashTag Biotin RNA Labelling Kit 
for Affymetrix microRNA 4.0 platforms and array type. 
Hybridization, washing, and scanning of the slides were 
done according to Affymetrix’s recommendations. The 
data analysis of miRs expression profiling was extracted 
from the images, quantile-normalized, summarized 
(median polish) and log2-transformed with the miR QC 
tool software from Affymetrix. We shortlisted up and down 
regulated miRNAs (miR-363-3p, miR-329-5p, miR-711, 
miR-132-3p, miR-193b-3p, miR-183-5p, miR-423-3p, 
miR-502-3p, miR-1246 and miR-548x-3p) on the basis 
of Fold change values ≥ 2.0. 

Real- time quantitative:  For Specific MicroRNA 
validation through RT- PCR, Total RNA was isolated 
from the clinical BPH, PCa tissue and adjacent control 
samples by using the Mirvana microRNA isolation kit. 
We selected three miRNAs (miR-711 miR-1246 and miR-
548x-3p) from microarray data which were differentially 
expressed gradually in decreasing order in prostate tissue. 
The quantitative real time PCR (qRT-PCR) expression 
analysis were done by using the SYBR Advantage qPCR 
premix kit (Cat no.639676) The sequence of reverse and 
forward primers for Real-Time PCR were listed in Table 2. 
First, 250 ng of total RNA was reverse transcribed by using 
the Mir-X miRNA first-stand synthesis kit. Subsequently, 
the reverse-transcribed miRNAs were used as templates 
in the qRT-PCR analysis by using the fast real-time 
PCR System (7500HT, ABI, Applied Biosystems).The 
reaction volume is 25µl per reaction where RT-PCR 
condition where denaturation 95ºC- 10 sec qPCR x40 
cycles 95ºC-5 sec, 60ºC- 20 sec and dissociation curve 
95ºC- 60 sec, 55ºC-30 sec and 95ºC-30 sec  was performed 
at this standard condition. Both melting curve analysis and 
agarose gel run were used to confirm the specificity of the 
amplification reactions. For normalization, expression 
of the U6 was used as the internal control. The Cycle of 
threshold (Ct) value of each sample was calculated by 
using 2-dd CT method for fold change expression of miRs.

Bioinformatics analysis of miR-711
Online target prediction software Targetscan, Mirwalk 

and Miranda   were used to find specific target genes 
targeted by miR-711. To minimize the number of false 
positives result, we took only target genes identified by 
above software. The Gene Ontology (GO) analysis and 
Kyoto encyclopedia of genes and genomes (KEGG) 
Pathway enrichment analysis were done by using DAVID 
Bioinformatics Resources (http://david.abcc.ncifcrf.gov) 
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in prostate tissue samples. Among the unique 667 human 
miRNAs, we found 212 miRNAs to be differentially 
expressed in BPH and PCa as compared to adjacent 
control. The Affymetrix TAC software was used for 
data analysis by using default settings and one way 
ANOVA method was employed for assessing statistical 
significance between two groups. The p-value less than 
0.05 was considered statistically significant and fold 
change >=2.0 was taken as the cut off value. We found ten 

by taking top 25% of targeted genes of miR-711 analysed 
by targetscan software. Predicted target genes were 
pasted in DAVID v6.7 web-based tool for annotation, 
visualization, integrated discovery and for functional 
analysis. We performed GO and KEGG pathway analysis 
of target genes with differential expression of miR-711. 
p-value< 0.05 was considered as significant.

Statistical Analysis:
All statistical analysis and graphs were performed 

with the SPSS 21 (SPSS, Inc., Chicago, IL, USA) 
and graph pad Prism 5 Software. For fold change 
expression >=2.0 has been taken as the cut off value. The 
summary measurements were expressed as mean ±SEM. 
Depending on the distributions of continuous variables 
the significance of associations was determined by one 
way ANOVA test and student t-test. All differences were 
considered positive if P<0.05. 

Results

Demographics of the study
A total of 144 patients were enrolled in the present 

study and that included PCa, BPH and healthy adjacent 
controls. The pathological diagnosis of PCa is shown 
in (Table 1) Mean age of PCa patients was 63.9 years 
(range, 45-75). 49 (66.21%) patients were smokers while 
25 (33.03%) of patients were found to be non-smokers. 
Low PSA level was present in 31 % of samples, whereas 
69 % had high PSA level (Table 1). 

MicroRNA expression profiling in prostate tissue using 
microarray

To identify differentially expressed miRs, we 
performed comprehensive miRNA microarray analysis 

Clinical Characteristic’s MicroArray Group 
(n=11)

RT-PCR Group 
(n=74)

Age
     <60 3(27.27%) 13 (17.56%)
     ≥60 8(72.73%) 61 (82.44%)
Smoking habits
     Smokers 7 (63.63) 49 (66.21)
     Non-smokers 4 (36.57) 25 (43.03)
Nodal status
     N0 6(54.55%) 41(55.41%)
     N+ 5(45.45%) 33(44.59%)
Metastatic Disease
     M0 6(54.55%) 30(40.55%)
     M1 5(45.45%) 44(59.45%)
PSA Level (ng/mL)
     Median 3(27.27%) 23 (31.09%)
     High 8(72.73%) 51 (68.91%)
Gleason Score
     7 3(27.27%) 31(41.89%)
     ≥7 8(72.73%) 43(58.11%)

Table 1. Clinicopathological Characteristics of Prostate 
Cancer Patients

S.No. MicroRNA Primer sequence for SYBR Green reactions GC contained  % Tm  oC
1 Mir-711 GGA CCC AGG GAG AGA CGT AA 60 62
2 miR-1246 CAU GGA UUU UUG GAG CAG G 47 60
3 miR-548x-3p GTC AAA ACT GCA ATT ACT CGC 43 60

Table 2. Real Time- PCR Primer Sequence Used for Expression Analysis

Figure 1. Hierarchical Clustering (HCL) Analysis. The above HCL expression image indicates that the experiment 
from the same group has a similar expression profile. Red colour shows over-expressed miRNAs(>0) &green colour 
shows under-expressed miRNAs(<0). (The HCL heat map image has been generated on the basis of log2 normalized 
intensity value). HCL analysis was performed in control ,BPH ,Prostate cancer (PCa) where, 1 (BPH pooled), 2,3 
(BPH individual), 4, 5,9,10,11(PCa Individual),12 (PCa pooled), 6,8 (Control Individual), 7(Control pooled).
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novel microRNAs (miR-363-3p, miR-329-5p,  miR-711, 
miR-132-3p, miR-193b-3p, miR-183-5p, miR-423-3p, 
miR-502-3p, miR-1246 and miR-548x-3p) differentially 
expressed in PCa tissue samples as compared to BPH 
and control (Figure 1).To the best of our knowledge these 
miRNAs have not been previously described in PCa and 
therefore gained our attention for further detailed analysis. 

Out of these ten we selected three miRNAs viz, miR-711, 
miR-1246 and miR-548x-3p with most significant fold 
change for validation through qRT-PCR.

