
Indian Heart Journal
(ISSN: ʹʹ͵ͽ-͸ͼͷͶ)

January–February 2012  Volume 64  Issue 01

Honorary Editor

K. Sarat Chandra, Hyderabad

Executive Editors

G. Ramesh, Hyderabad
Deepak Kumar Saha, Hyderabad

Associate Editor

Rakesh Gupta, New Delhi

Editorial Board

Niteen Deshpande, Nagpur
J.C. Mohan, New Delhi
C. Narsimhan, Hyderabad
Jacob Jose, Vellore

Nakul Sinha, Lucknow
V. Dayasagar Rao, Hyderabad
Sandeep Mishra, New Delhi
K.K. Talwar, New Delhi

Consulting Editors

Upendra Kaul, New Delhi
P. Krishnam Raju, Hyderabad
A.K. Banerjee, Kolkata
P.K. Deb, Kolkata

Santanu Guha, Kolkata
Ravi Bathina, Hyderabad
S.C. Manchanda, New Delhi
K.C. Goswami, New Delhi

Section Editors

Imaging
Johann Christopher, Hyderabad
Gurpreet Gulati, New Delhi

Interventional Cardiology
R.K. Jain, Hyderabad
Harinder K. Bali, Chandigarh
Ajit Mullasari, Chennai
Balram Bhargava, New Delhi

Paediatric Cardiology
Anita Saxena, New Delhi
K. Nageshwar Rao, Hyderabad
R. Prasada Reddy, Hyderabad
Rohit Kumar Manoj, Chandigarh

Preventive Cardiology
B. Ramesh Babu, Hyderabad
Dorairaj Prabhakaran, Delhi

Electro Physiology
B. Hygriv Rao, Hyderabad

Echo
K.K. Kapoor, New Delhi
Sameer Srivastava, New Delhi
K. Raghu, Hyderabad
A.V. Anjaneyulu, Hyderabad

Pulmonary Hypertension
B.K.S. Sastry, Hyderabad

Hypertrophic Cardiomyopathy and 
Heart Failure
Ajay Bahl, Chandigarh
Sandeep Seth, New Delhi

Nuclear Cardiology
K. Kumaresan, Hyderabad
G.N. Mahapatra, Mumbai

Peripheral Vascular
Pinjala Ramakrishna, Hyderabad
N.N. Khanna, New Delhi

Cardiac Surgery
Vijay Dixit, Hyderabad
O.P. Yadav, New Delhi
A. Dharma Rakshak, Hyderabad
R.V. Kumar, Hyderabad
R.C. Mishra, Hyderabad
S. Lokeshwar Rao, Hyderabad

International Editorial Board

Enas Enas, USA
Gautam Reddy, USA
Y.C. Chandra Shekar, USA
P.S. Reddy, USA
Sumeet Chugh, USA

Samuel Ashirvadam, USA
Bharat K. Kantharia, USA
Nalini Rajamannan, USA
James Min, USA

001-IHJ-EB.indd   i 1/25/2012   5:14:13 PM



Advisory Board

J.S.N. Murthy, Chennai
Khurshid Iqbal, Srinagar
P.K. Goel, Lucknow
V. Rajasekhar, Tirupathi
H.N. Mishra, Cuttack
R.K. Ghokroo, Ajmer
S.K. Kaushik, Udaipur
M. Khalilullah, New Delhi
K.K. Sethi, New Delhi
I. Satya Murthy, Chennai
Shanmuga Sundaram, Chennai
R. Subramaniam, Chennai
R. Yadav, New Delhi
Ajay K. Sinha, Patna
R. Arora, New Delhi
Sameer Dani, Ahmedabad
Sunil Modi, New Delhi
Umesh Chandra, Hyderabad
Vivek Gupta, New Delhi
Pradyut Ghosh, New Delhi
B. Soma Raju, Hyderabad
Shiva Kumar, Hyderabad
P.C. Rath, Hyderabad
Shailendar Singh, Hyderabad
V. Suryaprakasa Rao, Hyderabad
S.K. Malani, Lucknow
Vijay Trehan, New Delhi
Arupdas Biswas, Kolkata
Rajeev Gupta, Jaipur
A.K. Pancholia, Indore
V.H. Bang, Mumbai
P.P. Mohanan, Trissur
Mantosh Panja, Kolkata
R.K. Saran, Lucknow
K. Venugopal, Calicut
Soumitra Ray, Kolkata
M.K. Das, Kolkata
Anil Barani, Indore
T.S. Kler, New Delhi

Vidyut Jain, Indore
Ulhas Pandurangi, Chennai
C.N. Manjunath, Bengaluru
T.R. Raghu, Bengaluru
Ranga Nayak, Bengaluru
S.S. Ramesh, Bengaluru
Rajnish Kapoor, New Delhi
Atul Mathur, New Delhi
V. Mohan, Chennai
V. Amuthan, Madurai
Rajeev Bajaj, New Delhi
Rajeev Agarwal, New Delhi
Praveen Jain, Jhansi
A. Srinivas Kumar, Hyderabad
Balbir Singh, New Delhi
Chenniappan, Chennai
Satyanarayana Routary, Cuttack
Krishna Kumar, Kochi
S. Radha Krishnan, New Delhi
Vikas Kohli, New Delhi
S.S. Kothari, New Delhi
S.K. Chugh, New Delhi
Soumitra Kumar, Kolkata
S. Harikrishnan, Thiruvananthapuram
Sunita Maheshwari, Bengaluru
Praveen Chandra, New Delhi
Sanjay Mehrotra, Bengaluru
Bharat Dalvi, Mumbai
Aditya Kapoor, Lucknow
Harshavardhan, New Delhi
Keyur Parikh, Ahmedabad
R.R. Kasliwal, New Delhi
Jamshed Dalal, Mumbai
I.B. Vijaya Lakshmi, Bengaluru
George Joseph, Vellore
G. Karthikeyan, New Delhi
S. Ramakrishnan, New Delhi
H.M. Mardikar, Nagpur
V.K. Bahl, New Delhi

Srinivas Reddy, Chandigarh
Tiny Nair, Thiruvananthapuram
M.N. Krishnan, Calicut
Sandeep Seth, New Delhi
A.B. Mehta, Mumbai
D.B. Pahalajani, Mumbai
Brian Pinto, Mumbai
Uday Khanolkar, Goa
Vitul K. Gupta, Bhatinda
Man Mohan Singh, Patiala
G.S. Wander, Chandigarh
Adarsh Kumar, Amritsar
Jag Mohan Verma, Chandigarh
Yash Pal Sharma, Chandigarh
V.S. Narain, Lucknow
Praful Kerkar, Mumbai
Rajeev Lochan, Dubai
A.N. Patnaik, Hyderabad
O. Sai Satish, Hyderabad
Mohan Nair, New Delhi
Ravi Kishore, Bengaluru
Amit Vohra, Mumbai
K. Sharada, Hyderabad
Anil Saxena, New Delhi
Kartikeya Bhargava, New Delhi
Shomu Bohora, Baroda
Vanita Arora, New Delhi
Rajneesh Sardana, New Delhi
R. Juneja, New Delhi
Rabin Chakraborty, Kolkata
K.K. Haridas, Kochi
C.G. Bahuleyan, Thiruvananthapuram
N.V. Rayudu, Hyderabad
P.V.R. Sarma, Guntur
Ashok Seth, New Delhi
Nagaraj Desai, Bengaluru
H.S. Rissam, New Delhi
J.P. Sawhney, New Delhi

Indian Heart Journal
(ISSN: ʹʹ͵ͽ-͸ͼͷͶ)

January–February 2012  Volume 64  Issue 01

Copyright © 2012, Cardiological Society of India. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, without written 
permission from the Editor-in-Chief.

Publishing services by Reed Elsevier India Pvt. Ltd.

Published at EIH Limited-Unit Printing Press, IMT Manesar, Gurgaon.

001-IHJ-EB.indd   ii 1/25/2012   5:14:13 PM



President – CSI
Ashok Seth (New Delhi)

ashok.seth@fortishealthcare.com 098100 25814

President Elect & Chairman Scientific Committee – CSI
P.K. Deb (Kolkata)

dr_pkdeb@rediffmail.com 098310 38261

Immediate Past President – CSI
Samuel K. Mathew (Chennai)

Mskalarickal@yahoo.com 098410 71118

General Secretary – CSI
Santanu Guha (Kolkata)

guhas55@hotmail.com 098310 16367

Arup Dasbiswas (Kolkata)
arup.dasbiswas@gmail.com  098300 22609

Vice President – CSI
H.K. Chopra (New Delhi)

drhkchopra@yahoo.com 098110 90204
Harshwardhan Mohan Mardikar (Nagpur)

drmardikar@spandanheart.com 098230 82609

Treasurer – CSI
Mrinal Kanti Das (Kolkata)

drmkdas2001@yahoo.co.in 098300 34263

Editor – Indian Heart Journal
K. Sarat Chandra (Hyderabad)

saratkoduganti@hotmail.com 098480 12212

Associate Editor – Indian Heart Journal
Rakesh Gupta (New Delhi)

jrop2001@yahoo.com/rakeshgupta@echocourse.in 098110 13246

EC Member – CSI

K.C. Goswami (New Delhi)
drkcgoswami@rediffmail.com 098113 78890

Nakul Sinha (Lucknow)
sinha.nakul@gmail.com 093359 27360

Biswakes Majumdar (Kolkata)
dr_biswakes@yahoo.co.in 098300 60809

P.P. Mohanan (Thrissur)
drmohanan@gmail.com 098460 76006

Ajay Kumar Sinha (Patna)
sinha_ajaykr@yahoo.co.in 098350 37785

A.K. Pancholia (Indore)
drpancholia@gmail.com 098270 27920

Sundeep Mishra (New Delhi)
drsundeepmishra@hotmail.com 098714 21390

S.B. Gupta (Mumbai)
sbgupta@vsnl.net 098213 64565

Praveen Jain (Jhansi)
drpjain01@gmail.com/lifeline_hospitaljhs@rediffmail.com 
094150 30615

Soumitra Kumar (Kolkata)
drsk777@bsnl.in/dr.soumitrakumar@gmail.com 
098310 32519

P.B. Jayagopal (Palakkad)
jayagopallakshmi@gmail.com 098470 23777

P. Rajendra Kumar (Secunderabad)
kumarpre@hotmail.com  098480 29443

Satyanarayan Routray (Cuttack)
drsnroutray@yahoo.co.in 094372 25072

Shuvanan Ray (Kolkata)
drsubhananroy@yahoo.com 098300 24266

Gurpreet Singh Wander (Ludhiana)
drgswander@yahoo.com 098155 45316

R. Subramanian (Chennai)
rams6@hotmail.com 094441 04759

Vijay H. Bang (Mumbai)
shivvhb@yahoo.com 098200 30363

Joint Secretary – CSI
Saumitra Ray (Kolkata)

drsaumitra@yahoo.co.in 098300 22317

Assistant Secretary – CSI
Kajal Ganguly (Kolkata)

kajalganguly@hotmail.com 098311 18148

Co-opted Member – (From Past President of CSI)
S.K. Parashar (Noida)

drparashar@yahoo.com  098101 46231

S.S. Chatterjee (Kolkata)
drsschatterj@dataone.in 098302 66075

Co-opted Member (From Armed Forces) – CSI
S.K. Malani (Kolkata)

drmalani2003@yahoo.com 098360 01818

Executive Committee

Cardiological Society of India
www.csi.org.in

002-IHJ-Exec commitee.indd   i 1/25/2012   12:43:46 PM



Indian Heart Journal
(ISSN: ʹʹ͵ͽ-͸ͼͷͶ)

January–February 2012  Volume 64  Issue 01

Table of Contents

Editorial 1

Original articles

Correlation between peripheral arterial disease and coronary artery disease using ankle brachial index—a study in Indian population 2
Sharmistha Sarangi, Banumathy Srikant, Dayasagar V. Rao, Laxmikant Joshi, G. Usha

Outcomes of in-hospital, out of intensive care and operation theatre cardiac arrests in a tertiary referral hospital 7
Murali Chakravarthy, Sona Mitra, Latha Nonis

Once weekly azithromycin in secondary prevention of rheumatic fever 12
Rakesh Gopal, S. Harikrishnan, S. Sivasankaran, V.K. Ajithkumar, T. Titus, J.M. Tharakan

Discrepancy between myocardial perfusion and fatty acid metabolism following acute myocardial infarction for evaluating the 
dysfunctional viable myocardium 16
Shankar K. Biswas, Masayoshi Sarai, Hiroshi Toyama, Hitoshi Hishida, Yukio Ozaki

64 slice computed tomography—a novel diagnostic method for evaluation of patients after coronary artery bypass grafts 23
S. Balashankar Gomathi, P. Nandhini, R. Ravikumar, S. Mullasari Ajit

Role of lifestyle variables on the lipid profile of selected South Indian subjects 28
Uma Chitra, N. Krishna Reddy, N. Balakrishna

Association between adipocytokines and insulin resistance in Indian hypertensive patients 35
Sujata R. Mahadik

Vertical P-wave axis: the electrocardiographic synonym for pulmonary emphysema and its severity 40
Lovely Chhabra, Pooja Sareen, Daniel Perli, Indu Srinivasan, David H. Spodick

Correlation of myocardial perfusion SPECT with invasive and computed tomography coronary angiogram 43
S. Shelley, M. Indirani, I. Sathyamurthy, K. Subramanian, N. Priti, K. Harshad, D. Padma

International patients with congenital heart disease: what brings them to India? 50
Sunita Maheshwari, B.A. Animasahun, O.F. Njokanma

Review articles

Platelet adenosine diphosphate receptor antagonists: ticlopidine to ticagrelor—a long continuing journey 54
Upendra Kaul, Aijaz H. Mansoor

Pulmonary hypertension—“state of the art” management in 2012 60
Anita Saxena

Case reports

Thrombolytic therapy in prosthetic valve thrombosis during early pregnancy 74
B.C. Srinivas, Nagaraja Moorthy, Arora Kuldeep, Harsha Jeevan, Danalakshmi Chandrasekaran, C.N. Manjunath

Submitral aneurysm of the left ventricle 77
D.K. Baruah, P.V. Naresh Kumar, G.S.P. Reddy, V. Ramesh Babu

Left main coronary artery bifurcation angioplasty and stenting after aortic valve replacement: a case report 80
Sanjeeb Roy, Ajeet Bana, Rajeev Gupta, Rakesh Chittora, Sameer Sharma, Navneet Mehta

A case of arrhythmogenic right ventricular cardiomyopathy—Naxos disease 84
R.R. Saravanan, V. Amuthan, R.A. Janarthanan, S. Balasubramanian, S. Naina Mohamed

003-IHJ-TOC.indd   i 1/25/2012   5:13:52 PM



Percutaneous balloon pericardiotomy for the treatment of recurrent malignant pericardial effusion 88
Aniket Puri, Nitin Agarwal, S.K. Dwivedi, V.S. Narain

Isolated left ventricular non-compaction in association with ventricular tachycardia 90
Rajesh Vijayvergiya, Mukesh Yadav, Anand Subramaniyan 

Parachute tricuspid valve in an asymptomatic adult 93
Jagdish C. Mohan, Chandra Shekhar, Vipul Mohan, Bimalpreet Kaur, Shivesh Kumar Singh

Tetralogy of Fallot with Holt-Oram syndrome 95
Vikas Kumar, Vikas Agrawal, Dharmendra Jain, Om Shankar

Magnetic resonance imaging findings in apical ballooning syndrome or takotsubo cardiomyopathy 99
Jambhekar Kedar, Tarun Pandey, Chhavi Kaushik, Sanjaya Viswamitra, Behzad Molavi

Recurrent and rapidly occurring pericardial tamponade in Erdheim Chester disease 103
Oommen K. George, M.S.K. Subhendu

Systemic lupus erythematosus presenting as cardiac tamponade—a case report 106
Mohan Ashok Kumar, I. Sathyamurthy, K. Jayanthi, Ramakrishnan, Ramasubramanian

Journal review

Long term outcome of patients with isolated thin discrete subaortic stenosis treated by balloon dilation: a 25 year study 108

A comparison of Blalock-Taussig shunts with and without closure of the ductus arteriosus in neonates with pulmonary atresia 108

Efficacy and safety of Bosentan for pulmonary arterial hypertension in adults with congenital heart disease 109

Pulse Oximetry screening for congenital heart defects in newborn infants (PulseOx): a test accuracy study 110
Saurabh Kumar Gupta, Anita Saxena

Rivaroxaban versus warfarin in nonvalvular atrial fibrillation 110

Apixaban versus warfarin in patients with atrial fibrillation 111
Niteen Deshpande

Dronedarone in high-risk permanent atrial fibrillation 112

Prevention of ventricular fibrillation episodes in Brugada syndrome by catheter ablation over the anterior right ventricular outflow  112
tract epicardium

Endocardial radiofrequency ablation for hypertrophic obstructive cardiomyopathy acute results and 6 months’ follow-up in 19 patients 112

Use of secondary prevention drugs for cardiovascular disease in the community in high-income, middle-income, and low-income  113
countries (the PURE Study): a prospective epidemiological survey. 
Hygriv Rao

Four year follow up of SYNTAX trial; optimal revascularization strategy in patients with three vessel disease and/or left main disease 114
Dheeaj Gandotra, Upendra Kaul

RadIal Vs FemorAL (RIVAL) trial for coronary angiography and intervention in patients with acute coronary syndromes 114
Abid Hussain, Upendra Kaul

Rivaroxaban in patients with a recent acute coronary syndrome 115

Effect of two intensive statin regimens on progression of coronary disease 116
Deepak Kumar Saha, K. Sarat Chandra

Cardiac magnetic resonance imaging pericardial late gadolinium enhancement and elevated inflammatory markers can predict the  117
reversibility of constrictive pericarditis after antiinflammatory medical therapy: a pilot study
Johann Christopher

Arrhythmia graphics

What is your diagnosis? 118
Shomu Bohora

Instructions to authors 120

Images in cardiology 27
Book review 87
Obituary 98

003-IHJ-TOC.indd   ii 1/25/2012   5:13:52 PM



Indian Heart Journal 6401 (2012) 1

Contents lists available at SciVerse ScienceDirect

Indian Heart Journal

ISSN: 0019-4832 Copyright © 2012. Cardiological Society of India. All rights reserved.
doi: 10.1016/S0019-4832(12)60001-7

Editorial

Dear Colleagues,

It may sound like a ‘cliche’, yet I 
would say that it is a great honour 
and privilege to be elected as the 
Editor of Indian Heart Journal (IHJ). 
It has been my long time desire, 
as it is a unique position with a lot 
of responsibility and is time con-
suming, but it is well worth the 
efforts. I promise that I will under-
take this job with utmost sincerity 

and professionalism as I did the earlier jobs given to me by 
cardiological society of India.

A journal is the mirror of any scientific society and as such 
all of us as members of the society have a responsibility to-
wards the journal to ensure that it is moulded and sculpted 
into great shape. If we want the journal to do well and take 
its appropriate place among the internationally reputed jour-
nals of cardiology it needs everyone’s co-operation. There is 
no reason why any work done in India should be accepted for 
publication if it is not of the highest standard. We need to 
spend quality time in planning our trials. Naturally those stud-
ies which are planned in collaboration with IHJ would get a 
priority in publication. 

We also solicit contribution of articles from beyond our 
borders and it will be our privilege to have international au-
thors. The reviewers need to be prompt and positive in their 
approach towards their job. 

The field of cardiology has seen tremendous advances 
in the last decade, so also the field of medical publication. 
In this background we have gone for a tie-up with Elsevier, 
a well-known house in medical publishing. The submission 
of the articles will be completely paperless and will be done 
through Elsevier Editorial System (EES) which is an exclusive 
online submission website. The instructions to the authors 
are available in this issue and online and I request all the 
potential authors to register themselves with EES. 

The regular website of IHJ is a separate website and would 
have archives of the journal for at least 10 years. Eventually we 
intend to have archives of the journal right from 1949 onwards.

Look forward to a wonderful 2012.

Yours 
Dr. K. Sarat Chandra

Honorary Editor
Indian Heart Journal

Dr. K. Sarat Chandra
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Original article

Correlation between peripheral arterial disease and coronary artery disease 
using ankle brachial index—a study in Indian population
Sharmistha Sarangi1, Banumathy Srikant2*, Dayasagar V. Rao4, Laxmikant Joshi5, G. Usha3

͵,ͶRegistrar, ͷConsultant, ͹Professor and Head, Department of General Medicine, ͸Professor and Head, Department of Cardiology, Durgabai Deshmukh 
Hospital and Research Centre, Hyderabad.

A B S T R A C T

Objective: To study the prevalence of peripheral arterial disease (PAD) of the lower limbs in a high-
risk population and its correlation with coronary artery disease (CAD), using the ankle brachial 
index (ABI).
Methods: The present study was conducted in randomly selected indoor patients >45 years of age 
with one or more risk factors for PAD admitted in the cardiology and medicine wards in a tertiary 
care institute.
Results: Based on ABI <0.9, PAD was diagnosed in 32 of the 182 (18%) patients. Coronary artery 
disease was present in 15 cases of PAD which was statistically significant.
Conclusion: There is a definite and strong correlation between PAD and CAD. Correct diagnosis and 
supervision of patients with PAD is important for preventing the local progression of the disease 
and effective secondary prevention of future coronary and cerebrovascular events.

Copyright © 2012, Cardiological Society of India. All rights reserved.

K E Y W O R D S

Ankle brachial index
Coronary artery disease
Peripheral arterial disease

Introduction

Peripheral arterial disease (PAD) is the occlusive disease 
of arteries distal to the aortic bifurcation.1 The prevalence of 
PAD in the lower limbs in a general population >55 years of 
age is between 10% and 25% and it increases with age.2 
Majority of affected population have asymptomatic disease. 
Peripheral arterial disease, whether symptomatic or asymp-
tomatic, is a risk factor for non-fatal and fatal coronary disease 
and cerebrovascular events.3 Patients with PAD alone have 
the same relative risk of death from cardiovascular cause as 
those with coronary or cerebrovascular disease.4 Risk of 
death in patients of PAD within 10 years is 4 times more than 
those without the disease.5 Several studies have shown that 
the ankle brachial index (ABI), an index for occlusive vascular 
disease, is now considered an independent predictor of coro-
nary and cerebrovascular morbidity and mortality.6 Our 
study in an Indian population was carried out to correlate 

and substantiate the relation of PAD with coronary artery 
disease (CAD) using the ABI.

Methods

The present study was conducted in randomly selected in-
patients admitted in the cardiology and medicine wards in a 
tertiary care institute between October 2004 and March 2005. 
The following inclusion criteria were followed:
1. Above 45 years of age.
2. History of one or more conventional risk factors of PAD 

like diabetes mellitus (DM), smoking, hypertension or dy-
slipidaemia and/or were on treatment for the same.

3. Angiographic confirmation of CAD in addition to clinical 
history and electrocardiogram (ECG) abnormalities in sus-
pected cases.
A detailed clinical history of the patients was taken fol-

lowed by a detailed clinical examination, which was recorded 
in a proforma sheet. The diagnosis of intermittent claudica-
tion (IC) was made based on the response to the questions in 
the proforma sheet.

01-IHJ-OA-Sharmistha.indd   2 1/25/2012   9:15:17 PM
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The measurement of ABI was done with the help of VP-
1000 from Colins, Japan which works on the oscillometric 
principle. Blood pressure cuffs are tied to all four limbs and 
systolic pressure of all the limbs is measured at the same time 
and the ABI is calculated for each side.

Results

The present study consisted of a study population of 182 pa-
tients. Based on ABI <0.9, PAD was diagnosed in 32 patients 
and 150 patients had ABI >0.9 on both sides and hence were 
considered normal. The occurrence of PAD in the study popu-
lation was 18% (Figure 1 and Table 1).

Of the study population 143 (78%) were males and 39 
(22%) were females. Among males, 22 (15.38%) were detected 
as PAD-positive cases. Among females 10 (25.64%) out of the 
39 cases had PAD (Table 2).

Nine (4.8%) patients among the 182 described symptoms 
of IC; of the 9, 7 patients had PAD. The overall occurrence of 
IC in the study population was 3.8%. Among the 32 cases who 

had PAD, 7 had IC. Twenty-five (13%) patients had PAD with-
out symptoms of IC.

The minimum recorded ABI value on the right-side was 
0.3 and the maximum was 1.29. The median value was 1.06. 
The minimum value on the left-side was 0.37 and the maxi-
mum was 1.39 with a median of 1.06. Of the ABI recordings 
13.19% were abnormal on the right-side and 9.34% were ab-
normal on the left-side (Tables 3 and 4).

The presence of PAD in diabetics was significantly higher as 
shown in Table 5 (P = 0.021; statistically significant).

As shown in Table 6, 14 (35.9%) out of the 39 smokers had 
PAD whereas 25 (16%) out of the 150 non-smokers had PAD. 
This proved the predominance of PAD amongst smokers. 
Amongst the PAD-positive patients 44% were smokers, i.e. 14 
of the 32 patients (P = 0.001; statistically significant).

Of the 182 patients in the study population, 102 had hy-
pertension and 19 patients (18.63%) amongst them had PAD 
(Table 7). Occurr ence in hypertensives and non-hyperten-
sives was similar (P = 0.676; statistically insignificant).

Table 2
The age wise occurrence of peripheral arterial disease.

Age (yr) Normal PAD (%) Total

45–54  70  8 (10.2)  78
55–64  37  9 (18.7)  46
>65  43 15 (24.8)  58
Total 150 32 (18) 182

PAD: peripheral arterial disease.

Table 1
The number of normal and peripheral arterial disease patients in the 
study population.

Diagnosis  Total (%)

Normal 150 (82)
Peripheral arterial disease 32 (18)
Total 182 (100)

Table 3
The variation of peripheral pulsations in the study population.

Peripheral pulse Normal PAD Total

Abnormal  13  9  22
Normal 137 23 160
Total 150 32 182

PAD: peripheral arterial disease.

Table 5
The relation of peripheral arterial disease to diabetic status.

Diabetic status Normal PAD Total

Non-diabetic  37 (22)* 2 (0)* 39 (22)*
Diabetic  113 (54)* 30 (24)* 143 (78)*
Total 150 (76)* 32 (24)* 182 (100)*

*Figures in brackets indicate patients >55 years of age. PAD: peripheral 
arterial disease.

82%

18%

Normal

PAD

Figure 1 The pie graft distribution of normal and peripheral arterial 
disease patients in the study population. PAD: peripheral arterial 
disease.

Table 4
The distribution of ankle brachial index values in both lower limbs 
and their relation to severity of peripheral arterial disease.

Severity (ABI value) Left Right Total

Mild (0.89–0.7)  12  19  31
Moderate (0.69–0.4)   5   4   9
Severe (<0.4)   1   2   3
Normal (>0.9) 164 157 321
Total 182 182 364

ABI: ankle brachial index, PAD: peripheral arterial disease.

Table 6
Relation of smoking to peripheral arterial disease.

Smoking status Normal PAD Total

Non-smokers 125 18 143
Smokers  25 14  39
Total 150 32 182

PAD: peripheral arterial disease.

01-IHJ-OA-Sharmistha.indd   3 1/25/2012   9:15:18 PM
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As shown in Table 8, 45 patients (24.73%) in the study popu-
lation had CAD. The occurrence of CAD in PAD-positive cases 
was 46.88% while in PAD-negative cases it was 20% (P = 0.001; 
statistically significant).

Discussion

Peripheral arterial disease is the occlusive disease of arteries 
distal to the aortic bifurcation.1 The term, however, is widely 
used to refer to chronic arterial disease of the legs of athero-
sclerotic origin. Athero sclerosis is by far the most common 
cause (>90%) of arterial problems in the legs.7 The pathology 
was designated as arteriosclerosis obliterans by the World 
Health Organization (WHO) study group.8 The ratio between 
systolic arterial pressure at the ankle and brachial artery, 
i.e. the ABI was established as a valid index to identify pa-
tients with asymptomatic PAD.1 Some of the landmark stud-
ies like Edinburgh Artery Study (1992), Framingham Study 
(1970–1996), The San Diego Study (1992), and The Rotterdam 
Study (1998) using the ABI have shown that the prevalence 
of asymptomatic PAD is much higher than the symptomatic 
disease.1 The measurement of ABI is the single most useful 
diagnostic tool in the evaluation of PAD.6

The San Diego Study found a high-risk of cardiovascular 
mortality among subjects with an abnormal ABI (<0.8).6 
Criqui et al. using multivariate analysis in a population inves-
tigated for carotid stenosis, ECG anomalies, and presence of 
PAD, diagnosed on the basis of the ABI, found that after 8 
years of follow-up, ABI <0.9 was associated with total mortal-
ity 2.4 times higher than normal and double the risk of cardio-
vascular mortality.9 The Cardiovascular Health Study and the 
Edinburgh Artery Study using multivariate analysis on pro-
spective observations of a large series (5888 and 1592 sub-
jects, respectively) with an adequate follow-up (6 and 5 
years, respectively), showed that the risk of total and cardio-
vascular mortality was higher in patients with ABI <0.9, with 
a relative risk estimate between 1.5 and 1.8.10,11 The risk of 
death and non-fatal vascular events was higher in patients 
who had a low ABI together with risk factors such as diabetes 
or high blood cholesterol. In Italian ADEP (Associazione 

Diaspora e Pace) Study, a low ABI was one of the predictors of 
vascular events—fatal or non-fatal in a population with IC.4

While the strength of the ABI as a negative prognostic in-
dicator seems clear, it also appears that subclinical abnor-
malities in the index imply a prognosis as negative as in 
symptomatic patients.6 In the Cardiovascular Health Study, 
subclinical vascular abnormalities detected instrumentally 
and with the ABI, involved a greater risk of developing the 
disease than in patients with no subclinical disorder.10

In this study, done on a defined population comprising in-
patients >45 years of age with one or more conventional risk 
factors for PAD using the ABI as the diagnostic parameter, 18% 
of the subjects had PAD. The PARTNERS program which stud-
ied the population aged between 50 years and 69 years with 
diabetes or smoking and age >70 years found a prevalence of 
29%.12 The Rotterdam study with a study population <55 
years of age had a prevalence of 19%.13 The Edinburgh Artery 
Study studied the age stratified sample between 55 years and 
74 years and found a prevalence of 9%.11 However, the Swiss 
Atherothrombosis Survey carried out on a population >55 
years of age with stroke, TIA, CAD or two or more risk factors 
found a prevalence of only 6.4%.14 All the compared studies 
used ABI as the diagnostic parameter.

This study population when analysed age wise, the preva-
lence in age group of 45–54 years was only 10.2%. It increased 
to 18.7% in 55–64 years age group and was 24.8% in the age 
group >65 years. Peripheral arterial disease occurrence in-
creased with age. Most studies have shown a linear relation 
between age and PAD. The Rotterdam Study showed a preva-
lence of 7.6% in age group of 55–59 years, which increased to 
59.6% in age >85 years.13 Newman et al. have shown a preva-
lence of 26% in a population aged ≥ 60 years.10 This is compa-
rable to the present study which has a prevalence of PAD of 
24% of the patients in the study population >55 years of age.

In this study population, the male subjects comprised 78% 
and female subjects comprised 22%. The occurrence of PAD 
among males was 15.38% and among females was 25.64%. The 
impact of sex on PAD, however, did not reach statistical sig-
nificance in this study. Most of the studies have shown a sim-
ilar incidence of PAD with men to be slightly more than 
women. Schroll and Munk have shown an incidence of 16% in 
men and 13% in women.1 The Cardiovascular Health Study has 
shown a prevalence of 14% for men and 11% for women.10 
Vogt et al. have shown the gap in prevalence narrows after 70 
years of age.15 However, Meijer et al. in the Rotterdam Study 
found a higher prevalence rate among women being at 20.5% 
and for men being at 16.9%.13

An important aspect of this study was assessing the occur-
rence of symptomatic and asymptomatic PAD based on the 
presence of IC. In this study, 4.8% of subjects described symp-
toms of IC. Of these 1% did not have PAD. The overall occur-
rence of IC in the study population was 3.8%. This is similar to 
most of the other studies. The Edinburgh Artery Study shows 
the prevalence of IC at 4.5%.11 Reunanen et al. had shown the 
prevalence of IC at 2%.16 Schroll and Munk have shown a 
prevalence of 3.5% for IC.1 Though the prevalence of PAD in 
this study was 18%, the prevalence of symptomatic PAD is 
only 3.8%. The occurrence of IC has risen steeply with age. 

Table 7
The relation of hypertension to peripheral arterial disease.

Hypertension status Normal PAD Total

Negative  67 13  80
Positive  83 19 102
Total 150 32 182

PAD: peripheral arterial disease.

Table 8
Relation of coronary artery disease to peripheral arterial disease.

CAD status Normal PAD Total

Negative 120 17 137
Positive  30 15  45
Total 150 32 182

CAD: coronary artery disease; PAD: peripheral arterial disease.
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Subjects <55 years of age had an occurrence of 1.2%, between 
55 years and 64 years of age the occurrence was 6.5%, while 
in those subjects >65 years of age an occurrence of 9.6% was 
observed. This again corroborates the fact that progression of 
PAD occurs with increasing age. Ouriel et al. has reported that 
the incidence of symptomatic PAD increases with age from 
about 0.3% per year for men aged 40–55 years to about 1% 
per year for men aged over 75 years.17 Reunanen et al. have 
shown a prevalence of IC of 2% in a population aged <60 
years.16 Newman et al. have shown that the prevalence of IC in 
population >60 years is 6.4% which is comparable to the fig-
ures discussed in this study.10

Another interesting fact observed was the presence of clau-
dication seen more among subjects who also had associated 
CAD. Reunanen et al. had also made a similar observation in 
their study.16 In this study, among the patients diagnosed to 
having PAD, 21% were symptomatic. Hence, screening with 
ABI detected 79% asymptomatic PAD subjects. Stoffers et al. 
have shown that among those diagnosed with PAD, only 22% 
had symptoms.18 Meijer et al. have shown the prevalence of 
symptoms in 15% of PAD-positive cases.13

Taking into consideration the whole study population, 25 
subjects (13%) out of 182 had asymptomatic PAD. Stoffers et 
al. have reported a prevalence of 6.9% of asymptomatic PAD.18 
In the Edinburgh Artery Study, 8% had major asymptomatic 
PAD.11 The occurrence of both asymptomatic disease (13%) 
and diseased subjects being without symptoms (79%) sug-
gests that screening the population at risk by a simple test 
like ABI measurement should be done in regular clinical 
practice. In the present study 28% of patients with PAD had 
an abnormal peripheral pulse examination. The remaining 
72% had normal peripheral pulse. The PARTNERS program 
has highlighted that as many as 50% of cases may have a nor-
mal peripheral pulse.12

The spread of ABI showed a median value of 1.06 on each 
side. The maximum ABI value was 1.39. As none of the values 
were >1.5, which is indicative of non-compressible calcific 
arteries, no second method of evaluation was required in this 
study. Disease occurrence on the right-side was 13.19% and 
on the left-side was 9.34%. The Edinburgh Artery Study has 
also shown unilateral predisposition to disease, but it was to 
the left-side as opposed to the right-side in our study.11

Based on ABI, the study population was divided into mild, 
moderate, and severe disease and 72% of subjects were re-
ported to have had mild disease (ABI 0.7–0.89). Doobay and 
Anand have shown that a low ABI between 0.8 and 0.9 has a 
high specificity of 92% to predict CAD and 87% for cardiovas-
cular mortality.19 Lee et al. have shown that ABI <0.9 can in-
dependently predict fatal myocardial infarction in addition to 
the conventional risk factors.20 Majority of the study popula-
tion have a low ABI but asymptomatic PAD. However, they 
are at a high-risk for coronary and cardiovascular events and 
hence should be the target for preventive measures.

This study showed that 20.98% of patients with DM had 
PAD and the P value for DM as a risk factor was statistically 
significant. A cross-sectional study by Adler et al. found a 
prevalence of 23.5% PAD among type 2 DM patients.21 In the 
study by Beckman et al., 50% of patients with DM were found 

to have PAD.22 In our study, the occurrence of PAD in diabet-
ics >55 years of age went up to 24%. However, regardless of 
high prevalence and complication that can result from PAD, it 
is still not a common practice to routinely screen for the dis-
ease in diabetics.

In our study, 21% were smokers and all of them were 
males. Occurrence of PAD among smokers was around 36% 
which was significantly higher than among non-smokers 
(20%). Forty-four percent of the PAD-positive cases were 
smokers. Smoking as a risk factor had a statistically significant 
P value (0.001). Studies like Framingham Study, Cardiovascular 
Health Study, and Edinburgh Artery Study showed that 
amongst smokers PAD was 2–5 times higher.10,11,23 Willingdael 
et al. have shown that PAD is 2.5 times more in smokers.24 In 
our study, PAD was 2 times more in smokers than in non-
smokers with a significant P value.

The present study had 55% of subjects as hypertensives; 
18.63% had PAD whereas a similar proportion of 16% among 
non-hypertensives had PAD. The P value was not statistically 
significant (P value 0.676). According to the Framingham 
Heart Study, hypertension doubles the risk of PAD.23 
However, Reunanen et al. showed that hypertension was not 
significantly related to PAD.16 In our study occurrence of PAD 
in both groups was similar.

The present study population of 182 patients had 45 pa-
tients (24.73%) who had CAD. However, the occurrence of 
CAD among patients who had PAD was 2 times more than 
those without PAD. Among PAD-positive cases, CAD was 
present in 46.88%. Only 20% of PAD-negative cases had CAD. 
A strong correlation was found to occur between PAD and 
CAD (P = 0.001; statistically significant). The PARTNERS pro-
gram showed that 16% of patients had PAD and CAD, 13% had 
only PAD, and 24% had only CAD.12 In our study 10% had PAD 
and CAD, 12% had only PAD, and 16% had only CAD.

Another interesting observation in our study was that only 
6 patients were subjected to ABI measurement previously 
comprising only about 3% of the study population. Among 
the 6 patients, 2 of them had symptomatic disease and 2 of 
them had associated CAD. Hence, it was observed that though 
ABI is a relatively simple test to conduct, it is still used very 
sparingly in clinical practice.

Conclusion

There is a definite and strong correlation between PAD and 
CAD. In view of the increasingly aging population and associ-
ated increase in atherosclerotic vascular disease, confronta-
tion with patients of PAD will increase, which however, 
continues to be under diagnosed and under treated. The 
awareness and implementation of ABI in general clinical 
practice is poor. A simple, inexpensive test like ABI can im-
prove the diagnosis of PAD in clinical practice and thus help 
in preventing CAD and consequent death by a range of medi-
cal therapies. Correct diagnosis and supervision of patients 
with these disorders is important for the prevention of local 
progression of the disease and effective secondary preven-
tion of any future coronary and cerebrovascular events.
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A B S T R A C T

Objective: Cardiac arrest in the hospital wards may not receive as much attention as it does in the 
operation theatre and intensive care unit (ICU). The experience and the qualifications of person-
nel in the ward may not be comparable to those in the other vital areas of the hospital. The out-
come of cardiac arrest from the ward areas is a reasonable surrogate of training of the ward nurses 
and technicians in cardiopulmonary resuscitation. We conducted an audit to assess the issues 
surrounding the resuscitation of cardiac arrest in areas other than operation theatre and ICU in a 
tertiary referral hospital.
Aims of the audit: To assess the outcomes of cardiac arrest in a tertiary referral hospital. Areas such 
as wards, dialysis room and emergency room were considered for the audit.
Methods: This is a retrospective observational audit of the case records of all the adult patients 
who were resuscitated from ‘code blue’. Data for 2 years from 2007 was analysed by a research 
fellow unconnected with the resuscitations.
Results: Twenty-two thousand three hundred and forty-four patients were admitted as in-patients 
to the hospital during the 2 years, starting May 2007 through May 2009. One hundred code blue 
calls were received during this time. Twenty-two of the total calls received were false. Among the 
78 confirmed cardiac arrests 69 occurred in the wards, 2 in emergency room, 1 in cardiac cathe-
terisation laboratory and 3 in dialysis room. Twenty-eight patients were declared dead after un-
successful cardiopulmonary resuscitation. Among the 50 who were resuscitated with a return of 
spontaneous rhythm 26 died. Twenty-four patients were discharged (survival rate of 30%). The 
survival decreased significantly as the age progressed beyond 60. The resuscitation rates were 
better in day shifts in contrast to the night. Higher survival was noted in patients who received 
resuscitation in less than a minute.
Conclusion: A overall survival to discharge rate of 30% was noted in this audit. Higher survival rates 
might be attributable to high rate and degree of training at the time of their employment, which 
was repeated at yearly interval.

Copyright © 2012, Cardiological Society of India. All rights reserved.

K E Y W O R D S

Cardiac arrest
Cardiopulmonary resuscitation
Code blue
Intensive care unit
Return of spontaneous circulation

Introduction

The basic techniques of cardiopulmonary resuscitation (CPR) 
have been established since 1960 when Kouwenhoven, Jude 
and Knickerbocker described closed chest massage.1 There 
have been a number of studies after that, which have re-
ported outcome and the predictors affecting outcome.2–5 
Cardiopulmonary resuscitation is a frequently performed 

medical intervention in healthcare facilities. Successful car-
diopulmonary resuscitation after in-hospital cardiac arrest 
depends on basic and advanced life support systems, the 
ability to immediately defibrillate the arrested heart, and the 
quality of the CPR intervention (Beuret et al.; Jorgenson 1997). 
But studies show a wide range of ‘survival on discharge’ (3–
27%), which could be due to differences in the settings in 
which the CPR is performed and differences in inclusion/ex-
clusion criteria.5–8 To overcome this problem, the in-hospital 
Utstein style data collection (Utstein template) recommen-
dation were published in 1997 and revised in 2004.5,6 These 
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recommendations defined a set of data elements that are es-
sential for documenting in-hospital cardiac arrests and sug-
gested guidelines for reviewing, reporting, and conducting 
research on this topic.7 In the present audit, we sought to de-
termine how well CPR is utilised at our institution by estimat-
ing the incidence and the outcome from in hospital cardiac 
arrest and also predict the factors affecting the outcome. Key 
factors include presenting rhythm, time to definite therapy, 
episode being witnessed, provision of basic life support, time 
from collapse to defibrillation, age, gender, location of arrest, 
and associated risk factors. The purpose of this audit is to 
identify and facilitate necessary improvements both in the 
prevention of in-hospital cardiac arrest, and in the organisa-
tion, delivery, and outcomes from pre-arrest, resuscitation, 
and post resuscitation care in the hospital and providing feed-
back to relevant staff at all levels across the hos pital. Twenty-
two thousand three hundred and forty-four patients were 
admitted to the hospital during the period of May 2007–2009. 
Seventy-eight cardiac arrests were encountered during this 
period of time. Twenty-four patients were discharged home.

Methods

This study is a retrospective observational audit conducted 
on the patient data obtained in our patients who received 
CPR during the 2 years period from March 2007 to April 
2009. We received Institu tional Review Board approval to 
perform a retrospective medical records review on adult pa-
tients who received CPR at our hospital. Such of the cardiac 
arrests resuscitated in the operation theatres and intensive 
care units (ICUs) were excluded from the audit. Ours is a 
multi-specialty hospital conducting cardiac, neurosurgical, or-
thopaedic and minimal access general surgery. The hospital 
was commissioned in July 2006. The hospital has wards dis-
tributed on the 6th and 7th floors of the hospital building. A 
standardised protocol termed ‘code 555’ is in place at the hos-
pital for treating individuals with cardiorespiratory collapse. 
A phone call to 555 from any of the house phones by any of 
the staff (nurses, doctors or technicians) would automatically 
dial the emergency room staff, who by pressing buttons 1–4 
would dial automatically dial the ‘code phone’ manned by a 
registrar from medical ICU, coronary care unit, anaesthesiol-
ogy and nursing supervisor who are all located within the hos-
pital. This phone call also informs the phone holder from 
where the code has been raised. The receiver will immedi-
ately rush to the location from where the code has been 
raised and attend to the victim of cardio respiratory arrest. At 
the time of appointment, the employees of the hospital 
(nurses, technicians, lift operators among others), resident 
doctors, and registrars were trained to provide basic life sup-
port. A review and recertification of their basic life support tal-
ent was made at 1 year interval. After the victim had been 
attended to, depending on the decision of the leader of the 
resuscitation team, the patient would be transferred to medi-
cal ICU for further care. After the patient transfer, the nursing 
supervisor, who is also a member of the code team, would fill 
up the code report form. This form mentions details of the 

patient, details of concomitant diseases, location of cardiac 
arrest, time taken to start resuscitation, the initial rhythm, 
drugs administered, whether the code was successful or not, 
therapeutic manoeuvres employed among others.

Formation of emergency response (code blue) team (ERT): 
The hospital standard operating protocol (SOP) guided the for-
mation and standardisation of the function of ERT. An ERT was 
formed and all its members were advanced cardiac life support 
providers. The ERT consisted of anaesthesiologist, intensivists, 
intensive care nurse, and ward nurse. The nurse assigned to 
the team was responsible for knowing the location of the crash 
cart. A separate SOP guided the maintenance of crash carts. 
The crash cart would not be opened unless there was a cardi-
opulmonary arrest. The ward nurse would check the equip-
ment on every day. Utmost care would be given to the check 
of defibrillators. Presence of a well charged battery, cleanliness 
of paddles, constant supply of electrocardiogram cable, jelly, 
and recording paper are assured every day. Defibrillator check 
is performed during every shift and the result of the test is 
pasted in the log book. It was made certain that other resusci-
tative equipments such as functioning laryngoscope, availa-
bility of endotracheal tubes and other support equipments 
were available. Emergency drugs commonly used during re-
suscitation were kept handy in the crash cart. The contents 
were checked only if the crash cart seal was found broken.