Validation of selected miRs by Real Time PCR
To validate our microarray findings we evaluated 

prostate tissue samples of BPH (n= 35), PCa (n=74) and 
control (n=35) for validation of miR-711, miR-1246 and 
miR-548x-3p expression through qRT-PCR. Among the 
three microRNAs we found only miR-711 to follow the 
trends of our microarray data. We observed that miR-711 
was significantly down regulated in BPH and PCa tissue as 
compared to adjacent normal tissue (p= 0.01 and 0.0001 
respectively, Figure 2A). The overall miR-711 expression 
level was approximately -1.777 ± 0.3783 fold in BPH and 
-6.042 ± 0.3497 fold in PCa as compared with control 
which shows consistency to our microarray analysed data. 
However, we did not observe any significant change in 
expression pattern of miRNA miR-1246 and miR-548x-3p 
as compared to control (p=0.7 and 0.15 respectively). 

Correlation of deregulated miR-711 and clinical 

Figure 2. Relative Expression Levels of miR-711 in Prostate Cancer. (A) Differential expression in BPH and PCa (B) 
Differential expression in <60 years and >60years  of PCa (C) Differential expression in Median and high PSA (D) 
Differential expression in Lymph Node –ve (N0) and in Lymph Node +ve (E) Differential expression in metastasis and 
non- metastasis(F)  Differential expression in low Gleason score vs. high Gleason in PCa.

MicroRNA Gene Name 

MicroRNA 
711

S P 1 , C D K 4 , A k t , I R S 1 , N K X 3 - 1 , X R C C 3 , 
BCAS1,CYP11B2, LEP, TLR4, C1R,ERBB2,skI,c
yp2w1,CDK4,DNM2,ILK,ZNFR3,TXNIP,FADS1,
VSIG2,CLCN5,ALDH9A1,BACE2,RHCG,RASA
4,ACADSB,NCAN,SARDH,DUSP4,GNA11,LRP
AP1,PCDHGC3,RXRA,NR2C2,BTG2,PCDHGB4
,ABCG1,CELSR1,PCDHGA8,XPO7,TXN2,PCD
HGA12,VPS4A,FAM203A,PCDHGC5,PCDHGC
4,PCDHGB7,PCDHGB6,PCDHGB5,PCDHGB3,P
CDHGB2,PCDHGB1,PCDHGA11.

Table 3. Mir-711 Specific Targeted Gene Analysis 
Through Mirwalk, Miranda, Targetscan Software, 
Literature Reported

Figure 3. ROC Curve Analysis for Detection of Prostate 
Cancer. The ROC analysis showed that miRNA-711 
could be distinguish PCa from Control (AUC=0.874).

Figure 4. KEGG Pathway Analysis for Target Genes of 
the miR-711. Potential target genes of miR-711 were 
enriched in JAK-STAT signaling pathway, pathway 
in cancer, basal cell carcinoma. Each bar indicates the 
target genes involved in relevant pathway 
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characteristics
We further evaluated the expression level of miR-711 

and compared with different clinic-pathological 
parameters. We observed that miR-711 level was 
significantly down regulated in metastatic disease as 
compared to non-metastatic disease (p=0.03, Figure.2E). 
Similarly, low expression was found to be significantly 
associated with high Gleason score in comparison with 
low score (p=0.0001, Figure 2F). On the other hand, 
expression level of miR-711 and its correlation with other 
clinicopathological parameters like age, PSA level and 
Nodal status were found to be non-significant (p= 0.15, 
0.12 and 0.14 respectively, Figure 2B, C and D). In order 
to confirm statistical relevance of the miR-711 expression, 
a receiver operating characteristic (ROC) was established 
and Area under the curve (AUC) was determined to 
estimate the sensitivity and specificity of miR-711 
expression (Figure 3). The AUC for the expression was 
0.874 with 95% confidence interval (0.810 - 0.937). The 
result indicated that miR-711 may be used as a biomarker, 
with the ability to resolve PCa patients from the control.

Targetome analysis of miR-711
MiR-711 is a novel microRNA and to the best of 

our knowledge, very little is known about its precise 
role in cancer except for a few recent reports. So we 
next attempted to reveal the downstream target genes of 
miRNA-711 through target prediction analysis and its 
suggestive role in PCa. The potential targets of miR-711 
were predicted by Target Scan database, Mirwalk and 
Miranda software (Table 3).We searched for target genes 
of miR-711 based on the seed sequence alignment.

Gene Ontology bioinformatics analysis indicated 
significance role of miR-711 in cancer progression 
pathways. 

By using the database for annotation, DAVID network 
analysis, the molecular function of miR-711 and their 
possible targets signalling cascades key components were 
analysed according to gene ontology (GO) functional and 
annotation and categorise. GO and Pathway analysis of top 
25% of genes sorted on the basis of level of significance 
was performed. GO analysis revealed that most of the 
target genes of miR-711 were involved in the regulation 
of cell activation, cell proliferation, MAPK signalling 
cascade, transcription regulator activity and protein 
homodimerization activity etc. 

KEGG pathway enrichment analysis indicated most 
significant signalling cascade key molecules involved in 
cell cycle progression and proliferation were targeted by 
miR-711:

The KEGG pathway enrichment analysis indicated 
that cell cycle pathways, cytokine- cytokine receptor 
interaction, Jak-Stat signalling pathway, Hedgehog 
signalling pathway, basal cell carcinoma and hypoxia 
response pathway. Through David software we found 
that NKX3-1, XRCC3, BCAS1, CYP11B2, LEP, TLR4, 
MC1R and ERBB2 are targeted by miR-711 and also 
regulated in prostate cancer. These results indicated that 
miR-711 may have an important role in prostate cancer 
progression through targeting cellular genes involved in 
oncogenesis (Figure 4).

Discussion

PCa load among populations is increasing due to 
extended life span as well as improper life style among 
men in both developed and developing countries 
(Maruthappuet al., 2010). Patients with advanced PCa 
still do not have adequate diagnostic tools as well as 
drugs for therapy. Many studies have underscored the 
importance of miRNAs in PCa as prospective biomarkers 
as well targets for therapy (Srivastava et al., 2014; Filella 
et al., 2015; Gao et al., 2016; Yin et al., 2016; Kachakova 
et al., 2015).However, miRNAs which can significantly 
distinguish between different stages of PCa are very less 
studied and their identification may help in improvising 
stage specific diagnosis with more accuracy (Nam et 
al., 2015). Furthermore, continuous increase in number 
of novel miRNAs in different human tissues including 
prostate is very much distracting and questions our 
present knowledge in this context. Ultimately it becomes 
very obvious to know the exact number of miRNAs that 
may have significant role in PCa progression and stage 
transitions and can improve our overall understanding.

In this report, we performed a comprehensive 
microRNA profiling in tissue samples from BPH and 
different pathological grades of PCa using an updated 
version of microRNA microarray chip. Bioinformatics 
analysis showed differential expression of hundreds of 
microRNAs. We found up regulation of miR-182, miR-
183, miR-200a, miR-25, miR-26b and down regulation of 
miR-222, miR-205 and miR-1296 which were consistent 
with previous studies in PCa thereby validating our 
microarray results (Volinia et al., 2006; Schaefer et al., 
2010; Xu et al., 2016; Srivastava et al., 2013; Majid et al., 
2010). However, as a breakthrough we identified a set of 
ten novel microRs in PCa tissue samples amongst which 
we validated three most significant microRNAs , miR-711, 
miR-1246 and miR-548x-3p in independent set of tissue 
samples. We found miR-711 to be significantly down 
regulated in PCa tissues as compared to BPH and normal 
control consistently in microarray and qRT-PCR analysis. 
However, miR-1246 and miR-548x-3p did not correspond 
to our microarray data (p≤0.7). The expression of miR-711 
inversely correlated (p≤0.5) with metastasis and advanced 
stage PCa implicating a tumor suppressor role of this 
novel miRNA in PCa progression. MiR-711 came out 
to be a good candidate biomarker with high specificity 
and sensitivity in ROC curve analysis. Previous reports 
on miR-711 are very less but have shown its contrasting 
roles in various pathological conditions. According to 
recent studies in different cancer types, miR-711 has 
been shown to possess oncogenic trait in breast cancer 
and cutaneous T-cell lymphoma where as it was found to 
be tumor suppressor in gastric cancer (Sabirzhanov et al., 
2016; Hu et al., 2016; Liao et al., 2016; Ralfkiaer et al., 
2011). Likewise miR-711 was also reported to be identified 
as a novel miRNA in HPV positive cervical cancer cells 
(Sharma et al., 2016). Other than cancer, miR-711 was 
shown to possess important role in traumatic brain injury, 
myocardial infarction and insulin resistance (Sabirzhanov 
et al., 2016; Zhao et al., 2013). All these studies showed 
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that miR-711 exhibited immense biological importance in 
carcinogenesis and proper understanding of its molecular 
function is pre-requisite for its clinical use.  Our target 
prediction analysis revealed several cellular target genes of 
miR-711, including some of the validated targets like SP1, 
CDK4, Akt, IRS1 as well as large number of predicted 
targets like skI, cyp2w1, CDK4, DNM2, ILK, ZNFR3, 
TXNIP, FADS1 VSIG2 CLCN5 and ALDH9A1which 
are involved in the cancer progression.

Conclusively, in the present study we identified 
miR-711 as a novel microRNA in PCa. We also report 
its much less described tumor suppressor role in PCa 
progression. Selective deregulation of miR-711 in 
advanced and metastatic PCa patients advocates its 
proper assessment as a stage specific biomarker for tumor 
progression and metastasis. Our findings will provide data 
that can be used in future studies to investigate the possible 
role of miR-711 in PCa progression. Furthermore, we are 
currently focusing on its molecular mechanisms in vitro 
and its validation as non-invasive biomarker in serum 
samples of PCa patients. We anticipate that through this 
study and other ongoing studies in our laboratory may help 
in better understanding and functional characterization of 
miR-711 in PCa and ensure its significance as a diagnostic 
and prognostic biomarker.
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Objective: This study investigated whether the resistive index (RI) of prostate and bladder

sonomorphologic parameters (total prostate volume [TPV], detrusor wall thickness [DWT],

intraprostatic protrusion [IPP]) can be used instead of urodynamic studies (UDS) to predict

bladder outlet obstruction (BOO) in benign prostatic hyperplasia (BPH) with lower urinary tract

symptoms (LUTS).

Methods: Men aged ≥50 years with clinical BPH/LUTS were prospectively enrolled included.

Basic evaluations, measurement of sonomorphologic parameters, and UDS were performed in

accordance with the International Continence Society's Good Urodynamics Practices protocol.

Results: Data of 240 patients were divided into two groups based on the BOO index(BOOI).

Group 1 consisted of patients negative for BOO (BOOI <40), whereas Group 2 consisted of

patients positive for BOO (BOOI > 40). Patient age, International Prostate Symptom Score

(IPSS), quality of life score and post-void residual volume were comparable between the two

groups, whereas significant differences were evident in peak flow rate, TPV, DWT, RI, and IPP

(P < 0.01 for all). Pearson correlation analysis revealed a significant correlation between BOOI

and DWT (r = 0.198, P = 0.002), IPP (r = 0.450, P = 0.000), and RI (r = 0.334, P = 0.000). Multi-

ple regression analysis revealed a significant correlation between BOOI and IPP (β = 0.382,

P = 0.000) and RI (β = 0.226, P = 0.000). Receiver operating characteristic analysis showed that

the area under curve was 0.785 for RI (95% confidence interval [CI] 0.703–0.867, P < 0.001)

and 0.905 for IPP (95% CI 0.850–0.961, P < 0.001). At a cut-off value of 7.5 mm for IPP, the

sensitivity was 86.9%, specificity was 83.3% and positive predictive value was 92.41%.

Conclusion: IPP and RI may be the best non-invasive predictors for BOO in selected patients

with LUTS/BPH.

KEYWORDS

BPH, LUTS, prostate, resistive index, urodynamics

1 | INTRODUCTION

Benign prostatic hyperplasia (BPH) is histological benign prostatic

enlargement that usually affects the elderly and leads to lower urinary

tract symptoms (LUTS) and bladder outlet obstruction (BOO).1 The

severity of BOO in BPH can be predicted by either subjective

assessment of symptoms or objective measurements, such as those

made using validated questionnaires, uroflowmetry and urodynamic

studies (UDS).2,3

UDS are considered the gold standard method for evaluating

BOO.4 However, because of their invasive nature and length of proce-

dure, routine UDS are not the preferred option.2,5
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Non-invasive estimation of prostate and bladder ultrasonographic

parameters, such as total prostate volume (TPV), detrusor wall thick-

ness (DWT), transition zone index (TZI), intraprostatic protrusion (IPP),

and resistive index (RI) of the prostatic capsular/urethral artery, has

been proposed for the prediction of BOO in BPH/LUTS.6–12

To best of our knowledge, only a few studies have investigated

which parameters on prostate or bladder sonomorphology correlate

with gold-standard UDS in predicting the severity of BOO.13–15

In the present study we prospectively compared bladder and

prostate sonomorphologic parameters (TPV, IPP, DWT and RI of the

prostatic capsular artery) with UDS for the prediction of BOO in

BPH/LUTS.

2 | METHODS

The present study was a prospective study conducted at the Depart-

ment of Urology, King's George's Medical University, Lucknow, India,

from November 2016 to October 2018. The study sample size was

calculated based on previous studies that measured the relationship

between sonomorphologic parameters and BOO. A sample size of

220 was considered sufficient to provide a power of 80% at a type I

error of <5%.14,15 The aim of this study was to evaluate whether RI of

the prostate and bladder sonomorphic parameters (TPV, DWT, RI, and

IPP) can be used to predict BOO in BPH/LUTS.

All men aged ≥50 years who were attending King George's Medi-

cal University for the first time and had clinical BPH and/or a prostate

volume > 25 mL with LUTS were eligible for inclusion in the study.

Patients with the following diagnoses were excluded from the study:

bladder or prostate carcinoma, urethral stricture, urinary tract infec-

tion, renal, heart, or liver failure, central nervous system diseases, vesi-

cle calculi, a past history of or presently taking a β3-adrenoceptor

agonist or antimuscarinic agents, and prior transurethral resection of

the prostate or lower urinary tract surgery.