The recommendations of the 2005 American Heart 
Association (AHA) cardiopulmonary resuscitation (CPR) 
guidelines were used by all the resuscitators.9

A research fellow unconnected with the study collected 
the data. The details about the patients, event characteristics, 
and outcome were noted as per the guidelines of in-hospital 
Utstein style using a standard questionnaire. The research as-
sistant was a medical graduate and was trained by the princi-
pal investigator in data retrieval from medical records.

The following data were obtained from all patient 
records—patient demographics, diagnosis, cardiac arrest char-
acteristics (which included time of the day, physical location 
at the time of the arrest, whether arrest was witnessed or 
monitored, whether it was respiratory or cardiac arrest), days 
in the hospital prior to arrest and survival on discharge. The 
study population consisted of adults who underwent CPR be-
tween March 2007 to April 2009 at a location other than ICU 
and operation theatre. Our definition of cardiac arrest was 
the same as described in the Utstein style template; the ces-
sation of cardiac mechanical activity confirmed by the ab-
sence of detectable pulse, unresponsiveness and/or apnoea 
(agonal respirations).6,7 In instances where the patient suf-
fered multiple cardiac arrests, only the initial in-hospital ar-
rest was recorded during the period of hospitalisation. This 
was done to avoid falsely elevated rate of successful CPR. 
Patients who had ‘do not resuscitate’ or ‘do not intubate or 
ventilate’ were not included in this audit.

Results

Twenty-two thousand three hundred and forty-four patients 
were admitted as in-patients to the hospital during the 
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bicarbonate, 17 of them died. Figure 1 shows the survival rate 
based on age. Table 4 shows the survival decreased signifi-
cantly as the age progressed beyond 60. There was one survi-
vor among the 14 who were above the age of 80 years. Table 
5 shows the survival rate and associated co-morbidities. The 
best survival of 64% was among those who had no or 1 co-
morbidity. The survival decreased to 9.6% if the patients had 
2 co-morbidities. There were no survivors among those who 
had <2 co-morbidities. Survival at various locations of car-
diac arrest can be seen in Table 6. The survival in cardiac 
catheterisation laboratory was 60%, 30% in the ward, and 
none in the emergency room and dialysis room. Twenty-five 

Table 1
Patient characteristics.

Hypertension 23
Ischaemic heart disease 21
Heart disease 33
Diabetes mellitus 23
Hyperlipidaemia 39
Chronic renal failure 13
Malignancy 6
Chronic obstructive pulmonary disease 11
Neurological dysfunction 11
Sepsis 6
Head injury 2
Electrolyte abnormality 2
Post coronary artery bypass surgery status 14
Post valve surgery 3
Post coronary angioplasty 6
Others 11

Table 3
Manoeuvres during resuscitation.

Intubation  73
Atropine 43
Adrenaline 47
Sodium bicarbonate 19
Direct current shock  16

Table 4
Variables affecting survival.

 n Survivors

Age (yr)
 <60 19  8
 >60 42 15
 >80 14  1

Male 47 15

Female 31  9

50

45
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30

25

20

15

10

5

0

<60 >8060–80
Age

Male Female

n
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Figure 1 Survival rate based on age.

Table 5
Survival rate and number of co-morbidities/patients.

No. of co-morbidities/patients n Survived % survival

Up to 1 25 16 64
2 50  8 9.6
>2  3  0 0

2 years, starting May 2007 through May 2009. During this 
period, there were 100 cardiac arrest calls received by the 
ERT during the study period. About 1 per week was the aver-
age ‘code blue’ call received by the ERT. Twenty-two of the 
total calls received were false; they were: gasping in 13, gen-
eralised tonic clonic seizures in 2 and chest pain in 7 patients. 
Among the 78 confirmed cardiac arrests, 47 were observed in 
males and 31 in females. Sixty-nine of these cardiac arrests 
occurred in the wards, 2 in emergency room, 1 in cardiac 
catheterisation laboratory and 3 in dialysis room. Twenty-
eight patients (35%) did not have return of spontaneous cir-
culation (ROSC) and were declared dead subsequently. 
Returns of spontaneous circulation occurred in 50 patients 
(65%) and were admitted to the ICU. Twenty-six of these 50 
died subsequently, 24 patients were discharged (survival rate 
of 30%). Thirty-two males and 22 females died. Table 1 shows 
the pre-existing and existing characteristics in those patients. 
Table 2 shows the initial cardiac rhythm that was noted by 
the ERT. A majority of them were in pulseless electrical activ-
ity (39%), the next common rhythm was asystole (37%). Table 3 
shows the manoeuvres conducted at the time of resuscitation. 
Nearly every patient (93%) received endotracheal intubation. 
Those not requiring intubation survived to discharge. 
Nineteen patients received intravenous injection of sodium 

Table 2
The initial cardiac rhythm.

Pulseless electrical activity 31
Asystole 29
Ventricular fibrillation/tachycardia 18
Bradycardia 2

Table 6
Survival rate and location of cardiac arrest.

Location  n Survivors % survival

Wards 69 23 30
Cardiac catheterisation laboratory 5 3 60
Emergency room 1 0 0
Dialysis room 3 0 0
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patients had cardiac arrest in the day shift and 12 of them 
survived (48% survival), while 53 during evening or night 
shift; 11 (20%) survived. Twenty-seven patients received re-
suscitation within 1 minute, 12 survived (44%), but 51 pa-
tients received resuscitation after 1 minute. The survival in 
that group was 12 (23%).

Discussion

We describe our first 2 years data of out of intensive care 
cardiac arrests encountered in 22,344 in-patients. The co-
morbidities in the subjects studied are described in Table 1. 
The ERT managed the ‘code blue’ services 24 hours daily and 
all 7 days of the week. Twenty-two percent of the calls at-
tended by ERT after ‘code blue’ were not cardiac arrests. The 
incidence of false cardiac arrest of 22% appears to be in syn-
chrony with the other reports. In a report on false cardiac 
arrest calls, Kenward et al.10 found 150 incidents of false car-
diac arrests among 512 calls (29%). The authors point out that 
the incidence of this depends on the training and knowledge 
level of the individual raising the call. They also relevantly 
point out that the survival among the patients for whom 
false cardiac arrest alarm is lower than the general hospital 
population, but higher than those who suffer cardiac 
arrest. This data may not reflect the total number of cardiac 
arrests in the hospital, since the ICUs usually manage such 
events on their own, without calling for the ERTs. The 
male:female distribution in our audit was 47:31. But Ahmed 
et al. reported a ratio of 18:24; this observation suggests ab-
sence of any particular gender preference when cardiac 
arrest occurs.11

Return of spontaneous circulation occurred in 65% of the 
patients who suffered cardiac arrest in our audit. The rate of 
ROSC appears to vary from one institution to other. Peters 
et al. have reported an incidence of 76% in their series.12 The 
rate of ROSC is higher in patients who are monitored, well 
oxygenated and haemodynamically not unstable. The inci-
dence of survival to discharge was 30% in this audit. This ap-
pears better than the rate (21%) reported by Cohn et al.13 They 
also identified a few predictors of survival after cardiac ar-
rest. ‘Predictors of successful resuscitation included a pri-
mary cardiac admission diagnosis, monitoring at the time of 
the arrest, a longer duration of resuscitation and the absence 
of the need for endotracheal intubation. Patients with ven-
tricular tachycardia/fibrillation were more likely to survive to 
hospital discharge than those with asystolic or pulseless 
electrical activity (45 vs 12 vs 20%, P = 0.01). The sole inde-
pendent predictor of survival to hospital discharge was 
the absence of the need for endotracheal intubation (odds 
ratio 0.14, 95% confidence interval 0.02–0.88, P < 0.01).’13 The 
observation in the present audit appears to differ from that 
of Cohn et al. Despite finding >70% of the patients in either 
asystole or pulseless activity, the survival to discharge was 
reasonable. The discharge ratio in this study is 26%. The data on 
survival rate to hospital discharge for patients with in-hospital 
cardiac arrest in the United States of America has been 
documented by the National Cardiopulmonary Resuscitation 

Registry as 17%.14 The better incidence of discharge in our 
study may be due to the fact that it was a prerequisite for all 
the doctors and nurses in providing basic life support prior to 
their appointment. Nearly every patient received endotra-
cheal intubation. All those who did not require endotracheal 
intubation survived. It has been observed by others that pa-
tients not requiring pre-hospital endotracheal intubation 
survive in comparison to those who require it.15 The number 
of patients not requiring endotracheal intubation is relatively 
small in our audit.

Nineteen patients received sodium bicarbonate injection 
and 17 of them died. This observation has been made earlier 
by other authors. Use of sodium bicarbonate during resusci-
tation of cardiac arrest is controversial.16 We currently how-
ever do not use sodium bicarbonate injection or infusion as 
earlier.

The survival was inversely related to the age. Best survival 
to discharge was observed in patient <60 years of age; the 
worst outcome was observed in those over the age of 80 years. 
Eight patients survived in the group of 11 patients under 
the age of 60 years (73%) in comparison to 1 in the group of 14 
among patients aged over 80 years (7%). Similar observation 
can be found in the literature. Age, used as a continuous vari-
able, was strongly related to survival (odds ratio = 0.984; 
P < 0.0001) in a study by Parish et al.17,18 Presence of co-
morbidities prevented successful outcome after CPR. A sur-
vival rate of 64% has been shown in out audit in patients with 
no co-morbidities. It significantly decreased to 9.6% in pa-
tients with >2 co-morbidities. Association of multiple co-
morbidities in the pre-arrest stage has been shown to 
adversely affect the outcome.19 The survival to discharge var-
ied with the location of the cardiac arrest.

Among the four locations studied—wards, cardiac cathe-
terisation laboratory, emergency room, and dialysis room, 
the outcome was best in the cardiac catheterisation labora-
tory followed by wards. The outcome was worst in the emer-
gency room and dialysis room. It may not be possible to 
arrive at any significant inference from the data about loca-
tion in our audit. The majority of our cardiac arrests occurred 
at the wards. However, it has been documented that survival 
after cardiac arrest in the dialysis room is significantly lower 
in comparison to the other areas of the hospital; this finding 
does not come as a surprise considering the illness of the pa-
tients nursed there.20 The data in this audit confirmed the 
better outcome during day shifts in comparison to those in 
night shifts, weekends and holidays.21

Weakness of the audit

The drawbacks of retrospective studies apply to our audit. 
The data collected in this audit belonged to elective surgical 
patients and not to patients suffering from trauma and/or 
sepsis. The data may therefore not be a true reflection of the 
prevailing situation in the society. Therapeutic hypothermia 
which is now recommended strongly in patients having 
ROSC was not applied to our patients for logistic reasons. 
Therefore the outcome may be distorted.
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Conclusion

A reasonable rate of successful discharge may be achieved 
with appropriate training of the ERT. Despite the best 
efforts to resuscitate, favourable outcome may not be possi-
ble in elderly patients with multiple co-morbidities who suf-
fer cardiac arrest.
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A B S T R A C T

Rheumatic fever and rheumatic heart disease (RHD) are still important problems in developing 
countries. Secondary prophylaxis which is the most cost-effective method in preventing recur-
rences of rheumatic fever is fraught with problems of drug compliance. The utility of 500 mg once 
weekly azithromycin (AZT), an orally effective long-acting antibiotic was evaluated against oral 
penicillin (phenoxy methyl penicillin 250 mg twice daily) in this study. Forty-eight consecutive 
patients (44% males, mean age 29.4 years) with established RHD were randomised into two 
groups—26 patients received AZT and 22 received oral penicillin. Patients were evaluated at ran-
domisation, at 1 month, 3 months, and 6 months, clinically, serologically and by throat swab culture. 
End points were absence of streptococcal colonisation, infection or fever at the end of 6 months. 
During the study, 4 patients (15.4%) in the AZT group developed sore throat and fever, had positive 
throat culture and positive serology indicating streptococcal infection. None satisfied the criteria for 
rheumatic fever reactivation. None in the oral penicillin group developed streptococcal infection. 
In conclusion, weekly 500 mg of AZT is not effective in the prevention of streptococcal throat infec-
tion compared to oral penicillin therapy in adult patients with established RHD.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

Rheumatic fever and rheumatic heart disease (RHD) are still 
important problems in developing countries like India.1–4 
Recurrent subclinical or manifest streptococcal infection and 
rheumatic carditis will lead to the development or progres-
sion of rheumatic valvular lesions.3

Secondary prophylaxis is the most cost-effective method 
in preventing recurrences of rheumatic fever.5–7 Of the avail-
able options, injectable benzathine penicillin is better than 
oral penicillin or sulfadiazine.8 The main problem with the 
different regimens of secondary prophylaxis is compliance.9,10 
So, we are on the look-out for safer alternatives with improved 
patient compliance.

Azithromycin (AZT) is an orally effective antibiotic and 
there are reports highlighting its utility in the prevention of 
streptococcal infection.11–13 It has a long half-life and hence 
can be given once a week. The effectiveness of once weekly 
oral AZT in preventing group A beta haemolytic streptococcal 

throat colonisation, infection, and acute rheumatic fever was 
evaluated against oral penicillin in this study.

Methods

Consecutive patients attending the RHD clinic of SCTIMST, 
who were initiated on oral rheumatic prophylaxis for the first 
time, and willing to be followed up as per protocol, not allergic 
to pencillin and AZT were randomised to receive either weekly 
500 mg AZT orally or phenoxy methyl penicillin 250 mg twice 
daily were included in this open label study. Patients who 
were changed over from injectable benzathine penicillin to 
oral penicillin for many reasons (e.g. non-availability) were also 
included. All patients gave a formal informed consent. The 
study was approved by the departmental ethics committee.

The following definitions were made.
1. Streptococcal colonisation: those with positive throat cul-

ture alone.
2. Streptococcal throat infection: those associated with posi-

tive throat swab culture and two-fold rise in anti-strep-
tolysin-O (ASO) titre.
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3. Rheumatic fever: diagnosis based on modified Jones criteria 
(World Health Organization [WHO] 2003 modification).4

4. Cure of group A beta haemolytic streptococcus (GABHS) 
infection was defined as negative throat culture at the end 
of 10 days of antibiotic treatment. Further evaluation for 
rheumatic fever recurrence was done at 3 weeks.
Every attempt was made to prevent rheumatic reactiva-

tion following a throat infection during the study period. All 
patients were instructed to report immediately if they devel-
oped sore throat for evaluation and ‘sledgehammer treatment’ 
as per WHO recommendation4 was initiated at the earliest, 
to eradicate the nidus of infection.

It was planned to cross over the groups if recurrence of 
throat infection occurred. A third recurrence was taken as an 
indication to change over to benzathine penicillin. Patients 
were evaluated at randomisation, at 1 month, 3 months and 6 
months, clinically and by ASO and throat swab culture. End 
points were absence of streptococcal colonisation, infection 
or fever at the end of 6 months.

Laboratory studies

Lab personnel were blinded with regard to the treatment 
arms. Throat culture, antibiotic sensitivity and serology were 
done by standard methods. Throat swab was obtained and 
immediate plating was done in blood agar. Gram-stain was 
done after 48 hours of culture and sub-culture was done 
whenever necessary. Anti-streptolysin-O titre was estimated 
using latex agglutination in serial dilutions.

Results

There were 48 patients in the study who were randomised 
into two groups—26 patients receiving AZT and 22 receiving 
oral penicillin. Twenty-one patients (44%) were males and 
the mean age was 29 years, and the median age was 30 years 
for the whole group. Nineteen patients (%) were from poor 
socio-economic class. Base line characters were comparable 
in both groups (Table 1).

Twenty-five patients (42%) gave a prior history of rheu-
matic fever (Table 2). The median age of first attack of rheu-
matic fever obtained from history was 11.5 years. All patients 
who had rheumatic fever reported antecedent sore throat at 
the time of their first ever attack. Mitral valve disease was 
the most common RHD of which mitral stenosis was the pre-
dominant lesion.

Most patients were in New York Heart Association (NYHA) 
functional class II symptom status (56.3%). Rest of the pa-
tients were in class I, 94% of the patients were in normal 
sinus rhythm, while the rest had atrial fibrillation.

One patient among the 48 had an episode of rheumatic 
fever 2 months prior to the enrolment, for which he received 
treatment with aspirin for 6 weeks. None of the other patients 
had recent history of rheumatic fever. None of the patients at 
entry to the study had isolation of GABHS from throat culture 
or history of rheumatic fever.

Table 1
Baseline characteristics.

 Azithromycin* Penicillin*

n 26 22
Mean age (yr) 29.2 30
Sex (male) 11 10
Low socio-economic class (%) 54.6 45.4
History of rheumatic fever (%) 54 50
RHD
MS 13 12
MR  4  5
AR  4  3
Sinus rhythm 24 21
Symptom class  
NYHA class I (%) 45 55
NYHA class II (%) 51 43

*P = not significant. AR: aortic regurgitation, MR: mitral regurgitation, 
MS: mitral stenosis, NYHA: New York Heart Association, RHD: rheumatic 
heart disease.

Table 3
Features of patient who had sore throat while on azithromycin 
prophylaxis.

Age Sex SES Valve lesions Clinical features Time of
     recurrence 
     (mo)

24 M L Mild MR Sore throat, cervical 3
     adenopathy
31 M L Post BMV Sore throat 3
42 F H Mild MR Sore throat, cervical 1
     adenopathy
37 F H Mild MS, MR Sore throat 2

BMV: balloon mitral valvotomy, MR: mitral regurgitation, MS: mitral ste-
nosis, SES: socio-economic status.

Table 2
Data on first attack of rheumatic fever (n = 25).

Mean age (yr) 11.8
Fever (%) 50
Sore throat (%) 50
Arthritis (%) 41
Chorea Nil

Median duration since the last episode of rheumatic fever 
in the study population was 10 years. Two patients in the AZT 
group and 3 patients in the penicillin group gave history of 
throat pain lasting 3–4 days within the last 1 year prior to 
entry into the study. One patient had received antibiotics 
from the local doctor. None of the remaining patients had 
consulted a doctor for the sore throat.

During the study, 4 patients (15.4%) in the AZT group devel-
oped sore throat and fever. Cervical lymphadenopathy was 
seen in 2 of them. All 4 patients who had throat infection had 
positive throat culture for group A streptococcal (GAS) and el-
evated ASO indicating GAS infection of throat. None satisfied 
the criteria for rheumatic fever reactivation.

The clinical details of patients who suffered of GABHS in-
fection while on prophylaxis are outlined in Table 3. All pa-
tients who had sore throat reported within 3 days of onset of 
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symptoms since they were instructed to do so. ‘Sledgehammer’ 
therapy was initiated as per the WHO recommendation.4 
On follow-up for 4 weeks, no evidence of rheumatic reactiva-
tion was confirmed in any of them. Acute phase reactants 
(C-reactive protein) erythrocyte sedimentation rate (ESR), 
and PR interval in electrocardiogram remained normal.

As per the protocol, these patients were put on oral peni-
cillin prophylaxis. No further recurrence of infection occurred 
in any of the patients. Three patients (11.5%) in the AZT group 
complained of symptoms of gastric irritation, but they could 
tolerate the drug, so the treatment was continued. None of 
the patients in the penicillin group reported of any gastroin-
testinal problem.

The mean follow-up period was 12.2 ± 2.3 months. Patients 
who had failure of AZT therapy was initiated on oral penicillin 
prophy laxis and after a mean follow-up of 7.2 months none 
of the 4 patients had any recurrence of sore throat or rheu-
matic fever.

The status of valvular lesions and cardiac function remained 
the same throughout the study period in all patients. None 
required hospitalisation for any purpose.

Since the AZT group had significant failure, all patients 
were started on rheumatic prophylaxis with oral penicillin at 
the end of the study, except for 1 patient who was allergic to 
penicillin was started on erythromycin 250 mg twice daily.

Cost-effectiveness—Treatment cost of weekly oral 500 mg 
AZT and twice daily 250 mg oral penicillin is the same.

Discussion

Rheumatic fever and its sequelae, RHD is still an important 
public health problem in developing countries.1–4 The compli-
ance to different prophylactic regimens is relatively poor.9,10

Azithromycin, with a long half-life, which can be adminis-
tered once weekly was thought to improve the compliance.14 
So we decided to study the effectiveness of AZT in the sec-
ondary prophylaxis of rheumatic fever.

Females predominated (58%) in our study population in 
contrast to the male predominance in a usual cohort of RHD 
patients.14 This was because there is a referral bias for pa-
tients with mitral valve disease who were referred to our 
hospital for percutaneous and surgical interventions.

We could enrol only patients with established RHD, since 
ours is a tertiary care centre. No patient at entry into the 
study had isolation of GABHS in throat culture or had fea-
tures of acute rheumatic fever.

Median age of the study population was 30 years. This is 
because of the referral bias of our centre, which primarily 
caters to those patients requiring valvular interventions. We 
included older patients who changed over from benzathine 
penicillin to oral penicillin in the study population.

Past history of rheumatic fever was present in 50% of our 
patients. This is in concordance with the studies reporting 
prevalence of this history in patients with established RHD.15,16 
Incidence of arthritis in our population was 41%, though in the 
literature it is 75%. It is reported that arthralgia predominates 
in the Indian population rather than arthritis.17

None of the patients in the penicillin group had treatment 
failure, i.e. either GAS throat infection or colonisation. But the 
reported streptococcal throat infection rate in patients under 
‘good’ oral penicillin prophylaxis is 7.3–16.2 per 100 patient 
years.18,19

A significant number of patients (15.4%) in AZT group in 
our study had GABHS throat infection as evidenced by clini-
cal pharyngitis, positive throat culture, and elevated ASO 
titre. However, none had recurrence of rheumatic fever as per 
the modified Jones criteria. After curative treatment, when 
the treatment was changed over to penicillin, no recurrence 
was noted.

There are no data in the literature on the use of AZT in the 
secondary prophylaxis of rheumatic fever. But there are 
reports of the successful use of once weekly AZT in prevent-
ing colonisation and recurrences of streptococcal throat 
infections.11,12

Gray et al.12 reported superiority of weekly oral AZT in the 
prevention of upper respiratory infection over penicillin 
when used as prophylaxis in 1016 US marine trainees at high-
risk of respiratory disease. Azithromycin group reported less 
side-effects, respiratory symptoms and serological evidence 
for sterptococcal, mycoplasmal, and chamydial infections.

However, there is a report by Ghirga20 on the occurrence 
of rheumatic fever after a successful treatment of GAS throat 
infection by AZT.

Our study showed a recurrence of infection as high as 
15.4%. This is definitely high for this small cohort of patients. 
It is possible that these patients with established RHD consti-
tute a high-risk group.

Why AZT failed to prevent GAS infection in 15.4% of pa-
tients is not very clear. One possibility is that drug dosage 
was too widely spaced. Though AZT has a long half-life, drug 
concentration might not have been adequate in this high-risk 
population at the end of the dosage interval.

Treatment with a 3-day, once daily 10 mg/kg AZT for GABHS 
pharyngitis is associated with similar high levels of clinical 
efficacy, but lower levels of bacteriologic eradication, than 
with 10-day 100,000 IU/kg/day penicillin V.21

Casey et al.22 in a meta-analysis has reported that in chil-
dren, AZT administered at 60 mg/kg per course was superior 
to the 10-day course of penicillin, with treatment failure oc-
curring 5 times more often in patients receiving penicillin. 
Azithromycin administered at 30 mg/kg per course was infe-
rior to the 10-day courses of penicillin, with bacterial failure 
occurring 3 times more frequently in patients receiving AZT. 
Three-day AZT regimens were inferior to 5-day regimens. 
So, AZT treatment may be required in higher doses and for a 
more prolonged duration to be effective in preventing recur-
rences of GABHS throat infection. Azithromycin treatment 
was cost-effective in the regimen which we used in this 
study. If we increase the dosage or the frequency, it may not 
be cost-effective.

Other possibilities of failure of AZT might include poor 
patient compliance, failure of the drug to reach adequate 
concentration in the mucosa, microbial tolerance to AZT, re-
current exposure of patients to virulent strains of GAS, sup-
pression of natural immunity and disturbance of normal 
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flora of throat. Azithromycin inhibits growth of alpha strep-
tococci that are normal defenders of pharyngeal mucosa 
against pathogens at lower MIC.23

Intracellular accumulation of macrolides have been shown 
in leucocytes but not in epithelial cells, which are probably 
the principal cells targeted by GABHS. In leucocytes AZT ac-
cumulates predominantly in lysosomes, whereas intracellular 
GABHS is found in phagosomes and cytosol.24

Recently single 2.0-g dose of AZT microspheres has become 
available and found to be as effective and well tolerated as a 
7-day course of extended-release clarithromycin in the treat-
ment of adults with mild-to-moderate community acquired 
pneumonia.25 A further advantage of single-dose therapy is 
the potential for use as directly-observed therapy, which may 
be useful in prophylaxis of rheumatic fever.26

In conclusion, weekly 500 mg of AZT is not effective in pre-
vention of streptococcal throat infection compared to oral 
penicillin therapy in adult patients with established RHD.

It is worthwhile evaluating newer long-acting prepara-
tions of AZT as the compliance rate of the available regimens 
are very poor.

Limitations

1. Age of the study population, well above the usual age of 
rheumatic fever, 5–15 years.

2. Small number of patients.
3. All patients were having established RHD.
4. Microbiological studies to assess the rheumatogenicity of 

streptococcal strains were not undertaken.
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A B S T R A C T

Objective: Following acute myocardial infarction (AMI) the area of myocardial perfusion and metab-
olism mismatch is designated as dysfunctional viable myocardium. 123I-beta-methyl iodophenyl 
pentadecanoic acid (BMIPP) is clinically very useful for evaluating myocardial fatty acid metabo-
lism, and 99mTc-Tetrofosmin (TF) is a widely used tracer for myocardial perfusion. This study was 
designed to evaluate the degree of discrepancy between BMIPP and TF at the subacute state of AMI.
Methods: Fifty-two patients (aged 59 ± 10 years; mean 46 years) with AMI were enrolled, and all 
of them underwent percutaneous coronary intervention (PCI). Patients were classified according 
to ST-T change and PCI timing. 123I-beta-methyl iodophenyl pentadecanoic acid and TF cardiac 
scintigraphy were performed on 7 ± 3.5 days of admission using a dual headed gamma camera. 
Perfusion and fatty acid metabolism defect were scored on a 17 segments model.
Results: The mean BMIPP defect score on early and delayed images were 16.67 ± 10.19 and 16.25 ± 
10.40, respectively. The mean TF defect score was 10 ± 7.69. Defect score of BMIPP was signifi-
cantly higher than that of the TF (P < 0.0001; 95% CI 4.32–7.02), and there was a strong correlation 
between perfusion and metabolism defect score (r = 0.89, P < 0.00001). Forty-seven (90%) patients 
showed mismatched defect (BMIPP > TF), and 5 (10%) patients showed matched defect (BMIPP = TF). 
Mismatched defect score (MMDS) was significantly higher in patients with ST-segment elevation 
myocardial infarction (STEMI) than that of non-ST-segment elevation myocardial infarction (NSTEMI) 
(P < 0.041; 95% CI 0.11–5.19).
Conclusion: At the subacute state of AMI, most of the patients showed perfusion-metabolism mis-
match, which represents the dysfunctional viable myocardium, and patients with STEMI showed 
higher mismatch.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

During the acute phase of myocardial infarction, the majority of 
myocyte loss in the infarct zone occurs via coagulation necro-
sis and proceeds to inflammation, phagocytosis of necrotic 
myocytes, and repair eventuating in scar formation.1 As the 
extent of myocardial infarction is a major determinant of 
patient’s care and rehabilitation with acute myocardial infarc-
tion (AMI) it is very important to differentiate dysfunctional 
viable segments ‘stunned myocardium’ from the infarcted 

segments in the area of abnormal left ventricular function 
early after AMI.2,3

Among several iodinated fatty acid tracers studied for 
SPECT, 123I-15-(p-iodophenyl)-3-(R, S)-methylpentadecanoic 
acid (123I-BMIPP) has been the most commonly used tracer 
in evaluating ischaemic heart disease, especially in Europe 
and Japan.4 Gated myocardial perfusion imaging with tech-
netium labelled tetrofosmin (99mTc-TF) permits the assess-
ment and quantification of various parameters of global and 
regional left ventricular (LV) function.5 A combined study of 
metabolic tracer with perfusion tracer is useful for assessing 
salvaged myocardium after revascularisation in patients with 
AMI.3,6–8
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Previous studies remarked that following AMI, and after 
coronary reperfusion therapy, there is decreased 123I-BMIPP 
uptake compared to 201Tl uptake, this discordant BMIPP up-
take may relate to stunned myocardium.6,9 Franken et al. also 
reported that mismatching of BMIPP and sestamibi uptake is 
predictive of long-term functional recovery following AMI.10 
In contrast, segments with matched defects contain only scar 
tissue and absence of functional improvement, and it is 
noteworthy that combined BMIPP and sestamibi scintigraphy 
offers increased accuracy compared to dobutamine echocar-
diography. Thus, scoring of discordant BMIPP uptake may play 
apivotal role in estimating salvaged myocardium early after 
coronary reperfusion therapy.

The purpose of this study was: (1) to evaluate the degree 
of impaired myocardial perfusion and fatty acid metabolism 
at the subacute state of AMI; (2) to assess the discrepancy be-
tween myocardial perfusion tracer (TF) and fatty acid meta-
bolic tracer (BMIPP) in a view to assess the dysfunctional 
viable myocardium even after successful percutaneous coro-
nary intervention (PCI).

Materials and methods

Patient population

This prospective and cross-sectional study was carried out in 
52 consecutive patients (mean age 59 ± 10 years; mean 46 
years) with first attack of AMI who got admission in this hos-
pital between April 2007 and October 2008. The diagnosis 
of AMI was made on the basis of ≥ 2 of the following criteria: 
(1) typical chest pain lasting for >30 minutes; (2) typical ST-T 
change in at least two contiguous electrocardiographic (ECG) 
leads; and (3) raised cardiac biomarkers (troponin I and 
creatine kinase). Patients with old myocardial infraction, car-
diogenic shock, severe congestive heart failure, conduction 
abnormalities, and valvular heart disease were excluded from 
this study.

Patient classification

According to the timing of PCI patients were classified as: 
(i) emergency PCI group, those who underwent PCI within 
6 hours of attack and (ii) delayed PCI group, those who un-
derwent PCI >6 hours of attack. Again on the basis of ST-T 
change they were divided into 2 groups: (i) patients with 
chest pain, ST-segment elevation on ECG, and elevation of 
troponin level were considered as ST-segment elevation myo-
cardial infarction (STEMI); (ii) patients with ischaemic discom-
fort without ST-segment elevation on ECG but elevation of 
troponin level were considered as non-ST-segment elevation 
myocardial infarction (NSTEMI).

Study protocol
Both STEMI and NSTEMI patients were managed according 
to American College of Cardiology (ACC)/American Heart 
Association (AHA) guidelines.11,12 All patients underwent PCI. 

123I-BMIPP and 99mTc-TF cardiac scan were performed on 
7 ± 3.5 days of admission. Cardiac biomarkers were checked 
serially and the peak level was recorded. Written and in-
formed consent were taken from all patients and the study 
protocol was approved by the human research ethics com-
mittee of our institution.

Estimation of cardiac biomarkers
Venous blood was collected immediately after the patient 
arrived in the emergency department for the analysis of 
cardiac biomarkers. Cardiac troponin I (TP-I) was measured 
using chemiluminescent enzyme immuno assay (CLEIA), and 
creatine kinase-myocardial band (CK-MB) by enzyme im-
mune assay (EIA). The normal level of TP-I of our institute is 
<0.06 ng/mL and for CK-MB it is 0.6–3.5 ng/mL. The levels also 
checked serially while the patients were in the coronary care 
unit, and the peak concentration was recorded accordingly.

Coronary angiography and reperfusion
Selective coronary cine angiography was performed to ascer-
tain the infarct-related coronary artery soon after admission. 
Patients with STEMI and NSTEMI with high-risk12 patients 
arriving 6 hours after attack underwent emergency PCI. Experi-
enced interventional cardiologists reviewed the angiograms 
without having any prior information about the study design. 
The anterior and septal segments were considered to be in the 
left anterior descending coronary artery distribution (LAD), 
the lateral segments in the left circumflex coronary artery 
distribution (LCx) and the inferior segments in the right coro-
nary artery distribution (RCA). Coronary flow in the infarct-
related artery before and after percutaneous intervention 
was graded according to the classification of the thromboly-
sis in myocardial infarction (TIMI) trial.13 Percutaneous coro-
nary intervention was considered successful in the presence 
of TIMI-grade 3 coronary flow in the treated vessel, with a 
residual stenosis <20%.14

Radiopharmaceuticals
123I-BMIPP (Cardiodine; 111 MBq/0.03-0.01 mg) was purchased 
from Nihon Medi-Physics Co. Ltd. Japan. 99mTc-TF was pre-
pared using a kit vial of tetrofosmin (Myoview; Nihon Medi-
Physics Co. Ltd., Japan) and freshly eluted 99mTc-pertechnetate 
from 99mTc generator system.

Imaging protocol
BMIPP and TF cardiac scintigraphy was performed at the 
same day using a dual headed SPECT gamma camera (ADAC, 
VERTEX-plus EPIC, USA) well-equipped with a low-energy gen-
eral purpose (LEGP) collimator. After an overnight fast early 
imaging of BMIPP began 20 minutes after intravenous injec-
tion of 111 MBq of 123I-BMIPP. Before SPECT data acquisition, 
an anterior chest planar image was acquired for 360 seconds 
in a 128 × 128 matrix. Immediately after planar imaging, 64 
projection images were obtained in a 64 × 64 matrix for 55 
seconds each, with 180° rotation and an energy window of 
10% centred at 160 keV. Delayed planar imaging and SPECT 
imaging were performed 4 hours after the injection following 
the same acquisition mode.
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After finishing BMIPP scan, standard electrocardiographi-
cally quantitative gated SPECT (QGS) of TF was performed on 
an RR interval divided into 16 frames per cardiac cycle. Images 
were taken 20 minutes after intravenous administration of 
740 MBq of 99mTc-TF radiotracer. Planar images were taken 
for 120 seconds in a 128 × 128 matrix. Immediately after pla-
nar imaging, for SPECT images 64 projection images were ob-
tained in a 64 × 64 matrix for 30 seconds each with an energy 
window of 10% centred at 140 keV.

A series of contiguous transaxial images of 5.12 mm thick-
ness were reconstructed without attenuation correction by a 
filtered back-projection algorithm for BMIPP and TF studies. 
After preprocessing with a Butterworth filter (order, 5; cut-off 
frequency, 0.44 cycle/pixel), transaxial images were recon-
structed with a ramp filter. Long and short axial slices were 
then produced by axial reorientation (SPECT imaging protocol, 
Figure 1).

Perfusion and metabolism defect score
Two experienced nuclear cardiologists independently inter-
preted the result unaware of the patient clinical information, 
and disagreements were resolved by consensus. Perfusion and 
metabolism defects in this study were graded in a 17 segments 

model according to the quality assurance (QA) committee of 
the American Society of Nuclear Cardiology for semiquanti-
tative visual analysis15 (Figures 2A and B). For interpretation 
of radiotracer defect in the LV anterior, inferior, septal, and 
lateral wall short axis slices were considered; for apical re-
gion vertical long axis slices were considered. 123IBMIPP and 
99mTc-TF uptake was scored in each segment using a visual 
five-grade scale: 0, normal; 1, mildly decreased uptake; 2, 
moderately decreased uptake; 3, severely decreased uptake; 
and 4, complete defect. When BMIPP defect score was higher 
than that of the TF defect score, it was considered as mis-
matched defect, and when BMIPP defect score was similar to 
the TF defect score it was considered as matched defect.

Statistical analysis
Statistical analysis was performed using the statistical package 
for social science (SPSS) (Version 12 for windows; Chicago, 
USA). Continuous variables were expressed as the mean ± SD. 
To find out significant intergroup differences Student’s un-
paired t test was used and paired t test was applied for de-
tecting significant differences of variables in a certain group. 
Correlations between continuous variables were assessed 
using linear regression analysis. A P < 0.05 was considered 
statistically significant.

Results

The clinical information of the patients with AMI have been 
summarised in the Table 1. Out of 52 patients 46 (88%) were 
males, and the mean ± SD age of the patients was 59 ± 10 
years. Twenty-five patients (48%) had inferior, 14 (35%) had 
anterior, and rest 6 (17%) had lateral myocardial infraction. 
Among the patients, 27 (52%) had STEMI, and rest 25 (48%) 
NSTEMI. Out of 27 STEMI patients 23 (85%) and out of 25 
NSTEMI patients 10 (40%) underwent emergency PCI. Sub-
sequently, 33 (64%) patients underwent emergency PCI and 
the rest 19 underwent delayed PCI. Forty (77%) patients re-
ceived stent during PCI, rest of the patients received periop-
erative balloon angioplasty (POBA) or combination of both. 
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Figure 2 Left ventricular segmentation. (A) Diagrammatic representation of a circumferential polar plot of 17 segmental model of the LV for 
perfusion and metabolism defect scoring (modified from American Society of Nuclear Cardiology (ASNC) recommendations15): 1, basal ante-
rior; 2, basal anteroseptal; 3, basal inferoseptal; 4, basal inferior; 5, basal inferolateral; 6, basal anterolateral; 7, mid anterior; 8, mid anteroseptal; 
9, mid inferoseptal; 10, mid inferior; 11, mid inferolateral; 12, mid anterolateral; 13, apical anterior; 14, apical septal; 15, apical inferior; 16, apical 
lateral; 17, apex. (B) Myocardial slices according to coronary artery territories (modified from ASNC recommendations15): assignment of the 
17 myocardial segments to the territories of the left anterior descending (LAD), right coronary artery (RCA), and the left circumflex coronary 
artery (LCx).
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Figure 1 SPECT imaging protocol. About 20 minutes and 4 hour after 
intravenous (i.v.) administration of BMIPP, initial and delayed images 
were taken, respectively. Quantitative gated SPECT was performed 
20 minutes after i.v. administration of TF. BMIPP: 123I-beta-methyl 
iodophenyl pentadecanoic acid, TF: 99mTc-Tetrofosmin.
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The PCI was successful (TIMI-grade 3) in 50 (96%) patients, 
and no patients had major cardiac events or fatal outcome 
during the procedure and first 1 week in the hospital.

Cardiac scintigraphy findings

The mean BMIPP defect score on early and delayed images 
were 15.67 ± 10.19 and 16.25 ± 10.40, respectively, but the dif-
ference was not significant (P = 0.20; 95% CI −1.47 to 0.32). 
The mean TF defect score was 10 ± 7.69. Defect score of BMIPP 
(early) was significantly higher (16 ± 10) than that of the TF 
defect score (10 ± 8) (P < 0.0001; 95% CI 4.32–7.02), and there 
was a significant positive correlation between the BMIPP de-
fect score and TF defect score (r = 0.89, P < 0.00001) (Figure 3). 
Heart to mediastinum ratio (H/M) of BMIPP on early and de-
layed planar images were 2.30 ± 0.25 and 2.03 ± 0.22, respec-
tively, and the overall washout rate retrieved from the polar 
map of BMIPP images was 21 ± 7.34.

Out of the 52 patients, 47 (90%) had mismatched defect, 
and only 5 (10%) patients had matched defect. The mismatch 
defect score (MMDS) was 5.78 ± 4.7 considering BMIPP early 
images. Considering the subgroups: MMDS was significantly 
higher in patients with STEMI than that in patients with 
NSTEMI (7.77 ± 4.49 vs 4.81 ± 4.86; P < 0.053; 95% CI −0.04 to 
6.32); MMDS was higher in emergency PCI group than that of 
delayed PCI but did not show significant difference (7.77 ± 
5.26 vs 3.83 ± 2.51; P = 0.07; 95% CI −0.28 to 6.35). Additional 
information we got from the gated SPECT: ejection fraction 
(EF%), end diastolic volume (EDV), and end systolic volume 
(ESV) were 60 ± 12%, 94 ± 23 mL, and 39 ± 17 mL, respectively. 

The SPECT images of one representative case of our study is 
presented in Figure 4.

Discussion

We noticed some important findings in this study that was 
carried out at the subacute state (day 7 ± 3 days) of myocar-
dial infarction. The present study demonstrated that most of 
the patients (90%) revealed discrepancy between myocardial 
perfusion and fatty acid metabolism which is designated as 
dysfunctional viable myocardium “stunning” following acute 
myocardial infarction. The rest 10% patients showed perfusion-
metabolism matched defect which denoted the non-viable 
area. The area of perfusion-metabolism mismatch was sig-
nificantly higher in patients with STEMI than that of NSTEMI. 
As the stunned myocardium is important indeed for future 
cardiac events, for better risk stratification this combined 
cardiac scintigraphy findings would be very informative for 
watchful waiting for a cardiologist.

Kinetics of  ͵ ͶͷI-beta-methyl iodophenyl 
pentadecanoic acid

The precise uptake mechanism of BMIPP is still unclear. It is 
distributed in the myocardium according to regional blood 
flow and subsequently incorporated into the endogenous lipid 
pool in the myocardium.16,17 Free fatty acid (FFA) is a major 
myocardial energy source involving β-oxidation after the tri-
carboxylic acid cycle in the basal oxygen state. The BMIPP is 
a methyl-branched fatty acid analogue-designed to resist 
β-oxidation.18 Most injected BMIPP is transported into myo-
cytes, followed by adenosine triphosphate (ATP) dependent 
activation to coenzyme A; subsequently, substantial quanti-
ties of BMIPP are esterified and retained in the triglyceride 
pool.19,20 Therefore, the myocardial BMIPP image is related 

Table 1
Baseline patients’ characteristics (n = 52).

Age (yr ± SD) 59 ± 10

Gender (M:F) 46:6

BMI (kg/m2) 24.26 ± 3.5

Risk factors
  Smoking 31 (60%)
  Diabetes 15 (29%)
  Hypertension 25 (48%)
  Hyperlipidaemia 13 (25%)
  ST elevation AMI 27 (52%)

Biomarkers
  Peak TP-I (ng/mL) 76 ± 94
  Peak CK-MB (ng/mL) 210 ± 219

Myocardial infarct-related coronary artery
  RCA 25 (48%)
  LAD 14 (35%)
  LCx  6 (17%)

Time to cardiac scintigraphy (d) 7 ± 3.5

Emergency PCI (≤6 hr of AMI) 33 (64%)

TIMI flow grade 3 after PCI 50 (96%)

AMI: acute myocardial infarction, BMI: body mass index, CK-MB: creatine 
kinase-myocardial band, LAD: left anterior descending, LCx: left circum-
flex, PCI: percutaneous coronary intervention, RCA: right coronary artery, 
SD: standard deviation, TIMI: thrombolysis in myocardial infarction, TP-I: 
troponin-I.

50 n = 52
r = 0.89
r2 = 0.79
P < 0.00001
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Figure 3 Linear regression analysis of BMIPP and TF defect score. 
Plots of linear regression analysis between the BMIPP defect score 
and TF defect score, showing a strong positive correlation between 
them. BMIPP: 123I-beta-methyl iodophenyl pentadecanoic acid, TF: 
99mTc-Tetrofosmin.
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predominantly to the triglyceride pool. Ischaemic insult is 
known to increase the size of the triglyceride pool, and ele-
vated BMIPP uptake observed just after AMI should be a 
reflection of increased capacity of the triglyceride pool.21,22

Under aerobic condition 60–90% of myocardial energy me-
tabolism is provided by the fatty acids which require a large 
amount of oxygen. Conversely under ischaemic state, fatty 
acid metabolism is replaced by glucose metabolism with less 
oxygen consumption.23 123I-labelled 15-(p-iodophenyl)-3-R, 
S-methyl pentadecanoic acid (123I-BMIPP) can demonstrate 
myocardial fatty acid metabolism and clinically very useful 
to evaluate myocardial infarction, angina pectoris and their 
prognosis.23,24 In ischaemic state blood catecholamine con-
centration increases and the degradation of fat tissues are 
accelerated throughout the body. Excess FFA produced in this 
way may exert adverse effects on cardiac muscle cells, in-
cluding the induction of fatal arrhythmias, decreased cardiac 
contractility, and membranous dysfunction.25,26 To prevent 
these events, the lipid pool in cardiac muscle cells expands, 
and incorporates excess free fatty acids.27,28

Among various clinical, angiographic, and radionuclide 
indices, discrepant BMIPP uptake was the best predictor of 
future cardiac events.29 It has been shown that the additional 
information provided by BMIPP substantially increases the 
accuracy of perfusion tracer uptake alone or dobutamine 
echocardiography alone to predict functional outcome early 
after AMI.30 Recently, Higuchi et al.31 in an animal experiment 
noticed that BMIPP uptake was higher than 201Tl uptake in the 
acute phase (20 minutes and 1 day), lower than 201Tl during 
the subacute phase (7 day), and BMIPP uptake was similar to 
201Tl uptake in the chronic phase (30 day) of acute ischaemia 
followed by reperfusion. The present study also demonstrated 
the perfusion and metabolism mismatch (BMIPP uptake lower 

than TF) on cardiac scintigraphy at 7 ± 3.5 days following 
acute MI even after establishment of reperfusion. There was 
a strong correlation between the BMIPP and TF defect score, 
and BMIPP defect score was characteristically higher than 
that of the TF defect score (Figure 4).

One important thing is that we were intended to know the 
perfusion-metabolism mismatch at the subacute state 
(7 ± 3.5 days) of AMI. Because Tanaka et al.32 suggested that a 
7 day interval should be placed between reperfusion therapy 
and 99mTc-TF SPECT to evaluate a salvage effect (i.e. SPECT im-
aging immediately after reperfusion therapy underestimates 
the salvaged area) and that TF delayed images and BMIPP im-
ages were both useful in estimating the risk area. Moreover, 
we classified the patients according to ST-T change on ECG, 
and according to PCI timing. We noticed that MMDS was sig-
nificantly higher in patients with STEMI than that of NSEMI, 
and MMDS was higher in patients underwent emergency PCI 
than that of delayed PCI though the difference not signifi-
cant. This is for the first time we observed such findings; fur-
ther study is needed to explore the possible mechanism.