Initial evaluation comprised a medical history, focused neurologi-

cal and digital rectal examination, and measurement of the Interna-

tional Prostate Symptom Score (IPSS) and quality of life (QoL) score.

All patients underwent urinalysis, kidney function tests, and prostate-

specific antigen (PSA) measurements. Peak flow rate (Qmax) and post-

void residual (PVR) volume were measured using uroflowmetry and

suprapubic ultrasonography. In patients with PSA >4 ng/mL and/or

nodules on prostate examination, standard transrectal ultrasound

(TRUS)-guided prostate biopsy was performed to exclude malignancy.

Only those patients who did not have malignancy on biopsy were

included in the study. Written informed consent was obtained from

the all patients or their relatives.

Patients who met the inclusion criteria underwent sonomorpholo-

gic examination and UDS. All sonomorphologic examinations were

performed by an expert radiologist (AP).16 TPV, RI of the capsular

artery, DWT and IPP (Figure 1) were measured using a 4- to 9-MHz

broadband curve array probe using an affinity ultrasound machine

(Philips, Koninklijke, Netherlands) at a bladder volume of

100–200 mL.16 The radiologist performing the examinations was not

aware of the UDS results.

All UDS were performed by urologists (Interkardio Healthcare

Technologies; MediWatch, Rugby, UK) in accordance with the Inter-

national Continence Society's Good Urodynamics Practices proto-

col.17 The UDS determined first desire to void (FDV), maximum

desire to void (MDV), bladder compliance, detrusor pressure (Pdet) at

Qmax, the BOO index (BOOI; calculated as Pdet at Qmax – 2Qmax),
4

and the presence of detrusor overactivity.4

Continuous variables are expressed as the mean ± SD, whereas

discrete variables are given as proportions. Discrete variables were

compared using the Chi-squared test or Fischer's exact t test, as appli-

cable. Statistical comparisons between patients with and without

BOO were performed using unpaired t tests. Correlation between the

BOOI and other variables was evaluated by Pearson's rank correlation

analysis. Multiple logistic regression analysis was used to test correla-

tions between the BOOI and several variables. Two-sided P < 0.05

was considered significant.

3 | RESULTS

This study included 240 patients who presented with BPH and

accompanying LUTS. After evaluation with UDS, patients were

divided into two groups based on the BOOI or the Abrams–Griffiths

number, using a value of >40 on the BOOI as the cut-off point for

BOO. Group 1 consisted of patients negative for BOO (BOOI <40),

whereas Group 2 consisted of patients positive for BOO (BOOI >40).

There were 72 patients (30%) in Group 1 and 168 patients in Group

2 (70%). Comorbid illnesses were present in 56 patients (16 in Group

1, 40 in Group 2): 40 patients had diabetes mellitus and 16 had hyper-

tension. There was no significant difference in the presence of comor-

bidities between the two groups (P = 0.07). Twenty patients in Group

1 were using medications prior to the study (15 on α-adrenoceptor

antagonists, five on phosphodiesterase [PDE]-5 inhibitors), compared

with 40 patients in Group 2 (30 on α-adrenoceptor antagonists, 10 on

PDE-5 inhibitors). The difference in medication use between the

groups was not significant groups (P = 0.64). Patient age, IPSS, QoL,

PSA and PVR were comparable between Groups 1 and 2, whereas

Qmax, TPV, DWT, RI, and IPP differed significantly between the groups

(all P < 0.001), as indicated in Table 1.

As indicated in Table 2, Pearson correlation analysis revealed a

significant correlation between BOOI and DWT (r = 0.198,

P = 0.002), IPP (r = 0.450, P = 0.000), and RI (r = 0.334, P = 0.000).

Multiple regression analysis (Table 3) revealed a significant correlation

between BOOI and IPP (β = 0.382, P = 0.000) and RI (β = 0.226,

P = 0.000). On receiver operating characteristic analysis, the area

under the curve (AUC) was found to be 0.666 for DWT (95% confi-

dence interval [CI] 0.568–0.764; P = 0.004), 0.785 for RI (95% CI

0.703–0.867; P < 0.001), and 0.905 for IPP (95% CI 0.850–0.961;

P < 0.001; Figure 2).

Table 4 summarizes the AUC, cut-off values, sensitivity, specific-

ity, and positive and negative predictive values (PPV and NPV, respec-

tively) of DWT, IPP and RI. Cut-off values with equivalent specificity

and sensitivity were 7.5 mm for IPP and 0.62 for RI.
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4 | DISCUSSION

The present study was a prospective study performed to determine

which bladder sonomorphic parameters correlated well with gold

standard UDS in predicting the severity of BOO in patients with

BPH/LUTS.

UDS are the gold standard to determine the presence or absence

of BOO.2,18 UDS are recommended in cases of failure of empirical

medical therapy or when surgery is indicated. UDS can also differenti-

ate between impaired bladder contractility and BOO in patients with

high pressures and normal flow rates.4 However, UDS are time con-

suming, invasive, uncomfortable, and expensive for patients.5,7 Con-

ventional UDS may result in adverse events, such as urinary tract

infection, acute urinary retention, or hematuria.19 Because of these

concerns, many urologists rule out the routine use of UDS on patients

with BPH/LUTS.20

In an attempt to replace UDS, both subjective and objective

parameters have been proposed to assess the severity of BOO in

BPH/LUTS, but as yet no parameter has been able to replace UDS.

Neither IPSS nor QoL scores accurately predicted BOO in present

study. Barry et al.21 demonstrated that symptom scores (IPSS and

AUASS-American Urological Assosciation symptom score) are not

reliable for the diagnosis of the severity of BOO, and Steele et al.22

found that symptom scores (IPSS, AUASS) and uroflowmetry (Qmax)

were not helpful in predicting BOO. In the present study, although

Qmax was significantly higher in the non-obstructed group, there was

no positive correlation with BOOI seen (see Tables 2–3). The mea-

surement of various uroflowmetry parameters is prone to errors and

hence cannot decide the optimal treatment for patients with

BPH/LUTS.22

With the advent of modern ultrasonography and TRUS, the mor-

phologic changes associated with BPH can be accurately measured.23

In the present study, we used both transabdominal ultrasonography

and TRUS to evaluate TPV, IPP, DWT, and RI.

In the present study, there was no significant correlation between

BOOI and TPV. These results are consistent with those of previous

studies that also showed that TPV was not a reliable indicator of

BOO.22,24 The extent of BOO has been found to depend significantly

on the shape of the gland rather than its size.25 The presence of an

enlarged median lobe can cause distortion in the funneling mechanism

of the bladder neck and cause BOO, even in patients with a small

prostate.25

There has been recent interest in the measurement of DWT as a

predictor of BOO. In the present study, there was no significant

FIGURE 1 Ultrasound measurements of a, resistive index, B, detrusor wall thickness, and C, intraprostatic protrusion
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correlation between BOOI and DWT. In addition, a cut-off value of

5.5 mm for DWT was found to predict BOO with a sensitivity of only

47.6% and 94.4% specificity. The AUC of DWT (0.666) was also less

than that of IPP (0.905) and RI (0.785).

There is considerable variation in the DWT cut-off values used in pre-

vious studies investigating its use in the diagnosis of BOO: 3.25 mm in

the study of Guzel et al.,26 5 mm in the study of Manieri et al.,27 2 mm in

the study of Oelke et al.,28 and 2.9 mm in the study of Kessler et al.29

DWT measurement are greatly affected by the degree of bladder filling.28

However, no optimum cut-off value of DWT has been defined in the liter-

ature thus far that can accurately predict BOO.

RI increases with an increase in the size of the prostate due to com-

pression of the capsular artery against the surgical capsule.25 There was a

significant correlation between RI of the capsular artery measured on

TRUS and BOOI in the present study. Using ROC analysis, the cut-off

value for RI in present study was determined to be 0.62, with a sensitivity

of 78.6%, specificity 83.3%, PPV 85.71%, and an AUC of 0.785.

In a retrospective study of 350 patients of BPH/LUTS, Suzuki

et al.15 concluded that measurement of IPP and RI in BPH/LUTS

increases the PPV of predicting BOO.15

TABLE 1 Comparison of demographic, uroflowmetry, sonomorphic and urodynamic studies parameters in all patients, as well as in those with a

bladder outlet obstruction index <40 (group 1) or > 40 (group 2) separately

Total Group 1 Group 2 P-value

No. subjects 240 72 168

Age (y) 57.10 ± 4.61 57.61 ± 4.80 56.89 ± 4.52 0.27

IPSS 13.09 ± 1.91 12.94 ± 1.75 13.15 ± 1.97 0.43

QoL score 3.83 ± 0.96 3.77 ± 1.09 3.85 ± 0.90 0.55

PSA (ng/mL) 1.45 ± 0.69 1.45 ± 0.50 1.45 ± 0.76 0.96

Qmax (mL/min) 7.23 ± 3.36 7.91 ± 4.16 6.94 ± 2.92 0.04

PVR volume (mL) 127.66 ± 117.47 124.27 ± 124.98 129.11 ± 114.46 0.77

TPV (cm3) 47.52 ± 18.79 43 ± 12.60 49.46 ± 20.61 0.01

RI 0.65 ± 0.07 0.60 ± 0.03 0.67 ± 0.07 <0.01

DWT (mm) 5.17 ± 1.04 4.72 ± 0.73 5.36 ± 1.09 <0.01

IPP (mm) 8.74 ± 2.60 6.27 ± 1.17 9.79 ± 2.31 <0.01

FDV (mL) 123.80 ± 58.45 114.64 ± 60.30 127.73 ± 57.37 0.11

MDV (mL) 327.07 ± 136.06 320.42 ± 146.53 329.92 ± 131.67 0.62

Pdet at Qmax (cm H2O) 72.04 ± 27.77 46.05 ± 15.16 83.17 ± 24.29 <0.01

Compliance (ml/cmH2O) 69.45 ± 43.40 50.42 ± 54.69 70.55 ± 24.68 0.54

BOOI 58.82 ± 28.32 31.46 ± 13.49 77.61 ± 34.65 <0.01

Data are presented as the mean ± SD.
BOOI, bladder outlet obstruction index; DWT, detrusor wall thickness; FDV, first desire to void; IPP, intravesical prostatic protrusion; IPSS, International
prostate symptom score; MDV, maximum desire to void; Pdet, detrusor pressure; PSA, prostate-specific antigen; PVR, post-void residual; Qmax, peak urinary
flow rate; QoL, quality of life; RI, resistive index of the capsular artery; TPV, total prostate volume.

TABLE 2 Pearson correlation analysis between the bladder outlet

obstruction index and sonomorphic parameters

r P-value

Qmax −0.219 0.001

TPV 0.013 0.845

IPP 0.450 0.000

DWT 0.198 0.002

RI 0.334 0.000

DWT, detrusor wall thickness; IPP, intravesical prostatic protrusion; Qmax,
peak urinary flow rate; RI, resistive index of the capsular artery; TPV, total
prostate volume.

TABLE 3 Multiple regression analysis between the bladder outlet

obstruction index and bladder sonomorphic parameters

β P-value

Qmax −0.167 0.004

TPV −0.089 0.117

IPP 0.375 0.000

DWT 0.036 0.538

RI 0.254 0.000

DWT, detrusor wall thickness; IPP, intravesical prostatic protrusion; Qmax,
peak urinary flow rate; RI, resistive index of the capsular artery; TPV, total
prostate volume.

FIGURE 2 Receiver operating characteristic curves for different

sonomorphologic parameters predicting bladder outlet obstruction
index. DWT, detrusor wall thickness; IPP, intraprostatic protrusion; RI,
resistive index
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In a prospective study, Kojima et al.10 found that RI was signifi-

cantly correlated with UDS parameters.10 In that study, 28 of

33 patients with BOO (85%) had an RI ≥0.7, whereas 11 or 24 patients

without BOO (46%) had an RI <0.7.10 In another prospective study on

74 patients with BPH/LUTS, RI was found to be significantly higher in

patients with BOO (P < 0.05).30

In the present study, RI was a better indicator of BOO than DWT.

The RIs obtained in this study were lower than in previous studies

due to differences in the study population and different prostate sizes

of our participants. RI has also been shown to be correlated with the

presence of IPP and enlarged TPV.8 Hence, RI obtained using TRUS

could serve as a valuable non-invasive tool for diagnostic evaluation

of BPH/LUTS.8

IPP has been shown to predict BOO in BPH/LUTS in previous

studies.15,24 Lim et al.13 found that a cut-off value of 10 mm for IPP

was a better predictor of BOO than age, PSA, TPV, or DWT. In addi-

tion, Chia et al.24 found IPP to be more reliable predictor of BOO than

age, Qmax, IPSS, PVR and TPV,24 and Keqin et al.31 reported a higher

specificity and sensitivity of IPP in diagnosing BOO using a cut-off

of 8.5 mm.

The differences in cut-off values for IPP reported in previous

studies may be explained by different patient populations. In the pre-

sent study, using a cut-off value of 7.5 mm for IPP had a sensitivity of

86.9%, specificity 83.3%, PPV 92.41%, and an AUC of 0.905, as deter-

mined by ROC analysis. The AUC was higher for IPP than RI and

DWT. Hence, IPP was the most reliable test to determine BOO in the

present study. The authors of a systematic review concluded that IPP

may be considered a potential non-invasive alternative to UDS in

evaluation of BPH/LUTS.32 In patients with an IPP >10 mm, the

chances of requiring surgical treatment after management of acute

urinary retention are higher.32

The present study has a few limitations. First, we included only

symptomatic BPH patients with an IPSS >7 and a prostate size

>25 mL; hence, the study results cannot be extrapolated to patients

with a small prostate and/or silent BOO. Second, a subset of patients

received medications like α-adrenoceptor antagonists. The use of

these medications may reduce RI. Third, measurement of these ultra-

sound parameters is operator dependent and may not be available at

all centers.

The results of the present study should be interpreted with cau-

tion bearing in mind the limitations described above. Nevertheless,

the present prospective study is the first to be performed in a north

Indian population and showed that increasing IPP and RI are associ-

ated with increased severity of BOO in BPH/LUTS. Further studies

with a large number of patients are needed to clarify the actual clinical

relationship between RI and other bladder sonomorphic parameters in

predicting BOO in patients with BPH/LUTS.