We took the delayed images of BMIPP, because delayed 
image is important for calculating the washout rate as in this 
study it was higher (21 ± 7.34) than the reference normal 
value (18.2 ± 2.1%),23 and very much justified following AMI. 
Akashi et al.33 very recently suggested that the wide receiver 
(WR) accelerates in patients with chronic heart failure and 
stable angina. Hence, WR reflects the degree of cardiac dam-
age. That data strongly suggested that the delayed H/M ratio 
and myocardial WR of 123I-BMIPP enhances the assessment 
of impaired myocardial fatty acid metabolism in patients 
with heart disease in both masked and unmasked conditions.

Although the exact pathophysiology of dysfunctional but 
viable myocardium ‘myocardial stunning’ is still unclear and 

SA (apical)

BMIPP (early)

BMIPP (delayed)

Tetrofosmin

SA (mid) SA (basal) VLA HLA

Figure 4 Representative case: SPECT images of BMIPP and TF. BMIPP-TF mismatched defect score in a patient with STEMI: SPECT images of 
BMIPP and TF cardiac scintigraphy showing defect in the anteroseptal and apical wall. Upper row showing the early images, middle row show-
ing the delayed images of BMIPP, and the lower row showing the TF images. BMIPP defect score on early and delayed images were 22 and 24, 
respectively, and TF defect score was 12. BMIPP: 123I-beta-methyl iodophenyl pentadecanoic acid, HLA: horizontal long axis, TF: 99mTc-Tetrofosmin, 
VLA: vertical long axis.
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remains controversial the potential for functional recovery has 
clinical relevance. It is well established that ischaemically 
compromised myocardium is associated with severe impair-
ment of contractile function and heart failure. However, in 
contrast to infarct-related or scar tissue, dysfunctioning but 
viable myocardium has the potential to regain contractile 
function.34,35

Among various clinical, angiographic, and radionuclide in-
dices, discrepant BMIPP uptake was the best predictor of fu-
ture cardiac events in patients with myocardial infarction.33 
Another study on the multicentre trials showed that BMIPP 
defect score was the most powerful index for predicting fu-
ture cardiac events among various clinical and radionuclide 
parameters.24

Limitations

The BMIPP and TF defect was scored by quantitative visual 
estimation, so there might be some subjective error. The other 
important limitation is the small number of patients which 
might influence the statistical result to make a difference 
for MMDS between 2 groups of patients (depending on ECG 
change and PCI timing).

Conclusion

Fatty acid metabolism defect score was significantly higher 
than the perfusion defects score in 90% of the studied pa-
tients at the subacute state of AMI even after successful PCI. 
The MMDS was significantly higher in patients with STEMI 
than that of patients with NSTEMI. We could speculate that 
for the evaluation of viable dysfunctional myocardium which 
is potentially related to the functional recovery or adverse 
cardiac events, 123I-BMIPP and 99mTc-TF combined cardiac 
scintigraphy might be very important for risk stratification 
and patient management.

Acknowledgments

We would like to pay our heartfelt thanks to Professor 
Takeshi Kondo for his authentic suggestion throughout the 
study. Furthermore, we must appreciate the unbound techni-
cal support from two of our nuclear medicine technologists, 
Ms. Aiko Naito and Mr. Masaki Kato.

Conflict of interest

None.

References

1. Antman EM, Braunwald E. ST-elevation myocardial infarction: 
pathology, pathophysiology, and clinical features. In: Braunwald’s 

Heart Disease—A textbook of Cardiovascular Medicine 8th edn. 
Libby P, Bonow RO, Mann DL, Zipes DP, eds. Philadelphia: 
Saunders Elsevier 2008:1207.

2. Pryor DB, Hindman MC, Wagner GS, Califf RM, Rhoads MK, Rosati 
RA. Early discharge after acute myocardial infarction. Ann Intern 
Med 1983;99:528–38.

3. Ito T, Tanouchi J, Kato J, et al. Recovery of impaired left ventricu-
lar function in patients with acute myocardial infarction is 
predicted by the discordance in defect size of 123I-BMIPP and 
201Tl-SPECT images. Eur J Nucl Med 1996;23:917–23.

4. Taki J, Matsunari I. Metabolic imaging using SPECT. Eur J Nucl 
Med Mol Imaging 2007;34(Suppl 15):34–48.

5. Germano G, Berman DS. Regional and global ventricular function 
and volumes from single photon emission computed tomogra-
phy perfusion imaging. In: Clinical Nuclear Cardiology. State of 
the Art and Future Directions 3rd edn. Zaret BL, Beller GA, eds. 
Elsevier: Mosby 2005:189.

6. Tamaki N, Kawamoto M, Yonekura Y, et al. Regional metabolic 
abnormality in relation to perfusion and wall motion in patients 
with myocardial infarction: Assessment with emission tomogra-
phy using an iodinated branched fatty acid analog. J Nucl Med 
1992;33:659–67.

7. Nishimura T, Nishimura S, Kajiya T, et al. Prediction of functional 
recovery and prognosis in patients with acute myocardial infarc-
tion by 123I-BMIPP and 201Tl myocardial single photon emission 
computed tomography: a multicentre trial. Ann Nucl Med 1998;
12:237–48.

8. Naruse H, Arii T, Kondo T, et al. Clinical usefulness of iodine 
123-labeled fatty acid imaging in patients with acute myocardial 
infarction. J Nucl Cardiol 1998;5:275–84.

9. Tamaki N, Tadamura E, Kawamoto M, et al. Decreased uptake 
of iodinated branched fatty acid analog indicates metabolic 
alterations in ischemic myocardium. J Nucl Med 1995;36:
1974–80.

10. Franken PR, Dendale P, De Greeter F, Demoor D, Bossuyt A, Block P. 
Prediction of functional outcome after myocardial infarction 
using BMIPP and sestamibi scintigraphy. J Nucl Med 1996;36:
718–22.

11. Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA Guidelines 
for the management of patients with ST-elevation myocardial 
infarction-Executive summary. A report of the American College 
of Cardiology/American Heart Association task force practice 
guidelines. J Am Coll Cardiol 2004;44:671–719.

12. Braunwald E, Antman EM, Beasley JW, et al. ACC/AHA Guideline 
update for the management of patients with unstable angina 
and non-ST-segment elevation myocardial infarction-summary 
article. J Am Coll Cardiol 2002;40:1366–74.

13. TIMI study group. The thrombolysis in myocardial infarction 
(TIMI) trial: phase 1 findings. N Eng J Med 1985;312:932–6.

14. Poli A, Fetiveau R, Vandoni P, et al. Integrated analysis of myocar-
dial blush and ST-segment elevation recovery after successful 
primary angioplasty: real-time grading of microvascular reper-
fusion and prediction of early and late recovery of left ventricu-
lar function. Circulation 2002;106:313–8.

15. Bateman TM, Berman DS, Heller GV, et al. American Society of 
Nuclear Cardiology position statement on electrocardiographic 
gating of myocardial perfusion SPECT scintigrams. J Nucl Cardiol 
1999;6:470–81.

16. Knapp FF Jr, Ambrose KR, Goodman MM. New radioiodinated 
methyl-branched fatty acids for cardiac studies. Eur J Nucl Med 
1986;12:539–44.

17. Fujibayashi Y, Yonekura Y, Kawai C, et al. Basic studies on I-123-
beta methyl-p-iodophenyl pentadecanoic acid (BMIPP) for myo-
cardial functional diagnosis: effect of beta-oxidation inhibitor. 
Jpn J Nucl Med 1988;25:1131–5.

18. Knapp FF Jr, Kropp J. BMIPP: design and development. Int J Card 
Imaging 1999;15:1–9.

19. Nohara R. Lipid metabolism in the heart: contribution of BMIPP 
to the diseased heart. Ann Nucl Med 2001;15:403–9.

04-IHJ-OA-Shankar.indd   21 1/25/2012   9:12:16 PM



22 S.K. Biswas et al. / Indian Heart Journal 6401 (2012) 16–22

20. Fujibayashi Y, Nohara, Hosokawa R, et al. Metabolism and kinet-
ics of iodine-123-BMIPP in canine myocardium. J Nucl Med 
1996;37:757–61.

21. Noriyasu K, Mabuchi M, Kuge Y, et al. Serial changes in BMIPP 
uptake in relation to thallium uptake in the rat myocardium after 
ischemia. Eur J Nucl Med Mol Imaging 2003;30:1644–50.

22. Nishimura T, Sago M, Kihara K, et al. Fatty acid myocardial 
imaging using 123I-beta-methyl-iodophenyl pentadecanoic acid 
(BMIPP): comparison of myocardial perfusion and fatty acid uti-
lization in canine myocardial infarction (occlusion and reper-
fusion mode). Eur J Nucl Med 1989;15:341–5.

23. Ito K, Sugihara H, Kawasaki T, Katoh S, Azuma A, Nakagawa M. 
Dynamic changes in cardiac fatty acid metabolism in the stunned 
human myocardium. Ann Nuclear Med 2001;15:343–50.

24. Nakata T, Kobayashi T, Tamaki N, et al. Prognostic value of im-
paired myocardial fatty acid uptake in patients with acute myo-
cardial infarction. Nucl Med Commun 2000;21:897–906.

25. Oliver MF, Kurien VA, Greenwood TW. Relation between serum 
free fatty acids and arrhythmias and death after acute myocardial 
infarction. Lancet 1968;1:710–4.

26. Liedtke AJ, Nellis SH, Neely JR. Effects of excess free fatty acids on 
ischemic myocardium in swine. Circ Res 1978;43:652–61.

27. Schwaiger M, Schelbert HR, Ellison D, et al. Sustained regional 
abnormality in cardiac metabolism after transient ischemia in 
the dog model. J Am Coll Cardiol 1985;6:336–47.

28. Steater-Knowlen IM, Evanochko WT, Kollander JA, et al. 1H NMR 
spectroscopic imaging of myocardial triglycerides in excised dog 
heart subjected to 24 hours of coronary occlusion. Circulation 
1996;93:1464–70.

29. Tamaki N, Tadamura E, Kudoh T, et al. Prognostic value of 
iodine-123-labelled BMIPP fatty acid analogue imaging in pa-
tients with myocardial infarction. Eur J Nucl Med 1996;23:
272–9.

30. Knapp FF Jr, Franken P, Kropp J. Cardiac SPECT with iodine-123-
labeled fatty acids: evaluation of myocardial viability with BMIPP. 
J Nucl Med 1995;36:1022–30.

31. Higuchi T, Taki J, Nakajima K, et al. Time course of Discordant 
BMIPP and Thallium uptake after ischemia and reperfusion in a 
rat model. J Nucl Med 2005;46:172–5.

32. Tanaka R, Nakamura T. Time course evaluation of myocardial 
perfusion after reperfusion therapy by 99mTc-Tetrofosmin SPECT 
in patients with acute myocardial infarction. J Nucl Med 2001;
42:1351–8.

33. Akashi YJ, Kida K, Suzuki K, et al. The significance of 123 I-BMIPP 
delayed scintigraphic imaging in cardiac patients. Int J Cardiol 
2007;117:145–51.

34. Rahimtoola SH. The hibernating myocardium. Am Heart J 1989;
117:211–21.

35. Bolli R. Myocardial “stunning” in man. Circulation 1992;86:
1671–91.

04-IHJ-OA-Shankar.indd   22 1/25/2012   9:12:16 PM



Contents lists available at SciVerse ScienceDirect

Indian Heart Journal

ISSN: 0019-4832 Copyright © 2012. Cardiological Society of India. All rights reserved.
doi: 10.1016/S0019-4832(12)60006-6

Indian Heart Journal 6401 (2012) 23–27

* Corresponding a uthor. 
E-mail address: icvddoctors@mmm.org.in

Original article

64 slice computed tomography—a novel diagnostic method for evaluation of 
patients after coronary artery bypass grafts
S. Balashankar Gomathi1*, P. Nandhini2, R. Ravikumar3, S. Mullasari Ajit4

͵Consultant Cardiologist, ͶPhysician Assistant, ͷConsultant Radiologist, ͸Director of Cardiology, Madras Medical Mission, Chennai.

A B S T R A C T

Objective: Multislice computed tomography (CT) is widely used in analysing the native coronary 
arteries. The usefulness of 64 slice CT in patients with coronary artery bypass grafts (CABG) is an-
alysed in the present study.
Materials and methods: Sixty-five patients (59 [92%] males and 6 [8%] females with the mean age of 
59 ± 9.1 years) underwent 64 slice CT and a total of 186 bypass grafts (62 arterial and 124 venous 
grafts) were analysed using 64 slice CT. Bypass grafts and native vessels with the diameter of 
>1.5 mm were evaluated for the presence of significant stenosis of >70%. In all patients invasive 
coronary angiogram was done.
Results: On the whole 43 venous grafts and 3 arterial grafts were found to be occluded. Majority of 
the grafts were occluded at the ostium. It was observed that the 64 slice CT was 90% sensitive and 
96% specific for the evaluation of bypass grafts. It had 95% positive predictive value and 93% negative 
predictive value for predicting the luminal narrowing of grafts. For the assessment of arterial graft, 
it was 80% sensitive, 100% specific with a positive predictive value of 100% and negative predictive 
value of 93%. For the evaluation of venous grafts, the sensitivity, specificity, positive, and negative 
predictive value were 94%, 94%, 93%, and 94%, respectively.
Conclusion: We conclude that the 64 slice CT is a highly reliable diagnostic tool with a very high 
negative predictive value for evaluating patients following CABG.

Copyright © 2012, Cardiological Society of India. All rights reserved.

K E Y W O R D S

Coronary angiogram
Coronary artery bypass grafting
64 slice computed tomography

Introduction

64 slice computed tomography (CT) with electrocardiogram 
(ECG) gated reconstructed images have been promising in an-
alysing patients with bypass grafts. A 4 slice spiral CT coro-
nary artery evaluation was significantly affected by the 
presence of metal clips, cardiac motion, and poor opacifica-
tion.1–4 Although after the introduction of 16 and 64 slice CT, 
these issues were corrected,5,6 the analysis of distal anasto-
mosis site was still difficult. Schlosser et al. in his study re-
ported 96% sensitivity with a specificity of 95% for the 
evaluation of bypass grafts using 16 slice CT.7 However, with 
the improved spatial and temporal resolution, the utilisation 
of 64 slice CT scan has brought remarkable improvement in 

the analysis of grafts especially of the anastamotic site and 
distal segment evaluation. In this study, we analysed our ex-
perience in the first 65 consecutive patients who underwent 
the 64 slice CT as well as invasive coronary angiogram during 
their follow-up after coronary artery bypass grafting (CABG).

Methods

Sixty-five consecutive patients with previous CABG who 
were referred for evaluation of grafts between June 2006 and 
June 2007 were recruited for the study. In all patients, pro-
gression of coronary artery disease (CAD) was suspected ei-
ther because of the worsening of cardiac symptoms or 
positive treadmill test or both. Patients with haemodynami-
cally stable cardiac status, in sinus rhythm, without implanted 
pacemaker or valve prosthesis, and without having any 
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contra indication for iodinated compounds were included. 
Patients with a possible pregnancy and irregular cardiac 
rhythm were excluded. Invasive coronary angiogram was 
done in all patients within 3 days after 64 slice CT. Informed 
consent was obtained from all the patients and the protocol 
was approved by our local ethical committee.

ͺ͸ slice computed tomography protocol

Patients with the heart rate >70 beats/min received a maxi-
mum of 100 mg of oral beta-blockers (metaprolol) 1 hour 
prior to scanning. In patients with elevated heart rate, intrave-
nous metaprolol 5 mg stat to the maximum of 15 mg at 5 min-
utes interval was administered. All patients were examined 
clinically and enquired about being allergic to any of the iodi-
nated components. The procedures were explained to the pa-
tient by our cardiovascular radiologist. The site, type, and 
number of grafts were made known to the operators prior to 
the CT imaging. 64 slice CT was performed with the use of a 
SOMATOM Sensation 64 slice cardiac CT scanner (Siemens 
Medical Solution, Germany). First a posteroanterior projec-
tional image was acquired to access the scan volume for fur-
ther imaging and to determine the position of heart and great 
vessels. Bolus tracking was performed by placing a region of in-
terest (ROI) in the ascending aorta, and image acquisition 
was automatically started after the signal density reached a 
predefined threshold of 100 HU. All patients received 110 mL 
of ioversol (350 mg iodine/mL) injected through a 18 G ven-
flon placed in the cubital vein at a rate of 5–6 mL/sec fol-
lowed by 50 mL of saline infusion. The following mean 
parameters were set for all patients. Simultaneous acquisi-
tion of 64 slice per rotation was achieved using a detector 
collimation of 32 × 0.6 mm2, slice collimation of 64 × 0.6 mm2, 
employing an oscillating electron beam (z flying focal spot) 
thereby resulting in two parallel radiographic beams improv-
ing the spatial resolution corresponding to the 64 × 0.3 mm2 
detector. The other parameters included a tube rotation time 
of 330 ms, tube voltage of 120 KV, tube current of 930 mAs, 
and fixed pitch of 0.20. Electro cardiogram gated dose modu-
lation was used in patients with slow and steady heart rate.

Image reconstruction

Electrocardiogram gated reconstruction permits the recon-
struction of the entire data sets collected at different points 
of the R–R cycle. Previous studies have revealed that the opti-
mal reconstruction window in which the entire coronary ar-
tery segments can be seen without much of motion artefacts 
falls into 60–70% of the R–R interval.8,9 In patients with 
higher heart rates reconstruction window was positioned in 
25–35% of the R–R interval for optimal image quality. In our 
study, the image reconstruction was performed at 65% R–R 
interval for all patients. Additionally, in the case of cardiac 
motion artefact a preview function was used to assess the op-
timal reconstruction phase with the least cardiac motion and 
that phase was chosen for image reconstruction and analysis. 

A smooth reconstruction filter (B25f++) was used for image 
reconstruction.

Data analysis

The reconstructed image data were analysed using an offline 
workstation (Syngo Siemens Medical Solutions Germany). All 
coronary segments were analysed separately by a cardiolo-
gist and a radiologist as per the American Heart Association 
(AHA) guidelines. Other than the number and location of 
grafts, which were made known to them, both these special-
ists were blinded to the patient’s identity, history, and results 
of invasive coronary angiogram. Each of the grafts analysed 
were first labelled as either evaluable or non-evaluable grafts 
due to calcification, metal clip artefact, and stepdown arte-
facts. The evaluable grafts were further classified as occluded 
or patent and were analysed for the presence, severity, and 
location of stenosis. Those with >70% luminal narrowing 
were termed as significant stenosis. The significance of the 
luminal narrowing of the grafts as well as the native coronary 
arteries were analysed in the original transaxial slices, thin 
and thick slab max intensity projection, multiplanar, curved 
multiplanar, reconstructive images, and three-dimensional 
volume rendered images.

Invasive coronary angiography

Using the Seldinger technique through the right femoral ac-
cess, selective coronary angiogram of native coronary arter-
ies and the grafts was done in all patients, within 3 days after 
the 64 slice CT procedure. Standard views were taken and all 
the coronary artery segments were analysed, which included 
coronary arteries with a diameter of >1.5 mm and all arterial 
and venous grafts. The severity of the lesion was analysed in 
two orthogonal views.

Statistical analysis

Descriptive statistical analysis was performed for native cor-
onary arterial segments and for all grafts. Continuous varia-
bles were expressed as mean (± standard deviation). The 
diagnostic accuracy of 64 slice CT for the detection of signifi-
cant disease was expressed as sensitivity, specificity, positive 
predictive value, and negative predictive value. P values 
<0.05 were considered significant.

Results

Table 1 revealed the demographic profile of our study popu-
lation. Sixty-five patients had undergone 64 slice CT in our 
institute between June 2006 and July 2007. All patients had 
invasive coronary angiography. The mean age of our study 
population was 59 ± 9.1 years. Majority of the patients in the 
study population were males (92%) and the mean interval 

05-IHJ-OA-Balashankar.indd   24 1/25/2012   9:11:42 PM



 S.B. Gomathi et al. / Indian Heart Journal 6401 (2012) 23–27 25

period between CABG and 64 slice CT was 5.8 ± 4.2 years. A 
high incidence of dyslipidaemia was noted in our study pop-
ulation. Forth-five patients (70%) had dyslipidaemia, 53 pa-
tients (82%) received beta-blockers, and the remaining 18% 
were on diltiazem to control the heart rate during CT evalua-
tion. The mean heart rate was 62 ± 9/min during the CT scan 
imaging.

Table 2 revealed the characteristics of the grafts in our 
study population. Largely 186 grafts were analysed and out of 
them 124 were venous and 62 were arterial. Out of the 62 
arterial grafts 3 (4%) were occluded and of the 124 venous 
grafts, 43 (35%) were occluded. Overall 46 grafts were found 
to be occluded in our study population. Majority of the ve-
nous grafts were occluded at the ostium. Thirty-three venous 
grafts were occluded at the ostium and 10 were occluded at 
the mid segment of the graft. In the arterial grafts two were 
occluded at the ostium and one at the mid segment.

Table 3 revealed the predictive accuracy of multislice CT. It 
was observed that the 64 slice CT was 90% sensitive and 96% 
specific for evaluation of all grafts with 95% of positive pre-
dictive value and 93% of negative predictive value. For the 
evaluation of the arterial grafts it was 80% sensitive and 100% 
specific with positive predictive value of 100% and negative 
predictive value of 93%. For the venous grafts evaluation the 
sensitivity, specificity, positive predictive value, and negative 
predictive value were 94%, 94%, 93%, and 94%, respectively. 
Sensitivity, specificity, positive predictive value, and negative 
predictive value for evaluation of native coronary segments 
were 96%, 93%, 96%, and 100%, respectively (Figure 1).

Discussion

The principal objective of the study was to evaluate the use-
fulness of multi detector CT in patients after bypass surgery. 
Large size of the graft, relative immobility as well as sparse 
calcium makes this CT evaluation relatively easier especially 
after CABG. Improvements in the imaging field, especially the 
faster radiographic tube rotation and more thinner detectors 
has solved most of the practical issues of graft evaluation by 
64 slice CT. Artefacts caused by metal clips in the vicinity of 
the grafts, proximal anastomotic indicators, and sternal wires 
do not really affect the accuracy of CT assessment in the pre-
diction of luminal narrowing (Figure 2).

In this article, we have shared our own experience with 64 
slice CT evaluation in the first 65 consecutive patients with 
coronary bypass grafts. The mean interval of evaluation after 
CABG was 5.8 ± 4.2 years. The mean heart rate maintained 
during the CT evaluation was 62 ± 9 beats/min. Fifty-three 
(82%) patients from our study population were treated with 
beta-blocker and the remaining required diltiazem. We also 
noticed a higher number of occluded venous grafts than arte-
rial grafts in our study population (43 venous grafts and three 
arterial occluded grafts). Majority of the grafts were occluded 
at the ostium (Figure 3).

64 slice CT evaluation of all grafts in our study revealed a 
sensitivity of 90%, specificity of 96%, positive predictive value 

Table 1
Demographic profile in our study population.

Total  65

Mean age (yr) 59 ± 9.1

Sex
 Male 59 (92%)
 Female 6 (8%)

Interval after CABG (yr) 5.8 ± 4.2

Hypertensive 26 (40%)

Diabetic  30 (47%)

Smoker  7 (12%)

Dyslipidaemia  45 (70%)

Mean heart rate during CT 62 ± 9

Beta-blocker used  53 (82%)

Family history of CAD 35 (54%)

CABG: coronary artery bypass grafts, CAD: coronary artery disease, CT: 
computed tomography.

Table 2
Characteristics of grafts in our study population.

 Arterial  Venous

Total number of grafts 62 124

Occluded grafts  3 (4%) 43 (35%)

Site of occlusion
 Ostium  2  33
 Shaft  1  10
 Distal anastamotic site  0   0

Table 3 
Predictive accuracy of 64 slice computed tomography.

 Sensitivity  Specificity  Positive  Negative 
 (%) (%) predictive  predictive 
   value (%) value (%)

All grafts  90  96  95  93
Arterial 80 100 100  93
Venous 94  94  93  94
Native vessels 96  93  96 100 Figure 1 Normal sequential grafts to LAD and OM. LAD: left anterior 

descending, OM: obtuse marginal.

LAD OM
Anastamotic site
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of 95%, and negative predictive value of 93%. Malagutti et al. 
in his study on 52 patients, had noticed sensitivity of 99% and 
98% specificity. Sensitivity and specificity for the evaluation 
of distal runoff were 89% and 92%, respectively. He noticed a 
positive predictive value of 50%.10 Ropers et al. analysed 50 
patients with a total of 138 grafts.11 He found that the sensi-
tivity of the graft stenosis detection was 100%, with a specifi-
city of 94%.

We also observed a higher specificity of 64 slice CT while 
evaluating arterial grafts compared to venous grafts. In con-
trast, Meyer et al. in his series analysed 128 patients with a 
total of 412 bypass grafts and observed 97% sensitivity and 
specificity and 93% positive predictive value with the nega-
tive predictive value of 94%.12 He found that there was no 
significant difference in diagnostic accuracy between arterial 
and venous grafts.

In our study, the sensitivity and specificity of 64 slice 
CT evaluation for native coronary artery was 96% and 92%, 
respectively, with a positive predictive value of 96% and neg-
ative predictive value of 100%. The initial experience of 
Leschka et al. using 64 slice CT for evaluating native coronary 

segments, revealed sensitivity of 95%, specificity of 97% with 
a very high negative predictive value of 99%.

Limitations

A major limitation in our study was the small sample size for 
comparison of usefulness of 64 slice CT with invasive coro-
nary angiogram in evaluating bypass grafts.

Conclusion

64 slice CT is a highly reliable and valuable diagnostic method 
with a very high negative predictive value used in the evalua-
tion of patients with CABG.
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Images in cardiology

A case of restrictive cardiomyopathy evaluated by cardiac magnetic resonance 
imaging 
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Figure 1 (A) Biatrial dilatation with normal sized ventricles. (B) Concentric left ventricular hypertrophy (LVH) with mild pericardial effusion. 
(C) There is late gadolinium enhancement in the IAS and the entire subendocardium of the LV not conforming to any coronary territory (arrow). 
(D) There is late gadolinium enhancement in the short axis section of the LV suggestive of global infiltration (arrow).

A 66-year-old woman, known to have hypertension, hypo-
thyroidism, and atrial fibrillation for the last 8 years, presented 
with ankle swelling, abdominal distention, and worsening 
of breathlessness for the last 4 months. She was evaluated 
and found to have features of heart failure on clinical 
examination. Two-dimensional (2D) echo revealed global 

hypokinesia with left ventricular (LV) dysfunction and mild 
pericardial effusion. The cardiac magnetic resonance imaging 
study showed all the characteristic features of amyloidosis 
(Figure 1).

The delayed gadolinium kinetics was highly suggestive of 
amylodosis. 
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A B S T R A C T

Objective: To study the associations between diet, exercise. and the serum lipid profile.
Materials and methods: Hospital based cross-sectional study. The study participants were selected 
through purposive sampling. The study participants comprised 316 men and women above 
20 years of age from a disease-free cohort and included healthy subjects visiting the lifestyle 
clinic of CARE Hospitals, Hyderabad, India for health check-up.
Results: Among the participants of the study, 28.5% of the males and 42.2% of the females had 
hypercholesterolaemia. Body weight was significantly associated with total cholesterol and low-
density lipoprotein (LDL) cholesterol. Of the subjects studied, males had a higher mean calorie 
and fat intake than the females. A positive association was observed between waist circumference 
and both total cholesterol and LDL cholesterol. Waist circumference was also positively correlated 
with systolic and diastolic blood pressure and triglycerides. There was a significant difference in 
the total cholesterol levels of subjects who exercised and those who were not involved in any 
physical activity. There was a significant difference between the high-density lipoprotein (HDL) 
cholesterol values of the subjects based on exercise levels. High-density lipoprotein cholesterol 
levels were significantly higher in males than in females and this is corroborated by the finding 
of increased exercise levels in males. Duration of exercise had a significant impact on the total 
cholesterol levels.
Conclusion: Our results confirm that diet and exercise routines significantly affect the serum lipid 
profile. Obesity and overweight constitute a risk factor for the development of hypercholestero-
laemia and hypertriglyceridaemia.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

In the recent years India and other developing countries have 
witnessed a rapidly escalating epidemic of cardiovascular 
disease (CVD). It is predicted that, by 2020, coronary heart 
disease will be the leading cause of death in adult Indians.1

The increasing prevalence of overweight and obesity con-
stitutes a major health crisis in India because of the associ-
ated increase in risk of coronary heart disease—approximately 
12% of Indian males and 16% of Indian females are obese.2 
Recent studies have indicated that the life expectancy of 
adults with severe obesity might be 15–20 years lower than 

normal individuals. A significant proportion of morbidity and 
mortality in obese adults are due to sudden cardiac arrest and 
congestive heart failure related to obesity.3

It has been reported that among others, smoking, dietary 
habits, and physical inactivity account for most of the risk of 
myocardial infarction worldwide in both sexes and at all ages 
in all regions.4 Physical activity and physical fitness have been 
identified as protective factors against the occurrence and 
progression of coronary heart disease and against premature 
mortality. Such associations among other factors have been 
related to improvement in the lipid profile.5

Lipid abnormalities are a widely accepted risk factor for 
ischaemic heart disease.6 Factors such as obesity, dietary 
changes and changes in exercise routines can influence adult 
lipid levels.7 There is a need to look at the diet of individuals 
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in combination with their actual food intake in order to apply 
interventions that are effective at controlling their serum lipid 
profile, which is one of the major risk factors of CVD. The pur-
pose of this study was to evaluate the role of diet and other 
lifestyle-related factors in the prevalence of hypercholestero-
laemia in Indians.

Materials and methods

The study participants comprised of 316 males and females 
above 20 years of age, who were selected through purposive 
sampling. The mean age of the subjects was 42 years. The study 
was carried out in CARE Hospitals, Hyderabad city located in 
the Southern State of Andhra Pradesh in India. Healthy subjects 
visiting the lifestyle clinic of the hospital for health check-ups 
were chosen after obtaining their informed consent. Subjects 
with a history of CVD or diabetes mellitus as well as those 
with alcohol consumption greater than 80 g/day or long-term 
medication use were excluded from the study. The purpose 
of the study was explained to the potential subjects who vis-
ited the hospital for health check-up. The hospital’s research 
and ethical committee approved of the study’s procedures. 
The subjects had an individual interview along with blood 
collection and anthropometric assessment. Participation in 
the study was voluntary and all participants provided written 
informed consent. Information on food habits and dietary pat-
tern was obtained by using a detailed interview schedule. 
Information on physical activity, i.e. time spent on exercise 
per day was collected. The type of exercise indulged in, i.e. 
aerobics, walking, jogging, swimming, etc. was also ascertained.

Anthropometry

Weight, height, waist circumference and fat fold thickness 
were recorded using standard procedures. Weight was mea-
sured using a Salter brand electronic digital scale (Model 920, 
Max capacity 150 kg). Height (to the nearest 0.1 cm) was 
measured using a wall fixed stadiometer (CMS Instruments, 
London). The triceps skin fold thickness was measured with a 
Slimguide skin fold callipers (Galaxy Informatics, India). Waist 
circumference was measured with an inelastic tape (Girth 
Measurer, Galaxy Informatics, India) used at the narrowest 
part of the torso at the end of expiration. Waist circumfer-
ence of ≥90 cm was considered as the risk level for males and 
≥80 cm for females. Body mass index (BMI) was computed 
and BMI of 23.0 was considered as the cut-off level for as-
sessing the prevalence of overweight or obesity. The hip cir-
cumference was measured at the widest point of the buttocks 
by using an inelastic tape (girth measurer, Galaxy Informatics, 
India). The waist–hip ratio (WHR) was calculated.

Laboratory methods

Blood samples were taken in the morning after a fasting period 
of 10–14 hours. Fasting serum total cholesterol and triglyceride 

were assayed enzymatically. Cholesterol concentrations were 
determined in the Biochemistry Laboratory of CARE Hospitals, 
Hyderabad, India. Total cholesterol concentrations were 
measured enzymatically using a cholesterol kit (SYNCHRON 
CX Systems). Cholesterol Reagent was used to measure cho-
lesterol concentration by a timed endpoint method.8 Low-
density lipoprotein (LDL) cholesterol in serum was measured 
with a cholesterol LDL kit by a homogenous method based on 
an innovative detergent technology.9 High-density lipopro-
tein (HDL) cholesterol in serum was measured with a diag-
nostic test kit by enzymatic clearance assay.

The triglycerides in serum were measured with a tri-
glycerides Group Policy (GPO) reagent kit. Triglycerides GPO 
reagent was used to measure the triglycerides concentration 
by a timed endpoint method.10 Blood pressure was recorded 
with a sphygmomanometer.

Dietary assessment

Information on family history, physical activity, food habits 
and dietary pattern was obtained by using a detailed inter-
view schedule. The dietary intake was assessed by using the 
24 hours recall method, which consisted of listing all foods 
and beverages consumed during the previous 24 hours using 
the standard cups developed by the National Institute of 
Nutrition, Hyderabad, India.11 The dietary intakes obtained in 
terms of standardised cups were converted into quantities 
of raw food ingredients and the energy and fat content was 
then computed using the Indian food composition tables.12

The schedule also consisted of questions to assess the 
dietary pattern. The subjects were asked about food choices, 
frequency of consuming sweets and desserts, monthly oil 
consumption, snack foods preferred and beverages and soft 
drinks consumed.

Physical activity assessment

Leisure-time physical activity was assessed with two ques-
tions. In the first question, the level of leisure-time physical 
activity was measured with five alternatives which included 
walking, jogging, aerobics, swimming, and cycling. The fre-
quency and duration of leisure-time physical activity was 
determined in a question with four response alternatives 
ranging from 0 to ≥60 min/session.

Statistical analysis

The data was analysed using the SPSS for Windows version 
15.0 (SPSS Inc. Chicago, IL, USA). Descriptive statistics were 
computed for anthropometric measurements and indices like 
BMI and WHR. The association between calorie intake and 
BMI with lipid profiles was assessed by χ2 test. Relationships 
between anthropometric measurements and lipid profile were 
assessed by correlation coefficients. Level of significance was 
considered as 0.05.

06-IHJ-OA-UmaChitra.indd   29 1/25/2012   9:10:34 PM



30 U. Chitra et al. / Indian Heart Journal 6401 (2012) 28–34

Results

Majority of the subjects were in the age group of 40–60 years. 
Among the participants of the study 28.5% of the males and 
42.2% of the females had hypercholesterolaemia (Table 1). 
71.5% of men and 57.8% of women had cholesterol levels below 
199 mg/dL. Majority of the subjects reported brisk walking as 
the predominant leisure-time physical activity. Brisk walking 
was found to be the predominant form of exercise preferred 
by males (52.2%) and females (39.4%) (P < 0.05). The duration 
of brisk walking ranged from 30 to >60 min/day. The subjects 
were divided into 2 groups—those who exercised regularly 
and those who did not.

Serum triglyceride levels were similar in both men and 
women (P = 0.886). Around 47% of the participants studied 
had serum triglycerides above the risk level of 150 mg/dL. 
Information regarding food habits revealed that majority of 
the participants of the study was non-vegetarian (61.5% females 
and 64.3% males). A significantly higher number of females 
had HDL cholesterol levels <40 mg/dL.

Table 2 represents the association of biochemical parame-
ters and BMI with calorie intake. A higher percentage of sub-
jects whose calorie intake was inadequate had BMI below the 
cut-off of 23 kg/m2 (76.8%) compared to those whose calorie 
intake was adequate (15%). There was a significant difference 
(P = 0.019) between subjects whose calorie intake was ade-
quate and those whose calorie intake was inadequate with 
respect to BMI (Table 2). Significant association (P < 0.05) was 
observed between total cholesterol, HDL and LDL cholesterol 
with levels of calorie intake. There was no significant differ-
ence between subjects whose calorie intake was adequate 
and those whose calorie intake was inadequate with respect 
to triglyceride levels. Of the subjects whose calorie intake 
was adequate a higher percentage (63.7%) had total choles-
terol levels ≥199 mg/dL than those whose calorie intake was 
inadequate (Table 2).

The association of biochemical parameters and BMI with 
physical activity is presented in Table 3. A lower percentage 
(36.4%) of subjects who exercised regularly had triglyceride 

levels above the risk level of 150 compared to those who did 
not perform any exercise (48.7%) but the difference was not 
significant. There was a significant difference in the total 
cholesterol levels of subjects who exercised and those who 
were not involved in any physical activity (P = 0.047). Only 
29% of the subjects who exercised regularly had total choles-
terol levels over the risk level of 200 mg/dL (Table 3) com-
pared to 62.3% of those who did not exercise. Although a 
lower percentage (72.1%) of subjects who exercised regularly 
had BMI above the Asian cut-off of 23, there was no signifi-
cant difference between those who did not exercise (83.8%). 
There was a significant difference between the HDL cholesterol 
values of the subjects based on exercise levels (P = 0.012). 
62.3% of those who exercised regularly had HDL levels ≥40 
compared to only 38.1% of those who did not exercise regu-
larly (Table 3). Exercise did not result in any significant effects 
on serum LDL cholesterol levels.

The duration of exercise did not have a significant impact 
on triglyceride levels (Table 4). Total cholesterol levels were 
found to be lower in subjects who exercised regularly for 
>1 hour (P < 0.01). 76.5% of the subjects who exercised for 
more than an hour per day had total cholesterol levels below 
the risk level of 200 mg/dL compared to only 37.7% of sub-
jects who did not exercise and 59.4% of those who exercised 
only 2–3 times/wk (Table 4).

A significant percentage (64%) of the subjects who exer-
cised for half an hour to one hour daily had HDL cholesterol 
≥40 mg/dL compared to those who did not exercise regularly 
(Table 5). Our findings are similar to the results of Stein et al.13 

Table 1
Lipid profile of the subjects studied.

Parameter (mg/dL) Prevalence (%)

 Male Female P value

Total cholesterol
 <199 71.5 57.8 0.014
 ≥199 28.5 42.2

Triglycerides   
 <150 53.1 52.3 0.886
 ≥150 46.9 47.7

HDL cholesterol
 ≥40 62.4 32.4 0.000
 <40 37.6 67.6

LDL cholesterol
 <130 74.4 66.1 0.118
 ≥130 25.6 33.9

HDL: high-density lipoprotein, LDL: low-density lipoprotein.

Table 2
Association of biochemical parameters and with calorie intake.

Calorie intake Biochemical χ2 P value
 parameter

 Triglycerides 
 (mg/dL)
 <150 ≥150
Inadequate 58.5% 41.5% 1.4 0.230
Adequate 50.9% 49.1%

 Total cholesterol 
 (mg/dL)
 <199 ≥199
Inadequate 75.6% 24.4% 3.89 0.048*
Adequate 36.3% 63.7%

 HDL cholesterol
 (mg/dL)
 ≥40 <40
Inadequate 69.5% 30.5% 6.77 0.009**
Adequate 47% 53%

 LDL cholesterol
 (mg/dL)
 <130 ≥130
Inadequate 79.3% 20.7% 3.26 0.0007**
Adequate 31.2% 68.8%

 BMI (kg/m2)
 <23.0 ≥23.0
Inadequate 76.8% 23.2 2.89 0.019*
Adequate 15% 85%

*P < 0.05, **P < 0.01. BMI: body mass index, HDL: high-density lipoprotein, 
LDL: low-density lipoprotein.
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who found that HDL levels rose significantly in groups train-
ing at higher intensity exercise when compared with a group 
training at lower intensity during 30-minute training ses-
sions on a cycle ergometer performed 3 times per week. 
In our study duration of exercise had a significant effect on 
LDL cholesterol levels (P < 0.05). A higher percentage (70%) of 
those who exercised for half an hour or more daily had LDL 
cholesterol levels <130 mg/dL compared to those who did not 
exercise regularly (Table 5).

Discussion

In our study weight and BMI were positively and significantly 
correlated with calorie and fat intake (Figure 1). More women 
than men were found to be overweight or obese. The preva-
lence of overweight and obesity in terms of BMI, waist circum-
ference and waist–hip ratio was significantly higher in women 
compared to men. Maximum percentage of the subjects stud-
ied (78.7% males and 82.9% females) had BMI above 23.0 
which is the Asian cut-off. Analysis of the data also showed a 
significant correlation between waist circumference, hip cir-
cumference and total calorie and fat intake (Figure 1). Weight 
and BMI were positively and significantly correlated with 
calorie and fat intake (P < 0.01). There is an increasing trend 
of total calorie intake and total fat intake with the increasing 
BMI (Figure 1). There was no significant correlation between 
the waist–hip ratio and the total calorie or fat intake, which 
indicates that subjects with generalised obesity (high BMI) 
may not have central obesity (high WHR).14

In our study more women than men had hypercholestero-
laemia (Table 1). Regarding serum cholesterol levels, it has 
been shown that both exercise and weight loss have a greater 
influence on lowering LDL cholesterol and raising HDL cho-
lesterol levels in men than in women and in older or post-
menopausal women.15 25.6% of men and 33.9% of women 
had high LDL cholesterol levels (≥130 mg/dL) but the differ-
ence was not significant (Table 1).

Table 3
Association of biochemical parameters and body mass index with 
physical activity.

Physical activity Biochemical χ2 P value
 parameter

 Triglycerides 
 (mg/dL)
 <150 ≥150
No exercise 51.3% 48.7% 0.289 0.591
Exercise 63.6% 36.4%

 Total cholesterol
 (mg/dL)
 <199 ≥199 
No exercise 37.7% 62.3% 2.66 0.047*
Exercise 71% 29%

 HDL cholesterol
 (mg/dL)
 ≥40 <40
No exercise 38.1% 61.9% 3.48 0.012*
Exercise 62.3% 37.7%

 LDL cholesterol
 (mg/dL)
 <130 ≥130
No exercise 61.4% 38.6% 0.001 0.972
Exercise 71.6% 28.4%

 BMI (kg/m2)
 <23.0 ≥23.0
No exercise 16.2% 83.8% 0.155 0.694*
Exercise 27.9% 72.1%

*P < 0.05. BMI: body mass index, HDL: high-density lipoprotein, LDL: low-
density lipoprotein.

Table 4
Association of duration of exercise with biochemical parameters and 
body mass index.

Exercise duration Biochemical χ2 P value
 parameter

 Triglycerides 
 (mg/dL)
 <150 ≥150
>1 hr/day 58.8% 41.2% 2.84 0.672
½–1 hr/day 48.6% 36.4%
2–3 times/wk 62.9% 37.1%
No exercise 51.3% 48.7%

 Total cholesterol 
 (mg/dL)
 <199 ≥199
>1 hr/day 76.5% 23.5% 2.96 0.006*
½–1 hr/day 70.1% 29.9%
2–3 times/wk 59.4% 40.6%
No exercise 37.7% 62.3%

 Body mass index 
 (kg/m2)
 <23.0 ≥23.0
>1 hr/day 17.6% 82.4% 0.896 0.925
½–1 hr/day 18.7% 81.3%
2–3 times/wk 17.1% 82.9%
No exercise 16.2% 83.8%

*P < 0.01.

Table 5
Association of duration of exercise with biochemical parameters.

Exercise duration Biochemical χ2 P value
 parameter

 HDL cholesterol 
 (mg/dL)
 ≥40 <40
>1 hr/day 64.7% 35.3% 4.67 0.052*
½–1 hr/day 64.5% 35.5%
2–3 times/wk 45.7% 54.3%
No exercise 48.1% 51.9%

 LDL cholesterol
 (mg/dL)
 <130 ≥130
>1 hr/day 70.6% 29.4% 0.693 0.064*
½–1 hr/day 70.1% 29.9%
2–3 times/wk 63.2% 36.8%
No exercise 51.4% 48.6%

*P < 0.05. HDL: high-density lipoprotein, LDL: low-density lipoprotein.
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In our study increased calorie intake was positively corre-
lated with total cholesterol levels (Table 2). It has been re-
ported that dietary factors, particularly habitual dietary fat 
consumption and the amount and type of fat in a meal are 
major determinants of postprandial lipaemic response.16 Chen 
et al.17 reported that the magnitude of postprandial lipaemia 
within an individual is directly proportionate to the fat content 
of the meal. Among the subjects studied, a higher percentage 
(68.8%) of those whose calorie intake was adequate had LDL 
cholesterol levels ≥130 (P < 0.01). These results are in agree-
ment with those of Polychronopoulos et al.18 whose data re-
vealed that greater adherence to a Mediterranean diet was 
associated with 23% lower likelihood of having hypercholes-
terolaemia after controlling for age, sex, BMI, smoking habits, 
and physical activity status. A higher percentage of subjects 
(69.5%) whose calorie intake was inadequate had HDL cho-
lesterol levels ≥ 40 than those whose calorie intake was ade-
quate (Table 2). It has been reported that excess weight gain 
tends to lower HDL cholesterol and raise LDL cholesterol.

A higher percentage of males were found to be performing 
exercise for half an hour or >1 hour daily than females (Figure 2). 
58.7% of the women studied reported that they did not find 
time for exercise (Figure 2). There was a significant difference 
in the total cholesterol levels of subjects who exercised and 
those who were not involved in any physical activity (Table 3). 
Only 29% of the subjects who exercised regularly had total 
cholesterol levels over the risk level of 200 mg/dL (Table 3) 
compared to 62.3% of those who did not exercise. Our find-
ings are similar to those of Lopez et al.19 who reported a mod-
erate effect of exercise on decreasing serum total cholesterol 
and a more marked effect on decreasing serum triglycerides 
in young individuals after a 7-week period of exercise.

High-density lipoprotein cholesterol levels were signi-
ficantly higher in males than in females (Table 1) and this 
is corroborated by the finding of increased exercise levels in 
males (Figure 2). There was a significant difference between 

the HDL cholesterol values of the subjects based on exercise 
levels. About 62.3% of those who exercised regularly had HDL 
levels ≥ 40 compared to only 38.1% of those who did not exer-
cise regularly (Table 3). The association between plasma con-
centration of HDL cholesterol and the incidence and severity 
of coronary heart disease has been well-recognised.20 Pro-
grammes of increased physical activity, particularly those based 
upon running or jogging, have attracted attention as being 
among the few potentially effective and physiologically de-
sirable means of increasing plasma HDL cholesterol concen-
trations. Several longitudinal studies have been conducted in 
initially sedentary, but healthy, individuals to measure the 
effect of increased physical activity on plasma lipoprotein 
concentrations. Our findings confirm the results of other stud-
ies which report that increased exercise significantly elevates 
plasma HDL cholesterol concentrations.21 Total cholesterol levels 
were found to be lower in subjects who exercised regularly 
for >1 hour (P < 0.01). 76.5% of the subjects who exercised for 
more than an hour per day had total cholesterol levels below 
the risk level of 200 mg/dL compared to only 37.7% of sub-
jects who did not exercise and 59.4% of those who exercised 
only 2–3 times/wk (Table 4). Current beliefs suggest that reg-
ular participation in physical activity produces favourable 
lipid changes. There is specific evidence supporting the ben-
efits of both higher intensity as well as longer duration exer-
cise programmes for producing specific alterations in serum 
lipid concentrations especially serum HDL cholesterol.22

In our study duration of exercise had a significant effect on 
LDL cholesterol levels (Table 5). A higher percentage (70%) of 
those who exercised for half an hour or more daily had LDL 
cholesterol levels <130 mg/dL than those who did not exercise 
regularly.

Those who are overweight tend to have high total choles-
terol and high LDL cholesterol partly on the basis of diet, 
which is usually high in saturated fats and cholesterol and 
partly on the basis of inactivity. In our study body weight was 
significantly associated with total cholesterol and LDL cho-
lesterol (Figure 3). There was a negative association between 
weight and HDL cholesterol but this was not significant. Many 
studies have reported that obesity, as defined on the basis of 
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BMI, is consistently related to increased blood pressure and 
unfavourable lipid profiles.23 Waist circumference, however, 
may be a stronger predictor than BMI for the identification of 
metabolic and CVD-associated risk factors.24 In our study, 
BMI was positively and significantly associated with systolic 
blood pressure (Figure 3). A positive association was observed 
between waist circumference and both total cholesterol and 
LDL cholesterol. Waist circumference was also positively cor-
related with systolic and diastolic blood pressure and tri-
glycerides (Figure 3). It has been reported that a large waist 
circumference is significantly inversely associated with HDL 
cholesterol levels and significantly positively associated with 
LDL cholesterol levels and blood pressure.25

Conclusion

In conclusion, our findings provide support for the poten-
tially beneficial effects of both diet and exercise on the serum 
lipid profile. The most important lifestyle factors which affect 
the serum lipid profile are diet composition, body weight and 
physical activity. The modification of blood lipid levels will 
be beneficial especially to those who are at higher risk of 
coronary heart disease. Screening for these abnormalities is 
essential and must be followed by active and effective inter-
ventions. Interventions may be more effective if they are tar-
geted at specific socio-demographic sub-groups. Dietary advise 
to younger people should address undesirable aspects of food 
patterns. Combining campaigns to improve diet with efforts to 
increase physical activity may be needed to effectively reduce 
CVD risk.
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A B S T R A C T

Objective: Although the relationship between obesity, hypertension (HT), and insulin resistance is 
well-recognised, the pathophysiological mechanism involved is relatively poorly understood. The 
present study aims in examining the relationship between adipocytokines and insulin resistance 
in Indian hypertensive patients to better understand the pathogenesis of HT.
Methods: A total of 124 subjects including 41 controls, 41 obese, and 42 hypertensive patients were 
recruited in this cross-sectional study. Fasting adipocytokines (leptin, adiponectin, resistin) and 
highly sensitive C-reactive protein (hsCRP) levels were measured by enzyme-linked immunosorbent 
assay (ELISA). Insulin resistance (IR) index was calculated by the homeostasis model assessment 
(HOMA). The relation between these variables was studied by univariate and multiple logistic 
regression analysis.
Results: Among the hypertensive patients, obese hypertensive patients exhibited significantly in-
creased HOMA-IR and altered adipocytokine profile compared to the non-obese control subjects. 
In a stepwise multiple linear regression analysis with IR as a dependant variable, the study shows 
leptin as a significant predictor in hypertensive patients. Multiple logistic regression analysis re-
vealed that among the adipocytokines, leptin had a strong association with HT in our population.
Conclusion: Among the adipocytokine, serum leptin levels were significantly increased in hyper-
tensive patients and were also associated with IR and HT. Thus, our findings suggest that leptin 
may be playing an important role in the development of HT in our population.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

Hypertension (HT) as a component of the metabolic syndrome 
results from complex and multifactorial mechanism including 
obesity-induced metabolic and hormonal disturbances. Insulin 
resistance (IR) is often associated with obesity, glucose intol-
erance, and dyslipidaemia. Recently, IR has also been linked 
to essential HT.1–4 Hyperinsulinemia which compensates for 
IR, is thought to cause and maintain high blood pressure (BP) 
by stimulating sympathetic nervous activity, proliferation of 
vascular smooth muscle cells, altered cation transport, and 
increased sodium reabsorption.3,4 Obesity is defined as an in-
creased mass of adipose tissue and is also a common back-
ground of the typical lifestyle-related disease, such as HT. 
Although the relationship between obesity, IR, and HT is 

well-recognised, the pathophysiological mechanism involved 
remains relatively poorly understood.

In the past, adipose tissue was thought to be a passive depot 
for the storage of excess energy. However, recent studies have 
demonstrated that the adipocyte synthesises and secretes bio-
logically active molecule. These molecules collectively known 
as adipocytokines, which include adiponectin, resistin, leptin, 
tumour necrosis factor-α (TNF-α), interleukin-6 (IL-6), and 
free fatty acids, appears to be important in the development 
of IR5,6 and other related diseases including HT.

The association between obesity and HT suggests that 
adipose mass and adipocytokines secreted by them may be 
important in the regulation of BP or in the pathogenesis of HT, 
although the mechanism underlying this are not yet evident.7–11

Among the adipocytokines, leptin is a hormone which is 
predominantly secreted by the adipose tissue. Recent studies 
have shown that leptin increases arterial BP. Although data 
from available animal studies clearly indicate an association 
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between leptin and HT, results of human studies have been 
less definitive.9–15 Though several studies have shown that 
adiponectin correlates negatively with BP, the results of stud-
ies on the relation between adiponectin and HT have been 
inconsistent.7,8,16,17 Resistin, a novel cysteine-rich protein 
secreted by adipocytes, has been proposed to serve as a link 
between obesity and IR in rodents, but this has remained 
controversial.18–21 Very few studies have been carried out to 
find the role of resistin in essential HT, but results are incon-
sistent.11 All these adipocytokines such as leptin, adiponectin, 
and resistin have been associated with HT in either cross-
sectional or longitudinal studies. However, few studies directly 
compared the relative association of these cytokines with BP 
or with the presence of HT.

Thus, the role of individual adipocytokine in HT in relation 
to IR is still controversial. The Indian population is relatively 
more IR due to the high percentage of body fat and higher 
abdominal obesity at low body mass index (BMI) though the 
exact cause of increased abdominal obesity and IR in Asian 
Indian has not been clear.22 According to our recent study 
adipocytokine may play an important role in the development 
of IR in Indian diabetic patients.5 In addition, we also re-
ported that almost 40% of the essential hypertensive patients 
were insulin resistant. Thus, with the increasing prevalence 
of IR, HT is also becoming a major health problem in India. 
Hence, in the present study we would like to elucidate the 
role of adipocytokine in relation to IR in Indian hypertensive 
patients.

Methods

Subjects

A total of 124 subjects aged between 30 years and 70 years 
comprising 41 controls, 41 obese, and 42 hypertensive patients 
were taken up for the study after an overnight fast. Hyperten-
sive patients were further divided into 2 subgroups based on 
their BMI: (1) non-obese hypertensive (n = 23) (BMI ≤ 25 kg/m2) 
and (2) obese hypertensive (n = 19) (BMI ≥ 25 kg/m2).

Past medical history and clinical data were collected and 
anthropometrics measurements such as height, weight, and 
waist circumference were taken. Waist circumference was 
measured around the abdomen just above the hip bone. Body 
mass index was calculated from the ratio of body weight in 
kilograms (kg) to height in square meters and expressed as 
kg/m2 units. Blood pressure was measured in the seated po-
sition using mercury sphygmomanometer. Average of two 
consecutive readings taken 5 minutes apart was recorded. All 
the subjects gave their informed consent after the procedure 
was explained to them. The Ethics Committee of Our Hospital 
approved the project.

Study design

Each subject’s venous blood was collected after 12–14 hours 
fast for estimating fasting glucose, lipid profile, insulin, high 

sensitive C-reactive protein (hsCRP), and adipocytokines includ-
ing leptin, adiponectin, and resistin.

Inclusion and exclusion criteria for selection of 
subjects

Hypertensive patients
1. Hypertension was defined as systolic BP (SBP) to diastolic 

BP (DBP) >140/90 mmHg or the use of antihypertensive 
medication.23

2. Hypertensive patients were not receiving treatment for 
diabetes or any other illness at the time of study.

Obese subjects
1. Obesity was defined if their BMI ≥25 kg/m2 according to 

the cut-off suggested for Asian Indians.24,25

Control subjects
1. Controls were classified as having normal glucose tolerance 

(fasting plasma glucose <6.1 mmol/L and 2 hours glucose 
<7.8 mmol/L).24

2. They were non-hypertensive and non-obese.
3. They were confirmed to have no known disease condition 

including cardiac, thyroid disease or any other acute 
and chronic disease in the past or any current infection/
condition.
They were never symptomatic.

Biochemical analysis

Fasting plasma glucose was measured by the glucose 
peroxidase method (Randox, USA). Serum cholesterol, high-
density lipoprotein (HDL)-cholesterol, and triglyceride levels 
were measured by the enzymatic method (Randox USA). 
Fasting serum insulin was assayed by radioimmunoassay 
using RIA kit (BRIT Mumbai, India) incorporating 125I-labelled 
porcine insulin as the tracer and guinea pig antiserum. 
Serum hsCRP levels were measured by a highly sensitive en-
zyme-linked immunosorbent assay (ELISA) (DSL, USA) which 
has the lower detection limit of 1.6 ng/mL with intra-assay 
coefficient of variation 4.25% and inter-assay coefficient 
of variation 5.95%. Serum leptin, adiponectin, and resistin 
levels were measured by ELISA (Linco Res, USA). Intra-assay 
and inter-assay coef ficient of variation are as follows: for 
leptin (1.4%, 4.6%), for adiponectin (4.4%, 6.6%), for resistin 
(2.75%, 6.7%).

Calculation and data analysis

Insulin resistance measured as homeostasis model assessment-
IR (HOMA-IR) using following formula26:

IR (HOMA-IR) = 

Fasting insulin (U/mL) × 
Fasting glucose (mmol/L)

22.5
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Statistical analysis

Data are presented as mean ± SD (standard deviation) or me-
dian and inter-quartile range. Group means were compared 
using unpaired ‘t’ test or the Mann-Whitney rank sum test. 
Univariate and linear regression analysis were performed for 
determining the relationship between serum hsCRP and other 
variables like different adipocytokines and IR. Pearson’s cor-
relation coefficient was obtained and P < 0.05 was considered 
statistically significant. Logistic regression analysis was car-
ried out using HT as the dependent variable and biomarkers 
as independent variables. All analysis was performed using 
SPSS (version 15).

Results

Clinical characteristics

Table 1 presents the anthropometrical and biochemical char-
acteristics of 41 non-obese control, 41 obese, 23 non-obese 
hypertensive, and 19 obese hypertensive patients. Mean levels 
of BMI, waist size, SBP, and triglyceride levels were significantly 
increased and HDL cholesterol levels were significantly re-
duced in obese patients compared to non-obese control sub-
jects. As expected elevated SBP and DBP levels were found in 
non-obese and obese hypertensive patients. In addition, obese 
hypertensive patients also exhibit increased BMI, waist circum-
ference, and triglyceride levels.

Metabolic characteristics

Serum insulin levels, HOMA-IR measure of IR, leptin, and hsCRP 
levels increased significantly and serum adiponectin levels 
decreased significantly in obese and obese hypertensive pa-
tients compared to non-obese control subjects. No difference 
was found in insulin HOMA-IR, hsCRP, and adipocytokine lev-
els between non-obese control and non-obese hypertensive 
patients (Table 2).

Correlation and regression analysis

Pearson bivariate correlation analysis was carried out to find 
out the association of adipocytokine with IR and other inde-
pendent variables. In non-obese controls, leptin levels were 
significantly associated with resistin (0.651, P < 0.001) CRP 
(0.354, P < 0.02), BMI (0.541, P < 0.001) and DBP (0.408, P < 0.01). 
In obesity it is significantly associated only with BMI (0.784, 
P < 0.001) and hypertensives with insulin (0.409, P < 0.01), 
HOMA-IR (0.419, P < 0.01), CRP (0.32, P < 0.05) in addition to 
BMI (0.609, P < 0.001).

Serum adiponectin levels were significantly associated 
with only insulin (−0.407, P < 0.01) and HOMA-IR (−0.395, 
P < 0.01) in control subjects. In obese patients, serum adi-
ponectin levels is not associated with any of the parameters 
while in obese hypertensive patients it is associated only 
with the obesity parameter, waist circumference (−0.338, 
P < 0.05).

Table 1
Anthropometric and biochemical characteristics of study subjects.

Parameter Non-obese control Obese Non-obese HT Obese HT
 (n = 41) (n = 41) (n = 23) (n = 19)

M:F 21:20 20:21 13:10 8:11
Age (yr) 47.2 ± 1.31 47.2 ± 1.09 47.96 ± 1.45 49.5 ± 1.92
BMI (kg/m2) 22.0 ± 0.30 29.1 ± 0.46a 22.5 ± 0.33 28.72 ± 0.69a

Waist (cm) 77.7 ± 1.19 91.5 ± 1.27a 79.5 ± 1.65 91.1 ± 1.65a

SBP (mmHg) 115.6 ± 2.45 120.2 ± 2.33a 136.7 ± 4.19a 131.1 ± 4.58b

DBP (mmHg) 75.8 ± 1.21 79.0 ± 1.39 86.7 ± 2.91c 84.2 ± 2.07b

Glucose F (mmol/L) 4.53 ± 0.08 4.57 ± 0.09 4.59 ± 0.11 4.77 ± 0.13
Cholesterol (mmol/L) 5.06 ± 0.17 5.07 ± 0.14 4.71 ± 0.20 5.02 ± 0.29
Triglyceride (mmol/L) 1.23 ± 0.05 1.52 ± 0.09c 1.44 ± 0.13 1.57 ± 0.12c

HDL cholesterol (mmol/L) 1.32 ± 0.04 1.15 ± 0.02c 1.24 ± 0.04 1.24 ± 0.05
WBC count 7.20 ± 0.24 7.27 ± 0.32 7.62 ± 0.3 8.09 ± 0.31

All values are given as mean ± SE (standard error). aP < 0.001, bP < 0.05, cP < 0.01 compared to controls. BMI: body mass index, DBP: diastolic blood pressure, 
Glucose F: fasting, HDL: high-density lipoprotein, HT: hypertension, SBP: systolic blood pressure, WBC: white blood cell.

Table 2
Metabolic characteristics of study subjects.

Parameter Control (n = 41) Obese (n = 41) Non-obese HT (n = 23) Obese HT (n = 19)

HOMA-IR 4.1 (3.02–5.3) 5.05 (3.9–8.2) 4.6 (3.26–6.44) 6.16 (4.25–8.9)
Serum insulin levels (uU/mL) 20 (16–25) 25 (20–38.5)a 23 (17–30) 26.5 (21–44)b

Serum leptin levels (ng/mL) 11.5 (6.35–20) 22 (13.5–44)a 16 (8–22) 43 (21.5–65)a

Serum adiponectin levels (mg/L) 9 (7–11.5) 6.5 (5.2–9.5)a 9.0 (6.75–11) 7.0 (5.7–8.25)b

Serum resistin levels (ng/mL) 10.5 (7.2–13) 10.5 (6.1–13) 9.6 (6.8–13) 8.8 (8–13)
Serum hsCRP levels (mg/L) 1.8 (0.6–4.8) 3.2 (1.38–7.2) 3.3 (1.0–6.1) 5 (2.15–11.2)a

Values are given as median and inter-quartile range. aP < 0.001, bP < 0.01, compared to controls. HOMA-IR: homeostasis model assessment-insulin resistance, 
hsCRP: high sensitive C-reactive protein, HT: hypertension.
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Serum resistin levels were significantly associated with 
leptin (0.651, P < 0.001), CRP (0.495, P < 0.001), BMI (0.333, 
P < 0.05), SBP (0.336, P < 0.05), and DBP (0.416, P < 0.01) in 
control subjects, while in obese patients it is associated only 
with waist circumference (0.379, P < 0.01), and in hyperten-
sive patients it is associated with CRP (0.407, P < 0.01) and 
BMI (0.337, P < 0.05). Interestingly, serum resistin levels were 
significantly associated with HOMA-IR in non-obese hyper-
tensive patients (0.485, P < 0.02).

Findings from the above bivariate correlation analysis were 
further explored using the stepwise multiple linear regres-
sion analysis with HOMA-IR as a dependent variable. It was 
found that only adiponectin is the significant predictor of IR in 
non-obese control subjects (β: −0.177, SE (β): 0.066, P < 0.01), 
and leptin in hypertensive patients (β: 0.037, SE (β): 0.018, 
P < 0.04). It was also observed that serum resistin levels are 
a significant predictor of SBP in non-obese control subjects 
(β: 1.306, SE (β): −0.585, P < 0.03).

Multiple logistic regression analysis using HT as the de-
pendent variable revealed that among the adipocytokine, 
leptin had a strong association with HT in our population 
(odds ratio [OR] 1.048, confidence interval [CI] 1.016–1.081), 
P < 0.003).

Discussion

With an increasing prevalence of IR, HT is becoming a major 
health problem in India. According to our recent study adipocy-
tokine may be playing an important role in the development 
of IR among Indian diabetic patients. Hence, in the present 
study we have elucidated the association of adipocytokines 
with IR in Indian hypertensive patients.

The main findings of the study are:
1. Hypertensive patients exhibit affected lipid metabolism 

with increased triglyceride levels.
2. Homeostasis model assessment-IR and serum leptin levels 

increased significantly and adiponectin levels decreased sig-
nificantly in obese hypertensive patients even after normal-
ising with BMI.

3. Interestingly in stepwise multiple linear regression analy-
sis serum resistin levels were significantly associated with 
SBP in controls. In addition we also found that adiponectin 
is an important predictor of IR in controls and leptin in hy-
pertensive patients. Multiple logistic regression analysis 
revealed leptin to be the important predictor of HT in our 
population.
Disturbances of glucose and lipid metabolism are known 

to be related to HT, since it has been suggested that hyper-
insulinemia enhances hepatic very low-density lipoprotein 
(VLDL) synthesis and contribute to increased plasma trigly-
ceride levels.7 Thus, our results are consistent with these 
previous reports, which suggest that essential hypertension 
often accompanies IR and resultant disturbances of lipid 
metabolism, increasing the risk of arteriovascular disease in 
essential HT.

Although till date several studies have been carried out to 
elucidate the role of different adipocytokines in hypertensives, 

the results obtained from different studies were highly 
controversial.8–12,16 Among the adipocytokines an association 
between HT and adiponectin levels has been reported by 
several groups.7,8,16,17 Although no association of adiponectin 
was found with BP and IR in our hypertensives, it is signifi-
cantly associated with IR in controls exhibiting a physiologi-
cal relationship. We also found that among adipocytokines, 
adiponectin level decreased significantly independent of the 
changes in BMI in obese hypertensive patients. The mecha-
nism by which adiponectin levels are lowered in patients re-
mains to be clarified. Although there are several mechanisms 
that could account for the relationship, it is possible firstly, 
that the activation of rennin-angiotensin system (RAS) may be 
responsible, by hypoadiponectinemia resulting in an increase 
in fat mass and BP17 or secondly, inflammation may contrib-
ute to the pathogenesis of HT. Adiponectin is said to have 
beneficial and protective effects including antiatherogenic 
and anti-inflammatory properties.

Resistin is an adipocyte derived peptide that might play a 
role in obesity and IR; however, its role in humans is largely 
unknown. In our previous study, we found that it may be 
playing an indirect role in the pathogenesis of T2DM (type 2 
diabetes mellitus) through its association with leptin in our 
population.5

Studies by Furuhashi11 suggest that circulating resistin lev-
els are not related to IR in essential hypertensive patients, al-
though disturbances of lipid metabolism may be associated 
with IR. In our study we found that there was no difference 
in serum levels and no association with BP in hypertensives 
but are significantly associated with SBP in control subjects. 
Additional studies are needed to elucidate the regulatory and 
biological function of resistin in humans.

In this study, we have selected hypertensive patients ran-
domly from the clinic and in addition the groups we exam-
ined are relatively small. It is likely that with a large number 
of subjects, the statistical analysis could show better signifi-
cance; this was the limitation of the study.

The result of earlier studies on the role of leptin in human 
HT is not consistent. Some studies report significantly higher 
leptin levels in essential HT than in control26,27 or a significant 
correlation between HT and BP.26–28 However, these results 
were not confirmed by others.29,30

In the present study, serum leptin levels increased signifi-
cantly in obese hypertensive patients. This increase was inde-
pendent of changes in BMI. Though leptin is not significantly 
associated with BP, in stepwise multiple linear regression 
analysis it is the only adipocytokine significantly associated 
with IR in our hypertensives. According to our previous study, 
40% of the hypertensive patients exhibit IR. It can be specu-
lated that insulin and leptin interact and modulate each other’s 
effects and contribute to HT is an effect of tubular sodium 
handling.14 Leptin has several effects such as stimulation of 
the RAS and sympathetic nervous system which may affect 
BP levels in humans.12,13,31

Moreover, in multiple logistic regression analysis leptin is an 
important predictor of HT in our population suggesting that 
leptin may be playing an important role in the development 
of HT in our population. Taken together, leptin does indeed 
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have peripheral physiological effects that suggest it may be a 
link in the triad of obesity, IR, and HT.

To summarise, findings from our study shows that a cor-
relation exists between leptin and IR; moreover, in logistic 
regression analysis after adjusting for confounding variables, 
increasing leptin levels were associated with high-risk of the 
development of HT. Thus, leptin may be playing an important 
role in development of HT through its association with IR in 
our population. Detailed study on the role of adipocytokines 
may provide new insights into the development of safe and 
effective pharmaceutical treatment of essential hypertensive 
patients with IR.

Acknowledgments

The Sir H.N. Medical Research Society supported this work. The 
author wishes to thank Dr. S.S. Deo and Dr. S.D. Mehatalia for 
their kind support and research staff, R. Mokal, S. Mithbawkar, 
K. Mistry and P. Thakur for the technical and social help received 
by them in carrying out the study.

References

1. Modan M, Halkin H, Almong S, et al. Hyperinsulinemia: a link 
between hypertension obesity and glucose tolerance. J Clin Invest 
1985;75:809–17.

2. Reaven GM. Banting lecture 1988: role of IR in human disease. 
Diabetes 1988;37:1595–1607.

3. DeFronzo RA. IR: a multifaceted syndrome responsible for NIDDM, 
obesity, hypertension, dyslipidemia, and atherosclerotic cardio-
vascular disease. Diabetes Care 1991;14:173–92.

4. Agata J, Miyazaki Y, Takada M, Masuda A, Miura T. Association 
of IR and hyperinsulinemia with disturbed lipid metabolism in 
patients with essential hypertension. Hypertens Res 1998;21:
57–62.

5. Mahadik SR, Deo SS, Mehtalia SD. Association of adiposity, in-
flammation and atherosclerosis: the role of adipocytokines and 
CRP in Asian Indian subjects. Metab Syndr Relat Disord 2008;
6:121–8.

6. Matsuzawa S. Therapy insight: adipocytokines in metabolic syn-
drome and related cardiovascular disease. Nat Clin Pract Cardiovasc 
Med 2006;3:35–42.

7. Murakami H, Nobuyuki URA, Furuhashi M, Shimamoto K. Role of 
adiponectin in insulin resistant hypertension and atherosclerosis. 
Hypertens Res 2003;26:705–10.

8. Sung SH, Chuang SY, Sheu WH, Lee WJ, Chou P, Chen CH. 
Adiponectin, but not leptin or high sensitivity C-reactive protein 
is associated with blood pressure independently of general and 
abdominal adiposity. Hypertens Res 2008;31:633–40.

9. Imatoh T, Miyazaki M, Momose Y, et al. Hyperleptinemia is asso-
ciated with hypertension in Japanese males. Acta Med Okayama 
2008;62:169–74.

10. Almeida-Pititto B, Gimeno SGA, Freire RD, Ribeiro-Filho FF, 
Ferreira SRG. Leptin is not associated independently with hyper-
tension in Japanese-Brazilian women. Brazilian J Med Biol Res 
2006;39:99–105.

11. Furuhashi M, Ura N, Higashiura K, Murakami H, Shimamoto K. 
Circulating resistin levels in essential hypertension. Clin Endocrinol 
2003;59:507–10.

12. Haynes W. Role of leptin in obesity-related hypertension. Exp 
Physiol Symp Rep 2005;90:683–8.

13. Bravo PE, Morse S, Borne DM, Aguilar EA, Reisin E. Leptin and 
hypertension in obesity. Vascular health and risk management 
2006;2:163–9.

14. Stenvinkel P. Leptin and blood pressure—is there a link? Nephrol 
Dial Transplant 2000;15:1115–7.

15. Ogawa Y, Masuzaki H, Aizawa M, et al. Blood pressure elevation 
in transgenic mice overexpressing leptin, the obese gene product. 
J Hypertens 1998;16:7.

16. Imatoh T, Miyazaki M, Momose Y, Une H, Tanihara S. Adiponectin 
levels associated with the development of hypertension: a prospec-
tive study. Hypertens Res 2008;31:229–33.

17. Patel JV, Lim HS, Hughes EA, Lip GYH. Adiponectin and hyperten-
sion: a putative link between adipocyte function and atheroscle-
rotic risk? J Hum Hypertens 2007;21:1–4.

18. Steppan CM, Bailey ST, Bhat S, et al. The hormone resistin links 
obesity to diabetes. Nature 2001;409:307–12.

19. Nagaev I, Smith U. IR and Type 2 diabetes are not related to resistin 
expression in human fat cell or skeletal muscle. Biochem Biophys 
Res Commun 2001;295:561–4.

20. Janke J, Engeli S, Gorzellniate K, et al. Resistin gene expression in 
human adipocytes is not related to IR. Obes Res 2002;10:1–5.

21. Savage DB, Sewter CP, Klenk ES, et al. Resistin/Fizz3 expression in 
relation to obesity and Peroxisome proliferator activated recep-
tor γ action in humans. Diabetes 2001;50:2199–202.

22. Mahadik SR, Deo SS, Mehatalia SD. Increased prevalence of 
metabolic syndrome in non-obese Asian Indian: an urban-rural 
comparison. Metab Syndr Relat Disord 2007;5:140–50.

23. Chobanian AV, George L, Bakris GL, et al. The seventh report of the 
joint national committee on prevention, detection, evaluation, 
and treatment of high blood pressure: the JNC 7 report. JAMA 
2003;289:2560–72.

24. World Health Organization (1999). Definition, diagnosis and 
classifiation of diabetes mellitus and its complications. Report of 
a WHO consultation. Part 1: diagnosis and classification of dia-
betes mellitus (WHO/NCD/CS/99.2) World Health Organization, 
Geneva.

25. World Health Organization. The Asia-Pacific perspective: rede-
fining obesity and its treatment. Geneva, Switzerland: World 
Health Organization 2000.

26. Matthews DR, Husker JP, Rudenski AS, et al. Homeostasis model 
assessment: IR and beta cell function from fasting plasma glu-
cose and insulin concentrations in man. Diabetologia 1985;28:
412–9.

27. Agata J, Masuda A, Takada M, Murakami H, Higashiura K, 
Miyazaki Y. High plasma immunoreactive leptin level in essen-
tial hypertension. Am J Hypertens 1997;10:1171–4.

28. Sheu WH, Lee WJ, Chen YT. High plasma leptin concentrations in 
hypertensive men but not in hypertensive women. J Hypertens 
1999;17:1289–95.

29. Hirose H, Saito I, Tsujioka M, et al. The obese gene product, lep-
tin: possible role in obesity-related hypertension in adolescents. 
J Hypertens 1998;16:2007–12.

30. Kokot F, Adamczak M, Wiecek A, Cieplok J. Does leptin play a 
role in the pathogenesis of essential hypertension? Kidney Blood 
Press Res 1999;22:154–60.

31. Uckaya G, Ozata M, Sonmez A, et al. Plasma leptin levels strongly 
correlate with plasma rennin activity in patients with essential 
hypertension. Horm Metab Res 1999;31:435–8.

07-IHJ-OA-Sujata.indd   39 1/25/2012   9:09:45 PM



Contents lists available at SciVerse ScienceDirect

Indian Heart Journal

ISSN: 0019-4832 Copyright © 2012. Cardiological Society of India. All rights reserved.
doi: 10.1016/S0019-4832(12)60009-1

Indian Heart Journal 6401 (2012) 40–42

* Corresponding a uthor. 
E-mail address: lovids@hotmail.com

Original article

Vertical P-wave axis: the electrocardiographic synonym for pulmonary 
emphysema and its severity
Lovely Chhabra1*, Pooja Sareen2, Daniel Perli2, Indu Srinivasan2, David H. Spodick3

͵Senior Resident and Voluntary Research Scholar, ͶResident, Department of Internal Medicine, ͷProfessor and Director of Clinical Research Program, 
Department of Cardiovascular Medicine, Saint Vincent Hospital, University of Massachusetts Medical School, Worcester, MA – ʹ͵ͺʹͼ, USA.

A B S T R A C T

Background: The correlation between vertical P-wave axis (P-axis > 60°) and pulmonary emphysema 
was investigated on a very large controlled series to see if P-axis verticalisation as lone criterion 
can be effectively used to screen emphysema in general population. Correlation between degrees 
of P-axis verticalisation and the severity of the obstructive lung disease (as per global initiative for 
chronic obstructive lung disease [GOLD] criteria) was also studied to see if this criterion can be used for 
gross quantification of the chronic obstructive pulmonary disease (COPD) in routine clinical practice.
Materials and methods: Around 6500 unselected, routine electrocardiograms (ECGs) were reviewed 
which yielded 600 ECGs with vertical P-axis in sinus rhythm. 635 ECGs from the same continuum 
were selected with P-axis ≤60° matched for patient’s age and sex serving as controls. Charts were 
reviewed for the diagnosis of COPD and emphysema based on medical history, pulmonary function 
tests, and imaging studies.
Results: Prevalence of emphysema in patients with vertical P-axis was strikingly higher than in the 
control group: 85% vs 4.4%. The sensitivity and specificity of vertical P-axis for diagnosing emphy-
sema was 94.76% and 86.47%, respectively. Vertical P-axis and forced expiratory volume (FEV1) were 
inversely correlated (Pearson correlation coefficient = –0.683). Prevalence of severe COPD was 
strikingly higher in patients with P-axis > 75° as compared to the group with P-axis 60°–75°: 96.3% 
vs 4.6%. Close to 80% of the emphysema patients with P-axis > 85° had very severe disease (FEV1 < 30%).
Conclusion: P-axis verticalisation is highly effective for screening emphysema and degree of verti-
calisation provides a gross quantification of the disease.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

Emphysema of any pathogenesis, nearly always due to 
chronic obstructive pulmonary disease (COPD) and rarely due 
to alpha-1 antitrypsin deficiency (AAD) produces a state of 
abnormal lung hyperinflation and has been shown to carry 
an association with a vertical frontal P-wave axis1,3,9 by several 
studies done on small patient populations. A vertical P-wave 
axis (>60°) during a sinus rhythm can be easily determined 
by a simple glance at the electrocardiogram (ECG); an entirely 

inverted or dominantly negative P-wave in lead aVL and al-
ternatively a P-wave in lead III larger than the P-wave in lead II 
was observed. Our study aims to investigate the reproduc-
ibility of the relationship between vertical P-axis and emphy-
sema on a very large controlled series primarily to determine 
if verticalisation of the frontal P-wave vector as a lone criterion 
can be used as a standard guideline for screening emphysema 
in a general population. In addition, we wanted to investigate 
the correlation between the degrees of P-axis verticalisation 
and the severity of the obstructive lung disease as per the 
global initiative for chronic obstructive lung disease (GOLD) 
criteria to see if this criterion can be used for the gross quan-
tification of the COPD in routine clinical practice.
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Materials and methods

Unselected, consecutive routine ECGs of 6500 patients were 
reviewed from the hospital TraceMaster Vue system yielding 
600 ECGs with P-wave axis >60° in normal sinus rhythm (NSR) 
after exclusion criteria. Around 635 patients from the same 
ECG continuum were selected with P-wave axis <60° in sinus 
rhythm matched for age and sex serving as the control group 
(Table 1). Inclusion criteria were age >45 years,1–4,7 NSR and 
availability of past medical history, imaging studies and/or 
pulmonary function tests. Patients <45 years old were ex-
cluded since vertical P-wave axis is a normal finding in healthy 
children and in many young adults. Any rhythm other than 
sinus was also excluded. Charts were then reviewed for the 
diagnosis of the COPD and emphysema based on the medical 
history, pulmonary function tests and imaging studies in-
cluding chest radiographical and computed tomography (CT) 
scans. Diagnosis of emphysema or lung hyperinflation was pri-
marily based upon the radiological evidence. The radiologist 
reporting of the imaging studies (including chest radiographs 
and CT-scans) was mainly used for the diagnosis of any em-
physematous changes. The severity of the chronic obstructive 
lung disease was determined based upon the forced expiratory 
volume (FEV1) value. A direct comparison of the FEV1 value 
was done with the electrocardiographic P-wave axis in those 
patients whose pulmonary function tests (PFTs) were available 
within the last 6 months (from the date of the ECG study) 
determining any statistical correlation. Statistical analysis was 
done by using Statistical Package for Social Sciences (SPSS Inc., 
Chicago, IL, version 15.0 for Windows). The means and stan-
dard deviations of the P-wave axis and age were calculated and 
the data were checked for skewness by Kolmogorov Smirnov 
tests of normality. Mann–Whitney U test was applied for 
comparison of the 2 groups as the data for P-wave axis were 
skewed. Qualitative or categorical variables were described as 
frequencies and proportions. Proportions were compared 
using χ2/Fisher’s exact test whichever was appropriately appli-
cable. P values <0.05 were considered statistically significant.

Results

The patients in the groups with P-wave axis >60° and P-wave 
axis ≤60° were well matched for age with mean age of 

68.2 years and 67.7 years respectively (P = 0.601). The preva-
lence of smoking history (over 20 pack years) was found to 
be 78.7% in patients with vertical P-wave axis as compared to 
36.9% in the control group (P < 0.001). Patients with vertical 
P-wave axis also had strikingly higher prevalence of emphy-
sema than the control group: 85% vs 4.4% (Table 1). Sensitivity 
and specificity of the P-wave axis >60° for diagnosing em-
physema in the adult age group (>45 years) was 94.8% and 
86.5%, respectively (Table 2). The positive and negative pre-
dictive values of this lone criterion were found to be 84.2% 
and 95.6% respectively (Table 2). The mean P-wave axis in 
emphysema patients was found to be 69.7° as compared to 
36.1° in patients without emphysema (Table 3). The degree of 
P-wave verticalisation was found to have a strong inverse re-
lationship with FEV1; Pearson correlation coefficient being 
–0.683; P < 0.001) (Table 4). The prevalence of severe obstruc-
tive lung disease as defined by GOLD criteria (FEV1 < 50%) 
was strikingly higher in emphysema patients with a high de-
gree of verticalisation (P-axis >75°) as compared to those 
with a lower vertical P value (P-axis between 60° and 75°): 
96.3% vs 4.6% (Table 5). Interestingly, 80% of emphysema pa-
tients in our cohort with P-axis >85° were found to have very 
severe or terminal disease (FEV1 < 30%).

Table 2
Sensitivity, specificity, positive predictive value and negative predic-
tive value of each vertical P-wave axis for emphysema (n = 1235).

P-wave Sensitivity  Specificity  Positive  Negative 
axis (%) (%) predictive  predictive 
   value (%) value (%)

>60° 94.76 86.47 84.19 95.59
≥70° 91.88 93.82 87.38 95.59
≥80° 77.40 99.18 94.68 95.59

Table 1
P-wave axis: comparison of patient groups with P-wave axis >60° 
versus ≤60° (n = 1235).

Variable P-wave axis P value

 >60° (n = 600) ≤60° (n = 635) 

Age (yr) 68.21 ± 13.24 67.78 ± 13.9 0.601
Gender   0.071
 Female 335 (55.8%) 322 (50.7%) 
 Male 265 (44.2%) 313 (49.3%) 
Smoking 78.7% 36.9% <0.001
Emphysema 85% 4.4% <0.001
P-wave axis (°) 71 ± 8.13 31.6 ± 17.48 <0.001

Data are presented as mean ± standard deviation, n (%) or %

Table 3
Comparison of patients with and without emphysema (n = 1235).

Variable Emphysema P value
 Yes (n = 538) No (n = 697)

Age (yr) 69.20 ± 13 66.96 ± 14.29 <0.001
P-wave axis 69.71 ± 11.87 36.1 ± 20.57 <0.001

Data are presented as mean ± standard deviation.

Table 4
Correlation between vertical P-wave axis and forced expiratory 
volume 1 (n = 191).

  P-wave axis FEV1

P-wave axis
 Pearson correlation 1 –0.683*
 Significant (2-tailed)  0
 n 1235 191

FEV1
 Pearson correlation –0.683* 1
 Significant (2-tailed) 0 
 n 191 191

*Correlation is significant at the 0.01 level (2-tailed).
Around 191 emphysema patients with vertical P-axis had available pul-
monary function tests within the last six months of the electrocardio-
gram study. FEV1: forced expiratory volume.
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Discussion

Previous studies on this subject have found a close correlation 
between P-wave verticalisation and COPD/emphysema.1–8 
A plausible mechanism for P-axis verticalisation in lung hyper-
inflation is that the right atrium is firmly attached to the dia-
phragm by a dense pericardial ligament around the inferior 
vena cava.9 With progressive flattening of the diaphragm, the 
right atrium is distorted/displaced inferiorly causing a signif-
icant rightward deviation (verticalisation) of the P-wave axis. 
In contrast, in pure restrictive (fibrotic) lung disease, the P-wave 
axis tends to be horizontal or leftward, correlating with the de-
gree of diaphragmatic elevation.10 Our retrospective study uti-
lises an unselected large patient population to find a definite 
correlation of the vertical P-wave axis and emphysema. The 
results demonstrated that this lone criterion can be used as 
an effective screen for pulmonary hyperinflation, using a few 
simple parameters. The degree of P-wave verticalisation has 
a strong inverse relationship with FEV1 which quickly provides 
a gross quantification of severity of the obstructive lung disease. 
The degree of P-wave verticalisation might also have a sig-
nificant correlation with the radiological severity of the em-
physematous changes/lung hyperinflation which is the basic 
mechanism for a vertical P-wave axis; however, the radiolog-
ical quantification was not performed in our study and would 
be an interesting subject for future studies.

Limitations

P-wave verticalisation can only be used to detect emphysema 
in patients who have an ECG with NSR. It is of course not un-
common to see a high prevalence of atrial arrhythmias like 
multifocal tachycardia in patients with obstructive lung dis-
ease and in such cases; this principle cannot be applied due 
to a variable P-wave axis. The other theoretical factors which 
can possibly affect P-wave axis like height, body habitus, co-
existence of restrictive lung disease, etc. are not taken into 
account to avoid the complexity of interpretation while using 
vertical P-wave axis as a lone diagnostic criterion.

Conclusion

Despite previous work on this subject in various studies since 
1950s, most internists and even specialists (including cardio-
logists or pulmonologists) are not aware about the practical 
utility of this relationship. Our study is the largest controlled 
series so far on this subject which aimed to determine a defi-
nite correlation of vertical P-axis with emphysema and se-
verity of obstructive lung disease as per GOLD criteria. P-axis 
verticalisation can serve as a very effective electrocardiographic 
screening tool for emphysema in the general population. In 
fact, this quick bedside screening modality is inexpensive, 
and at the same time highly sensitive and specific. We propose 
its inclusion as one of the standard diagnostic guidelines for 
pulmonary emphysema in patients with age >45 years and 
emphasise its use in routine clinical practice. The degree of 
P-wave verticalisation also provides a quick gross quantifica-
tion of the chronic obstructive lung disease.
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Table 5
Chronic obstructive pulmonary disease prevalence as per severity 
and degree of P-axis verticalisation (n = 191).

 P-axis (°)  Total

 60°–75° >75°

FEV1 (%)
 <50 (severe and very 5 (4.6%) 79 (96.3%) 84 (44%)
  severe COPD)
 ≥50 (mild and 104 (95.4%) 3 (3.7%) 107 (56%)
  moderate COPD)
Total 109 (100%) 82 (100%) 191 (100%)

Data are presented as n (%) or (%). COPD: chronic obstructive pulmonary 
disease, FEV1: forced expiratory volume.
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A B S T R A C T

Background: The consequences of atherosclerosis can be detected by multislice computed tomogra-
phy (MSCT), invasive coronary angiogram (CAG) and the resultant myocardial ischaemia by myo-
cardial perfusion single photon emission computed tomography (MPS). In this study an attempt is 
made to compare MSCT with MPS and also to compare the MSCT findings with that of invasive 
CAG in patients suspected to have coronary artery disease (CAD).
Materials and methods: A total of 99 patients suspected to have CAD underwent both MSCT and 
MPS with 99mTc sestamibi. The MSCT studies were classified as having no CAD, significant CAD 
(>50% diameter stenosis), and insignificant CAD (<50% diameter stenosis). Myocardial perfusion 
single photon emission computed tomography was reported as normal and reversible ischaemia. 
In a subgroup of 33 patient invasive CAG was done.
Results: In 99 patients, 396 coronaries were evaluated with MSCT and MPS. Coronary artery cal-
cium scoring (CACS) in these patient ranged from 0 to 2200. No CAD was noted in 128 (32%) coro-
naries but MPS was found abnormal in 9 (7%) coronaries. Insignificant CAD was noted in 169 (43%) 
coronaries amongst which reversible ischaemia was noted in 23 (14%). Significant CAD was noted 
in 99 (25%) coronaries of which only 54 (55%) were MPS positive for reversible ischaemia. The 
MSCT has a negative predictive value (NPV) of 97%. When MSCT was normal, MPS was almost 
normal, but the reverse was not true. That is when MPS was normal MSCT was not always normal 
but showed lesion of insignificant obstruction.

In the subset of 33 patients, who underwent invasive angiogram, 132 coronaries were evalu-
ated. Coronary angiogram showed 48 coronaries (36%) to have significant CAD (>50% diameter 
stenosis). Multislice computed tomography correlated well in 46 (84%) with P value of <0.001 
(χ2-test) but for 9 (16%) showing overestimation due to increased CACS (>800). Myocardial per-
fusion single photon emission computed tomography was normal in 15 (27%) coronaries.
Conclusion: Myocardial perfusion single photon emission computed tomography provides func-
tional information of the anatomical lesions and MSCT provides anatomical information. Both are 
two different diagnostic modalities. The MSCT has high NPV in patients with less likelihood for 
CAD. When compared with CAG, the correlation with MSCT was good and is useful where the 
calcium score is low.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

It is a known fact that coronary artery disease (CAD) tends to 
occur at an early age in Indians. It is believed to be more se-
vere and extensive in this group and follows a malignant 

course.1 Cross-sectional studies in Indians also documented a 
prevalence of CAD which is several fold higher than the prev-
alence in developed countries.2 Projections based on the 
Global Burden of Disease study3 estimated that by year 2020 
the burden of atherosclerotic cardiovascular disease in India 
will surpass any other geographical region in the world. 
Studies in Indian migrants in various parts of world have 
documented increased predisposition to CAD in comparison 
with the native population in these regions.
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The choice of treatment in patients with CAD stems from 
integration of both the extent and the severity of anatomic 
disease and the functional significance of the coronary le-
sions. Coronary arteries were studied by conventional coro-
nary angiogram (CAG) invasively whereas the presence or 
absence of ischaemia is studied non-invasively with myocar-
dial perfusion SPECT (MPS). Various imaging modalities are 
available to assess these with advantages and limitations. 
Multislice computed tomography (MSCT) allows good qual-
ity images non-invasively. Earlier studies comparing SPECT 
and MSCT shows some discrepancies between the anatomic 
extend of CAD and resultant ischaemia4 which is multifacto-
rial. This leads to subjecting the patient for invasive CAG. The 
decision regarding revascularisation goes by the patient’s 
symptoms and the severity of inducible ischaemia.5 This lim-
ited accuracy of MSCT in predicting physiologic significance 
would lead to an added non-invasive imaging with MPS, be-
fore considering revascularisation. Therefore we studied the 
relationship between the severity of anatomic CAD based on 
64 slice MSCT, invasive CAG and the perfusion abnormalities 
by MPS.