IPP and RI measured by sonomorphology of the prostate gland

may be the best predictive parameters for BOO, as alternatives to

UDS, in selected patients with LUTS/BPH.
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INTRODUCTION
Low back pain is defined as pain between the costal margin and 
the gluteal folds. Chronic pain generally is defined as pain that has 
persisted beyond normal tissue healing time (about three months) 
[1]. Zygopophysial joints are paired synovial joints formed by 
adjacent articular processes of the vertebrae. The joint space is 
typically of about 1-2 mL of volume. Facet interventions represent 
the second most common type of procedure performed in pain 
management centers [2]. Lumbar facet arthropathy remains one of 
the misunderstood, misdiagnosed and improperly treated backache 
conditions. It involves pain originating from any structure in or around 
the synovial joint including the fibrous capsule, synovial membrane, 
hyaline cartilage surfaces, and bony articulations. Ipsilateral lumbar 
rotation and extension puts the joint in its closed pack position and 
thus, increasing the forces placed on it, causing pain in case of any 
pathology, this is the lumbar quadrant test which is the screening 
test of choice [3]. No imaging modalities have been proved to be 
diagnostic for facet arthropathy. The definitive diagnostic test is by 
anaesthetic blockade.

The treatment of lumbar zygopophysial joint pain involves a 
multimodal approach comprising of medications, physical therapy, 
modalities and in some cases, psychotherapy. If conservative 
treatment is ineffective, interventional treatment includes intra-articular 

facet joint injection using corticosteroids or medial branches block/
radiofrequency ablation. Facet joint injection is most commonly 
performed under C-arm or fluoroscopic guidance for better 
accuracy and precision [4]. But, this therapeutic imaging modality 
has led to many side-effects in the eye, gonads and skin due 
to increased radiation exposure [5]. Therefore, in recent years, 
ultrasonography has emerged as a useful and viable alternative to 
C-arm which is radiation free and relatively cheaper and portable 
but in field of spinal pain interventions, application of USG has 
limited scope and scarce medical literature support [6]. Therefore, 
a prospective interventional study was done to compare the 
treatment outcomes between these two therapeutic imaging 
modalities (USG and C-arm) using VAS for pain intensity, ODI and 
time taken for intervention.

MATERIALS AND METHODS
It was a prospective interventional study done at Department of 
Physical Medicine and Rehabilitation (PMR) at tertiary care hospital 
from December 2015 to May 2017. Ethical committee approval and 
proper inform consent was taken.

Inclusion criteria: All the patients from age 18-55 years [7] and 
body mass index of 18.5-29.9 kg/m2 [8] who visited PMR Outpatient 
Department (OPD) with chief complaints of constant/intermittent 
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ABSTRACT
Introduction: Lumbar zygopophyseal joint arthropathy is one of 
the most common causes of low back pain in adults. Historically, 
C-arm/Fluoroscopy has served as an image guidance tool in 
intra-articular facet joint injections, however, now ultrasound 
guidance is also a viable option. 

Aim: To compare ultrasonography (USG) and fluoroscopy as 
therapeutic imaging modalities on the basis of time taken for 
intervention, Visual Analogue Score (VAS) for pain and Oswestry 
Disability Index (ODI) at 2, 4 and 12 weeks.

Materials and Methods: It was a prospective interventional study 
done with 62 patients who satisfied the inclusion and exclusion 
criteria and randomly allocated into two groups. Groups were 
compared on the basis of time taken for intervention, VAS for 
pain and ODI at 2, 4 and 12 weeks. Independent sample student 
t-test/Mann-Whitney U test was applied. Confidence Interval 
(CI) was taken as 95% and p-value <0.05 was considered as 
statistically significant.

Results: Ultrasound group had mean age of 37.75 years (range, 
23-55 years) while that of Fluoroscopy group was 40.05 years 
(range, 20-54 years). Ultrasonography group was quicker by 
about 135 seconds (2 minutes and 15 seconds) which was 
statistically significant but there was statistically no difference 
between the two groups in terms of VAS and ODI at 2 weeks 
(p=0.107 and 0.893, respectively), 4 weeks (p=0.383 and 0.408, 
respectively) and 12 weeks (p=0.343 and 0.777, respectively) 
at 95% CI.

Conclusion: Both groups showed significant improvement in 
pain and disability after 2, 4 and 12 weeks however there were 
no significant differences in pain and functional improvement 
between USG guided transverse view and fluoroscopy guided 
intra-articular lumbar facet joint injection. Therefore, USG 
guided transverse approach is quicker, feasible and minimises 
exposure of radiation to patient as well as interventionist.
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para-median low back pain, since atleast three months with no 
or minimal response to conservative treatment and had positive 
lumbar quadrant test were included in the first phase of study which 
involved diagnostic blockade to confirm facet arthropathy.

exclusion criteria: Patients having non-mechanical low back 
pain with a history of trauma, abnormal neurological examination, 
previous spinal interventions or surgery, pregnancy, immuno-
compromised condition, uncontrolled diabetes, known allergy to 
anaesthetics or radio-contrast, blood coagulation disorder and 
less than 50% response to diagnostic blockade were excluded 
from the study.

Sample size calculation: Minimum sample size was calculated on 
the basis of previous study by of Ackerman WE and Ahmad M, and 
it was 31 patients in each group (62 total patients) [9].

Study Procedure
The patients who satisfied the inclusion and exclusion criteria were 
required to sign a written informed consent in English, Hindi or 
Bengali manuscript. Then patients entered the first phase of study 
which involved diagnostic blockade to diagnose and determine 
the level and side of joint involvement. Using palpation, the level 
and side was determined and baseline VAS was noted at rest and 
movement. The higher score was recorded. Then the patients were 
given intra-articular facet joint injection using 0.5 mL 2% lidocaine 
under USG/C-arm guidance. Response was evaluated after 
30 minutes using second VAS and patients whose pain reduction 
was less than 50% of the baseline VAS were excluded from the 
study and conservatively managed while patients reporting more 
than 50% relief were considered for second phase of the study 
and asked to report two weeks later. During these two weeks, 
patients were asked to only take paracetamol 650 mg SOS for 
pain relief.

The patients invited for second phase after proper informed consent 
of study were randomised using a sealed envelope technique into 
group I (Ultrasound group) and group II (Fluoroscopy group) in equal 
number of 31 each.

Group 1 (USG group) patients were given an ultrasound guided 
intra-articular facet joint injection using 0.5 mL methyl prednisolone 
acetate (40 mg/mL) and 0.5mL of 2% lignocaine. The patients 
were laid on the table in the prone position, pre-intervention VAS 
was noted, and level and side of facet joint involvement was 
reconfirmed from clinical notes. USG (EdanDus 6 100V/50 Hz) 
and a curvilinear probe were used. The longitudinal paraspinal 
sagittal image was obtained to discriminate the vertebral location. 
Then, transverse process was visualised (Trident Sign). After 
that, the spinous process was confirmed by employing an axial 
transverse image. Inferior displacement was then attempted, and 
the lamina was confirmed. The displacement was also attempted 
to the lateral side of the inferior border of the lamina. Thus, the 
desired facet joint was confirmed. After giving superficial local 
anaesthetic injection, a 22G spinal needle was inserted up to a 
level of the facet joint using the axial transverse image and in-plane 
approach. When the spinal needle reached the facet joint on the 
ultrasonography image, the drug was delivered after confirming 
the needle position in longitudinal as well. Thus, both transverse 
(short-axis) [Table/Fig-1] and longitudinal (long axis) [Table/Fig-2] 
views were used.