Materials and methods

Study population

This prospective study included 99 consecutive patients 
between October 2005 and March 2007 who had either signs 
or symptoms suggestive of CAD are asymptomatic patients 
with risk factors, referred by physician for MPS and 64 slice 
MSCT as a part of work up of CAD. Patients with elevated 
serum creatinine (>1.5 mg/dL) and known case of obstructive 
CAD were excluded. Asymptomatic patients were studied if 
they had one or more risk factors for CAD which included 
diabetes mellitus (fasting blood levels of >126 mg/dL), hyper-
tension (systolic pressure of >140 mmHg, diastolic pressure 
of 90 mmHg), dyslipidaemia (serum total cholesterol of 
200 mg/dL or serum low-density lipoprotein (LDL) cholesterol 
of >130 mg/dL or serum triglyceride >150 mg/dL), history of 
smoking, body mass index (BMI > 25 kg/m2) and strong family 
history of CAD or sudden coronary death.

Evaluation by myocardial perfusion single photon 
emission computed tomography

After informed consent, patients were administered with 
eight mCi of Tc-99m sestamibi intravenously at rest. The SPECT 
imaging was done 60 minutes post-injection by Siemen’s 
ECAM, a dual head variable angle gamma camera with low-
energy parallel hole collimator. After 4 hours of rest injection 
24 mCi of Tc-99m sestamibi was administered at target heart 
rate for patients age (85% of maximal heart rate) of Bruce or 
modified Bruce protocol on tread mill exercise test. Exercise 
end points included physical exhaustion, angina, dysrhyth-
mias, and exercise induced hypotension. Anti-ischaemic med-
ications were discontinued 48 hours before MPS. Heart rate 

and blood pressure were recorded at the beginning and at 
regular intervals during the treadmill test. Twelve lead elec-
trocardiograms (ECGs) were recorded at intervals of 3 minutes 
and up to 6 minutes post-exercise. Stress Tc-99m sestamibi 
SPECT was initiated 60 minutes post-injection of the isotope.

The MPS studies were performed on dual headed scintilla-
tion camera using 76° acquisitions, 64 projections at 20 s per 
projection. For Tc-99m sestamibi a 15% window centred on the 
140KeV peak was used, and images were obtained in supine 
position. Gated SPECT was performed obtaining 8 frames/
cycle for 180 with continuous step and shoot method from 
45 right anterior oblique to 45 left posterior oblique. Images 
were acquired using 64 × 64 pixel matrix. Siemens cardiac 
SPECT reconstruction software programme was used to recon-
struct the images. A standard filtered back-projection using 
Butterworth filter order five was utilised. Short axis (axial), 
horizontal long axis (coronal) and vertical long axis (sagittal) 
images were obtained.

The images were interpreted by two experienced inde-
pendent observers without the knowledge of MSCT results. 
A perfusion abnormality showing complete filling up was con-
sidered to represent ischaemia. A perfusion abnormality that 
remained unchanged was regarded as fixed defect or scar and 
was excluded from the study. Where there was no demonstra-
ble perfusion abnormality, the study was regarded as normal.

Evaluation by multislice computed tomography

An informed consent was taken. Patient with history of se-
vere allergic reaction to contrast material and those with im-
paired renal function (serum creatinine level of >1.5 mg/dL) 
were not included in the study. To ensure the diagnostic 
image quality, target heart rate of <65 beats/min was attained 
during image acquisition. The patient’s heart rate was mea-
sured during a breath holding test to determine whether the 
administration of a beta-blocker was necessary; and wherever 
indicated patient received iv 5–20 mg of metoprolol before 
the MSCT unless there was contraindication to its use.

To determine contrast agent transit time a total of 15 mL of 
the contrast, immediately followed by 40 mL of saline was 
injected at the flow rate of 5 mL/sec. Scanning was initiated 
10 seconds after the start of the contrast injection. Axial 
images were acquired at the level of the aortic root (10/mm 
collimation) at intervals of 2 seconds by Toshiba 64 slice CT 
and were instantly displayed. Scanning was terminated when 
sufficient contrast enhancement of the aortic root was de-
tected. The time interval from the initiation of the contrast 
injection to the peak opacification of the ascending aorta 
represented the contrast transit time.

Images were acquired in helical mode during injection of 
60–100 mL of the contrast, with the exact amount depending 
on the duration of scanning, followed by 40 mL of saline at a 
rate of 4–5 mL/sec.

Images were reconstructed using retrospective electrocar-
diographic gating and the half scan reconstruction technique. 
Images were typically reconstructed with 0.75 mm section 
thickness and 0.4 mm overlap at 64 slice multidetector.
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The images were interpreted by two experienced inde-
pendent observes without the knowledge of the results of 
MPS and invasive coronary angiogram. The narrowing of lu-
minal diameter of <50% was considered as insignificant CAD 
and >50% as significant.

Evaluation by invasive coronary artery disease

After informed consent, 33 of the 99 patients were taken up 
for invasive coronary angiogram (Philips Medical flat imag-
ing system) using either transfemoral or transradial approach 
in various projections at the discretion of the cardiologist. All 
angiograms were reported by two different experienced car-
diologists who were not aware of the MSCT and MPS results. 
The narrowing of luminal diameter of <50% was considered 
as insignificant CAD and >50% as significant.

Statistical analysis

All the variables were expressed as mean±standard devia-
tion. The observations were expressed in terms of sensitivity, 
specificity, positive predictive value (PPV), negative predic-
tive value (NPV) and accuracy. A χ2-test was used to assess 
the association between the two variables. A P value <0.05 
was considered statistically significant.

Results

Of the 99 patients there were 79 males and 20 females, mean 
age of 55.4 ± 9.4 years. Clinical characteristics of the study 
population are given in the Table 1.

Myocardial perfusion SPECT

All our patients were stressed on a treadmill. The end point 
was either 85% of maximum targeted heart rate, angina or 

ECG changes. Abnormal perfusion findings were seen in 86 
(22%) coronaries.

Multislice computed tomography

The CACS of these patients (n = 99) ranges from 0 to 2000. 
According to MSCT evaluation of the 396 coronaries, signifi-
cant CAD was observed in 99 (25%) coronaries. Insignificant 
CAD was noted in 169 (43%) coronaries and no CAD was seen 
in 128 (32%) coronaries.

Invasive coronary angiogram

A subset of 33 patients underwent invasive coronary angi-
ogram. Vessel wise 132 coronaries were evaluated. Significant 
CAD was observed in 48 (36%) coronaries, 45 (34%) coronaries 
showed insignificant CAD and the rest 39 (30%) coronaries 
were normal.

Results of myocardial perfusion SPECT versus 
multislice computed tomography

Insignificant CAD was noted in 169 (43%) coronaries on MSCT 
of which, perfusion abnormalities were noted in 23 (14%) 
vessels. Of the 99 (25%) coronaries with significant CAD by 
MSCT, only 54 (55%) vessels showed perfusion abnormalities 
by MPS and 45 (45%) coronaries showed no perfusion abnor-
malities in spite of significant CAD in MSCT. In 128 (32%) cor-
onaries though there was no CAD, MPS was abnormal in 9 
(7%). Whenever MSCT was negative, MPS was almost nega-
tive. Whereas when MPS was negative, CAD could not be 
excluded. The NPV for MSCT was very high at 97% whereas 
MSCT could not predict ischaemic changes in a significant 
number of coronaries. The results of 396 coronaries evalu-
ated on MPS and clinical trial application (CTA) are given in 
Table 2.

Results of myocardial perfusion SPECT versus 
multislice computed tomography versus coronary 
angiogram

Of the 132 coronaries, CAG and MSCT showed significant 
stenosis in 48 (36%) and 55 (42%) coronaries, respectively. 

Table 1
Patients demographic data.

Gender (male/female) 79/20

Age 55.4 ± 9.4

Risk factors for CAD
 Diabetes mellitus 64 (64.6%)
 Hypertension 47 (59.5%)
 Hyperlipidaemia 90 (90.9%)
 History of smoking 35 (35.4%)
 Family history of CAD 38 (38.3%)
 BMI (>25 kg/m2) 68 (68.6%)

Symptoms
 Asymptomatic 41 (41.4%)
 Dyspnoea 7 (07.5%)
 Atypical chest pain 35 (36.0%)
 Angina pectoris 15 (15.1%)

BMI: body mass index, CAD: coronary artery disease.

Table 2
Results of 396 coronaries evaluated on myocardial perfusion SPECT 
and clinical trial application.

 MPSDiagnosis MSCT

 Negative Positive

Normal 128 (32%) 119 (93%) 9 (7%)
Insignificant CAD 169 (43%) 146 (86%) 23 (14%)
Significant CAD 99 (25%) 45 (45%) 54 (55%)

CAD: coronary artery disease, MPS: myocardial perfusion SPECT, MSCT: 
multislice computed tomography.
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MPS showed ischaemia in 40 (73%) of 55 coronaries on MSCT 
but CAG showed 40 (83%) of 48 coronaries.

The sensitivity and specificity of MPS was 87% and 80%, 
respectively when compared with CAG.

The sensitivity, specificity of MSCT was 96% and 89%, re-
spectively when compared with CAG. When the observations 
of MSCT was correlated with CAG (vessel to vessel), 46 of the 
55 coronaries with significant CAD matched with CAG, still 
11 did not correlate, that was due to the overestimated re-
porting of lumen narrowing on MSCT because of high CACS 
(>800). The accuracy rate of MSCT was high at 92%. The com-
parative results of 132 coronaries evaluated on MPS, CTA and 
CAG are given in Tables 3–5.

Discussion

In the present study MPS was compared with MSCT and both 
these non-invasive imaging modalities compared with that 
of invasive CAG on a vessel to vessel basis.

Myocardial perfusion SPECT versus multislice 
computed tomography

The incidence of abnormal MPS increased with detection of 
significant CAD in MSCT. But all were not haemodynamically 
significant. Forty-five percent of the coronaries in the group 
detected to have significant CAD and 86% (Table 2) of the cor-
onaries in the group detected to have insignificant CAD on 
MSCT showed no perfusion abnormalities on MPS. Luminal 
narrowing does not always result in ischaemia. When MPS was 
normal, it did not exclude CAD because MSCT showed evidence 
for CAD. The mismatch in the results obtained shows that 
these two investigations were two different modalities com-
plementing each other. Our observations are in accordance 
to the earlier report by Schuijf et al.6 who had studied 114 
patients with intermediate likelihood of CAD. They showed 
55% of the coronaries (obstructive and non-obstructive) were 

Table 4
Sensitivity, specificity, and accuracy of myocardial perfusion SPECT.

Gold standard test CAG/MPS (%)

Sensitivity 87
Specificity 80
Accuracy 83

CAG: coronary angiogram, MPS: myocardial perfusion SPECT.

Table 5
Sensitivity, specificity, positive predictive value, negative predictive 
value, and accuracy of CTA.

Gold standard test CAG/MSCT (%)

Sensitivity 96
Specificity 89
PPV 85
NPV 97
Accuracy 92

CAG: coronary angiogram, MSCT: multislice computed tomography, NPV: 
negative predictive value, PPV: positive predictive value.

Table 3
Results of 132 coronaries evaluated on myocardial perfusion SPECT, multislice computed tomography and coronary angiogram.

Diagnosis CAG MPS  MSCT MPS

  Positive Negative  Positive Negative

Normal 39 (30%) 6 (15%) 33 (85%) 38 (29%) 6 (19%) 32 (81%)
Insignificant CAD 45 (34%) 11 (24%) 34 (75%) 39 (30%) 11 (28%) 28 (72%)
Significant CAD 48 (36%) 40 (83%) 8 (17%) 55 (41%) 40 (73%) 15 (26%)

CAD: coronary artery disease, CAG: coronary angiogram, MPS: myocardial perfusion SPECT, MSCT: multislice computed tomography.

normal on MPS. Only 45% of patients with abnormal MSCT 
had perfusion abnormalities on MPS. The authors concluded 
that both provided complementary information on CAD. Simi-
lar observations were reported by Hacker et al.4 and Ripler 
et al.7 These authors concluded that combination of MSCT 
and MPS were non-invasive procedures to study comprehen-
sively the anatomical and functional status of the coronary 
arteries. Giovanni Lucignani8 in his review discussed in depth 
about the role of MSCT and MPS and also with other modali-
ties and was of the similar opinion. Studies published9 by au-
thors on CACS for atherosclerosis burden on MSCT showed 
similar observations concluding that normal MPS does not 
exclude CAD but was of great importance in management 
and risk stratification.

Myocardial perfusion SPECT versus coronary 
angiogram

From our study the sensitivity and specificity of MPS to de-
tect flow limiting stenosis were 87% and 80%, respectively 
(Table 4). This was consistent with the ACC/AHA/ASNC re-
vised guidelines10 which showed the sensitivity and specifi-
city from 33 studies to be 87% and 73%, respectively. The low 
specificity is due to factors affecting endothelial function, 
platelets, other coagulation factors, oestrogen levels, sympa-
thetic tone and inflammatory processes that may affect the 
functional integrity of coronary plaques11 and these factors 
govern the pathophysiology of ischaemia (Figure 1).

Coronary angiogram versus multislice computed 
tomography

Multislice computed tomography was analysed with invasive 
CAG, 46 (84%) of the coronaries with invasive CAG (P value 
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of <0.0001) (Figure 2), Nine (16%) of the coronaries did not 
correlate and the degree of narrowing was over estimated 
(Table 3). The overestimated luminal narrowing was due to 
the high CACS (>800) indicating the limitations of MSCT, but 
the accuracy was high.

We observed that the sensitivity, specificity, PPV, NPV, and 
accuracy rates for MSCT was 96%, 89%, 85%, 97%, and 92%, 
respectively with respect to invasive CAG (Table 5).

The NPV of MSCT was high. These findings were sustained 
by the previous reports by Schuijf et al. and Hacker et al.4,6,12 

Halon et al. studied 111 patients with 40-slice CT and 
compared with invasive CAG. They estimated a sensitivity, 
specificity and NPV of 84%, 87%, and 61%, respectively. Their 
NPV was very low.13,14 They concluded on the contrary to the 
above observations that MSCT would not replace the invasive 
coronary angiography in a routine clinical setting. Bax et al.15 
in a pooled analysis of nine studies comparing MSCT and CAG 
showed a more sensitivity and specificity of 91% and 96%; 
however they concluded that this level of accuracy does not 
alter the value of MPS in the evaluation of CAD.

A

B C

Figure 1 (A) Myocardial perfusion SPECT (MPS): Significant provocable ischaemia of apex, septum and posterolateral wall. Mild provocable 
ischaemia of anterior wall. (B) CT angiography (CTA): Coronary artery calcium scoring (CACS) PF 389, calcified plaques in proximal left anterior 
descending (LAD) causing 80–90%. Soft and calcified plaques in second OM causing 70–80% stenosis. (C) Coronary artery (CA): LAD proximal 
95% occlusion and 100% occlusion after Dl, OM2 90% occlusion. OM: obtuse marginal.
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Figure 2 (A) Myocardial perfusion SPECT (MPS): Provocable ischaemia of anterior wall and apicoinferior wall. (B) CT angiography (CTA): 
Coronary artery calcium scoring (CACS) of 9, soft plaque in proximal LAD. (C) Coronary artery (CA): normal. CAG: coronary angiogram, LAD: left 
anterior descending, LMCA: left main coronary artery.

A

B CLMCA Soft plaque

LAD

Conclusion

Myocardial perfusion single photon emission computed tom-
ography and MSCT are two different non-invasive modalities. 
Myocardial perfusion single photon emission computed tom-
ography shows haemodynamic significance of the anatomi-
cal lesion detected on MSCT and CAG thereby plays a larger 
confirmatory role in planning revascularisation. The MPS 
also plays a major role in patients whose calcium scores are 
high as the MSCT has got low specificity in them.

In patients with less likelihood for CAD, a normal MSCT 
can exclude CAD. The presence of CAD on MSCT indicates the 
need for MPS to assess the haemodynamic significance of the 
observed lesions. This additional information would help in 
planning treatment strategies.

A normal MPS excludes ischaemia but not CAD. Inclu-
sion of MSCT would provide information on the burden of 

atherosclerosis in the absence ischaemia. Abnormal MPS and 
MSCT warrant invasive coronary angiogram MSCT and MPS are 
non-invasive procedures and provide complementary informa-
tion. MSCT and MPS can be repeated as and when necessary 
and are helpful in early detection of atherosclerotic burden be-
fore onset of symptoms, that is the preclinical atherosclerosis.
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A B S T R A C T

Background: Factors that have led to the increasing popularity of medical travel include the high 
cost of healthcare, long wait times for certain procedures, the ease and affordability of interna-
tional travel, and improvements in both technology and standards of care in many countries.
Aim: The present study aims to elaborate the factors that attract international cardiac patients to 
India, to document the proportion of the admissions into the paediatric cardiac ward who are in-
ternational patients, and to identify the sources of funding of the international patients.
Methods: This was a prospective, cross-sectional, and analytical study carried out between May 
2009 and October 2009 in the paediatric cardiac care unit of a large tertiary care cardiac centre in 
India paediatric wards. Structured questionnaires were administered.
Results: A total of 1372 patients were admitted during the study period, of which 155 (11.3%) were 
patients from countries outside India. Majority of the patients were from Malaysia (45%), Nigeria 
(23%), and Tanzania (15%). The age ranged from 1 month to 39 years with an average of 61 months. 
The male to female ratio was 1:1.4 and the majority of subjects (72.5%) were in social classes 3 and 
4. cheaper cost and better expertise was the prominent reason for choosing India. More than half 
of the respondents were either sponsored by the government or self-funded. For patients from 
Nigeria 53% (9) were sponsored by self (parent), 29% (5) by non-governmental organisations 
(NGO), 12% (2) by the parent employer, and 6% (1) by the government.
Conclusion: There is a need for local development of facilities and training of personnel in special-
ised areas of healthcare to provide succour for a significant number of nationals who might other-
wise have suffered and possibly have even died of their ailment. There is also the added advantage 
that such facilities would save foreign currency and help boost our economy.

Copyright © 2012, Cardiological Society of India. All rights reserved.

K E Y W O R D S

International patients
Medical tourism

Introduction

Medical tourism can be broadly defined as a provision of ‘cost-
effective’ private medical care in collaboration with the tour-
ism industry for patients needing surgical and other forms of 
specialised treatment. This process is being facilitated both 
by the corporate sector involved in medical care as well as by 
the tourism industry—both private and public.1

The concept of medical tourism is not new. The first 
recorded instance of medical tourism dates back thousands 
of years to when Greek pilgrims travelled from all over the 
Mediterranean to the small territory in the Saronic Gulf called 

Epidauria. This territory was the sanctuary of the healing god 
Asklepios. Epidauria became the original travel destination 
for medical tourism. Spa towns and sanitariums may also be 
considered an early form of medical tourism. In the 18th cen-
tury in England, patients visited spas because they were places 
with supposedly health-giving mineral waters, treating dis-
eases from gout to liver disorders and bronchitis.2

Factors that have led to the increasing popularity of medical 
travel include the high cost of healthcare, long wait times for 
certain pro cedures, the ease and affordability of international 
travel, and improvements in both technology and standards 
of care in many countries.3

Over 50 countries have identified medical tourism as a 
national industry.2 The countries where medical tourism is 
being actively promoted include Greece, South Africa, Jordan, 
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India, Malaysia, Philippines, and Singapore. Although India is 
a recent entrant into medical tourism, the Indian government 
predicts that India’s $17-billion-a-year healthcare industry 
could grow 13% in each of the next 6 years, boosted by medical 
tourism, which industry watchers say is growing at 30% an-
nually. Price advantage is a major selling point. Thus the slogan, 
‘First World Treatment at Third World Prices’. The cost differen-
tial across the board is huge; only a 10th and sometimes even 
a 16th of the cost in the West. India has a lot of hospitals offer-
ing world class treatments in nearly every medical sector.1

Not only is India one of the world’s oldest medical tourism 
destinations where global tourists have traditionally come 
for Ayurveda and other therapies, but it has also now become 
one of the world’s most popular medical tourism spot.1

The Indian healthcare market is 15 billion and growing at 
over 30% every year. Indian private hospitals are increasingly 
finding a mention in the travel itineraries of foreigners, with 
the trend of medical tourism catching up in the country. If 
industry estimates are to be believed, the size of the medical 
tourism industry stands at 1200–1500 crore ( 12–15 billion). 
A recent CII-McKinsey study on Indian healthcare states that 
medical tourism alone can contribute 5000–10,000 crore 
( 50–100 billion) additional revenue for tertiary hospitals by 
2012, and will account for 3–5% of the total healthcare delivery 
market.1 This is a huge, untapped market, not just for thera-
peutic medical tourism like Ayurveda, but also for curative 
treatment. India can lead the world in medical and health 
tourism, since we have a tremendous advantage with a large 
pool of skilled manpower and technological edge.1

Our study attempted to analyse the reasons why patients 
outside of India seek cardiac care, especially paediatric cardiac 
care, within India.

Objectives

The present study aims:
1. To study the factors that attract international cardiac 

patients to India;
2. To document the proportion of the admissions of interna-

tional patients into the paediatric cardiac ward;
3. To identify the sources of funding of the international 

patients.

Materials and methods

This was a prospective, cross-sectional and analytical study 
carried out between May 2009 and October 2009 in the 
Paediatric Cardiac care unit of a large tertiary care cardiac 
centre in India. The subjects were international patients ad-
mitted into the paediatric wards.

Ethical clearance for the study was obtained from the 
Ethics Com mittee of the Hospital and informed consent was 
sought from parents or caregivers of potential subjects before 
enrolment into the study.

Structured questionnaires were administered to consecu-
tive parents or caregivers of the patients after the aim of the 

study was explained to them. The questionnaires were filled 
by the participants and returned immediately. Patients whose 
caregivers were not willing to fill the questionnaire were 
excluded from the study.

Social class classification was performed according to 
Oyedeji.4 The data was analysed using Microsoft Excel 
Program.

Results

A total of 1372 patients were admitted during the study pe-
riod, of which 155 (11.3%) were patients from countries outside 
India. Of these, 72 questionnaires were either not appropri-
ately filled or incompletely filled. Hence, a total of 73 ques-
tionnaires were analysed and the study group was formed.

The general characteristics of subjects and controls includ-
ing country of origin, age, gender, and social class distribu-
tions are shown in Table 1. Majority of the patients were 
from Malaysia (45%), Nigeria (23%), and Tanzania (15%). The 
age ranged from 1 month to 39 years with an average of 61 
months. The male to female ratio was 1:1.4 and the majority 
of subjects (72.5%) were in social classes 3 and 4.

Table 2 shows that the majority of the patients were re-
ferred by their local doctor while Table 3 shows sources of 
funding of the respondents. More than half of the respond-
ents were either sponsored by the government or self-funded. 
For patients from Nigeria, 53% (9) were sponsored by self 
(parent), 29% (5) by non-governmental organisations (NGO), 
12% (2) by the parent employer, and 6% (1) by the govern-
ment. Table 4 shows the number of respondents with regrets 

Table 1
General characteristics of study subjects.

 Number of subjects (%)

Country
 Malaysia 33 (45)
 Nigeria 17 (23)
 Tanzania 11 (15)
 Bangladesh 8 (11)
 Oman 2 (3)
 Pakistan 1 (1.4)
 Maldives 1 (1.4)

Age (mo)
 <6 4 (5.4)
 6–12 12 (16.4)
 >12–23 16 (22.0)
 24–59 23 (31.5)
 60–120  10 (13.7)
 >120 8 (10.9)

Gender
 Male 30 (41)
 Female 43 (59)

Social class distribution of the subjects
Social class
 1 1 (1.4)
 2 8 (10.9)
 3 31 (42.5)
 4 22 (30.1)
 5 11 (15.1)
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versus those that will recommend the Indian Hospital to oth-
ers. Up to one-quarter of the respondents expressed regret 
and would not recommend India to their colleagues. How-
ever, two-thirds would still recommend the Indian Hospital 
to others for treatment.

Figures 1 and 2 show the availability of comparable health-
care services in respondent’s country of origin and their 
awareness of alternative countries where comparable medi-
cal services is obtainable. More than 50% of the respondents 
have comparable healthcare services in their country of ori-
gin; these were mostly subjects from Malaysia while >70% are 
aware of alternatives.

Figure 3 shows reasons why India was chosen for treatment 
among those with alternatives and without alternatives. In 
both categories cheaper cost and better expertise was the 
prominent reason for choosing India.

Figure 4 shows average cost of transportation of respond-
ents to India. More than 70% of the respondents spent >1000 
dollars on transportation.

More than 90% wanted the same facility in their country 
while up to one-fifth of the respondents would still prefer to 
come to India even if the facility is available in their country. 
However, up to 29% of this group will still prefer to travel to 
India for their surgery even if the facility is available in their 
country.

Discussion

The present study was designed to determine why interna-
tional patients travel to India to obtain their cardiac treatment. 
Our study revealed that one of every 10 of the paediatric car-
diac admissions at a major cardiac centre in India were inter-
national patients. This confirms the position of India among 
countries commonly visited in search of high quality special-
ised treatment.

Table 2
Introduction to Indian Hospital.

Means of introduction Number of patients (%)

Non-government organisation 10 (13.7)
Local doctor 52 (71.2)
Friends 10 (13.7)
Internet 1 (1.4)

Table 3
Sources of funding.

Source  Number of subjects (%)

Self 19 (26)
Employer 2 (2.7)
Loan 5 (6.8)
Government 41 (56.2)
Self and loan 1 (1.4)
Non-government organisation 7 (9.6)

Table 4
Number of respondents with regrets versus those that will recom-
mend the Indian Hospital to others.

 With regret  No regret 
 n (%) n (%)

Will recommend Indian Hospital 13 (72) 52 (94)
Will not recommend Indian Hospital 5 (28) 3 (6)
Total 18 (100) 55 (100)
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Figure 3 Reason for choosing India among those with alternatives 
and those without alternatives.

Yes

No

73%
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Figure 2 Awareness of alternative countries where comparable 
medical services is obtainable.

Yes

No

Not sure

53%

3%

44%

Figure 1 Availability of comparable healthcare services in countries 
of origin.
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Almost half of the international patients did not partici-
pate in the study principally because they could not commu-
nicate in English. The study shows that up to 45% of the 
international patients were from Malaysia. This is surprising 
since comparable medical and surgical treatments are also 
available in that country, and Malaysia is actually one of the 
countries known for medical tourism. The Malaysians may 
be in India for treatment due to various other reasons. There 
was a claim of delays in intervention as a result of long wait-
ing lists and also the paucity of centres equipped for provi-
sion of paediatric cardiac surgery. Added to the physical 
proximity to India and therefore to the relatively low trans-
portation cost, the decision to go to India may not have been 
too difficult.

On the other hand, the percentage of respondents 
from Africa (38%) should be considered high because unlike 
Malaysia, Africa is geographically and culturally far from India. 
However, there were other more compelling factors in opera-
tion. These include the non-availability of similar specialised 
care in the home country and a relative cost advantage over 
the other advanced countries such as Europe and America. For 
a procedure like repair of a ventricular septal defect for in-
stance, the cost of travel, surgery, and a 3-week stay in India 
would cost around $7500. This is just about 10% of an esti-
mated cost of open heart surgery in the United Kingdom.

There is also the ‘bandwagon’ effect. This was generated by 
the first few successful visits after which going to India for 
cardiac surgery has increasingly become a viable option. The 
influence of the ‘bandwagon’ effect also extends to the medi-
cal practitioners themselves in as much as the Indian option 
was introduced to the patients by their primary physician in 
a high percentage of cases.

A high proportion of the patients were sponsored by the 
government, which included all the patients from Malaysia 
and a few African patients. This was remarkable as it suggests 

the approval of the Malaysian government to seek treatment 
in another country despite its local availability. The reason 
for this is not immediately clear but may corroborate claims 
of delays in treatment as a result of long waiting lists in the 
home country and of the relative lack of facilities for paediatric 
cardiac surgery.

This study also demonstrated that >90% of the respond-
ents desire a similar, affordable, and available standard of 
care in their country of origin. More importantly, the major-
ity of them would not have chosen to go to India if they had 
competent services in their own home country. It must be 
understood that the respondents are among the few who ei-
ther could afford to go to India on their own or who were for-
tunate to receive sponsorship. The vast majority who are not 
quite as fortunate are left at home perhaps to die from their 
conditions. For example, over a period of 2 years, in the insti-
tution of one of the authors (BAA) only 8% (20 of the 250 
patients) of the patients diagnosed with congenital heart dis-
ease necessitating surgery have been able to visit India for 
intervention. Thus, there can be no alternative to local devel-
opment of facilities and training of personnel in specialised 
areas of healthcare. It is true that the investments in estab-
lishing such a centre are enormous and possibly beyond the 
reach of some resource-challenged countries. The rewards are, 
however, almost incalculable in terms of providing succour 
for a significant number of nationals who might otherwise 
have suffered and possibly even have died of their ailment. 
There is also the added advantage that the country with such 
facilities would not only save foreign currency which might 
otherwise have been consumed, but also benefit immensely 
from medical tourism and be in a position to improve services 
even further. These rewards should be the focus for a country 
like Nigeria endowed with so much natural resources and with 
nationals who are excelling in specialised areas of healthcare 
all over the world.

Beside the problem of high medical costs, there are other 
groups of patients who cannot wait for India. These include 
babies requiring emergency attention soon after birth and 
patients who may be too ill to be accepted by regular airlines. 
Local development of facilities will certainly benefit such 
patients.

References

1. Shaikh ZM, Khan G. A Case Study on Medical Tourism in 
Hyderabad City. Indian Medical Cyber lecture, 2009. Accessed 
August 2, 2010 http://www.cyberlectures.indmedica.com/show/
235/1.

2. Gahlinger PM. The Medical Tourism Travel Guide: Your Complete 
Reference to Top-Quality, Low-Cost Dental, Cosmetic, Medical 
Care and Surgery Overseas. City of publication. Sunrise River 
Press, 2008.

3. Laurie Goering, “For big surgery, Delhi is dealing...” The Chicago 
Tribune, March 28, 2008.

4. Oyedeji GA. Socio-economic and cultural background of hospi-
talized children in Ilesha. Nig J Paediatr 1985;12:111–7.

60

50

40

30

20

10

0

Average cost of transportation

0 <500 500–1000 1000–1500 1500–2000 >2000

6 5
7

3

52

Figure 4 Average cost of transportation of respondents to India in 
dollars.

10-IHJ-OA-Sunita.indd   53 1/25/2012   9:06:29 PM



ISSN: 0019-4832 Copyright © 2012. Cardiological Society of India. All rights reserved.
doi: 10.1016/S0019-4832(12)60012-1

Contents lists available at SciVerse ScienceDirect

Indian Heart Journal

Indian Heart Journal 6401 (2012) 54–59

* Corresponding a uthor. 
E-mail address: kaul.upendra@gmail.com

Review article

Platelet adenosine diphosphate receptor antagonists: ticlopidine to 
ticagrelor—a long continuing journey
Upendra Kaul1*, Aijaz H. Mansoor2

͵Executive Director and Dean Cardiology, ͶJunior Consultant, Fortis Escorts Heart Institute and Fortis Flt Lt Rajan Dhall Hospital, Vasant Kunj, 
New Delhi, India.

A B S T R A C T

Platelet aggregation plays a central role in the pathogenesis of atherothrombosis. Platelet adenosine 
diphosphate (ADP) receptor antagonists (ticlopidine, clopidogrel, prasugrel, and ticagrelor) are a 
major advance in the treatment of atherothrombotic diseases, especially acute coronary syndromes 
(ACS). Ticlopidine was the first thienopyridine introduced into clinical practice, but its potentially 
serious haematological side-effects limited its use and it was quickly eclipsed by clopidogrel. Clinical 
trials established aspirin plus clopidogrel as the standard dual anti-platelet therapy in patients 
with ACS and patients undergoing percutaneous coronary intervention (PCI) with stenting. 
Clopidogrel was found to have pharmacokinetic and pharmacodynamic limitations. Prasugrel is 
the next approved thienopyridine that has shown superior efficacy in ACS patients undergoing 
PCI in comparison to clopidogrel, although at the cost of a higher bleeding risk. Ticagrelor is the 
latest non-thienopyridine ADP receptor blocker that is potent, effective, reversible, and relatively 
safer as compared to clopidogrel.

Both prasugrel and ticagrelor are more potent than clopidogrel. The data so far suggests that tica-
grelor has a wider applicability in usage in patients with ACS as compared to prasugrel. Prasugrel how-
ever seems to be better tolerated. Search is on for newer more potent but safer anti-platelet agents.

Copyright © 2012, Cardiological Society of India. All rights reserved.

K E Y W O R D S

Anti-platelet therapy
Prasugrel
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Introduction

Platelets play a central role in the pathogenesis of athero-
thrombosis. Aspirin is the basic standard anti-platelet agent. 
Aspirin (acetylsalicylic acid) targets cyclo-oxygenase (COX-1), 
inhibiting thromboxane A2 formation and inducing a func-
tional permanent inhibition in platelets. The limited role of 
thromboxane A2 in platelet activation explains why aspirin 
therapy, which effectively inhibits release of thromboxane A2 
by platelets is insufficient in high-risk conditions such as acute 
coronary syndromes (ACS) or percutaneous coronary inter-
vention (PCI). The platelet P2Y12 receptor, one of two adenos-
ine diphosphate (ADP) receptors on platelets, plays a central 
and unique role in platelet activation through amplifying the 
effects of numerous platelet agonists. Platelet adenosine di-
phosphate receptor inhibitors are a class of agents that pro-
vide additional anti-aggregatory property to prevent initial 

platelet activation (Table 1). This mechanism has represented 
a major advance in the treatment of athero-thrombotic dis-
eases especially ACS. Intravenous GP IIb/IIIa receptor antago-
nists (abciximab, eptifibatide, and tirofiban) target the final 
common pathway of platelet aggregation.

Ticlopidine

The first thienopyridine agent to be introduced in the clinical 
arena was ticlopidine. It was initially evaluated and found 

Table 1
Platelet adenosine diphosphate receptor antagonists.

Thienopyridines
 Ticlopidine
 Clopidogrel
 Prasugrel

Non-thienopyridines
 Ticagrelor
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effective in the long-term management of ischaemic stroke 
and claudication. Its use was later extended to the prevention 
of cardiac thrombotic events. In a placebo-controlled trial of 
ticlopidine in unstable angina, there was a statistically sig-
nificant 46% reduction in the risk of vascular death or myo-
cardial infarction (MI) at 6 months.1 It was the combination of 
aspirin and ticlopidine which facilitated the widespread use of 
coronary stenting.2 However, the major shortfall of ticlopidine 
turned out to be the idiosyncratic and severe haematological 
illness associated with its clinical use. The potentially serious 
side-effects like leukopenia and thrombotic thrombocytopenic 
purpura requiring frequent monitoring was a drawback and 
this agent was replaced by clopidogrel, which showed better 
haematological and gastrointestinal tolerance besides being 
a once a day therapy.3

Clopidogrel

Clopidogrel monotherapy was shown to be modestly superior 
to aspirin monotherapy in preventing recurrent ischaemic 
events in patients with peripheral vascular disease, ischae-
mic strokes, and recent myocardial infarction in the CAPRIE 
study.4 However, it did not replace aspirin because of its higher 
cost and was promoted as an alternative to aspirin in patients 
who could not tolerate it. Thereafter trials in patients with 
ACS and those undergoing coronary stenting showed that a 
combination of aspirin and clopidogrel was superior to aspi-
rin alone during the 1 year follow-up of the treatment and it 
significantly improved the outcomes.5,6 The combination of 
aspirin and clopidogrel became a standard of treatment in 
managing patients with acute coronary syndrome with or 
without STEMI.7,8 Likewise patients with coronary stents es-
pecially drug-eluting stents are recommended this combina-
tion for at least a year.

The secondary analysis of HORIZONS AMI trial9 concluded 
that among patients undergoing primary PCI for STEMI, a 
600 mg dose of clopidogrel was superior to a 300 mg loading 
dose. Likewise the recently published CURRENT/Optimal Anti-
platelet Strategy for Interventions (CURRENT-OASIS-7)10 trial, 
clopidogrel given as a 600 mg loading dose followed by 150 mg 
daily for 7 days and 75 mg daily thereafter was compared with 
the conventional doses in patients with STEMI or NSTE-ACS. 
Overall, the higher dose regimen was no more effective than 
the conventional dose regimen, with a similar 30 day rate of 
the composite endpoint of cardiovascular death, MI, or stroke 
(4.2% vs 4.4%, respectively; hazard ratio [HR] 0.94; 0.83–1.06; 
P = 0.30), but was associated with increased 30 day rates of 
major bleeding.

However, the same trial showed that doubling the loading 
and maintenance dose of clopidogrel for 1 week in ACS patients 
undergoing planned PCI significantly reduces stent thrombosis 
and cardiovascular events, largely driven by reductions in MI, 
without a significant increase in major bleeding.

The drawbacks of clopidogrel are shown in Table 2.11 The 
two-step activation process involving a series of cytochrome 
P-450 (CYP) isoenzymes, is susceptible to the interference of 
genetic polymorphisms and drug–drug interactions.12,13 Proton 

pump inhibitors that inhibit CYP2C19, particularly omepra-
zole, decrease clopidogrel-induced platelet inhibition ex vivo, 
but there is currently no conclusive clinical evidence that 
co-administration of clopidogrel and proton pump inhibitors 
increases the risk of ischaemic events in addition, clopidog-
rel (and prasugrel) absorption is regulated by P-glycoprotein 
(encoded by ABCB1), which is an ATP-dependent efflux pump 
that transports various molecules across extracellular and in-
tracellular membranes. It is expressed, among other places, 
on intestinal epithelial cells, where increased expression or 
function can affect the bioavailability of drugs that are sub-
strates. Patients with a poor response to clopidogrel have an 
increased risk of coronary thrombosis.14,15 The increased risk 
of bleeding due to prolonged persistence of its effect is an-
other concern when patients need urgent coronary artery 
bypass grafts (CABG).

Prasugrel

This new member of the class is more effective than ticlopidine 
and clopidogrel at inhibiting the ADP receptor largely because 
it is more efficiently metabolised so more active metabolite 
is delivered to the platelet.

It is more rapid its onset of action and has a stronger in-
hibitory effect than clopidogrel.16 As compared with clopi-
dogrel, prasugrel shows lower variability in platelet response 
and no measurable vulnerability to genetic variation in CYP 
is-coenzymes. It was shown to have superior efficacy in re-
ducing the ischaemic events in the TRITON-TIMI-38 clinical 
trial done in patients with acute coronary syndrome with 
moderate to high-risk.17 However, this superior efficacy was 
associated with a higher bleeding risk. The study showed that 
prasugrel significantly reduced the risks of recurrent myocar-
dial infarction and stent thrombosis as compared to clopidogrel. 
The benefits were particularly sizeable in patients with dia-
betes or ST-segment elevation. The benefits appeared to be 
continued over the 15-month trial period. The study pushes 
the standard for the appropriate duration of therapy beyond 
12 months and it appears that an indefinite duration of dual 
anti-platelet therapy may be warranted after an acute coro-
nary syndrome.18

The bleeding risk among those patients needing early CABG 
was 4 times higher than in the clopidogrel group. Thus, it is pru-
dent to know coronary anatomy in non-STEMI (ST-segment 
elevation myocardial infarction) patients before initiating 
prasugrel. The finding of increased bleeding rates among pa-
tients undergoing CABG also raises the concern of increased 

Table 2
Limitations of clopidogrel.

• Delayed onset of action
• Requires metabolic biotransformation to active metabolite
• High interpatient variability in pharmacokinetics and 

pharmacodynamics (resistance/non-responders)
• Modest inhibition of platelet response ex vivo
• Irreversible P2Y12 receptor binding
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bleeding in patients needing non-cardiac surgery who have 
been on prasugrel in the past 7 days.

Recent concerns regarding the risk of thrombosis with 
drug-eluting stents have captured the attention of interven-
tional cardiologists.19 It is felt that using prasugrel in patients 
undergoing complex stenting procedures may reduce the rates 
of stent thrombosis. The finding of an approximately 50% re-
duction in the rate of stent thrombosis held true in both the 
DES and BMS arm (TRITON-TIMI-38) both in early and late 
stent thrombosis. However, it is the patients with ACS who 
are at a greater risk for stent thrombosis and related events 
than patients undergoing elective PCI.20 Therefore, caution is 
needed in recommending prasugrel routinely after elective PCI.

Prasugrel thus represents an advance in anti-platelet ther-
apy for ACS. TRITON-TIMI-38 supports its use in patients with 
such syndromes when there is a very high probability of PCI 
such as in STEMI and in patients with non-STEMI after coro-
nary angiography. Its use in other situations where clopidog-
rel is used at present is not recommended. Table 3 lists the 
patients who are potential candidates for prasugrel therapy.

The bleeding risks were seen to be higher in patients >75-
year-old, with low body mass index, and history of stroke or 
transient ischaemic attacks.

Therefore, it would be best to avoid prasugrel in such pa-
tients. A reduction of the dose of prasugrel in these patients 
would probably reduce the bleeding risk. It is suggested that 
a dose of 5 mg instead of 10 mg as the maintenance dose may 
be more appropriate. This aspect is being studied in on-going 
clinical trials.

Concerns regarding bleeding led to several risk mitigation 
strategies: US FDA has put a boxed warning underscoring the 
increased risk of bleeding for patients >75 years of age or 
older and patients undergoing CABG. A statement in the label 
emphasises that choosing a therapy requires balancing the 
reduction in the risk of thrombotic event against the bleed-
ing risk. Excess neoplasms which was another issue which 
had come out while analysing the data did not seem to be 
concerning after going through the details and it is felt that 
this possibly was a false positive finding of a very marginal 
statistical support. Studies conducted by the sponsor to eval-
uate tumour progression possibility of prasugrel in human 
colon, prostate, and lung have come out to be negative.

The use of prasugrel in patients of ACS in patients not in-
tended for early invasive strategy is not recommended and is 
the subject of another on-going study TRIOLOGY.

The advantage of prasugrel over clopidogrel appears to 
be the prevention of non-fatal MIs, many of which would not 
have immediate overt clinical consequences. The cost of this 

prevention is excessive bleeding an important adverse effect 
but one that is transient and does not result in increase in 
strokes or deaths. The benefits of prasugrel over clopidogrel in 
patients with diabetes mellitus presenting as ACS were really 
spectacular and at no higher bleeding cost. Diabetics who 
constituted one-third of the patients of the TIMI Triton study 
have shown an absolute difference of 4.6% lower net clinical 
benefit (HR 0.74, P = 0.001).

Ticagrelor

Ticagrelor belongs to a new chemical class cyclopentyltriazol-
opyrimidine (CPTP) that evolved in the process of developing 
an orally active mimetic of adenosine triphosphate (ATP), the 
natural antagonist at the P2Y12 receptor. It is an orally active 
drug that binds reversibly to P2Y12, with a stronger and more 
rapid anti-platelet effect than clopidogrel.21,22 The PLATO study 
showed that as compared to clopidogrel, ticagrelor was asso-
ciated with a 16% relative risk reduction with regard to the 
primary end point—a composite of death from cardiovascular 
causes, myocardial infarction and stroke—but no significant 
increase in the overall risk of major bleeding.23

The recommended dose is 180-mg loading dose, then 90 mg 
twice daily. It has not been determined whether continuing 
ticagrelor beyond 1 year (when clopidogrel is often discon-
tinued) will lead to continued accrual of benefit. This issue 
will be addressed in the on-going phase 3 PEGASUS-TIMI 
54 study which will compare the efficacy and safety of the 
PLATO maintenance regimen of ticagrelor (90 mg twice daily) 
and a lower dose regimen of ticagrelor (60 mg twice daily) 
with placebo in higher risk patients with a history of MI 1–3 
years previously. The PLATO-INVASIVE study24 (pre-specified 
invasively-treated subgroup of PLATO study) revealed a sta-
tistically significant reduction of ischaemic events including 
stent thrombosis without an increase in major bleeding.

The major trials of platelet ADP receptor antagonists in pa-
tients with ACS have been CURE, TRITON-TIMI-38, and PLATO. 
In CURE as well as the TRITON-TIMI-38 trial, a stronger plate-
let inhibition was associated with increased risk of bleeding. 
On the other hand PLATO has shown that the potent ticagrelor 
is not associated with increased incidence of major bleeding. 
Ticagrelor was safer than clopidogrel in patients undergoing 
CABG, although non-CABG-related bleeding was more fre-
quent. Perhaps the reversibility in the mechanism of action 
of ticagrelor comes into play.25 While clopidogrel and prasug-
rel showed no mortality benefit in association with a stronger 
anti-platelet effect, ticagrelor did confer a 22% mortality re-
duction despite being a potent anti-platelet agent.

The emerging concept is that agents with increased anti-
platelet effect without an increase in bleeding complications 
may reduce the overall mortality. This interesting hypothesis 
needs to be confirmed in future investigations. In addition, the 
subset analysis of the PLATO study has shown that the bene-
fits of ticagrelor over clopidogrel are consistent even in patients 
of ACS not intended for early invasive strategy.26 The inci-
dence of total major bleeding (P = 0.08) and non-CABG-related 
bleeding (P = 0.10) was numerically higher with ticagrelor as 

Table 3
Target population for prasugrel.

• Patients undergoing PCI for STE myocardial infarction
• Patients at risk of stent thrombosis and patients after stent 

thrombosis
• Diabetics undergoing PCI
• Patients with the presence of genetic variants related to 

non-responsiveness to clopidogrel

PCI: percutaneous coronary intervention, STE: ST-segment elevation.
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compared to clopidogrel. However, in patients of ACS under-
going CABG within 7 days of the intake of last dose ticagrelor 
was associated with significantly lower total (9.7% vs 4.7%, 
P < 0.01) and cardiovascular (CV) death (7.9% vs 4.1% P < 0.01) 
without an increase in major bleeding as compared to clopi-
dogrel.27 This makes ticagrelor a drug of choice in wider indi-
cations in the treatment of ACS.

The newer side-effects seen with ticagrelor (dyspnoea, brad-
yarrhythmia, increased serum creatinine and uric acid levels) 
were not seen in the trials of clopidogrel and prasugrel. These 
effects are important and need to be pursued further since 
they would have negative effects on the quality of life.

In addition, there was also a trend towards increase in the 
risk of haemorrhagic strokes especially if unclassified strokes 
are included in the category of haemorrhagic strokes. The sig-
nificance of these findings is not very clear at present.

With the availability of three platelet ADP receptor block-
ers, it may be possible to individualise anti-platelet therapy. 
If patients on clopidogrel or prasugrel require CABG it may be 
reasonable to switch them over to ticagrelor 5–7 days before 
surgery. Likewise ticagrelor may be preferred in non-STEMI ACS 
patients whose coronary anatomy is not known. It is also to 
be noted that the rapidly reversible effects of ticagrelor makes 
careful surveillance of patients’ compliance mandatory. While 
as prasugrel should be avoided in the elderly, the underweight 
or those having a history of previous stroke or TIA (TRITON-
TIMI-38), ticagrelor should be discouraged in patients who 
have chronic obstructive pulmonary disease, hyperuricemia, 
renal failure, brady-arrhythmias, or a history of syncope, as 
per the PLATO trial. Its use in patients who have high-risk for 
bleeding and multiple risk factors should be avoided. The pe-
culiar side-effects of ticagrelor would require a watch in the 
post-marketing surveillance studies.

An important message for those involved in the anti-platelet 
drugs research is that increasing potency of anti-platelet agents 
does not always imply increased bleeding risk. Search for 
newer agents of this group must continue.

What do the guidelines say regarding the 
anti-platelet therapy in acute coronary syndromes?

American College of Cardiology Foundation (ACCF)/American 
Heart Association (AHA)/Society for Cardiovascular Angiography 
and Interventions (SCAI) guidelines 2011 on PCI have made the 
following class I recommendations28: Patients already taking 
daily aspirin therapy should take 81–325 mg before PCI. 
Patients not on aspirin therapy should be given non-enteric 
aspirin 325 mg before PCI; after PCI, the use of aspirin should 
be continued indefinitely. A loading dose of a P2Y12 receptor 
inhibitor should be given to patients undergoing PCI with 
stenting.

The different options include:
a. Clopidogrel 600 mg (ACS and non-ACS patients) 
b. Prasugrel 60 mg (ACS patients) 
c. Ticagrelor 180 mg (ACS patients).

The loading dose of clopidogrel for patients undergoing PCI 
after fibrinolytic therapy should be 300 mg within 24 hours 

and 600 mg >24 hours after receiving fibrinolytic therapy. 
Patients should be counseled on the need for and risks of 
DAPT before placement of intracoronary stents, especially DES, 
and alternative therapies should be pursued if patients are 
unwilling or unable to comply with the recommended dura-
tion of DAPT. The duration of P2Y12 inhibitor therapy after stent 
implantation should generally be as follows: In patients re-
ceiving a stent (BMS or DES) during PCI for ACS, P2Y12 inhibi-
tor therapy should be given for at least 12 months. Options 
include:
a. Clopidogrel 75 mg daily
b. Prasugrel 10 mg daily
c. Ticagrelor 90 mg twice daily.

The European Society of Cardiology Ͷʹ͵͵ makes the 
following class I recommendations for anti-platelet 
use in NSTE-ACS.Ͷͽ

Aspirin should be given to all patients without contraindi-
cations at an initial loading dose of 150–300 mg, and at a 
maintenance dose of 75–100 mg daily long-term regardless of 
treatment strategy. A P2Y12 inhibitor should be added to aspi-
rin as soon as possible and maintained >12 months, unless 
there are contraindications such as excessive risk of bleeding. 
A proton pump inhibitor (preferably not omeprazole) in com-
bination with DAPT is recommended in patients with a history 
of gastrointestinal haemorrhage or peptic ulcer, and appropri-
ate for patients with multiple other risk factors (Helicobacter 
pylori infection, age ≥65 years, concurrent use of anticoagulants 
or steroids). Ticagrelor (180-mg loading dose, 90 mg twice 
daily) is recommended for all patients at moderate to high-
risk of ischaemic events (e.g. elevated troponins), regardless 
of initial treatment strategy and including those pre-treated 
with clopidogrel (which should be discontinued when tica-
grelor is commenced).

Prasugrel (60-mg loading dose, 10-mg daily dose) is rec-
ommended for P2Y12-inhibitor-naïve patients (especially di-
abetics) in whom coronary anatomy is known and who are 
proceeding to PCI unless there is a high-risk of life-threatening 
bleeding or other contraindications.

Clopidogrel (300-mg loading dose, 75-mg daily dose) is 
recommended for patients who cannot receive ticagrelor or 
prasugrel. A 600-mg loading dose of clopidogrel (or a supple-
mentary 300-mg dose at PCI following an initial 300-mg 
loading dose) is recommended for patients scheduled for an 
invasive strategy when ticagrelor or prasugrel is not an option. 
A higher maintenance dose of clopidogrel 150 mg daily should 
be considered for the first 7 days in patients managed with 
PCI and without increased risk of bleeding.

For our athero-thrombosis prone population these new 
additions are welcome. A careful balance between efficacy 
and risk however, would always be an important issue before 
making any recommendations. Table 4 shows a comparison of 
the efficacy and safety endpoints of the major trials of platelet 
ADP receptor inhibitors. P2Y12 inhibitors have transformed 
the efficacy of pharmacotherapy for ACS and PCI, and further 
research is on-going.
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Table 4
Major ‘adenosine diphosphate receptor antagonists’ trials with associated risks.

Trial Group Events

  MI Stroke Vascular All-cause Vascular death  Major
    death death MI, stroke bleeding

CAPRIE Clopidogrel group 3.20 5.44 1.19 3.05 _ _
(n = 19,185) Asprin group 3.92 5.69 2.06 3.11 _ _
 Relative risk reduction _ _ 7.6 2.2 7.0 _
  (95% CI)   (−6.9–20.1) (−9.9–12.9) (–0.9–14.2)
CURE Clopidogrel group 5.2 1.2 5.1 5.7 −9.3 3.7
(n = 12,562) Placebo group 6.7 1.4 5.5 6.2 11.4 2.7
 Relavie risk with 0.77 0.86 0.93 0.93 0.80 1.38
  clopidogrel (95% CI) (0.67–0.89) (0.63–1.18) (0.79–1.08) (0.81–1.07) (0.72–0.90) (1.13–1.67)
TRITON-TIMI-38 Prasugrel group 7.3 1.0 2% 3.0 9.9 2.5
(n = 13,608) Clopidogrel group 9.5 1.0 2.4 3.2 12.1 1.7
 Relative risk with 0.76 1.02 0.89 0.95 0.81 1.45
  prasugrel (95% CI) (0.67–0.85) (0.71–1.45) (0.70–1.12) (0.78–1.16) (0.73–0.90) (1.15–1.83)
PLATO Ticagrelor group 5.8 1.5 4.0 4.5 9.8 11.6
(n = 18,624) Clopidogrel group 6.9 1.3 5.1 5.9 11.7 11.2
 Relative risk with 0.84  1.17  0.79 0.78 0.84 1.04
  ticagrelor (95% CI) (0.75–0.95) (0.91–1.52) (0.69–0.91) (0.69–0.89) (0.77–0.92) (0.95–1.13)

MI: myocardial infarction; CI: confidence interval.
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A B S T R A C T

Pulmonary artery hypertension (PAH) is a pathological condition of small pulmonary arteries, 
characterised by vascular proliferation and remodelling. The pulmonary artery pressure and pul-
monary vascular resistance progressively rise, leading to right heart failure and death. Pulmonary 
artery hypertension may be secondary to various conditions, or it may be idiopathic where no 
underlying cause is identifiable. Earlier, only symptomatic treatment was available for such pa-
tients which did not change the natural history of the disease. However, over the years, improve-
ment in understanding the pathogenesis has resulted in the development of targeted approaches 
to the treatment of PAH. Survival advantage has also been shown with some of the pharmacologic 
agents. This review article discusses the current management strategy for PAH with special 
emphasis on an idiopathic variety, in an Indian context.
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Introduction

Pulmonary artery hypertension (PAH) is defined as the sus-
tained increase in mean pulmonary arterial pressure to a 
level ≥25 mmHg at rest, as assessed by right heart catheteri-
sation.1 It is a progressive disease involving small pulmonary 
arteries and is characterised by vascular proliferation and re-
modelling. The pulmonary vascular resistance (PVR) gradually 
rises, often leading to right heart failure and death. Pulmonary 
artery hypertension is classified based on the underlying di-
agnosis. If no known risk factors are identified, it is called pri-
mary PAH or more recently, idiopathic PAH (iPAH). The 
diagnostic classification of PAH is given in Table 1, as updated 
in 2008 by an expert working group (Dana Point, 2008).2 
Although there are various conditions producing PAH, the 
histopathological features and response to various drugs 
tend to be similar for most. Treatment of the underlying con-
dition like left heart disease or pulmonary parenchymal disease 
is most rewarding if PAH is secondary to one of these causes. 
Over the last 10 years, rapid advancements in understanding 

the pathogenesis and therefore treatment options have taken 
place, most of these being for group 1. This article will focus 
primarily on the management of iPAH.

Epidemiology

The reported prevalence of PAH is 15 per million, females 
constitute 50–75% of those affected.3,4 Primary or iPAH is a 
rare disorder, the frequency is estimated at 1–2 cases/million 
people.5 A study from Scotland, however, cited the incidence 
as 2.5 cases/million/yr in men and 4.0 cases/million/yr in 
women.6 Any age group can be affected, but most often 
iPAH occurs in the third decade of life in women and fourth 
decade of life in men. No ethnic predisposition has been 
reported. The average duration between symptom and diag-
nosis of PAH is >2 years.3 It was further confirmed by the 
National Institute of Health Registry, where the mean inter-
val from symptoms onset to diagnosis was 2 years, it was 
shorter in cases with family history of pulmonary artery 
hypertension (PAH).7 The familial PAH shows an autosomal 
inheritance with 10–20% penetrance. There is genetic antici-
pation in familial PAH, i.e. the onset of disease occurs at an 
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earlier age in successive generations.8,9 Group 1 of Dana Point 
classification also includes drugs and toxins associated with 
development of PAH; the most notorious of these include the 
appetite suppressants fenfluramine and dexfenfluramine. 
More recently, methamphetamine is being indicated as the 
cause of drug-related PAH.10,11

Pathogenesis

The detailed pathophysiology of PAH is beyond the scope of 
this article. Suffice it to say that the pathogenesis of PAH is 
multifactorial (Table 2) and is not completely understood. 
The normal pulmonary circulation is very compliant and can 
accommodate the entire cardiac output at one fifth perfusion 

pressures when compared with systemic circulation. This is 
accomplished by dilation of the existing vasculature and re-
cruitment of unused vasculature. These changes maximise 
gas exchange surface area with no or little increase in per-
fusion pressure. Several humoral mediators, such as nitric 
oxide (NO) and prostacyclin, which are produced locally, con-
tribute to the maintenance of a compliant vasculature.

Pulmonary artery hypertension is caused by disturbance 
of one or more of these protective mechanisms. Three factors 
are considered important in raising PVR. These are vasocon-
striction, remodelling of the pulmonary vessel wall and 
thrombosis in situ.12 Vasoconstriction may not be very impor-
tant as only a small fraction of iPAH cases respond favourably 
to vasodilator therapy. High PVR causes hypertrophy of the 
right ventricle and in late stages the cardiac output falls. 
Hypoxaemia may occur secondary to ventilation perfusion 
mismatch and/or right to left shunting through a patent fo-
ramen ovale.

Endothelial dysfunction seems to play a key role in the 
pathogenesis of PAH. An imbalance between the ‘bad’ vaso-
constrictive/proliferative endothelin system and the ‘good’ 
vasodilatory/anti-proliferative NO and prostacyclin system 
is a key contributor to the initiation and progression of dis-
ease.12 Platelets also play an important role as procoagulant 
and by releasing serotonin (vasoconstrictor), platelet derived 
growth factor (PDGF), and vascular endothelial growth factor 
(VEGF).13

Recent data suggests a primary defect in certain potassium 
channels in some patients with PAH.14 Dysfunctional voltage-
gated potassium channels may explain the vasoconstriction 
and smooth muscle cell proliferation accompanying PAH. In 
PAH, the classic histological finding is the plexiform lesion. 
Activation and expression of adhesion molecules by endothe-
lial cells results in a procoagulant state, resulting in thrombin 
deposition and platelet adhesion. All these abnormalities 
in the pulmonary vasculature of patients with PAH result 
in unregulated vasoconstriction, smooth muscle cell prolif-
eration out of proportion to apoptosis, and microvascular 
thrombosis.15

Table 1
Updated clinical classification of pulmonary hypertension (Dana 
Point, 2008).

1. Pulmonary arterial hypertension (PAH)
1.1 Idiopathic PAH
1.2 Heritable 

1.2.1 BMPR2
1.2.2  ALK1, endoglin (with or without hereditary 

haemorrhagic telangiectasia)
1.2.3 Unknown

1.3 Drug- and toxin-induced
1.4 Associated with

1.4.1 Connective tissue diseases
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart diseases
1.4.5 Schistosomiasis
1.4.6 Chronic haemolytic anaemia

1.5 Persistent pulmonary hypertension of the newborn
1’ Pulmonary veno-occlusive disease (PVOD) and/or 
pulmonary capillary haemangiomatosis (PCH)

2. Pulmonary hypertension owing to left heart disease
2.1 Systolic dysfunction
2.2 Diastolic dysfunction
2.3 Valvular disease

3. Pulmonary hypertension owing to lung diseases and/or 
hypoxia
3.1 Chronic obstructive pulmonary disease
3.2 Interstitial lung disease
3.3 Other pulmonary diseases with mixed restrictive and 

obstructive pattern
3.4 Sleep-disordered breathing
3.5 Alveolar hypoventilation disorders
3.6 Chronic exposure to high altitude
3.7 Developmental abnormalities

4. Chronic thromboembolic pulmonary hypertension (CTEPH)
5. Pulmonary hypertension with unclear multifactorial 

mechanisms
5.1 Haematologic disorders: myeloproliferative disorders, 

splenectomy
5.2 Systemic disorders: sarcoidosis, pulmonary langerhans 

cell histiocytosis: lymphangioleiomyomatosis, 
neurofibromatosis, vasculitis

5.3 Metabolic disorders: glycogen storage disease, Gaucher 
disease, thyroid disorders

5.4 Others: tumoural obstruction, fibrosing mediastinitis, 
chronic renal failure on dialysis

Table 2
Pathophysiological mechanisms for pulmonary artery hypertension.

Site Abnormality Effects

Endothelial Decrease NO, PGI2 Thrombosis
 Increase Endothelin-1 Platelet aggregation
 Increase thromboxane A2 Smooth muscle 
   proliferation
 Increase VEGF

Platelets Increase serotonin Platelet aggregation
 Increase PDGF and VEGF Smooth muscle 
   proliferation
  Vasoconstriction

Smooth muscle Dysfunctional Vasoconstriction
 cells  K+ channels
 Increase angiopoietin Smooth muscle 
   proliferation

NO: nitric oxide, PDGF: platelet derived growth factor, PGI2: prostaglan-
din I2, VEGF: vascular endothelial growth factor.
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Natural history

Idiopathic PAH is a progressive disease and before the intro-
duction of various therapeutic drugs, the survival was dismal. 
The median survival in 1980s was reported as 2.8 years in 
194 patients with iPAH after the diagnosis was made.16 The 
actuarial survival rates were 68–77% at 1 year, 40–56% at 3 years 
and 22–38% at 5 years in two different studies.16,17 At that 
time most patient received conventional therapy including 
oral anticoagulants, diuretics, oxygen, cardiac glycosides, and 
calcium channel blockers. Poor prognosis was associated 
with New York Heart Association (NYHA) functional class III 
or IV, right heat failure, elevated right atrial pressure, decreased 
cardiac output or low mixed venous saturation.

Functional class III and IV continue to have extremely 
poor survival even in the current era as shown in data from 
registries.18

Over the years, however, improvement in understanding 
of the disease process has resulted in development of tar-
geted approaches to treatment of PAH. Survival advantage 
has also been reported with various pharmacologic agents as 
will be described later.

Assessment of therapeutic strategies

Once the patient has been diagnosed with PAH and initiated 
on specific therapy, he or she should be assessed to monitor 
response to therapy at 3–6 months intervals depending on 
the severity of disease. Although a general assessment of the 
patient will provide important information whether the 
patient has improved symptomatically or in activities of 
daily living, objective evaluation is very important. As PAH is 
a rapidly progressive disease, long-term survival cannot be 
used for assessing the efficacy of a new treatment. Therefore, 
the commonly used end points are 6 minutes’ walk test 
(6MWT, the distance walked over a 6-minute period) and 
NYHA/WHO (World Health Organization) functional class.19 
WHO functional class is described in detail in Table 3. 
Pulmonary artery pressure (PAP) (derived by echo-Doppler 
and/or by right heart catheterisation) and cardiac output are 
also used for assessment of efficacy of the treatment. Assess-
ment by serum biomarkers and right heart function may also 
be helpful.20

Treatment of pulmonary artery hypertension

Regardless of the aetiology of PAH, general supportive care 
is similar for all patients. The supportive care aims at improv-
ing symptoms and quality of life, preventing progression of 
the disease, and improving mortality. Unfortunately very 
few large randomised controlled trials (RCT) have been con-
ducted for determining the best treatment options for pa-
tients with PAH, most of these have been restricted to those 
with iPAH. Extrapolation to other populations with PAH is 
based mainly on expert recommendation rather than sound 
evidence-based medicine.21–23

General measures

General measures include strategies to avoid circumstances 
that may aggravate the disease. Any external stimulus that 
increases oxygen demand may worsen PAH and result in 
right heart failure. Non-steroidal anti-inflammatory drugs 
(NSAIDs) are best avoided due to their effect on fluid balance 
and renal function.

Physical activity

Heavy physical activity can be potentially dangerous in pa-
tients with PAH and may trigger dyspnoea, chest pain or syn-
cope. Therefore physical activity limited to a symptom free 
level is advised. This prevents deconditioning and muscular 
involution. Patients in functional class III or IV need to be more 
careful as life-threatening syncope may be induced on exre-
cise.24 Bathing in hot water should be avoided as it can precipi-
tate cutaneous vasodilatation thereby reducing cardiac output.

Pregnancy and contraception

Pregnancy results in increase cardiac output and blood vol-
ume by as much as 40%. In PAH patients, the ability of right 
heart to compensate for the increased cardiovascular demand 
is limited. Hence, pregnancy poses an extreme risk to the health 
of women with PAH and is contraindicated. Maternal mortal-
ity can be as high as 30–50% according to some reports, with 
most deaths occurring in the immediate post-partum period 
due to refractory right heart failure, sudden cardiac death, or 
thromboembolism.25–27

A safe and effective method of contraception must be rec-
ommended in women of child bearing age. Since, safety of 
hormonal contraception is questionable due to its prothrom-
botic potential, mechanical contraception (intrauterine device) 
or surgical sterilisation is generally recommended. In some 

Table 3
World Health Organization functional classification.

WHO functional  Clinical description
clalss

I  Patients with PH with no limitation of usual 
physical activity; ordinary physical activity does 
not cause dyspnoea, chest pain or pre-syncope

II  Patients with PH with mild limitation of 
physical activity; no discomfort at rest but 
normal physical activity causes dyspnoea, 
fatigue, chest pain or pre-syncope

III  Patients with PH with marked limitation of 
physical activity; no discomfort at rest 
but < ordinary activity causes dyspnoea, 
fatigue, chest pain or pre-syncope

IV  Patients with PH who are unable to perform 
any physical activity; dyspnoea and/or fatigue 
are present at rest and symptoms are 
worsened with any physical activity. Syncope 
may occur with exertion

WHO: World Health Organization.
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centres, oral contraception with progesterone derivatives or 
low dose oestrogen has been given to women with PAH who 
are on oral anticoagulants with no history of thromboembo-
lism.28 Similarly, post-menopausal women with intolerable 
menopausal symptoms can also receive hormone therapy in 
conjunction with anticoagulation.

High altitude

Hypoxia aggravates vasoconstriction in PAH patients. Therefore 
such patients must avoid living at high altitudes (>1500–
2000 m). Commercial airplanes are generally pressurised to an 
altitude between 1600 m and 2500 m. Some of these patients 
may need supplemental oxygen when travelling by airplanes.

Prevention of infections

Respiratory infections can be fatal in patients with PAH. 
Pneumonia is the cause of death in 7% of cases.23 Pulmonary 
infections must be promptly recognised and treated with an-
tibiotics. Regular vaccination against influenza and pneumo-
coccal pneumonia is recommended. Persistent fever can also 
occur in patients on continuous intravenous epoprostenol 
infusion due to catheter related infection and sepsis.

Haemoglobin/haematocrit

Anaemia is not uncommon in patients with PAH and if de-
tected, should be promptly treated. Conversely, some of the 
patients with long-standing hypoxia secondary to right to left 
shunt may develop polycythaemia. Phlebotomy is indicated 
only in symptomatic cases that have a high haematocrit 
(>65%) and volume replacement with saline or dextrose is 
recommended during phlebotomy.29

Anaesthesia and surgery

Patients with PAH are at a high-risk during anaesthesia and 
surgery. The risk is higher in those who are in functional class 
III or IV. Epidural anaesthesia may be better than general an-
aesthesia. Anticoagulant treatment should be stopped for the 
shortest possible time.

Pharmacologic treatment anticoagulants

The rationale for anticoagulant therapy is based on the pres-
ence of traditional risk factors for venous thromboembolism, 
like heart failure, sedentary lifestyle and a thrombophilic 
predisposition. Anticoagulant therapy has been widely used 
for PAH, although the evidence supporting this approach has 
not come from well-designed trials. In a retrospective study 
by Fuster and colleagues, 7 patients who were given couma-
din had better survival than 37 patients who were not given 

oral anticoagulant.30 In another small prospective study, Rich 
et al. showed that patients who did not respond to calcium 
channel blockers and who were treated with anticoagulants 
had improved survival as compared with those who were not 
anticoagulated.31 Three year survival improved from 21% to 
49% in the series by Fuster et al. and from 31% to 47% in the 
series from Rich et al. Warfarin is the most widely used drug 
and the target international normalised ratio (INR) is gener-
ally kept around 2.0. Some authors from European centres 
prefer to have INR between 2.0 and 3.0. The usage of antico-
agulants in some of the recent trials for newer drugs has 
been in 51–86% of patients. Highest prevalence of anticoagu-
lants use was in trials involving iPAH patients in NYHA/WHO 
functional class III and IV. Thus, while there is consistent evi-
dence that anticoagulation improves outcomes in those with 
PAH, there is as of yet no RCT showing a benefit.

Diuretics

Diuretics improve symptoms and signs of right heart failure 
in decompensated patients of PAH. On the other hand, too 
much diuresis can cause hypovolaemia and further reduce 
cardiac output by decreasing right ventricular preload.32 No 
trials have been performed for diuretics, but clear symptom-
atic benefit has been shown in patients of PAH who were 
decompensated and have fluid retention. Some form of diu-
retic therapy is prescribed to 49–70% of patients in well-
studied trials.23 Furosemide or spironolactone is generally used. 
The dosages are modified according to the individual case. 
Serum electrolytes and renal functions should be carefully 
monitored in patients receiving diuretic therapy.

Oxygen therapy

Mild degree of hypoxaemia at rest is a common finding in 
PAH. This occurs as a consequence of low mixed venous oxy-
gen saturation caused by low cardiac output. The ventilation 
perfusion matching is minimally altered and therefore does 
not contribute significantly to hypoxaemia. A small number 
of cases have severe hypoxaemia caused by a right to left 
shunt through a patent foramen ovale. No consistent data are 
available on the effect of long-term oxygen therapy in PAH. 
However, since hypoxaemia may aggravate PAH by increas-
ing pulmonary vasoconstriction, supplemental oxygen ther-
apy should be considered in patients with severe hypoxaemia 
at rest (PaO2 < 55 mmHg). Improvement in PAH with low flow 
supplemental oxygen has been reported in some cases. The 
goal of oxygen therapy is to maintain arterial saturation 
at >90%. Oxygen therapy can also improve quality of life by 
reducing dyspnoea and by increasing exercise capacity.

Cardiac glycosides

In cases with right heart failure secondary to PAH, myocar-
dial contractility is likely to be impaired and inotropic agents 
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may help. Short-term intravenous digoxin has been reported 
to increase cardiac output by a modest degree.33 Long-term 
data on effect of digoxin in PAH is not available. In the rare 
patient of PAH with supraventricular tachyarrhythmia (like 
atrial flutter or fibrillation), digoxin should be used to slow 
the ventricular rate. It must be noted that digoxin toxicity is 
more likely in PAH patients especially if hypoxaemia and/or 
hypokalaemia are also present. Patients with end stage PAH 
have been treated with intravenous dobutamine in most 
expert centres.32

Specific therapies

Based on pathogenesis of PAH, there are three major classes 
of specific therapies. These include prostanoids, endothelial 
receptor antagonists (ETRA) and phosphodiesterase-5 (PDE5) 
inhibitors. However, calcium channel blockers have been 
used to treat PAH patients for a long time before specific 
drugs became available. Prior to initiating any of these 
drugs, all efforts must be made to look for any underlying 
cause as the cause of PAH. If discovered it should be treated 
promptly.

Several articles have published expert opinions regarding 
treatment, which is based on WHO functional class and risk 
assessment.34

Calcium channel blockers

Since, vasoconstriction of pulmonary arterioles is often one 
of the several abnormalities responsible for PAH, vasodilator 
therapy has long been used in the treatment of PAH. Calcium 
channel blockers like nifedipine and diltiazem are widely 
used oral vasodilators, but only a small percentage of patients 
actually respond to these drugs. Calcium channel blockers do 
not have the selectivity for the pulmonary vascular bed and 
may cause systemic hypotension in some cases.

Vasodilator challenge

Calcium channel blockers should be used only in cases where 
a clear acute vasodilator response is demonstrated haemody-
namically. Acute vasodilator testing is performed using short 
acting agents like intravenous epoprostenol, adenosine or in-
haled NO. A decrease of at least 20% in PAP from the baseline 
value and a decrease of >30% in PVR with an increased or un-
changed cardiac output is usually predictive of a favourable 
response.31–35 Some workers accept a decrease in mean PAP 
by >10 mmHg, to a value <40 mmHg with no reduction in 
cardiac output.36 Generally only 10–15% of iPAH patients 
show a positive acute vasoreactive response and about half of 
them will continue to respond to calcium channel blockers 
over a long period of time.1 In a recent study, Sitbon and 
colleagues showed that of 12.6% patients with iPAH who 
displayed acute pulmonary vasoreactivity, only 54% had a 
sustained, long-term benefit with oral calcium channel 

blockers as monotherapy.37 Hence overall <7% of 557 patients 
with iPAH were long-term responders. Long-term therapy 
with a calcium channel blocker is not recommended in those 
not showing acute response to vasodilator testing in the 
catheterisation lab. Further, these drugs should not be used 
as a screening agent for pulmonary vascular responsiveness 
in patients with PAH because severe adverse reactions can 
occur.

Calcium channel blockers are indicated in class II and III 
patients who show response on acute vasodilator testing. 
These drugs are much cheaper compared to some of the newer 
drugs. The choice of agent depends on the underlying heart 
rate. Those with heart rate of >80 beats/min are better given 
diltiazem and those with slower heart rates are given nifed-
ipine. Verapamil is not used due to its negative inotropic ef-
fect. Amlodepin has been used, but its long-term efficacy is 
not known. The dosages used are quite high; 90–180 mg/day 
for nifedipine (up to 240 mg/day) and 240–720 mg/day for 
diltiazem (up to 900 mg/day). Systemic hypotension and limb 
oedema can occur; concomitant diuretics can alleviate lower 
limb oedema.

Prostanoid therapy

Prostacyclin, a prostanoid, is released from the endothelial 
cell membranes of the vascular intimae and its levels are de-
creased in iPAH. Based on this rationale, prostacyclin is being 
used in patients with PAH. The precise mechanism of action 
of prostacyclin in PAH is likely to be multifactorial. It may in-
clude relaxation of vascular smooth muscle cell, inhibition of 
platelet aggregation, healing of endothelial injury, inhibition 
of smooth cell proliferation, facilitating reverse remodelling 
of pulmonary vascular changes and so on. Stable analogues of 
prostacyclin have been synthesised and are in use for patients 
with PAH over the last several years.

Epoprostenol

Intravenous epoprostenol was first used to treat iPAH in early 
1980s.38 Since then, it has proved to be lifesaving in a large 
number of patients with PAH of varied aetiology. In 1990, 
Rubin et al. reported the first randomised unblinded trial 
with intravenous epoprostenol in 25 patients with iPAH.39 An 
improvement in exercise capacity as well as haemodynamics 
was shown after 2 months in those treated with intravenous 
epoprostenol. Second prospective randomised open trial re-
ported improvement in 6MWT by 32 m, in the epoprostenol 
group after 12 weeks of therapy.40 Survival advantage was 
also demonstrated in this trial in the group of patients on 
epoprostenol. Following these studies, intravenous epopros-
tenol was approved in USA and France for treatment of iPAH 
for those in functional class III or IV. In another study by Barst 
et al., the survival with epoprostenol was 87% at 1 year, 63% 
at 3 years and 54% at 5 years compared to 77%, 41%, and 27%, 
respectively in historic controls.41 There are other reports of 
improved survival with intravenous epoprostenol.42–44
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Intravenous epoprostenol is typically reserved for individ-
uals with severe PAH. To date it is the only medication that 
has a mortality benefit.40

Intravenous epoprostenol is now considered as a first line 
therapy in the western world. In a survey collected from 19 
centres in the US, it was shown that more than two-thirds of 
patients with iPAH who were treated with intravenous epo-
prostenol could be taken off the list for lung transplanta-
tion.45 This drug may be useful even in patients who do not 
show an acute haemodynamic response to it in the catheteri-
sation lab.

Epoprostenol is dispensed as freeze-dried preparation that 
needs to be dissolved together with an alkaline buffer (glycine) 
and is given intravenously. Since, it has a very short half-life 
(3–5 minutes), it has to be given as a continuous infusion. 
Fresh solution has to be prepared every 24 hours due to the 
unstable nature of the drug. Epoprostenol is delivered by in-
fusion pumps through long-indwelling venous catheters. The 
initial dose is 2–4 ng/kg/min and increased gradually. The 
target dose is 10–15 ng/kg/min for the first 2–4 weeks and 
then periodic dose increases are done to maximise efficacy. 
The optimal dose usually varies from 20–40 ng/kg/min in 
majority of patients. Dose adjustments are made based on 
clinical symptoms, distance walked during 6MWT and occur-
rence of side effects.

Common side effects include headache, flushing, jaw pain, 
diarrhoea, nausea, vomiting, and rarely ascites. Most of these 
side effects are generally mild and dose related. More serious 
complications are related to the delivery system and include 
exit site infections, bleeding, bacteraemia and sepsis. The 
incidence of catheter related sepsis has been reported to be 
0.1–0.4 per patient-year.40 Severe catheter related sepsis 
has resulted in death in some cases. Delivery system mal-
function can be the other serious complication resulting in 
sudden, sometimes fatal decompensation due to interrup-
tion of drug supply. Patients suspected of veno-occlusive dis-
ease or pulmonary capillary haemangiomatosis which may 
masquerade as iPAH can develop fatal pulmonary oedema if 
given epoprostenol.

Despite favourable results from intravenous epoprostenol 
for cases with PAH, it is far from ideal treatment, primarily 
because of its route of delivery. It is very expensive over long-
term use and is not curative. Currently this drug is not avail-
able in India for general use.

Treprostinil

The difficulties in delivering intravenous epoprostenol have 
stimulated interest in developing stable analogues of this 
compound which can be administered using less complex 
delivery systems. Treprostinil is one such analogue which has 
chemical stability at room temperature and can be given both 
intravenously and subcutaneously. It also has a longer half-
life and needs to be prepared once in 48 hours.

The largest multicentre RCT was reported by Simonneau 
et al. involving 470 patients with PAH.46 There was statisti-
cally significant improvement in median exercise capacity, 

haemodynamics and clinical events compared to placebo 
group after 12 weeks of treatment with subcutaneous trepro-
stinil. The effect was dose related.

The drug can be given through small subcutaneous cathe-
ters similar to those utilised for insulin administration in 
diabetics. The management of this system is much simpler 
compared to epoprostenol infusion system. Common side 
effects include headache, jaw pain, diarrhoea, nausea, and 
rash. Infusion site pain is seen in 85% of cases. Food and Drug 
Administration (FDA) has approved this drug in 2002 for 
class II, III and IV patients with PAH. It is not available in 
India.

Sodium beraprost

Beraprost sodium is the first biologically stable and orally ac-
tive prostacyclin analogue. It is absorbed rapidly, peak con-
centration is reached after 30 minutes and the elimination 
half-life is 35–40 minutes after a single oral dose. Initial trials 
have shown an improvement in 6MWT, functional class and 
survival.47,48 In the RCT reported by Galie et al, there was sig-
nificant improvement in exercise capacity at 12 weeks.49 
However, the data from Barst et al showed no difference in 
6MWT distance with oral beraprost compared to placebo at 
12 months follow-up, although improvement was observed 
at 3 and 6 months.50 Beraprost sodium is approved in Japan 
and South Korea but not in USA and Europe. This drug is also 
not available in India.

Iloprost

Iloprost is a chemically stable prostacyclin analogue available 
for intravenous, oral, and aerosol usage. Inhaled therapy may 
provide selectivity of the haemodynamic effects to the lung 
vasculature, avoiding systemic side effects. Iloprost has a half-
life of 20–25 minutes and can be delivered by inhaler, the 
aerosolised particles should be small enough (diameter 0.5–
3 um) to ensure alveolar deposition. Since, it has a short du-
ration of action, it must be inhaled 6–12 times a day.51 With 
jet inhalers, the duration of each inhalation takes about 
15 minutes.

In a randomised, multicentre, placebo-controlled study of 
207 patients (all in functional class III or IV) with PAH, the 
6MWT improved by 36 m at 12 weeks in those on iloprost.52 
In the subgroup with iPAH, the improvement in 6MWT was 
even greater (59 m). The haemodynamic values were also 
much improved. In another study of 76 patients with inhaled 
iloprost as monotherapy, the 1 year, 3 years, and 5 years sur-
vival free of lung transplantation and addition or switch to 
other drugs were 53%, 20%, and 13%, respectively.53 Thus, the 
role of iloprost as monotherapy is limited.

Side effects include cough, flushing, and headache. The 
short-term results are encouraging; however, long-term 
efficacy needs to be established. Inhaled iloprost is approved 
in Europe, Australia and New Zealand. It is not available in 
India.
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Endothelin receptor antagonists

Increased levels of endothelin-1 have been found in the pul-
monary arteries of PAH patients. Endothelin-1 is a potent va-
soconstrictor and mitogen for smooth muscle cells. Levels of 
endothelin-1 have been related to disease severity and sur-
vival.54,55 The effects of endothelin-1 are mediated through 
two types of receptors ETA and ETB. ETA receptors cause sus-
tained vasoconstriction and proliferation of vascular smooth 
muscles and ETB receptors induce production of NO and 
prostacyclin by the endothelial cells, thereby producing va-
sodilatation.56 Therefore use of endothelin-1 receptor antag-
onists that can block either ETA or both ETA and ETB receptors 
will help patients with PAH.

Bosentan

Bosentan is an orally active dual (ETA and ETB) endothelin re-
ceptor antagonist. It is the first molecule of this class of drugs 
to be synthesised. Bosentan has been evaluated in two RCT. 
In the larger BREATHE-1 study, 213 patients with PAH who 
were in functional class III or IV were randomised to receive 
placebo or bosentan.57 The initial dose used was 62.5 mg 
twice daily for 4 weeks; thereafter either 125 mg or 250 mg 
twice daily dose was given for at least another 12 weeks. The 
mean effect of treatment on the 6MWT was a gain of 44 m in 
the overall study population and 52 m among patients with 
iPAH. Improvement was also seen in the time to clinical 
worsening. No dose-response effect on the efficacy could be 
ascertained. Similar response was seen in another RCT.58 
Sustained improvement at 6 months and 1 year in NYHA 
functional class and haemodynamic parameters was re-
ported by Sitbon et al. in an open label extension study with 
bosentan.59

Survival analysis of iPAH patients treated with oral bosen-
tan as first line therapy in 177 patients has been published in 
2005.60 The dose used was 125 mg twice daily in majority 
and the mean follow-up period was 2.1 ± 0.5 years. Kaplan-
Meier survival estimates were 96% at 1 year, 89% at 2 years as 
compared to the predicted survival of 69% at 1 year and 57% 
at 2 years with no specific treatment. According to the analy-
sis by McLaughlin, treatment with bosentan was considered 
superior to epoprostenol in 139 iPAH patients in WHO func-
tional class III.61 Oral bosentan has been proposed as a transi-
tion therapy in patients having severe side effects due to 
epoprostenol therapy. An uncontrolled study in children be-
tween 4 and 17 years of age with PAH (BREATHE-3) has con-
firmed the beneficial effects of bosentan as seen in adults. 
There was significant improvement in haemodynamics at 12 
weeks in the 18 children given either bosentan alone or with 
epoprostenol.62

Bosentan has also been used in mildly symptomatic 
adult patients with PAH in the EARLY trial.63 Although a sig-
nificant fall was seen in PVR, there was no significant change 
in 6MWT distance. Currently, this drug is perhaps best re-
served for patients with WHO or NYHA functional class III 
or more.

Bosentan is metabolised in the liver and may increase hepatic 
aminotransferase levels. In the BREATHE-1 study, increases in 
hepatic aminotransferases were seen in 10% of the subjects, 
and were found to be dose dependent and reversible after dose 
reduction or discontinuation.57 Elevation in liver enzymes to 
>8 times the upper limit of normal range occurred in 3% in 
those receiving 125 mg twice a day dose. Liver function tests 
must be performed at least once a month in those receiving 
bosentan. This drug is contraindicated in pregnancy due to its 
potential teratogenic effect. It is approved for use in NYHA/
WHO functional class III and IV PAH patients in USA, Canada 
and Europe. The drug has become available in India but is quite 
expensive for long-term use for most Indian patients.

Sitaxsentan and ambrisentan

These drugs are specific ETA receptor blockers and can be 
given orally once daily. Sitaxsentan was used in one RCT on 
178 patients with PAH in NYHA class II, III or IV.64 The drug 
was given over a period of 12 weeks. Improvement in exer-
cise capacity, haemodynamics and clinical events was seen. 
The incidence of abnormal liver function test was 0% for 
100 mg once daily and 9.5% for 300 mg once daily dose. 
Ambrisentan is currently being tested. It was shown to im-
prove exercise capacity in ARIES I and ARIES II study.65

Although hepatotoxicity seems to be less common in pa-
tients taking selective ETA receptors antagonists, cases of 
acute hepatitis have been described. Hence liver functions 
should be constantly monitored.

There is currently no data to establish the benefit of one 
ETRA over the other. Patients may prefer Ambrisentan due to 
its daily dosing and lower incidence of hepatotoxicity.

Type 5 phosphodiesterase inhibitors

Sildenafil

Inhibition of type 5 phosphodiesterase leads to increased 
concentration of cyclic guanosine monophosphate (cGMP) in 
the smooth muscles of the vessels leading to vasodilatation. 
Sildenafil is an orally active, potent selective inhibitor of 
cGMP-phosphodiesterase type 5, increasing the intracellular 
concentration of cGMP. Since, this enzyme is present in high 
concentration in pulmonary vasculature, sildenafil can reduce 
PAP in patients with PAH.66 Sildenafil proved to be a potent 
pulmonary selective vasodilator when used for treating PAH 
in animal experiments with very little fall in systemic pres-
sure.67 An acute vasodilatory effect on the pulmonary circu-
lation was seen in patients with iPAH when combined with 
inhaled iloprost in the study by Wilkens and colleagues.68 
The fall in PVR was dose dependent in this study using intra-
venous sildenafil during right heart catheterisation. In an-
other study, addition of sildenafil improved exercise capacity 
and pulmonary haemodynamics in patients who were dete-
riorating inspite of on-going inhaled iloprost therapy.69 These 
encouraging findings led to several RCT. Some of the trials 
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with sildenafil are summarised in Table 4. An observational 
study from India showed improvement in 6MWT distance 
and fall in right ventricular systolic pressure in 14 cases with 
severe PAH treated with sildenafil.70 The initial randomised 
controlled cross over trial carried out in 22 patients showed 
improvement in treadmill time, quality of life and cardiac out-
put.71 Similar study by Bharani and colleagues also reported 
significant improvement in exercise capacity, but no signifi-
cant improvement was found in the NYHA functional class.72 
Similar results are reported in 20 patients in another study, 
also from India.73 A much larger, double-blind, placebo-
controlled randomised trial is reported in the New England 
Journal of Medicine in 2005.74 In this multicentre Sildenafil 
Use in Pulmonary Arterial Hypertension (SUPER) study, 
278 symptomatic patients with PAH (idiopathic associated 
with connective tissue disease or with operated left-to-right 
shunts) were enrolled. These were randomised to placebo or 
sildenafil (20 mg, 40 mg, or 80 mg) orally 3 times a day for 12 
weeks. At the end of 12 weeks, 6MWT distance improved in 
all sildenafil groups. The mean placebo corrected treatment 
effects were 45 m (99% CI 21–70), 46 m (99% CI 20–72) and 
50 m (99% CI 23–77) for 20 mg, 40 mg and 80 mg of sildenafil, 
respectively (P < 0.001 for all comparisons). The WHO func-
tional class also improved in more patients on sidenafil than 
on placebo. Two hundred and twenty patients completed 
1 year of treatment with sildenafil monotherapy and the im-
provement in 6MWT distance from baseline at 1 year was re-
ported as 51 m. The PAP reduced and cardiac index improved 
with sildenafil. The drug was well tolerated with minor side 
effects. This study was not powered to assess mortality and 
there was no evidence of a dose-response relationship asso-
ciated with the primary end points in the 12 weeks study. It 
is possible that the lower dose of 20 mg 3 times a day is good 
enough for complete inhibition of phosphodiesterase type 5. 
In the long-term, a smaller dose may not be desirable when 
using in combination with bosentan as bosentan decreases 
the plasma level of sildenafil.75 SUPER-1 study was later ex-
tended as SUPER-2 study in which SUPER-1 subjects taking 
80 mg sildenafil 3 times a day for at least 3 years were fol-
lowed; the majority of these cases were in WHO functional 
class II–III.76 One hundred and seventy patients completed 
both studies and were followed for a median of 1242 days. 
Sixty percent of these patients either improved or maintained 

their functional class. Additional specific therapies were 
required in 3%, 10%, and 18%, at 1 year, 2 years, and 3 years, 
respectively. Those with a baseline 6MWT distance of <325 m 
and did not improve in SUPER-1 during the first 12 weeks 
fared worse in terms of survival.

One study has compared bosentan with sildenafil.77 Both 
drugs seem to be equally effective with a trend towards better 
improvement with sildenafil when 6MWT distance was 
compared.

Food and drug administration approved sildenafil for pa-
tients with PAH in any functional class only at a dose of 20 mg 
3 times a day. Sildenafil can be recommended as first line 
drug in patients with PAH in India, where other modes of 
treatment like prostenoid therapy, endothelin antagonists 
and lung transplantation are either not available or are pro-
hibitively expensive.

Recently intravenous preparation of sildenafil has become 
available and can be used for hospitalised patients who were 
on chronic oral sildenafil but are unable to take it orally.

In a recent open label study, the pharmacokinetic and 
pharmacodynamic effects of 10 mg of IV sildenafil were com-
pared to 20 mg of oral sildenafil and were found to be simi-
lar.78 tadalafil is another phosphodiesterase inhibitor which 
can be used once daily, data is emerging on the use of this 
drug.79 It has recently been used in Public Health Institutional 
Review, Submission Tracking (PHIRST) trial (PAH and re-
sponse to tadalafil). This trial was a 16-week, randomised, 
double-blind, placebo-controlled multicentre trial which 
studied the efficacy and tolerability of 4 doses of tadalafil on 
405 PAH subjects with and without background bosentan 
therapy.80 40 mg of tadalafil had significantly reduced the in-
cidence of clinical worsening and improved time to clinical 
worsening when compared to placebo. This drug improved 
exercise capacity in a dose dependent manner, but only the 
40mg dose met the pre-specified value for statistical signifi-
cance of <0.01. Haemodynamics also improved with 40 mg of 
tadalafil, although this data was available for 93 patients 
only. Better results were noticeable in tadalafil naive patients.

Presently there is little to choose between tradalafil and 
sildenafil. Although once daily dosing with tadalafil is more 
appealing, most of clinical experience is with sildenafil.

Nitrates are contraindicated in patients treated with phos-
phodiesterase inhibitors.

Table 4
Studies on use of sildenafil in pulmonary artery hypertension.