Group 2 patients were given a fluoroscopy guided intra-articular facet 
joint injection using 0.5 mL methyl prednisolone acetate (40 mg/mL) 
and 0.5 mL of 2% lignocaine. Patient was placed in prone position, 
pre-intervention VAS was noted and level and side of facet joint 
involvement was reconfirmed from clinical notes and true AP image 
was taken in order to check rotation and square the vertebrae. After 
the level was determined, the C-arm was rotated ipsilaterally to see 

Scottie-dog appearance, then the needle was directed towards the 
facet joint and after loss of resistance, 0.2 mL of radio-contrast dye 
was given. Then after the dye distribution confirmed needle position 
within the joint space, the drug was delivered [Table/Fig-3].

[Table/Fig-3]: Dye spread in C-arm guided intra-articular facet joint injection.

[Table/Fig-1]: Transverse view of intra-articular facet joint injection (TP- Transverse 
Process, FJ- Facet Joint, SP- Spinous Process)

[Table/Fig-2]: Longitudinal view of intra-articular facet joint injection (FJ- facet Joint, 
MS- Muscle)

Following spinal facet joint injection, the patient received 
approximately 30 minutes of bed rest and any abnormality was 
confirmed at the procedure room. 

Total time taken for intervention, pre-injection VAS and ODI was 
noted and VAS was noted 30 minute post-intervention. Tablet 
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paracetamol 650 mg SOS and following standard post-interventional 
rehabilitation program was prescribed to both the groups:

1. Avoidance of strenuous activities or exercises up to 48 hours 
post-intervention with gradual return of function, to avoid 
rebound effect.

2. Exercise programs include improving postural control by 
reducing any exaggerated lumbar lordosis. This is done 
through hip flexor stretching, pelvic tilts, and by developing 
the spine’s supportive musculature (including the deep 
abdominals, quadratuslumborum, and gluteal muscles) to 
stabilise the pelvis and lessen the potential shearing forces in 
the lumbar spine.

3. If land-based exercise is initially too aggravating, aquatic 
therapy can be the best starting place.

Following the procedure, regular follow-up was performed at the 
outpatient clinic on 2, 4 and 12 weeks.

STATISTICAL ANALYSIS
Master chart was prepared in Microsoft office excel 2007 and 
analysed by IBM Statistical Package for the Social Sciences 
(SPSS) Statistics version 20. All the variables were tested for 
normal distribution by Shapiro-Wilk test. Independent Sample 
Student t-test was applied for continuous variables while Mann-
Whitney U test was applied on data which was not normally 
distributed. Wilcoxon Signed ranks Test was applied for intra-
group improvement in pain and disability, since data was not 
normally distributed (as tested by Shapiro-Wilk Test). Chi-Square 
test was applied for discrete or categorical variables. Confidence 
interval (CI) was taken as 95% and p-value <0.05 was considered 
as statistically significant.

RESULTS
Out of 450 patients visiting the PMR OPD and being subjected to 
various inclusion and exclusion criteria, 129 patients entered the 
phase I of the study, out of which 70 patients reported a pain relief 
of more than 50% after diagnostic block. Four participants each 
from group 1(USG group) and group 2 (C-arm group), i.e., total 8 
participants were excluded from the analysis as they dropped out of 
the study. So, the analysis was done for total 62 participants divided 
equally in two groups, i.e., 31 in each group. They were randomised 
in two groups using sealed envelope technique.

The demographical characteristics of both the groups are given in 
the table below [Table/Fig-4].

The two groups did not differ significantly in terms of age, gender, 
BMI, level of facet joint involvement, side of facet joint involvement 
and duration of low back pain.

Calculation of total time taken for intervention in case of USG 
was time point at which paramedian longitudinal USG image 
was obtained using a probe to determine the level and extending 
to the time at which injection of drugs in the spinal needle was 
completed. While, that in C-arm was the time point at which 
first radiological image (true AP view) to determine the level was 
taken and extending to the time at which injection of drugs in the 
spinal needle was completed. USG group was quicker by about 
135 seconds (2 minutes and 15 seconds).

The assessment of pain improvement between two groups is given 
in the table below [Table/Fig-5].

The assessment of disability due to low back pain was evaluated 
using ODI [Table/Fig-6].

Inter-group comparison of pain intensity and disability was first 
tested by Shapiro-Wilk Test for assessment of distribution pattern, 
the probability across all groups, at all visits was <0.05. Thus, data 

demographi cs

Group 1 
(uSG Group) 

(total-31 patients)
Group 2 (c-arm Group) 

(total-31 patients)

comparison 
(p-value 
and test 

used)

Males 14 13
1.0001

Females 17 18

Average age 
(Years)

37.75±8.13 
(range 23-55)

40.05±9.41  
(range 20-54)

0.6422

Average BMI 25.72±2.19 kg/m2 
(range 23.1-29.7)

24.85±3.12 kg/m2 
(range 21.6-28.3)

0.2472

Level involved 16 patients L4/L5 
(9 Left and 7 Right)
12 patients L5/S1 
(3 Left and 9 Right)
3 patients L3/L4 
(3 Right)

19 patients L4/L5 (8 Left 
and 11 Right)
10 patients L5/S1 (6 Left 
and 4 Right)
2 patients L3/L4 (2 Right)

0.7273

Side of facet 
joint involved

19 Right
12 Left

17 Right
14 Left

0.7953

Average 
duration of 
low back pain 
(months)

6.25±2.51 
(range 3-12)

7.01±2.87 (range 4-13)

0.5404

Time taken for 
intervention

4 minutes and 
34 seconds 
(274±51 sec) (range, 
220-338 seconds)

6 minutes and 
49 seconds (409±39 sec) 
(range, 342-473 seconds).