Author/yr Type of trial No. Duration                             Improvement in 

    6MWT/Ex time Func Cl PAP

Kothari, 200270 Observational   14 7.3 ± 2.4 mo Y Y Y
Sastry, 200471 RCT  22  6 wk Y Y N
Bharani, 200372 RCT   9  2 wk Y N Y
Singh, 200673 RCT   2  6 wk Y Y Y
Galie, 200574 RCT 278 12 wk Y Y Y
 (SUPER)

Func Cl: Functional class (NYHA/WHO/others), N: No, PAP: pulmonary artery pressure, RCT: randomised controlled trial, Y: Yes.
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The side effect profile for phosphodiesterase inhibitors 
includes headache, flushing, nasal congestion, dyspepsia, and 
myalgias, these effects are primarily due to the drug’s vasodila-
tory effects.

Investigational therapies

Nitric oxide

Inhaled NO is a potent selective pulmonary vasodilator that 
directly relaxes vascular smooth muscle through stimulation 
of soluble guanylate cyclase and increased production of 
cGMP. Nitric oxide lowers pulmonary pressures, improves 
haemodynamics and has been used in critical care setting.81 
However, its use has been limited by concerns regarding the 
toxicity of the gas and by the lack of a practical delivery system 
for long-term use.

L-arginine

L-arginine is essential in the production of NO and has been 
used for reducing PAP in some studies. Mehta et al. have re-
ported a reduction in PAP and PVR with L-arginine.82 These 
beneficial results have not been seen in other studies.

Vasoactive intestinal peptide

Vasoactive intestinal peptide inhibits platelet activation and 
proliferation of smooth muscle cells acting as potent pulmo-
nary vasodilator. In a small study, inhalation of this agent 
led to significant fall in PAP with functional improvement in 
8 patients with iPAH.83

Imitinib mesylate

Imitinib is a tyrosine kinase receptor blocker which prevents 
phosphorylation of PDGF and inhibits smooth cell prolifera-
tion. An animal study has reported its beneficial effect in 
reducing PAP in rat models with PAH.84 Clinical improvement 
with increase in 6MWT distance was seen in one case which 
did not respond to iloprost, bosentan, and sildenafil.85 Expe-
rience with this drug is limited to a few cases only in other 
reports also. An additional study evaluating the long-term 
safety and efficacy of imatinib in PAH is on-going

Riociguat

Since, the beneficial effects of phosphodiesterase inhibitors 
are mediated through soluble guanylate cyclase (sGC) and 
the second messenger cGMP, augmenting the NO pathway by 
direct stimulation of sGC can be another approach. Riociguat 
is such a drug that activates sGC independently of NO.86 This 
drug has been used in a phase II study in PAH patients. The 

drug appears promising as it improved 6MWT distance and 
haemodynamics. It was well tolerated.87 Phase III trials are 
currently on-going.

Dichloracetate

Dichloroacetate is another drug which has been used in ex-
perimental animals. It prevents and reverses monocrotaline-
induced PAH in rats. It has been shown to partially regress 
established PAH in mice. A phase I trial of this drug is cur-
rently underway in patients with PAH who are in functional 
class III–IV and are stable on other specific drugs.88

Other drugs

Statins may be useful by repressing vascular smooth muscle 
cell proliferation secondary to PDGF, as seen in rats with hy-
poxic PAH.89 However, this drug has not been used in human 
beings. Nikorandil has been used as potassium channel 
abnormalities are known in patients with PAH.90

Meta-analyses of drug therapy

Meta-analyses for drug treatment in PAH have been pub-
lished. One was reported in 2007 which included 16 RCT 
and 1962 patients.91 According to their results, limited bene-
fits were achieved for clinical end points, but no significant 
survival advantage could be demonstrated. A more recent 
meta-analysis addressed the all-cause mortality and survival.92 
Twenty-three RCT were included, majority of patients were 
in WHO class III. A reduction of 43% in overall mortality was 
demonstrable in patients randomised to active drug treat-
ment as compared to those randomised to the placebo arm 
(data from 21 trials). The benefit was seen with prostanoids, 
endothelin receptor antagonists and phosphodiesterase type 
5 inhibitors. Besides reduction in all-cause mortality, the func-
tional class and haemodynamic parameters also improved in 
those on drugs.

Combination therapy

Current therapies for PAH target the three known intracellular 
pathways; NO, prostacyclin and endothelin, which are known 
to be abnormal in patients with PAH. Therefore, it appears 
logical to use a combination of two or more drugs which act on 
different pathways especially in cases with incomplete re-
sponse to a single agent. This is similar to the situation in sys-
temic hypertension where a combination of drugs acting on 
different pathophysiological mechanisms results in better 
control of blood pressure than monotherapy. It is also possible 
that one pathway may play a more dominant role than others 
in pathogenesis of PAH and one drug may be more effective 
than the others. One can start with one drug and add the second 
in those with incomplete response. Alternatively two drugs 
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combination may be used to begin with and a third drug 
added later in those with insufficient clinical and haemody-
namic response. At present, the choice of the drug or the order 
in which drugs should be used is not clear due to lack of large 
trials addressing this issue. Combination therapy is also recom-
mended by “Consensus statement on the management of pul-
monary hypertension in clinical practice in UK and Ireland”.93

The use of initial or “upfront” combination therapy has been 
suggested for WHO class IV PAH patients in recent guide-
lines.94 However, there is limited data on the comparative ef-
ficacy of this strategy. The combination of sildenafil and inhaled 
iloprost was seen to cause more potent pulmonary vasodila-
tation than either agent alone.68 Similarly, patients who were 
deteriorating on iloprost therapy improved with addition of 
sildenafil.95 Similarly adjunctive therapy with bosentan and 
intravenous prostacyclin produced favourable, though statis-
tically non-significant, outcomes in a small study of 33 pa-
tients.96 On the other hand, another report indicated that 
addition of long-term treatment with sildenafil had minimal 
effects on functional class and right heart failure in 13 patients 
already receiving vasodilators for PAH (calcium channel 
blockers, epoprostenol or bosentan).97 There is no randomised 
trial addressing the issue of combination therapy in PAH. 
Non-randomised data from Hoeper et al. suggests that an ap-
proach using bosentan, sildenafil and iloprost in combination 
yields acceptable long-term results.98 These authors called it 
a goal-oriented therapeutic strategy. The study included 123 
patients with PAH. All of these were started on bosentan up 
to a maximum dose of 125 mg twice a day to achieve the 
therapeutic goals of: (a) a 6MWT distance >380 m; (b) a peak 
oxygen uptake >10.4 mL/min/kg; and (c) a peak systolic blood 
pressure during exercise of >120 mmHg. In those, not able to 
achieve these goals, sildenafil was added in a maximum dose 
of 50 mg 3 times a day. Similarly inhaled iloprost was given to 
the group which still did not achieve the therapeutic goals 
on combination of bosentan and sildenafil. Survival with 
this goal-oriented combination therapy was much better as 
compared to historic controls. A two drug combination was 
required in 43% and a three drug combination, in 16% of pa-
tients. Six patients did not achieve the desired goals even 
with triple drug regimen and were switched over to intrave-
nous iloprost (5) or underwent lung transplantation (1). The 
combinations were well tolerated.

The strategy of sequential addition of drugs appears to 
be promising, although additional studies, preferably RCTs 
are needed to confirm these results. In countries like India, 
one needs to explore the benefits of combining calcium chan-
nel blockers with sildenafil, since bosentan and prostacyclines 
are either not available or are too expensive.

Interventional procedures

Balloon atrial septostomy

Observational and epidemiologic studies have shown that 
Eisenmenger’s syndrome patients and patients with iPAH 
who have a patent foramen ovale had a better prognosis than 

those without intracardiac shunting.99,100 Because of these 
observations atrial septostomy has been used for patients 
with disabling right heart failure. Blade balloon atrial septo-
stomy was first reported by Rich in 1983 in patients with re-
fractory PAH.101 The presence of an atrial septal defect allows 
right to left shunting which increases systemic output result-
ing in an increased systemic oxygen transport despite a fall in 
systemic arterial oxygen saturation. The shunt at atrial level 
also allows for the decompression of the right atrium and 
right ventricle with improvement in signs and symptoms of 
right heart failure. A study in children with iPAH has demon-
strated a significant long-lasting benefit with clinical, haemo-
dynamic and survival advantage following blade-balloon atrial 
septostomy.102 In adults, a large series is reported by Sandoval 
and colleagues from Mexico.103 The atrial septum is first punc-
tured percutaneously. The septal defect is then gradually di-
lated using balloon catheters with incremental diameter of 
8–14 mm. Unfortunately, the procedure related mortality is 
high, varying from 5% to 15%. This high mortality may be due 
to the patient profile as this procedure is often done in severely 
ill cases as a palliative bridge to lung transplantation. Accord-
ing to Sitbon et al., a mean right atrial pressure >20 mmHg, 
PVR >55 units/m2, and a predicted 1 year survival <40% are 
significant predictors of procedure related deaths.28 Currently 
the indications for atrial septostomy may be recurrent syn-
cope or right heart failure despite maximal medical therapy 
including intravenous prostacyclin’s. This procedure may 
have more relevance in India since treatment with other 
modes of therapy, i.e. drugs and lung transplantation has 
limited scope. The data from the All India Institute of Medical 
Sciences by Kothari et al. reports improvement in clinical sta-
tus and haemodynamic variables in 11 patients with severe 
PAH.104 However, the procedure related mortality was high at 
18.2%. Authors suggested that the procedure was high-risk in 
very sick patients and hence balloon atrial septostomy may 
be advocated early in the course of the disease. Atrial septo-
stomy should be performed only in specialised centres to 
reduce procedure related risks.

Lung transplantation

For patients with PAH who cannot be managed medically, 
lung transplantation remains the ultimate alternative. Heart-
lung, single lung and double lung transplantations have been 
performed successfully in patients with iPAH.105,106 These 
modes of treatment have been assessed in uncontrolled se-
ries since RCTs are unethical. Survival is reported to be 65%, 
55%, and 44% at 1 year, 3 years, and 5 years, respectively.107,108 
Lung transplantation is indicated in PAH patients with ad-
vanced functional class III and IV. The problem of donor 
shortage makes this mode of therapy relatively difficult even 
in western countries. Bilateral lung transplantation is gener-
ally preferred due to less postoperative complications. Func-
tional recovery is generally good after lung transplantation, 
but long-term survival has been limited by the high preva-
lence of chronic allograft rejection.103 No relapse of PAH has 
been reported.
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The choice of whether to perform heart-lung or bilateral 
lung transplantation is largely dependent on centre policy 
and donor availability. Both techniques have a range of advan-
tages and disadvantages, but overall survival rates have been 
reported to be similar. It is claimed that heart-lung transplan-
tation is less likely to result in death from obliterative bron-
chiolitis.109 Generally, heart-lung transplantation is performed 
when there is either significant impairment of cardiac func-
tion (inotrope dependence) or PAH is secondary to a complex 
congenital heart disease.110

Treatment algorithm

Treatment algorithm have been published for WHO functional 
class III and IV patients based on the grade of recommendation 
and the level of evidence as derived by the clinical trials. How-
ever, very little data is available for class I and II patients on the 
most appropriate treatment strategy. Perhaps calcium channel 
blockers should be used in those who show vasoreactivity in the 
cardiac catheterisation lab, as these drugs are relatively safer.

Before initiating treatment, all efforts should be made to 
diagnose the underlying condition which may be responsible 
for PAH in a given case.

The suggested approach includes the adoption of general 
measures as described earlier and initiation of therapy with oral 
anticoagulants (if no contraindication), diuretics (if fluid reten-
tion), supplemental oxygen (if hypoxaemia) and digoxin (in 
those with refractory right heart failure and/or supraventricular 
arrhythmias). All such patients should be referred to a special-
ised centre for treatment. Acute vasoreactivity testing should be 
undertaken and the patients with positive response should be 
treated with maximal tolerated dose of calcium channel block-
ers. The dose should be increased in a stepwise fashion. 

Non-responders who remain in functional class III or IV should 
be considered for treatment with bosentan or prostanoid. In 
India, perhaps sildenafil should be the first drug to be used in 
non-responders. For class IV patients, intravenous epoproste-
nol is recommended as survival benefit has been demonstrated 
with this drug. Combination therapy is recommended for those 
who fail to improve on monotherapy. In children who respond 
to a specific treatment, the survival is usually better than in 
adults. On the other hand, if they fail to respond to the avail-
able drugs, their survival is often shorter than that of adults.

In an earlier issue of the European Respiratory Review, a 
strategy of goal-oriented therapy has been recommended.111 
In this review, prognostic indicators of survival are used as 
treatment targets. Setting of WHO functional class II rather 
than class III as a treatment goal is likely to improve survival. 
Hence, it is important to escalate therapy even if a given case 
has improved from class IV to III. A future treatment trend may 
be to start therapy upfront with double or triple combination 
therapy, more so for patients in the advanced stage of the 
disease who represent a particularly challenging population.

Balloon atrial septostomy and/or lung transplantation are 
indicated for refractory PAH cases or where medical treatments 
are unavailable. These procedures should be done in centres 
with expertise available. Again, balloon atrial septostomy may 
have a more important role in our setup, especially for cases 
with recurrent syncope, if their oxygen saturation is good. 
The suggested treatment algorithm for Indian patients is 
shown in the Figure 1.

Prognosis

The natural history has been significantly modified by available 
therapies. In a recent study of American and French cohorts, 

Continue calcium
channel blockers

Transplantation (IV prostanoids)

Atrial septostomy

Combination of drugs

NoYes

Conventional treatment
Anticoagulants ± diuretics ± oxygen ± digoxin

Acute vasodilator response

Responders

Sustained response

Calcium channel blockers
Nifedipine, Diltiazem 

Functional class

Non-responders

Sildenafil
Tadalafil
Bosentan

Ambrisentan

Class IV

Class II/III

Figure 1 Treatment algorithm.
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3-years survival rates have increased to 58–72%.112,113 In gen-
eral, PAH secondary to connective tissue diseases, particu-
larly systemic sclerosis, have a worse prognosis than those 
with idiopathic PAH. Those with PAH due to congenital heart 
disease have a better prognosis.

Conclusion

Presently PAH is an incurable condition and is generally diag-
nosed late in the course of the disease. Pulmonary artery hy-
pertension is not a diagnosis per se and it is necessary to fully 
evaluate all such patients to rule out an underlying cause which 
may be amenable to successful treatment. Several effective 
treatments are available, but a step wise treatment strategy 
must be applied. All patients require a careful on-going clinical 
assessment to determine if the drug dosage needs to be in-
creased or use of additional modality of treatment is required. 
Over the past several decades, our understanding of patho-
physiology has improved. This has led to introduction of new 
drugs and regimens, which have been tested in RCTs. Increasing 
data is emerging for use of upfront combination therapy using 
a drug from each class of drug rather than sequential therapy, 
especially for those in WHO functional class III or IV.

The on-going research in multiple directions is likely to re-
sult in emergence of advances in the diagnosis, treatment 
and prognosis for this devastating disease in the next decade. 
However, much more research is required to assess the impact 
of drug therapy over long-term follow-up.
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Introduction

Regardless of the improvements in the design of prosthetic 
heart valves and the use of anticoagulation, systemic embo-
lism and valve thrombosis remain the most dreaded compli-
cations of mechanical heart valve replacement. The safety of 
thrombosis during pregnancy is not clear. Thrombosis of left-
sided prosthetic valves is an uncommon yet a potentially se-
rious complication. Thrombolytic therapy has been proposed 
as an alternative to surgical methods in treating this condition.

Case report

A 25-year-old woman, primigravida in first trimester of 
pregnancy (10 weeks) presented with history of progressive 
dyspnoea of 2 days duration. Her dyspnoea had progressed 
rapidly over 2 days to New York Heart Association (NYHA) 
class IV symptoms at admission. Her past medical records re-
vealed that she had undergone percutaneous balloon mitral 
valvotomy at the age of 8 years and closed mitral valvotomy 
at the age 11 years for severe rheumatic mitral stenosis. At 

19 years of age she underwent mitral valve replacement (MVR) 
for progressive dyspnoea and mitral valve restenosis. The 
mitral valve was replaced with St Jude bileaflet mechanical 
prosthetic valve. She was on regular oral anticoagulant (war-
farin) with an acceptable international normalised ratio (INR). 
As soon as the pregnancy was anticipated, oral anticoagulant 
was switched over from warfarin to heparin. She was on regu-
lar follow-up with acceptable levels of anticoagulation (60–80 
seconds aPTT [activated partial thromboplastin time]).

On admission, physical examination revealed tachypnoea 
(48 breaths/min) with tachycardia (158 beats/min) and arterial 
hypotension (70/50 mmHg). She had no neurological deficits. 
Breath sounds at lung bases were severely decreased with 
moist rales in the lower two-thirds bilaterally. Cardiovascular 
system examination showed raised jugular venous pulse with 
muffled prosthetic valve click with grade II mid-diastolic mur-
mur at the apex.

Together with the clinical scenario and examination find-
ings, clinical diagnosis of prosthetic mitral valve thrombosis 
with pulmonary oedema was made.

Electrocardiogram (ECG) revealed sinus tachycardia and 
chest radiography revealed mild cardiomegaly with interstitial 
pulmonary oedema. Blood analysis revealed haemoglobin of 
10.2 g/dL. All other routine biochemical parameters were 
normal.

A B S T R A C T

Regardless of the improvements in the design of prosthetic heart valves and the use of anticoagula-
tion, systemic embolism and valve thrombosis remains the most dreaded complications of mechani-
cal heart valve replacement. A course of thrombolytic therapy may be considered as a first-line 
therapy for prosthetic heart valve thrombosis. The safety of thrombolysis in early pregnancy is not 
known. We describe a primigravida with mitral valve replacement status presenting with acute 
prosthetic valve thrombosis and treated successfully with intravenous streptokinase.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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On admission, transthoracic echocardiograms (TTEs) were 
performed which showed a normal left ventricular systolic 
function and a significantly enlarged left atrium (56 mm). 
The mechanical mitral valve prosthesis leaflet motion was 
restricted with turbulent flow (Figure 1A, Video 1, 2) and esti-
mated mitral inflow mean gradient of 26.7 mmHg (Figure 1B). 
A large hyperechoic mass measuring 4.5 × 4.0 cm2 attached to 
valve and extending into the left atrium compatible with the 
recently formed thrombus was noted. The pulmonary artery 
systolic pressure was 82 mmHg. Besides, radiographic fluor-
oscopy also revealed a reduced opening of the mitral valve 
prosthesis.

Due to the patient’s poor clinical status, the decision for 
acute thrombolytic treatment versus immediate valve sur-
gery was made in agreement with our cardiac surgeons. The 
patient’s informed consent was obtained. Thrombolytic ther-
apy was considered using streptokinase with 250,000 IU over 
30 minutes infusion and 100,000 IU/hr infusion was contin-
ued for the next 24 hours. The other supportive measures 
like inotropic and diuretic support were instituted. Imme-
diately at the end of the thrombolytic infusion, the patient’s 
clinical status improved significantly. The repeat echocardi-
ography after 24 hours showed gained opening of mitral valve 
disc prosthesis with significantly reduced gradient across the 
mitral valve (Figure 2A). The repeat mean inflow gradient 
across the mitral valve was 6 mmHg (Figure 2B). There 
was clearance of left atrial thrombus. Thereafter, anticoagu-
lation using unfractionated heparin with strict monitoring of 
aPTT values was performed. During the second trimester of 

pregnancy heparin was switched over to warfarin with fre-
quent monitoring of INR. Foetal well-being was monitored at 
frequent intervals throughout the pregnancy with foetal echo-
cardiography. A week prior to delivery, warfarin was again 
changed over to unfractionated heparin. She gave birth to a 
full-term normal male baby through vaginal delivery. The baby 
was apparently healthy with no congenital defects. At 1 year 
follow-up both baby and mother are healthy.

Discussion

The most dreaded complications following mechanical pros-
thetic valve replacement are dehiscence/disruption/dysfunc-
tion, infection, embolism, and thrombosis. Thrombosis of a 
mechanical prosthetic valve is a particularly pernicious com-
plication because it is often associated with embolism and/or 
life-threatening deterioration in the patient’s clinical status.1 
Thrombotic prosthetic valve occlusion is an uncommon but 
a serious complication that has been reported to occur in 
0.5–8% of the left-sided mechanical prosthetic valves and in 
up to 20% of tricuspid prostheses.2–4

Lengyel and Laszlo concluded that anticoagulation was in-
adequate in 82% of patients with prosthetic valve thrombo-
sis.5 It is believed that pregnancy-related changes exaggerate 
the blood coagulation reaction in mothers, which leaves them 
more vulnerable to thrombosis. Therefore, a more strict con-
trol of anticoagulation therapy is necessary for those patients 
who have used a mechanical valve.

A B

Figure 1 (A) Transthoracic echocardiogram showing turbulence across mitral valve prosthesis with large left atrial thrombus. (B) Continuous 
wave Doppler recording across prosthetic mitral valve (mean gradient 26.7 mmHg).

A B

Figure 2 (A) Post-thrombolysis reduced turbulence across mitral valve prosthesis. (B) Post-thrombolysis continuous wave Doppler recording 
across prosthetic mitral valve showing significantly reduced gradient (mean gradient 6 mmHg).
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In general, prosthetic valve thrombosis (PVT) develops 
more frequently at the mitral valve position than at the aortic 
valve position. This tendency is more exacerbated by preg-
nancy. There is limited data available on the safety of throm-
bolysis for PVT during pregnancy.6

Prosthetic valve thrombosis should be kept in mind for 
patients with a history of new or worsening symptoms. The 
clinical presentation of PVT may vary from dyspnoea, em-
bolic events, and symptoms of cardiac insufficiency, to cardio-
genic shock and pulmonary oedema.

The differentiation between pannus and thrombus forma-
tion as the underlying aetiology of valve dysfunction is essen-
tial. Doppler echocardiography is currently the non-invasive 
method of choice for evaluating prosthetic valve function; 
however, it cannot provide any further information concern-
ing the nature of the obstruction. Transoesophageal echocar-
diogram (TEE) has been shown to have a diagnostic accuracy 
superior to that of TTE.7

The ideal management of PVT is still controversial. Accord-
ing to American Heart Association (AHA) recommendations, 
surgery is the preferred treatment for left-sided PVT.8 Many 
authors recommend against using thrombolytic therapy (TT) 
in patients with left heart prostheses, as it carries a high-risk 
of precipitating cerebral or peripheral embolism and the 
rethrombosis rate is higher.9

Fibrinolytic therapy has emerged as a promising alterna-
tive to surgery, particularly in critically ill patients. Success 
rates ranging from 75% to 88% have been described.10 In a re-
view of 200 articles on thrombolysis in PVT of left chambers, 
Lengyel et al. found an initial success rate of 82%, with a 
thromboembolism rate of 12% and mortality rate of 10%.11

Pregnancy due to its physiological changes is a procoagu-
lant state. The rate of cardiac valve prosthesis thrombosis, 
deep venous thrombosis, and pulmonary embolism are all in-
creased. Thrombolytic therapy with tissue plasminogen acti-
vator (rt-PA) is an approved therapy for ischaemic stroke, 
myocardial infarction, pulmonary embolism, and thrombosis 
of cardiac valve prosthesis. However, there are no data avail-
able from randomised controlled trials in pregnant patients.

The safety of thrombolytic therapy in pregnancy is still not 
known. However, permanent sequelae have not been ob-
served in children born after maternal thrombolytic therapy 
or in foetuses aborted for reasons unrelated to thrombolytic 
therapy.12 The complication rate of thrombolytic treatment 
does not seem higher in pregnant women than in the non-
pregnant population, and complications occur mostly when 
thrombolytic therapy is administered intrapartum and if 
given concomitantly with heparin or oral anticoagulants.13

Our patient having developed PVT in spite of satisfactory 
anti coagulation level may be precipitated by the hypercoagu-
lable state of pregnancy. She received successful thromboly-
sis with streptokinase and had a normal delivery at full-term.

Conclusion

Left-sided PVT is potentially a life-threatening medical emer-
gency. Since, pregnancy is a prothrombotic state more strict 
control of anticoagulation therapy and frequent monitoring 
is necessary for those patients who have used a mechanical 
valve. Thrombolytic therapy can be a safe alternative to sur-
gery even during pregnancy.
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Introduction

Submitral aneurysm of the left ventricle (LV) though rela-
tively unknown is a widely recognised cardiac pathology of 
varied aetiology. Reported for the first time in Nigeria and 
other African nations, this disease is more prevalent among 
the black Africans.1 While this racial predilection is still prev-
alent, cases have been described in patients of other races 
from different parts of the world including India. Patients with 
submitral aneurysm exhibit varied clinical manifestations,2–4 
and are reported to have poor surgical outcome. We report 
a young female with a large submitral aneurysm of the LV 
who presented in cardiogenic shock.

Case report

A 27-year-old female presented with a history of severe retro-
sternal chest pain with progressive breathlessness of 2-week 
duration and a low-grade intermittent fever-associated with 
these symptoms. She was referred with the diagnosis of peri-
cardial effusion causing cardiac tamponade, and already on 
anti-tubercular drugs. On general examination, heart rate 
was 110/min, blood pressure 86/60 mmHg, with cold and 
clammy extremities. Cardiovascular examination revealed soft 
heart sounds without any audible added sounds. She had low 

haemoglobin count (8.6 g/dL), high total counts (17,600/mm3 
of blood) with polymorphonuclear leucocytosis, and positive 
C-reactive protein. Resting electrocardiogram (ECG) showed 
sinus rhythm with low-voltage complexes, and chest radio-
graph revealed grossly enlarged cardiac silhouette with a car-
diothoracic ratio of 18/25.5 cm, straight left cardiac border 
and normal pulmonary vasculature. Transthoracic echocardi-
ogram (TTE) revealed moderate pericardial effusion without 
cardiac tamponade with preserved LV function. Of signifi-
cance was the presence of an aneurysmal dilatation of the 
LV in its posterior area adjacent to the mitral valve with 
an ostial communication between the aneurysm and this 
cardiac chamber. Transoesoph ageal echocardiography (TEE) 
confirmed the findings (Figure 1A). Computed tomography 
(CT)-angiogram showed a large aneurysm of the LV arising 
from the posterolateral wall with a wide neck situated close 
to the mitral valve. There was moderate pericardial and right 
pleural effusion with a mild degree of mediastinal lymphad-
enopathy. Coronary arteries were reported as normal. Since, 
cardiac catheterisation could not be performed due to rapid 
deterioration of the patient’s condition, surgical treatment 
was opted for.

Surgery was performed under cardiopulmonary bypass. 
During surgery, the inspection after median sternotomy re-
vealed inflamed pericardium with thick exudates. A large an-
eurysm was visible involving the posterolateral wall of the LV, 
measuring 10 × 8 cm with part of the posterior wall adherent 
to the pericardium (Figure 2A). The neck of the aneurysm 
was wide measuring 5.5 cm with distinctly visible chordae 

A B S T R A C T

Submitral aneurysm is a rare cardiac pathology of uncertain origin with varied clinical manifesta-
tions. Recent studies have revealed a congenital basis of this pathology, although genetic link has 
been suspected because of the racial predilection. The other suggested aetiologies are infection 
and inflammation. The case reported here is that of a young female with a large submitral aneu-
rysm presenting in a state of cardiogenic shock. In addition, the presence of raised inflammatory 
parameters indicates that the cause of origin of this aneurysm is related to inflammation. 
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and papillary muscles through it (Figure 2B). The aneurysm 
was repaired using a Dacron patch with excision of the excess 
tissue (Figure 1B). The patient came out of the cardiopulmo-
nary bypass, and was able to maintain good haemodynamics 
during the first postoperative day. However, she developed 
hypotension on the third postoperative day with a gradual 
decrease in urine output. Her condition continued to deterio-
rate despite maximum inotropic support, and the patient 
expired on the fifth postoperative day.

Microscopic examination of the recovered tissue from 
the aneurysm showed variable myocyte hypertrophy and 
interstitial fibrosis. There was marked interstitial infiltrate 
comprising lymphocytes, histiocytes, and high proportion of 
eosinophils without any granuloma or caseous necrosis. All 
these features were in favour of hypersensitive or eosinophilic 
myocarditis.

Discussion

Submitral aneurysms are rare and have been described for 
the first time by Abrahams et al. among the black African 

population.1 They are diseases of obscure origin with rare 
and varied causes. Genetic cause has been suggested because 
of racial predilection.5 Submitral aneurysm associated with 
Takayasu’s arteritis6 and tubercular pericarditis7 has been re-
ported, suggesting the role of infection and inflammation in 
the pathogenesis of this disease. On the other hand, reports 
of non-infectious and non-traumatic aneurysms support the 
notion that the submitral aneurysms result from a congenital 
defect in the mitral valve ring. This fact is supported by the 
findings that submitral aneurysms occur only underneath 
the posterior leaflet of the mitral valve and below the inter-
mediate portion of the left aortic sinus.8 This is contrary 
to the occurrence of sinus of Valsalva aneurysms, which can 
involve any of the sinuses. Additionally, there are foetal echo-
cardiographic evidences to confirm the congenital origin of 
many of these aneurysms.9

The basic pathology in these lesions has been described 
as a disjunction between the LV musculature and the left 
atrium-mitral valve region due to the disturbance of complex 
embryogenesis, which ties up the left atrium, LV and the 
mitral valve ensuring electrical isolation.10 In a recent study, 
Nayak et al. described a submitral membranous curtain as 
the potential anatomical basis of these aneurysms.10 This 
membrane, which extends along varying lengths of the pos-
terior annulus beyond the posteromedial commissure, forms 
an area of potential weakness. Infection of this inherently 
strong area may predispose to aneurysm formation.11 The ex-
tent of the involvement in the aneurysmal process can vary 
from a small area to the entire region of the posterior mitral 
annulus.11 Based on this, DuToit et al. classified submitral 
aneurysm into 3 types, namely Type I—single localised neck; 
Type II—multiple necks (separate distinct openings); Type III—
involvement of the entire mitral annulus.11

Patients with submitral aneurysms may be asymptomatic 
or present with mitral insufficiency with or without LV dys-
function. They may present with myocardial ischaemia sec-
ondary to the compression of left main artery,2 left circumflex 
artery,12 thromboembolism,13 and arrhythmias.3,14

The case reported here is a large submitral aneurysm pre-
sented in a state of cardiogenic shock. This could be due to 

A B

Figure 1 (A) Transoesophageal echocardiogram showing a large submitral aneurysm. (∗) indicates the aneurysm; (#) indicates the left ven-
tricle; small arrows indicate the mitral valve. (B) Transoesophageal echocardiogram immediately after surgery showing the Dacron patch 
(thick arrow) used during surgery to repair the aneurysm.

A B

Figure 2 (A) Intra-operative picture image of the submitral aneu-
rysm (black star) after opening the pericardium. (B) Intra-operative 
picture image after exposing the neck of the aneurysm (small black 
arrows), showing the papillary muscle with its chordae within the 
aneurysm.
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the inadequate stroke volume secondary to stealing of a large 
part of it into the aneurysm. In addition, inflammatory nature 
of the origin of the aneurysm was evident by the elevated 
inflammatory parameters.
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Introduction

Left main coronary artery (LMCA) involvement has been re-
ported after cardiac coronary catheterisation1,2 or after cannu-
lation for cardioplegia during open heart surgery. It has also 
been reported after aortic valve replacement (AVR)3–7 which 
involves the ostium. In such a condition repeat surgical inter-
vention is of a very high-risk. Percu taneous coronary inter-
vention (PCI) appears most suitable, albeit keeping in mind 
that standby surgical back-up may not be feasible. We report 
an unusual case of tight left main bifurcation stenosis in a left 
dominant system, shortly following AVR that was treated 
successfully with PCI and stenting.

Case report

A 43-year-old young lady presented to hospital triage with 
chest discomfort and perspiration. She had closed mitral 

valvotomy (CMV) in 1994 and AVR with tilting disc in June 
2007 in another place. She had presented to the same facility 
with unstable angina (Braunwald class III B2) in October 2007 
and was managed with nitrates, beta-blockers, clopidogrel, 
aspirin, atorvastatin, and oral anticoagulants. Her coronary an-
giogram showed tight left main bifurcation stenosis in left 
dominant system. She was advised early revascularisation for 
which she was transferred to this facility on inotropic support.

Examination revealed a small built short stature lady, with 
on-going chest discomfort and perspiration. She had moist skin 
with pulse rate of 100/min and blood pressure of 90/60 mmHg 
on inotropic support. She had soft heart sounds and a pros-
thetic sound with short ejection systolic murmur over aortic 
area. Auscultation of chest revealed normal respiratory sounds 
and other systemic examination were unremarkable. Electro-
cardiogram (ECG) showed left ventricular hypertrophy (LVH) 
with ST depression in anterolateral leads. Chest radiograph 
showed normal cardiac silhouette with sternal wires and 
had no signs of pulmonary venous congestion. Echo revealed 
hypertrophied left ventricle and a prosthetic aortic valve nor-
mally functioning (peak-to-peak gradient of 25 mmHg, no 
regurgitation) and mild mitral stenosis (mitral valve area of 

A B S T R A C T

A 43-year-old young lady had closed mitral valvotomy (CMV) in 1994 and aortic valve replace-
ment (AVR) in June 2007. Shortly thereafter, she presented with unstable angina in October 2007 
with on-going pain and haemodynamic instability. Coronary angiogram showed tight left main 
bifurcation stenosis in a left dominant system. Having had open heart surgery (AVR) recently, and 
being on oral anticoagulation, with on-going ischaemia and unstable haemodynamics, percutane-
ous coronary intervention (PCI) was considered the most suitable option. She underwent success-
ful PCI with two drug-eluting stents (T-stenting) to left main bifurcation through transradial 
approach and intra-aortic balloon support. Clinically she remained symptom free and coronary 
angiogram after 5 months and 15 months of follow-up showed patent stents. This case demon-
strates the acute effectiveness of PCI for the treatment of critical left main disease following open 
heart surgery in patients who are not appropriate surgical candidates.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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2.3 cm2) but no regurgitation. There were no regional wall 
motion abnormalities. The prothrombin time international 
normalised ratio (INR) was 2.7 and troponins (qualitative 
bedside assay) were negative on admission.

Due to continuing ischaemic symptoms and haemody-
namic instability, physician, interventionist, cardiac surgeon, 
discussed with patient and her family members the possible 
modes of management and interventions. The option of re-
peat surgical intervention at such a short interval carried 
unacceptably high peri-operative mortality. Ultimately the 
decision was made to proceed with PCI.

In catheterisation laboratory, intra-aortic balloon pump 
(IABP), catheter was inserted through right femoral access, 
using 8F catheter (Data scope, Fairfield, NJ, USA), in view of 
haemodynamic instability and on-going ischaemia. Heparin 
(unfractionated) bolus dose and Abxicimab (bolus plus infu-
sion) were administered according to body weight. Left fem-
oral access was kept free for percutaneous cardio-pulmonary 
support if need arises. Under conscious sedation, after radial 
access, 6F sheath (Terumo Corp, Tokyo, Japan) was inserted. 
The 6F sheath was exchanged for 7Fr sheath (Cordis Corp., 
Miami, Florida, USA) to facilitate use of 7Fr Guide and hence, 
make easier simultaneous use of two balloons or stents. Left 
main coronary artery was then engaged with a 7Fr Launcher 

Judkins left catheter (Medtronic Inc. Minneapolis, MN, USA). 
Check angiogram showed tight LMCA bifurcation lesion 
(Figures 1A and B). The LMCA lesion was crossed with 0.014,
190 cm Allstar wire (Abbott Vascular, Santa Clara, CA, USA) 
into left anterior descending artery (LAD) and another 0.014,
190 cm Allstar wire into left circumflex artery (LCX). The 
LMCA-LAD lesion was then dilated with 2.5 × 13 Fortis balloon 
(Kaneka Corporation, Osaka, Japan) at 12 atmosphere (atm) 
and stented with 3.5 × 18 Cypher select plus (Cordis Corp., 
Miami, Florida, USA) at 14 atm. Check angiogram showed 
pinching of LCX ostia. The wires in LAD and the jailed wire in 
LCX were exchanged. The LCX ostium was then dilated with 
2.5 × 13 Fortis balloon. The Cypher select stent in LMCA-LAD 
was then dilated with 4 × 8 non-compliant Fortis balloon at 
18–26 atm. After kissing balloon dilatation with 4 × 8 Fortis 
non-compliant balloon and 3 × 15 semi-compliant Xtram-
Way balloon (Blue Medical Helmond, Netherlands), LCX ostia 
showed residual stenosis. T stenting was done to LCX branch 
with 3.5 × 15 Xience V (Abbott Vascular, Santa Clara, CA, USA) 
at 12 atm. Final kissing balloon dila tation was then done 
with 3.5 × 12 Fortis and 3.5 × 15 NC Mercury (Abbott Vascular 
Instruments, Deutschland GmbH, Germany) non-compliant 
balloons in LMCA-LAD and LMCA-LCX at 20 atm. Final angi-
ogram showed no residual stenosis (Figures 2A and B).

A B

Figure 1 (A) Anterior–posterior view and (B) left anterior oblique caudal—spider view: distal left main bifurcation tight stenosis before angio-
plasty (tight blocks shown by arrow).

A B

Figure 2 (A) Anterior–posterior view and (B) left anterior oblique caudal—spider view: left main after angioplasty and T stenting (shown by 
arrow for comparison).
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Heparin bolus was administered at the start of the proce-
dure and was repeated as necessary to target activated clot-
ting time (ACT) of 250–300 seconds. Abxicimab infusion was 
continued in recommended doses as per body weight. Radial 
sheath was removed on the operation table itself after the 
completion of the procedure.

After PCI, there was better control of blood pressure, no 
angina and ECG remained the same as before procedure. The 
IABP was removed after 48 hours. She was on low molecular 
weight heparin (LMWH)—enoxaparin (1 mg/kg twice daily) 
and oral anticoagulation was re-initiated, overlapping with 
LMWH till INR of 2.0 reached. She had an uneventful recov-
ery and subsequently discharged on 4th day on beta-blockers 
(metoprolol 50 mg/day), atorvastatin (40 mg/day), oral antico-
agulation and a combination of dual anti-platelet regime of 
aspirin 75 mg and clopidogrel 75 mg/day.

She had been on regular clinical follow-up and did not 
have any recurrence of angina and had good exercise toler-
ance. Anticoagula tion status was maintained in targeted INR 
of 2–3. At 5 months and 15 months, repeat coronary angi-
ogram was done through transfemoral arterial access, which 
showed both drug-eluting stents (DES) to be patent with no 
loss of lumen (Figures 3A, B and 4A, B).

Discussion

Left main coronary artery reacts unfavourably to any traumatic 
injury to intima with severe obstructive stenosis. The LMCA 
stenosis has been reported after catheterisation or PCI,1,2 pos-
sibly induced by catheter tip injury. After open heart surgery 
like AVR,3–6 left main coronary artery stenosis occur possibly 
from injury by cardioplegia cannula or placement of prosthetic 
valve ring. Most reported cases have been ostial in location. 
Whatever be the mechanism of involvement, treatment of 
such a case remains challenging. Coronary artery bypass sur-
gery (CABG) remains the proven standard management for 
LMCA stenosis. Although recently PCI with DES implantation 
in LMCA disease in cases with increased surgical risk has 
shown encouraging results.8,9

Percutaneous coronary intervention of distal LMCA disease 
involving ostium of LAD and/or LCX has been a challenging 
subset compared to LMCA ostia or mid-shaft disease. Apart 
from being technically challenging with the use of two stents, 
the long-term outcome have also been reported to be less 
favourable, and inconsistent.10–12 Target lesion revascularisa-
tion (TLR) and target vessel revascularisation (TVR) ranged 
from 2% to 38% and cardiac mortality from 0% to 11%.10 A single 

A B

Figure 3 (A) Anterior–posterior view and (B) left anterior oblique caudal—spider view: left main coronary artery after 5 months of angioplasty 
with T stenting showing patent stents (shown by arrow for comparison).

A B

Figure 4 (A) Anterior–posterior view and (B) left anterior oblique caudal—spider view: left main coronary artery after 15 months of angioplasty 
with T stenting showing patent stents (shown by arrow for comparison).
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centre retrospective observational study reported 5% incidence 
of in-hospital complication with use of DES in unprotected 
LMCA disease. Event-free survival has been 66% at 28 months.8 
Inconsistency in PCI results of LMCA disease in various series 
has been attributed to variability in baseline and angiographic 
characteristics like location of left main disease (ostial, main 
stem, or bifurcation), various bifurcation strategies amongst 
operators in current available reports, lack of commercially 
available DES of sufficient size to match large diameter left 
main segments, and uncertainty regarding the duration of 
clopidogrel therapy.8,10,12 The results for LMCA stenting have 
been more unfavourable when involving bifurcation, requiring 
two stents. Rest enosis in such cases, has a predilection for os-
tium of circumflex10 and can result in sudden death. However, 
the role of surveillance angiography is controversial.10

Complexity of this case was not only because of involve-
ment of left main bifurcation of left dominant system, but 
also the clinical scenario in toto. Clinical instability in the form 
of on-going ischaemia and lower pressure indicated higher 
risk for procedural outcome. Use of IABP, in such cases im-
proves the outcome. Percutaneous cardio-pulmonary support 
was considered as an added option to supplement haemody-
namic support if need arises.

Stenting to left main in this particular case was done 
through transradial approach, using two DES. Approach of 
provisional T stenting was preferred over simultaneous kiss-
ing stents in view of better long-term results with former. 
Final kissing balloon inflation was done at high pressure 
using non-compliant balloons. Intravascular ultrasound (IVUS) 
though recommended to ensure stent expansion and apposi-
tion and assess peri-stent dissection10 was not done in this 
case due to its unavailability at that time. Repeat angiography 
after 5 months and 15 months showed gratifying results.

Recently published SYNTAX study failed to demonstrate 
non-inferiority of PCI over CABG in 1 year of follow-up of 
patients with three-vessel or LMCA disease.13 Mostly this 
was because of need for repeat revascularisation, and hence 
major adverse cardiac or cerebrovascular events were signifi-
cantly higher in the PCI group. Rates of death and myocardial 
infarction were similar between the two groups, but stroke 
was significantly more likely to occur with CABG. The CABG 
was concluded to be the standard of care for patients with 
three-vessel or LMCA disease with lower rates of the com-
bined end point of major adverse cardiac or cerebrovascular 
events at 1 year. This case however, demonstrates the acute 

effectiveness of PCI for the treatment of critical left main dis-
ease following open heart surgery like AVR. The PCI should 
be reserved for cases like these who are not attractive surgi-
cal candidates and perhaps those with low SYNTAX score. 
Short-term angiographic follow-up at the end of 15 months 
shows good result.
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Case report

A case of arrhythmogenic right ventricular cardiomyopathy—Naxos disease
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A B S T R A C T

We present a case of arrhythmogenic right ventricular cardiomyopathy (ARVC)—Naxos disease. The 
patient is 21-year-old male with no history of previous heart disease admitted in a private hospi-
tal for rhythm disorder in heart. The condition was diagnosed as ventricular tachycardia (VT) and 
was treated with cardioversion. The patient was referred to our hospital for further evaluation. On 
examination patient had palmoplantar keratoderma, wooly hair, and dystrophic nails. The cardio-
vascular system examination was clinically normal. His electrocardiogram showed epsilon wave 
in lead V1; echocardiography showed hypo-echogenic tissues in the right ventricular (RV) apex 
and free wall; magnetic resonance imaging (MRI) investigation revealed fibrofatty replacement of 
RV free wall and dyskinetic RV wall with diastolic outbulging.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

Arrhythmogenic right ventricular dysplasia (ARVD) is a car-
diomyopathy characterised by fibrofatty degeneration of the 
myocardium with progressive myocardial dysfunction, elec-
trical instability, and sudden death. It is an inherited disorder 
associated with arrhythmias and sudden death. Right ven-
tricular (RV) features predominate but left ventricular (LV) 
involvement can also arise with disease progression and may 
be the dominant presentation. Arrhythmogenic RV cardiomyo-
pathy exhibits age-related expression. Arrhythmogenic RV 
dysplasia is familial in 30–50% cases and is typically inher-
ited in a dominant fashion although recessive forms are also 
recognised. The Naxos disease is a recessive mutation in the 
gene encoding plakoglobin characterised by arrhythmogenic 
right ventricular cardiomyopathy (ARVC), a non-epidermo-
lytic palmoplantar keratoderma, and wooly hair. Most fre-
quently involved areas of RV are posterior base, apex, and 
infundibulum; these are collectively called as the triangle of 
dysplasia. Magnetic resonance imaging (MRI), ECHO, electro-
cardiography (ECG), and SAEG are helpful in the diagnosis. 
Epsilon wave or small high frequency deflection found in the 
terminal portion of QRS in leads V1–V3 may be present.

We present a case of ARVC–Naxos disease with ECG, echocar-
diographic, and cardiac magnetic resonance imaging (CMRI) 
features of ARVC.

Case history

Our case is a 21-year-old male with no history of previous 
heart disease, who presented with ventricular tachycardia 
(VT) of left bundle branch block (LBBB) morphology (Figure 
1A) and got treated with dilated cardiomyopathy (DC) cardi-
oversion. The patient was referred to the Government Rajaji 
Hospital, Madurai for further investigation and management. 
His ECG during sinus rhythm showed epsilon wave in lead V1 
(Figures 1B and C). On examination he had wooly hair (Figure 
2) and palmoplantar keratoderma (Figure 3). His cardiovas-
cular system was clinically normal. We proceeded with MRI 
of heart which showed fibro-fatty replacement of RV free 
wall (Figure 4). Dyskinetic RV wall with diastolic outbulging 
was also seen. Echocardiogram showed dyskinesia and di-
astolic outbulging in the RV apex and free wall with normal 
RV systolic function (Figure 5). No obvious demonstrable pa-
thology was seen in the LV. Cardiac valves and pericardium 
were normal.