<0.0014

[Table/Fig-4]: Demographical characteristics and time taken for intervention of two 
groups. Tests used were 1) Fisher's-exact test (two sided), 2) Mann-whitney U Test, 
3) Pearson's chi-square test, 4) Independent sample student t-test. Confidence Interval 
(CI) was taken as 95% and p-value <0.05 was considered as statistically significant.
USG: Ultrasonography

average VaS score
Group 1 

(uSG Group)
Group 2  

(c-aRM Group)
comparison 

(p-value)

Pre-injection
7.6±0.81 points 
(range, 6 to 9)

7.3±0.92 points 
(range, 6 to 8)

0.850

Post-injection (30 
min after injection)

3.2±0.54 points 
(range, 2 to 4)

3.3±0.65 points 
(range, 2 to 4)

0.656

2 weeks follow-up
3.65±0.62 points 

(range, 3 to 5)
3.25±0.56 points 

(range, 2 to 5)
0.107

4 weeks follow-up
3.05±0.65 points 

(range, 2 to 4)
2.85±0.81 points 

(range, 2 to 4)
0.383

12 weeks follow-up
2.75±0.71 points 

(range, 1 to 5)
2.40±0.92 points 

(range, 1 to 5)
0.343

[Table/Fig-5]: Assessment of pain between two groups. Since data was not 
 normally distributed after testing with Shapiro-Wilk test, hence test used was Mann 
Whitney U-Test, where p<0.05 was considered statistically significant.
USG: Ultrasonography; VAS: Visual analogue score 

average OdI Score
Group 1 

(uSG Group)
Group 2  

(c-aRM Group)
comparison      

(p-value)

Pre-injection 28.25±3.1 (range, 21 
to 33)

27.9±2.34 
(range, 23 to 32)

0.342

2 weeks follow-up 16.1±1.43 (range, 12 
to 20) 

15.3 ±1.1 
(range, 12 to 22) 

0.893

4 weeks follow-up 13.85±1.68 (range, 
10 to 19)

12.3 ±1.94 
(range, 10 to 18)

0.408

12 weeks follow-up 12.4±2.25 (range, 8 
to 17)

11.62±2.66 
(range, 8 to 20)

0.777

[Table/Fig-6]: Assessment of Oswestry Disability Index (ODI) between two groups. 
Since data was not normally distributed after testing with Shapiro-Wilk test, hence test 
used was Mann Whitney U-Test, where p<0.05 was considered statistically significant.
USG: Ultrasonography

was not normally distributed. Hence, Mann-Whitney U test was 
applied which showed that there was statistically no significant 
difference between the two groups in terms of VAS and ODI at 2, 4 
and 12 weeks.

Within group improvement was noted in both groups with the 
baseline and at the end of the study (p<0.001), when analysed 
by Wilcoxon signed ranks test. It showed significant intra-group 
improvement in terms of both pain intensity and ODI.

There were no major intraoperative or post-operative complications. 
Five patients in USG group and three patients in C-arm 
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group experienced vasovagal reactions which were managed 
conservatively. Two patients in each group faced rebound pain 
(pain returned after intervention) because of non-compliance to 
lifestyle modifications or rehabilitation program. They were put 
on supervised rehabilitation program other than home-based 
exercises.

DISCUSSION
All the patient included in the study were from the age of 18-55 
years because new onset low back pain in children less than 18 
years and in those more than 55 years is considered a red flag 
sign [7]. Underweight (BMI <18.5) and Obese (BMI > 29.9) patients 
were excluded from the study, since obesity can be a confounding 
factor and an independent cause of back pain while underweight 
patients can have malnutrition or fatigue as an independent cause 
[8]. Since, this was an interventional study, in order to reduce 
complications, obese patients were excluded. The mean age of 
participants of this study was 38.9 years while Eubanks JD et al. 
concluded that prevalence of lumbar facet arthropathy increases 
with age with more than 82% in 30-39-year-old and 93% in 40-
49-year-old [10]. Study by Kalichman L et al., found that facet 
arthropathy is more common in women as compared to men  
which is same as this study (35 females and 27 males) [11]. Most of 
the studies including ones by Eubanks JD et al., and Kalichman L 
et al., show highest prevalence at L4/L5 level [10,11]. Thirty five out 
of 62 patients in this study had pain at similar level. The prevalence 
of facet arthropathy, in study by Abbas J et al., was greater for the 
right side [12]. This study also had a similar finding (36 on right side 
and 26 on left side).

The study showed that ultrasonography guided intra-articular 
lumbar facet joint injection is significantly quicker as compared 
to fluoroscopic guidance while previous study by Ha DH et al., 
reported no significant difference between two groups [13]. 
This is significant since longer procedure time increases the 
occurrence of vasovagal complication(s) [14]. Intra-articular facet 
joint injections are widely used and very effective in treatment 
of low back pain due to lumbar facet arthropathy [15]. In this 
study, there was significant intra-group improvement in both 
pain and disability at the end of three months which proves the 
effectiveness of intra-articular steroid injections in facet joint 
whether given using fluoroscopy or ultrasound guidance. As far 
as comparison of both imaging modalities (ultrasound and C-arm) 
are concerned, there was no significant difference in between the 
two groups at the end of 2, 4 or 12 weeks. These results are 
similar to the conclusions of previous studies by Ha DH et al., 
and Wu T et al., [13,16].

Interventional pain management of lumbar facet arthropathy 
involves intra-articular steroid injection or dual medial branch 
block/ablation. As the facet joints are deeply located and cannot 
be accessed using anatomic landmarks, radiologic assistance 
under fluoroscopy has been regularly required for all procedures 
to maximise medication placement success and to avoid 
neurovascular complications [17]. Despite so many advantages, 
major disadvantage of C-arm is exposure to radiation, large-sized 
equipment and high cost [13]. Pack GT and Davis J, reported skin 
cancer due to radiations [18] while another study by Lee EW et al., 
reported hand lesions due to irradiation [19]. To minimise these 
side effects, intermittent fluoroscopy, collimation, grid removal, 
dose level setting, trained operators and safety equipment are 
used. Due to these adverse effects of C-arm, USG has recently 
emerged as a very useful alternative imaging modality for 
diagnostic and therapeutic purposes. Smaller sized equipment, 
dynamicity in assessing, avoidance of radiation exposure and 
safety for pregnant patients are some of the important advantages 
of ultrasound. Besides, there is no requirement of any additional 
safety equipment against radiation and it can be moved easily and 

thus, can be used in outpatient setting. But all this comes with 
various limitations like low accuracy due to improper imaging of 
spinal structures, lack of proper and standardised training, low 
supporting evidence and difficult intervention in obese patients. 
However, with proper training and knowledge of anatomy, more 
use and standardisation of ultrasonography in spinal interventions, 
use of doppler to ascertain synovitis in facet joint and use of 
sonography in ablation of medial branch blocks, these issues can 
be avoided.

Limitation(s)
Sample size was very low and a longer follow-up is required. To 
ascertain better accuracy, no confirmation was performed using 
radiological images. Also, in obese patients, there was a great gap 
between the skin and the facet joint. High-quality ultrasonographic 
image cannot always be obtained while in thin patients, the probe 
cannot be closely contacted to the skin. This posed a difficulty 
in obtaining a high quality image. No control group was taken. 
Psychological and biomechanical factors were not considered in 
this study. Time taken for intervention could vary from interventionist 
to interventionist. It is purely based on skill and proper knowledge of 
Osseo-anatomy and fluoro-anatomy. There could’ve been a sample 
and interviewer bias.

CONCLUSION(S)
Both the groups reported significant reduction in pain intensity 
and disability after 2, 4 and 12 weeks of follow-up, however there 
is no significant difference between facet joint injections given 
using Ultrasonography and fluoroscopy guidance. But since 
ultrasonography is quicker, radiation free, portable, feasible and 
less expensive, intra-articular facet joint injection using transverse 
followed by longitudinal view of ultrasonography can be preferred 
over fluoroscopic guidance. 
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