Patient was treated with amiodarone and discharged. Since, 
he developed another episode of VT with a slightly different 
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A

B

C

Figure 1 (A) Electrocardiogram showing ventricular tachycardia 
with left bundle branch block morphology, superior axis. (B) Epsilon 
wave after reversion to sinus rhythm. (C) Epsilon wave.
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LBBB morphology reverted with DC cardioversion, a detailed 
electrophysiologic evaluation was planned.

Discussion

Arrhythmogenic right ventricular cardiomyopathy is pre-
dominantly a genetically determined heart muscle disorder 
characterised pathologically by fibrofatty replacement of the 
RV myocardium. In the early stage of the disease structural 
changes may be absent or subtle and confined to the localised 
region of RV typically the inflow tract, outflow tract or the 
apex of the RV collectively called as the triangle of dysplasia.

The disease expression is variable. During the early con-
cealed phase individuals are often asymptomatic but none-
theless and at a risk of sudden cardiac death notably during 
exertion.1 In the overt electrical phase individuals present 
with symptomatic arrhythmias and RV morphological abnor-
malities are readily discernible by conventional imaging. In 
our case, the patient entered the overt electrical phase and 
presented with VT of LBBB morphology which arose from 
the RV free wall. Morphological abnormalities demonstrated 
with CMRI were fibrofatty replacement of RV free wall and 
dyskinetic RV wall with diastolic outbulging.2 Later, diffuse 
disease results in biventricular failure where ventricular 
arrhythmias may or may not be present.

According to the Original Task Force Criteria our case satis-
fied the following three major criteria needed to diagnose 
ARVC3,4:
1. Dyskinetic RV wall with diastolic outbulging.
2. Epsilon wave in Lead V1.
3. Sustained VT of LBBB morphology with superior axis.

A recessive form of Naxos disease was first described in 
families originating from the Greek island of Naxos. Wooly 
hair appears from birth whereas palmoplantar keratoderma5–7 
develops during the first year of life when infants start to use 
their hands and feet. The cardiomyopathy clinically manifests 
by adolescence and shows 100% penetrance.

This type of ARVD is caused by a mutation of the plakoglobin 
gene, the product of which is a component of desmosomes 
and adherens junctions. Desmosomes are major cell adhesion 
junctions prominent in epidermis and cardiac tissue that are 
important for rigidity and strength of cells under conditions 
of mechanical stress desmosomal dysfunction and leads to 
detachment of myocytes at intercalated discs with progressive 
myocyte apoptosis. As the regeneration of cardiac myocytes 
is limited fibrofatty replacement takes place and provides the 
anatomic basis for progressive cardiac failure, arrhythmias, 
and sudden death.

Figure 2 Woolly hair.

Figure 3 Plantar-keratoderma.

Figure 4 Cardiac magnetic resonance imaging showing dysplastic 
right ventricular and diastolic outbulging.

Figure 5 Two-dimensional echo apical four chamber showing right 
ventricular free wall infiltration.
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The symptomatic presentation is usually with syncope 
and/or VT of LBBB morphology, as in our case. During a mean 
follow-up period of 10 years, 50% of patients develop pro-
gressive heart disease involving the right or both ventricles. 
Progression appears to be stepwise in some cases associated 
with arrhythmic storm or sudden cardiac death. Symptoms 
of right heart failure appear in the final stages when the right 
or both ventricles are severely affected.

Young age, malignant family history, QRS dispersion 
≥40 ms,8 T wave inversion beyond V1, LV involvement, VT, 
syncope or previous cardiac arrest are considered as the 
major determinants of adverse prognosis and impending 
sudden death. Different anti-arrhythmics like sodium blockers, 
sotalol, and amiodarone are used for treatment. Implantable 
cardioverter defibrillator has been proven to be lifesaving in 
patients who develop symptoms/or structural progression of 
disease particularly before age 35 years.9,10

Familial occurrence of a combination of DC with pal-
moplantar keratoderma and curly hair was first reported in 
India by Rao et al. in 1996 with no ECG evidence of epsilon wave 
and VT, and echocardiographic evidence of RV involvement.11

In the present case, the diagnosis of Naxos disease is to be 
considered with the presence of woolly hair, palmoplantar 
keratoderma presenting with VT of LBBB morphology with 
global or regional dysfunction, and structural alterations of RV.
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Book review

Percutaneous mitral valvotomy, 1e. Harikrishnan S. Publisher: Jaypee Brothers Medical 
Publishers Pvt. Ltd, New Delhi. Publication: 2012. Pages: 474. Paper Back. Price: $50. 
ISBN: 978-93-5025-561-2.

Although there has been a lot of literature on mitral valvotomy both from within India and 
abroad, the new book on percutaneous mitral valvotomy edited by Dr. Hari Krishnan from 
Sree Chitra Tirunal Institute of Medical Sciences and Technology, Thiruvananthapuram 
is a valuable addition to our knowledge. The book is a nearly complete encyclopaedia on per-
cutaneous balloon mitral valvuloplasty (PBMV) discussing all its aspects covering anatomy, 
physiology, pathology, procedure details, and all the new gadgets. The technical details of the 
procedure are well discussed, and most importantly, it is written in common language and can 
be read through quickly. With excellent illustrations, the book has contributing authors from 
all over the world. However, Dr. Allen Cribier’s name is surprisingly missing. I strongly recom-
mend this book for all the interventional cardiologists dealing with valvular heart disease.

Contributed by
Dr. K. Sarat Chandra

Honorary Editor
Indian Heart Journaldoi: 10.1016/S0019-4832(12)60042-X
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Case report

Percutaneous balloon pericardiotomy for the treatment of recurrent malignant 
pericardial effusion
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A B S T R A C T

Malignant disease with pericardial metastasis is one of the most common causes of recurrent 
pericardial effusion (PE) with tamponade. While surgical pericardiotomy in these patients is very 
morbid and may not be a viable option, a palliative treatment percutaneously with percutaneous 
balloon pericardiotomy (PBP) can be a preferred treatment. We report herewith a case of PBP 
technique done using our day-to-day catheterisation laboratory equipment.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

Malignant disease with pericardial metastasis is one of the 
most common causes of pericardial effusion (PE) with tam-
ponade. Recurrence rates are high after pericardiocentesis 
and in critically ill patients it is desirable to avoid the risk of 
general anaesthesia and the discomfort of surgical pericardi-
otomy. We report a case of malignant angiocarcinoma of lung 
presented with malignant PE with tamponade with recurrent 
filling, which was successfully treated percutaneously with 
percutaneous balloon pericardiotomy (PBP).

Case summary

A 45-year-old female was referred to our department for re-
current PE with tamponade. The patient was a known case of 
malignant adenocarcinoma of the right lung with recurrent 
PE. Her pericardial fluid cytology was positive for malignant 
cells and she was planned for chemotherapy. The patient un-
derwent emergency percutaneous pericardiocentesis at our 

centre via sub-xiphoid approach to relieve the tamponade 
and a 6 French pigtail catheter was left in the pericardial 
cavity for drainage. She was having repeated refilling of the 
pericardial cavity during the hospital stay and thus, PBP was 
planned for her after discussions with her family.

The procedure was done under local anaesthesia. We used 
a percutaneously sub-xiphoid approach to access the peri-
cardial cavity. A 0.035″ angiography guide wire was passed 
into the pericardial cavity. A TYSHAK II® (NuMED, New York, 
USA) percutaneous transluminal angioplasty (PTA) balloon 
catheter of 18 mm size was tried over the wire, but could not 
be negotiated due to lack of support. The angiography guide 
wire was then exchanged with stiff coiled-tip 0.25″–175 cm 
stainless steel Inuoe balloon guide wire with coil tip (Toray 
Medical, Tokyo) (Figure 1) and local site was dilated with 10 
French dilator. The balloon catheter was then manipulated 
over the coiled-tip guide wire into the pericardial cavity. The 
balloon was partially inflated and withdrawn slowly until a 
waist appeared over the balloon which confirmed the posi-
tion of the parietal pericardium (Figure 2). After optimal 
position, the balloon was inflated with 20cc contrast for 
1 minute until the waisting disappeared (Figure 3). The ab-
sence of the waist was confirmed again, by second inflation 
and the balloon and coiled-tip catheter were removed subse-
quently. The patient remained haemodynamically stable 
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throughout the procedure. Echocardiogram done immediately 
and 24 hours after the procedure, revealed no PE. Patient re-
mained effusion-free in the 1 month follow-up.

Discussion

Patients with large malignant PEs are often in a symptomatic, 
preterminal stage. The survival of this subgroup is most 
closely related to the extent of disease and the tumour type. 
In cancerous patients with symptomatic large PE, the stan-
dard treatment consisted of pericardiocentesis and drainage. 
Palacios et al. reported on the effectiveness of PBP,1 and in a 
multicentre study of 50 patients by Ziskind et al. the success 
rate of PBP was 95%.2 The recurrence rate after pericardio-
centesis may be as high as 62%.3 Recurrence suggests the 
need for repeated hospitalisation, with its attendant cost, 
morbidity, and mortality. More recently Swanson et al. showed 
that balloon pericardiotomy as the initial management of 
symptomatic malignant PEs, allows a definitive procedure 
to be performed at presentation and that reaccumulation 
rates between balloon pericardiotomy and simple aspiration 
(7.4% vs 14.3%) and complication rates (7.4% vs 7.1%) were not 
statistically different.4 Therefore, primary therapy with a peri-
cardial window creation should be considered.

Many individual studies and case reports across the world 
have reported successful percutaneous pericardiotomy; how-
ever, the use of coiled-tip balance middle weight (BMW) 
guide wire with springe tip in performing percutaneous peri-
cardiotomy successfully is reported for the first time. The 
technique is relatively simple, safe, and can be performed 
with local anaesthesia and with minimal discomfort even in 
critically ill patients.
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Figure 1 Balloon catheter in pericardial cavity over coiled-tip guide 
wire.

Figure 2 Inflated balloon showing waist at pericardial junction.

Figure 3 Near loss of waist and full inflation of balloon.
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Case report

Isolated left ventricular non-compaction in association with ventricular 
tachycardia
Rajesh Vijayvergiya1*, Mukesh Yadav2, Anand Subramaniyan2 
͵Associate Professor, ͶSenior Resident, Department of Cardiology, Post Graduate Institute of Medical Education and Research (PGIMER), 
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A B S T R A C T

A 32-year-old young male was found to have non-sustained, repetitive, monomorphic ventricular 
tachycardia of right bundle branch morphology during routine pre-anaesthetic evaluation for or-
thopaedic surgery. Echocardiography and left ventricular angiogram were suggestive of isolated 
non-compaction of left ventricular apex with systolic dysfunction. He was successfully managed 
with anti-arrhythmic drugs and had an uneventful 9-month follow-up. The index case is an unu-
sual association of asymptomatic, non-sustained ventricular tachycardia with isolated ventricular 
non-compaction.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

Isolated ventricular non-compaction (IVNC) is a rare cardio-
myopathy characterised by the loss of compaction of myo-
cardial fibre meshwork during intrauterine life. This is 
possibly due to an arrest of intrauterine compaction of the 
myocardial fibres in the absence of any other structural heart 
disease.1 It is characterised by the presence of deep inter-
trabecular recesses in the hypertrophied, frequently hypoki-
netic segment of ventricular myocardium.2,3 The clinical 
manifestation includes triad of ventricular systolic dysfunc-
tion, thromboembolism and malignant tachy-arrhythmias.4 
We hereby report a case of IVNC of left ventricle (LV) pre-
sented with non-sustained ventricular tachycardia (VT), which 
was effectively treated with anti-arrhythmic drugs.

Case report

A 32-year-old male, manual labourer by occupation was 
referred to our outpatient clinic in July 2009, for his electro-
cardiogram (ECG) evaluation prior to right knee joint 

arthroscopy for osteo-chondritis. He did not have any cardiac 
symptoms like palpitation, dyspnoea, angina, or syncope. He 
was non-smoker, normotensive, and non-diabetic. There was 
no family history of sudden cardiac death in any of the family 
members. General physical examination revealed irregular, 
normal volume radial pulse. Rest of his general and systemic 
examination was within normal limits. The ECG revealed 
repetitive runs of non-sustained, monomorphic VT of right 
bundle branch block (RBBB) morphology (Figures 1A and B). 
Echocardiogram features of LV apical IVNC as characterised 
by hyper-trabeculation and inter-trabecular recesses and >2:1 
ratio of non-compacted to compacted layer of left ventricular 
wall,3 was present as evident in Figure 2. There was no clot at 
left ventricular apex. Coronary angiography revealed normal 
epicardial coronaries. Left ventriculogram revealed spongi-
form appearance of apex and diaphragmatic surface (Figure 3) 
suggestive of localised non-compaction of LV as described by 
us in our previous publication.5 The LV ejection fraction was 
30%. The pulmonary artery pressure was 25/10 mmHg (mean 
15 mmHg). A diagnosis of IVNC-LV type with systolic dys-
function and haemodynamically stable non-sustained, mon-
omorphic VT of LV origin was made. His tachycardia could be 
controlled with amiodarone 400 mg twice a day tablets 
(Figure 1C). There were no runs of VT on 24-hour Holter 
monitoring on day 10 of admission. He was discharged 
on tablets—amiodarone 200 mg, ramipril 5 mg, and aspirin 
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150 mg per day. An implantable cardioverter defibrillator 
(ICD) could not be implanted because of financial constraint. 
He is doing well and had an uneventful 9-month follow-up. 
The ECG did not show any runs of VT or ventricular prema-
ture complexes, echocardiogram showed the unchanged LV 
ejection fraction of 30%.

Discussion

Out of the clinical triad of IVNC,4 the index case had two 
manifestations in the form of LV systolic dysfunction and 

non-sustained VT. It is uncommon to encounter IVNC as an 
underlying structural abnormality in a patient with VT.6 
Nevertheless, ventricular arrhythmia is the frequent compli-
cation in IVNC patients on long-term follow-up.7,8 The inci-
dence is variably reported as 4.6% in 238 IVNC patients at 
6 months of follow-up by Fazio Ge et al7 and 41% in 34 IVNC 
patients at 44 months of follow-up by Oechslin et al.8 The 
precise mechanism of ventricular arrhythmia is not clear. A 
relatively decreased perfusion and ischaemia-related fibrosis 
at sub-endocardial non-compacted area has been postulated 
as the cause of electrical inhomogeneity and micro-reentry 
resulting into ventricular tachycardia.6,9 Steffel et al. have 

A

B

C

Figure 1 (A, B) Electrocardiogram showing repetitive runs of non-sustained ventricular tachycardia of right bundle branch block morphology. 
(C) Tachycardia controlled with the administration of amiodarone and sotalol.
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tried to risk stratify these cases by VT induction during 
electro-physiological studies.10 The medical treatment of VT 
includes beta-blockers and anti-arrhythmic drugs like amio-
darone, which was effective in the index case. There are reports 
of ICD8/cardiac resynchronisation therapy implantation,11 
radiofrequency ablation,6 and even cardiac transplantation8,12 
in IVNC cases with malignant ventricular tachy-arrhythmias. 
The long-term prognosis of these patients is variable de-
pending on the New York Heart Association (NYHA) func-
tional class, LV systolic dysfunction, presence of malignant 
ventricular arrhythmias, and cerebral thromboembolism.4,10 

Nevertheless, our case had an uneventful 9-month follow-up 
on medical treatment only.

In conclusion, IVNC may be the underlying cause for ven-
tricular tachycardia in a young individual, evaluated for idio-
pathic VT. A careful echocardiographic evaluation can diagnose 
the underlying unclassified cardiomyopathy. As the long-term 
prognosis is variable depending upon the NYHA functional 
class, LV systolic dysfunction, and associated arrhythmias, 
the management should be individualised depending upon 
the risk stratification.
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Figure 2 Echocardiogram in modified apical four chamber view 
with anterior tilt shows non-compaction of left ventricular apex. 
LV: left ventricle, RA: right atrial, RV: right ventricle. 

Figure 3 Left ventricular angiogram in right anterior oblique 30° show-
ing the spongiform appearance of apex and diaphragmatic surface.
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A B S T R A C T

Parachute tricuspid valve is a rare anomaly usually reported in small children. This report de-
scribes transthoracic and trans-oesophageal echocardiographic (TEE) features of parachute mitral 
valve in an adult patient.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

The malformation of an atrioventricular valve in which the 
tension apparatus springs from a single papillary muscle or 
muscle group has been labelled as the parachute valve. It 
may or may not have any haemodynamic significance.

Parachute tricuspid valve is a rare anomaly with <10 cases 
reported in the literature since 1972 when it was first described 
at necropsy in a patient with cor triatriatum.1 The initial three 
cases were described at necropsy.1–3 The first clinical descrip-
tion of the anomaly without right-sided obstructive lesions 
was made in 2006.4

Case report

This report describes a relatively asymptomatic 30-year-old 
individual who was incidentally found to have a systolic mur-
mur. A complete transthoracic and trans-oesophageal echocar-
diographic examination revealed a 12 mm secundum atrial 
septal defect with a large left-to-right shunt, pulmonary artery 
pressures of 45/20 mmHg and a typical parachute tricuspid 
valve with a single short papillary muscle (Figures 1 and 2) 
which was attached to all the three tricuspid leaflets showing 

leaflet crowding during diastole and doming although with 
no significant obstruction (Figure 3).

Discussion

In our case, there was a single papillary muscle group giving 
rise to all the shortened and thickened chordae tendineae 

Figure 1 Transthoracic apical four chamber view in end-diastole 
showing septal and anterior tricuspid leaflets attached to a single 
short papillary muscle (arrow). LA: left atrial, LV: left ventricle, RA: 
right atrial; RV: right ventricle.
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supporting the tricuspid valve. Previously, a single case with 
associated atrial septal defect and parachute tricuspid valve 
has been reported.4

Sometimes, the normal number of papillary muscles is 
seen, but one muscle is much larger than its peers and shows 
some characteristic features. This is known as a parachute-like 
asymmetric valve.5 Detailed echocardiographic examination 
in this case did not reveal the presence of any other papillary 
muscle.

References

1. Maitre Azcarate MJ. Parachute deformity of the tricuspid valve. 
Thorax 1980;35:240.

2. Milo S, Stark J, Macartney FJ, Anderson RH. Parachute deformity 
of the tricuspid valve. Thorax 1979;34:543–6.

3. Ariza S, Cintado C, Castillo JA, et al. Parachute tricuspid valve asso-
ciated with Fallot’s tetralogy. Arch Mal Coeur Vaiss 1979;72:317–20.

4. Marwah A, Suresh PV, Shah S, Misri A, Maheshwari S. Parachute 
tricuspid valve. Eur J Echocardiogr 2006;7:226–7.

5. Purvis JA, Barr SH. Parachute-like asymmetric tricuspid valve in 
an asymptomatic adult. Eur J Echocardiogr 2010;11:E23.

Figure 2 Zoomed picture of Figure 1. RA: right atrial, RV: right 
ventricle.

Figure 3 Trans-oesophageal echocardiographic view at 98#. Anterior 
and posterior tricuspid leaflets are attached to a single short papil-
lary muscle (arrow). Note a small secundum atrial septal defect. RA: 
right atrial.
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Case report

Tetralogy of Fallot with Holt-Oram syndrome
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A B S T R A C T

Holt-Oram syndrome (HOS) is characterised by mild to severe congenital cardiac defects and 
skeletal abnormalities of the upper limb. This syndrome is also referred to as Hand-Heart syn-
drome. The most common cardiac disorder is an ostium secundum detected an atrial septal defect 
(ASD), followed by ventricular septal defect (VSD) and ostium primum ASD. We report a case 
of HOS with tetralogy of Fallot (TOF). This association is very rare and is hardly reported in the 
literature.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

Holt-Oram syndrome (HOS) was first reported in 1960 by 
Mary Clayton Holt and Samuel Oram, who detected an atrial 
septal defect (ASD) in members of four generations of a 
family. Detected an ASD which was associated with a con-
genital anomaly of the thumbs which lay in the same plane 
as the fingers.

The most common congenital heart defect is the ostium 
secundum ASD, seen in 60% of patients with HOS followed 
by the ventricular septal defect (VSD). The other associated 
findings include hand malformations and conduction distur-
bances, originally described by Holt and Oram. The other 
complex congenital cardiac malformations, like VSD with in-
fundibular pulmonary stenosis, complete atrio-ventricular 
(AV) canal defect, mitral valve prolapse, hypoplastic left heart 
syndrome, coarctation of aorta, subaortic stenosis, patent 
ductus arteriosus, etc. have rarely been reported in HOS.

Recently, we came across a case of hand malformation 
with cyanotic congenital heart disease, which was later iden-
tified as tetralogy of Fallot (TOF). This association is rarely 
described in patients with HOS.

Case report

A 2-year-old female child presented with fatiguability, bluish 
discolouration (cyanosis), and growth retardation, since 
6 months of age (Figure 1). Patient also had right hand mal-
formation in the form of radial deviation at wrist and cubitus 
valgus deformity of right upper limb and hypoplastic right 

Figure 1 Cyanosis of lips while crying.
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thumb being at the same plane as fingers (distally located 
than the opposite thumb) (Figure 2). One of her family mem-
bers had congenital cardiac malformation. Her father’s sister 
had medium size perimembranous VSD, but she had no 
anomaly related to either of the hands. None of the other 
family members are affected.

General examination

Patient had cyanosis, which increased on crying and did not 
improved on 100% oxygen inhalation. Grade II clubbing was 
also present.

Cardiovascular system examination

Apex beat was within midclavicular line at the fifth intercos-
tal space. A systolic thrill was present at the upper left inter-
costal space. Grade I left parasternal heave was present. 
Ejection systolic murmur was heard at mid and upper left in-
tercostal space. A single second heart sound (S2) was heard.

Musculoskeletal system examination

Right thumb was hypoplastic and located distally in the plane 
of fingers, in comparison to the left thumb. Right hand was 
deviated radially at the wrist. Rest of the systemic examination 
did not reveal any abnormality.

Investigations

Haemoglobin (Hb)—19.8 g/dL, total count—10,100/mm3, differ-
ential count—N40 L52 E3 M5, platelet count—1,14,000/mm3, 
haematocrit—60.9%, mean corpuscular volume (MCV)—75.0 fl, 
red blood cells (RBC) count—8.13 × 106/mm3.

A

B

C

Figure 2 (A, B) Showing right hand deformities (radial deviation of 
wrist and cubitus valgus deformity of the right elbow). (C) Left hand-
deformity.

Figure 3 Forearm and hand radiograph showing hypoplastic radius 
and triphalangeal thumb.

Figure 4 Chest radiograph showing boot-shaped heart and pulmonary 
oligemia.
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Radiograph right hand: triphalangeal thumb, distally lo-
cated, hypoplastic radius, radial deviation of the right wrist 
(Figure 3).

Chest radiograph posterior–anterior view: No cardiomeg-
aly (cardiothoracic ratio <50%), boot-shaped heart (Coeur en 
sabot), main pulmonary artery inconspicuous (concave), de-
creased pulmonary vascularity (Figure 4).

Electrocardiogram (ECG): Right ventricular hypertrophy, 
right axis deviation, no arrhythmia detected (Figure 5).

Two-dimensional echocardiography with colour Doppler: 
Situs solitus, levocardia, large perimembranous VSD with 
40% aortic override with right to left shunt, hypoplastic and 
confluent main, right, and left pulmonary artery, predomi-
nantly infundibular pulmonary stenosis with peak gradient 

Figure 5 Right ventricular hypertrophy; right axis deviation.

A B C

Figure 6 (A) Parasternal long axis view showing overriding of aorta and large perimembranous ventricular septal defect. (B) Parasternal short 
axis view showing hypoplastic and confluent PA. (C) Continuous Doppler showing infundibular pulmonary stenosis with pressure gradient of 
80 mmHg. AO: ascending aorta, PA: pulmonary artery, RA: right atrial, RV: right ventricle.

of 80 mmHg, interatrial septum is intact, no patent ductus 
arteriosus or any other defect seen (Figure 6).

We concluded from the above findings that this was a case 
of TOF associated with HOS.

Discussion

Holt-Oram syndrome is a rare syndrome with one in 1,00,000 
live births affected.1 About 300 cases have been published re-
vealing a wide spectrum of clinical signs. Association of TOF 
is very rare. We could find only one study which included 
18 patients of HOS, conducted in China, which showed some 
association between these two findings.2
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Holt-Oram syndrome is an autosomal dominant disorder. 
The underlying genetic defect was found on the long arm of 
chromosome 12. Mutation in the TBX-3 and TBX-5 genes lead 
to a wide range of phenotypes typical of HOS.1,3

The review of orthopaedic sign in the literature remains 
poor.4 Frequent signs are radial ray abnormalities, absent or 
abnormal radius, upper limb-transverse elements missing, 
and various thumb anomalies. Occasional signs are scoliosis, 
abnormal ribs, hypertelorism, scapula anomalies, and pectus 
excavatum, which were absent in our patient.

Arrhythmias have also been reported in HOS. Most of the 
patients who present with arrhythmias have anatomical 
heart anomalies. Around 39% of the patients with HOS show 
no anatomical heart anomalies but only ECG abnormalities. 
Electrocardiogram abnormalities include right bundle branch 
block (RBBB), wandering pacemaker, sinus node dysfunction, 
atrial fibrillation/flutter, paroxysmal supraventricular tachy-
cardia (PSVT), and Wolff-Parkinson-White syndrome (WPW).

Ostium secundum ASD is the most common in patients 
with HOS5 followed by VSD. The severity of the cardiac spec-
trum is not always proportional to that of the upper limb 
deformity. Anomalies of the great vessels have also been as-
sociated with HOS (vena cava, subclavian artery, coarctation 

of aorta, and hypoplastic aortic arch). But, it is worth empha-
sising that the spectrum of this syndrome is still growing as 
there are miles to go because this is a relatively rare syn-
drome with only about 300 cases been reported till date 
worldwide. Hence, it is rather too premature to say that the 
above association (HOS with TOF) is really a rare association. 
The whole aim of publishing this case is to add on to the 
present spectrum of this syndrome.
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Obituary

Dr. A.K. Thakur, Patna

Dr. A.K. Thakur, the doyen of cardiology in the state of Bihar died on 19th December 2011. 
He is considered the father of modern cardiology in Bihar. He is closely associated with the 
establishment and development of Indira Gandhi Institute of Cardiology, Patna. He was instru-
mental in developing the cardiology training programme at the same institute. Born in 1937, 
Dr. Thakur did his MBBS and MD at Patna and received Cardiology training at Manchester, UK. 
After his retirement from government service he established a Private Hospital for Cardiology 
called the “Heart Hospital” and continued his services to public. He actively participated in 
CSI activities throughout. He is survived by wife, two children and two grandchildren.

Compiled by
Dr. Ajay Kumar Sinha 

Patna
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Case report

Magnetic resonance imaging findings in apical ballooning syndrome or 
takotsubo cardiomyopathy
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A B S T R A C T

Cardiac magnetic resonance imaging (CMRI) plays an important role in the diagnosis and follow-
up of apical ballooning syndrome (takotsubo syndrome), a recently described cardiac condition 
characterised by transient dyskinesia of the left ventricle secondary to an acute emotional event. 
We present the CMRI findings in a 53-year-old female diagnosed with apical ballooning syndrome 
and discuss its value in the diagnosis and follow-up of this condition.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

Transient left ventricular (LV) apical ballooning syndrome 
is a cardiac syndrome of unknown aetiology usually seen 
in postmenopausal women following severe emotional or 
physical stress. It is characterised by transient LV dyskinesia, 
electrocardiogram (ECG) that may mimic acute myocardial 
infarction (MI), slightly increased myocardial enzymes in 
the absence of obstructive coronary artery disease. Our re-
port highlights how cardiac magnetic resonance imaging 
(CMRI) can be a useful non-invasive tool and can potentially 
avoid cardiac catheterisation in an appropriate clinical 
setting.

Case report

A 53-year-old white woman, with no prior cardiac problems, 
presented to the emergency room (ER) with chest uneasiness 
and orthopnoea and was found to have ST elevation of 
>0.5 mm in leads V2–V6 on ECG (Figure 1), deep T inversions 
in V2–V6, and T inversions in inferior leads. The differential 
considerations included acute myocardial ischaemia, acute 

dilatation of the left ventricle and myocardial contusion. 
Elevated troponin of 2.14 was noted.

Cardiac catheterisation, revealed normal coronary arteries. 
A LV angiogram suggested a poor ejection fraction with basal 
hypercontractility and apical akinesia.

With these findings, it was considered that the patient 
had an anterior wall MI with spontaneous thrombolysis. An 
echocardiogram done at the same time also showed mark-
edly decreased ejection fraction of 10–15%.

A cardiac MR study was ordered to rule out MI and was 
performed using a phased-array body matrix coil with bright 
blood cine (2 and 4 chamber and short axis views) and 
delayed enhanced (DE) sequences after gadolinium adminis-
tration. Cardiac magnetic resonance imaging showed poor 
ejection fraction measuring <20%, LV apical ballooning and 
normal contractility of the ventricular base (Figure 2). No ab-
normal myocardial enhancement was noted on the DE se-
quence (Figure 3). These findings were suggestive of apical 
ballooning syndrome and also explained the findings on car-
diac catheterisation. Specific stressors on review of the pa-
tient’s history included recent deaths of her husband and sister.

The patient was managed as non-ischaemic cardiomyopa-
thy in the hospital and was started on angiotensin-converting 
enzyme inhibitors (ACEI), β-blockers and Lasix. At the time of 
discharge the patient’s vitals were stable.

A follow-up CMRI 3 months later showed completely 
normal LV contractility as well as marked improvement of 
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Figure 1 The electrocardiogram of the patient at the time of presentation shows sinus tachycardia and ST elevation in the precordial leads 
V2–V6 of >0.5 mm as well as wide spread T wave abnormalities.

Diastole

A

Systole Postcontrast

B C

Figure 2 Acute stage. (A) Cine True FISP imaging steady-state precession sequence in two chamber-during diastole and four chamber-during 
systole. (B) Show non-contractility and ballooning of the left ventricular apex. (C) Four chamber delayed postcontrast image shows no abnormal 
myocardial enhancement during the acute episode. 

ejection fraction which increased from 20% to 70%. The LV 
apical ballooning also showed complete reversal (Figure 3).

Based on the clinical presentation, the diagnostic work up 
and the magnetic resonance imaging (MRI) findings, the final 
diagnosis of apical ballooning syndrome was made.

Discussion

Takotsubo cardiomyopathy is a syndrome characterised by 
the acute onset of chest pain and a completely reversible 

regional contractile myocardial dysfunction. First described 
in the Japanese literature, the apical ballooning was named 
after the bottle used for trapping octopus with a round bot-
tom and a narrow neck.1

The characteristics needed for diagnosis include:
(a) Transient akinesis or dyskinesis of the LV apex and midven-

tricular segments with regional wall motion abnormalities 
extending beyond a single epicardial vascular distribution,

(b) Absence of significant obstructive coronary disease,
(c) New EKG abnormalities (either ST-segment elevation or 

T wave inversion) and
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(d) Absence of recent significant head trauma, intracranial 
bleeding, pheochromocytoma, myocarditis and hyper-
trophic cardiomyopathy.2

Though the cause of this syndrome is unknown, it is con-
sistently observed after intense emotional or physical stress, 
with strong predominance among postmenopausal women. 
During the course of the acute phase, complications like pul-
monary oedema, cardiogenic shock and fatal arrhythmias may 
be seen.3

No definite explanation exists regarding the mechanism 
for this syndrome. The most widely proposed theory relates 
to the role of catecholamine secondary to increased sympa-
thetic activity related to endogenous (emotional) or exoge-
nous stresses (trauma or surgical procedure) with elevated 
levels of catecholamine as seen in these patients.4 Oxidation 
of catecholamine results in formation of highly toxic sub-
stances and free radicals causing intracellular calcium over-
load and myocardial cell damage. The distinctive contractile 
pattern may be explained by an enhanced responsiveness of 
apical myocardium to sympathetic stimulation. Alternatively, 
a base-to-apex gradient could result in regional differences 
in myocardial blood flow in the setting of catecholamine-
mediated epicardial or microvascular vasoconstriction.5

Another theory suggests that microvascular dysfunction 
contributes substantially towards the development of this 
syndrome though it is unclear whether this is the primary or 
secondary mechanism involved in the development of this 
syndrome. Furthermore, the underlying cause of the micro-
vascular dysfunction is unknown.6

Other mechanisms thought responsible for this condition 
include epimyocardial vasospasm, though the wall motion ab-
normality does not correspond to a single vascular territory.4

Though the typical appearance of this syndrome is well 
visualised by echocardiography and ventriculogram during 
coronary angiography, coronary angiograms can exclude sig-
nificant coronary artery disease.7 The CMRI definitively rules 
out the presence of an underlying infarction which is the 
most important differential diagnostic consideration in such 

patients. This is because it has been conclusively shown 
that delayed hyper-enhancement seen on MRI (DE-MRI) is 
exclusively associated with myocyte necrosis.8, 9 The utility 
of CMRI in apical ballooning was recently investigated by 
Mitchell et al.10 Though, there were concerns about resolu-
tion of CMRI to detect changes at microscopic level, excellent 
correlation has been shown between DE-MRI and histopa-
thology even for small infarcts.8,9,11,12

It is important to note that regions subjected to severe but 
reversible ischaemic injuries do not hyper-enhance on DE-
MRI, even in the presence of myocardial stunning. Similarly, 
regions within areas at risk but outside of areas of infarction 
do not exhibit hyper-enhancement.13 This explains why in 
patients with apical ballooning there is an absolute lack of 
hyper-enhancement of the myocardium because it essen-
tially is a reversible stunned myocardium. The DE-MRI is by 
far the most accurate modality which can make the distinc-
tion between infracted and ischaemic myocardium. It can 
suggest presence of other conditions like myocarditis which 
can mimic apical ballooning syndrome in terms of clinical 
presentation.13

Cardiac magnetic resonance imaging by demonstrating 
the characteristic wall motion abnormality extending beyond 
a single vascular territory also argues against MI as an under-
lying aetiological factor.

Moreover, the combined use of DE-MRI and morphologi-
cal assessment can predict those patients who are most likely 
to experience improvement in LV ejection fraction.13–15 Since, 
DE-MRI showed no hyper-enhancement of the myocardium, 
it can be predicted that on follow-up complete reversal of 
the morphological abnormalities should be observed, as was 
seen in our case (Figure 3).

There are no established guidelines for treatment of this 
condition. However, patients are evaluated and treated ini-
tially in a manner similar to an acute MI.

In conclusion, apical ballooning syndrome is a unique car-
diac syndrome which has characteristic clinical and imaging 
findings and in the appropriate clinical setting, performing 

Diastole

A

Systole Postcontrast

B C

Figure 3 Three months after the first scan. (A) Cine True fast imaging with steady-state precession sequence in the two chamber-diastolic and 
four chamber-systolic. (B) Shows normal contractility of the left ventricular apex with complete resolution of the apical ballooning. (C) Four 
chamber delayed postcontrast sequence again shows no abnormal myocardial enhancement.
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CMRI early in the work up may prove valuable in the patient 
management and may avoid invasive procedures.
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disease
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A B S T R A C T

Erdheim Chester disease is a very rare histiocytic disorder characterised by tissue infiltration by 
lipid laden histiocytes. The most common presentation is bone pains typically involving the long 
bones. Over time almost 50% of the patients develop extraosseous involvement. The prognosis 
depends on the extent and distribution of the extraskeletal manifestations. Cardiovascular involve-
ment is seen in up to 40% of the patients and the most common manifestations are periaortic fibrosis 
and pericardial involvement. Respiratory distress, extensive pulmonary fibrosis, and cardiac failure 
are the most common causes of death in these patients. Cardiac tamponade has also been docu-
mented to cause death in these patients. We describe a patient of Erdheim Chester disease who 
presented with recurrent and very rapidly occurring cardiac tamponade in a short duration of 
time and benefited from timely recognition and management.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

Erdheim Chester disease is a rare histiocytic disorder involving 
multiple systems with <400 cases been reported worldwide. 
Bony involvement is most common manifestation, although 
cardiovascular involvement is also frequently seen and is one 
of the common causes of death. Patients can present with re-
current, rapid, and life-threatening pericardial tamponade. 
Timely recognition of the disease and appropriate therapy 
can be lifesaving in these patients.

Case history

A 52-year-old man was seen in the emergency department 
with complaints of steadily progressing dyspnoea on exer-
tion of 5–6 days duration. Clinical examination revealed 
tachycardia with a heart rate of 122 bpm, blood pressure of 
100/64 mmHg, and muffled heart sounds. Chest radiography 

showed cardiomegaly and an urgent echocardiography done 
showed a large pericardial effusion (PE) with echocardio-
graphic features of cardiac tamponade (Figures 1 and 2). An 
immediate pericardiocentesis was done and 2500 mL of fluid 
was drained. Fluid analysis was suggestive of an exudative 
effusion and cytological examination showed the presence of 
mesothelial cells and more lymphocytes than neutrophils. 
The past history of the patient revealed that he was diagnosed 
to have diabetes insipidus and then subsequently found to 
have Erdheim Chester disease one year back. He had pre-
sented then with polyuria, polydipsia, and bilateral proptosis 
and had subsequently developed bone pains involving both 
the legs. A bone scintigraphy showed areas of increased tracer 
uptake. Diagnosis was confirmed from a tissue specimen 
taken from the retro-orbital space which showed the typical 
histological picture and immunohistochemistry.

He gave history of dyspnoea a month back and was also 
found to have a large PE which needed pericardiocentesis. 
He underwent three pericardiocentesis during this period 
because of rapid reaccumulation. Each pericardial aspiration 
had yielded 2000–2500 mL of fluid. Following this he was 
referred to our centre. By day 4 of the present admission the 
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patient had developed another large effusion needing drain-
age. A catheter was positioned in the pericardial cavity for 
frequent fluid aspiration. Almost 1000–1500 mL of fluid was 
aspirated every day. Investigations carried out showed no 
other apparent cause of PE and the features suggested that 
the recurrent PEs were due to Erdheim Chester disease 
involving the pericardium. The patient was already on in-
terferon therapy but that did not prevent the pericardial in-
volvement. Considering the life-threatening, recurrent, and 
rapid reaccumulation of fluid in the pericardial cavity, we 
decided that the patient should undergo a pericardiectomy. 
He underwent a surgery on day 10 of admission. Postopera-
tive period was uneventful and the patient was discharged 
from hospital with an advice to continue interferon therapy. 
The patient came back for review after 6 months. He was 
asymptomatic with New York Heart Association (NYHA) func-
tional class I.

Discussion

Erdheim Chester disease is a very rare form of histiocytosis 
with no specific aetiology. Histiocytosis is a group of rare disor-
ders characterised by tissue infiltration by macrophages, mono-
cytes or dendritic cells. It has further been broadly divided 
into Langerhan cell histiocytosis (LCH) and non-langerhan 
cell histiocytosis.1,2 The LCH is characterised by the infiltra-
tion of the tissues by the characteristic dendritic cells seen in 
the epidermis. The disease has a wide range of presentation 
and was earlier described as separate entities: (1) Letterer-
Siwe disease; (2) Hand-Schüller-Christian disease; and (3) 
oeosinophilic granuloma. They were thought to be different 
disorders but have now been considered to be various forms 
of LCH presentation.2,3 Although LCH involves multiple organ 
systems, the most common involvement is that of the bony 
system which is characterised by osteolytic lesions. The other 
organ systems involved are the skin, posterior pituitary gland, 
lymph nodes, rarely the gastrointestinal tract, nervous system, 
lungs, and the liver. The diagnosis of LCH is confirmed by the 
characteristic histologic picture and the presence of CD1a or 
CD207 positive histiocytic cells.1 Electron microscopy shows 

the presence of Birbeck granules in the cells but is rarely used 
currently to diagnose the disease.

Non-LCH is an even more uncommon disease which has 
been termed as Erdheim Chester disease after the two people 
who described it first. It is a very rare disorder with a total of 
<400 cases reported worldwide. This disease is characterised 
by a mononuclear infiltrate consisting of lipid laden, foamy 
histiocytes with surrounding fibrosis (Figure 3). The histio-
cytes are constantly positive for CD68 and negative for 
CD1a (Figure 4) and S100, and ultrastructural studies show 
no Birbeck granules in contrast to the findings in LCH.4,5 The 
clinical manifestations range from localised form to a dissem-
inated and life-threatening disease. Bone pain is the most 
frequent symptom. The disease is characterised by the involve-
ment of the long bones, unlike the flat bone involvement in 
LCH. The bony involvement is in the form of osteosclerotic 
lesions involving the metaphyseal and diaphyseal region and 
sparing the epiphyses. This pattern of involvement represents 
the almost pathognomonic radiologic picture seen in this 
disorder.6 The extraskeletal manifestations include exoph-
thalmos, diabetes insipidus, interstitial lung disease, bilateral 
adrenal enlargement, retroperitoneal fibrosis, renal impairment, 

Figure 1 Chest radiograph taken in the emergency department showed 
a large cardiac shadow without any significant lung pathology.

Figure 2 Urgent echocardiogram showed a very large pericardial 
effusion with typical features of tamponade. Patient had similar 
echocardiographic features 5 times within a span of 30–40 days 
necessitating urgent pericardiocentesis.

Figure 3 Xanthogranulomatous reaction with foamy histiocyte (arrow 
head).
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testis infiltration, central nervous system, and cardiovascular 
involvement. The diagnosis is based on the almost pathogno-
monic radiological picture mentioned and the typical histo-
logic picture with typical immunohistochemical staining. 
There is also a characteristically abnormal increased uptake 
of technetium-99 in the long bones of the lower limbs.7

Cardiovascular involvement is one of the most common 
causes of death and morbidity in these patients. Periaortic 
fibrosis and pericardial involvement are the two most com-
mon cardiovascular pathologies. Periaortic fibrosis leads to 
the so called “coated aorta” which is due to extensive fibrosis 
in the adventitial layer of the aorta which may vary from 
short segment to the involvement of the whole aorta. Peri-
cardial involvement varies from only pericardial thickening 
to PEs with occasional cardiac tamponade. In a large series 
of 184 cases, 72 (39%) had cardiovascular involvement and 
of these 74 patients, 54 (75%) had involvement of the heart. 
Pericardial infiltration was seen in 32 (44%) of the patients 
(leading to tamponade in 5 cases), myocardial infiltration in 
22 cases (31%), 40 (56%) patients had a periaortic fibrosis, 
and 19 (26%) patients had heart failure. There were also a 
small number of patients who had valvular lesions, right 
atrial thickening, and even acute myocardial infarction. 
Among the 58 patients (81%) with follow-up data, 35 (60%) 
died. Death was due to the cardiovascular involvement in 
31% of the cases.8

Since, this is a very rare disorder, there is no consensus on the 
definitive therapy. Various modalities used include cortico-
steroids, immunomodulators, radiotherapy, and interferon-α. 
Our patient was also started on interferon-α; however, that ob-
viously did not preclude cardiovascular involvement, although 
the duration since, the initiation of therapy was less than a 
year. Importantly the reaccumulation of effusions was very 
rapid causing tamponade, and was life-threatening. Patient 
had to undergo repeated pericardiocentesis necessitating 
pericardiectomy, which proved to be lifesaving in this case.

Conclusion

Erdheim Chester disease is a rare disorder with frequent 
cardiovascular involvement. Pericardial involvement is fre-
quently seen and has caused death by pericardial tamponade 
in these patients. While a definitive therapeutic approach is 
still not defined, various modalities include corticosteroids, 
radiotherapy, and interferon-α. However, these therapies may 
not prevent a cardiovascular involvement. Rapidly accumu-
lating PEs may be life-threatening. Prompt recognition of the 
aetiology and appropriate management can be lifesaving. 
A surgical pericardiectomy can be an option in such cases and 
the patients seem to do well after surgery.
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Figure 4 Immunohistochemistry is negative for CD1a.
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A B S T R A C T

Although pericarditis and pericardial effusion (PE) are some of the common manifestations of sys-
temic lupus erythematosus (SLE), the occurrence of cardiac tamponade is quite rare. We present 
herewith a young girl with cardiac tamponade presenting as initial manifestation of SLE.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

Although pericarditis is one of the most common manifesta-
tions of systemic lupus erythematosus (SLE) with cardiac in-
volvement, there have been very few case reports of cardiac 
tamponade as an initial presenting feature of SLE. Here, we 
present a previously well 17-year-old girl from a West African 
nation presenting with cardiac tamponade as the initial man-
ifestation of SLE.

A 17-year-old female of Nigerian National, currently study-
ing at a university in the US presented with the primary com-
plaint of the New York Heart Association (NYHA) functional 
class II dyspnoea for 2 years, which had gradually progressed 
to a class III dyspnoea on arrival here. She also experienced 
pleuritic type of retrosternal chest pain, generalised fatigue, 
and chronic low-grade fever off and on for several months.

She had been fully immunised as a child and did not have 
a previous history of rheumatic fever or exposure to an active 
case of tuberculosis. She had been treated for “intercostal 
muscle strain” with Naproxen for several weeks prior to the 
visit to our hospital.

On Examination, she was febrile, tachycardia with a pulse 
rate of 120/min and a blood pressure of 100/80 mmHg. There 
was pulsus paradoxus, jugular venous distension, impalpable 
apical impulse, muffled heart sounds, a doubtful gallop, hepa-
tomegaly, and normal respiratory system findings.

An electrocardiogram (ECG) showed PR segment depres-
sion as well as diffuse ST segment elevation in all the leads. 
A chest radiograph showed a “bottle shaped heart” with mas-
sive cardiomegaly. The echocardiogram showed a large peri-
cardial effusion (PE) with diastolic collapse of both right atrium 
and right ventricle suggestive of cardiac tamponade, thickened 
pericardium, and adhesions.

The blood reports showed anaemia, elevated white blood 
cell count with predominant neutrophilia, elevated erythro-
cyte sedimentation rate (ESR), and increased activated par-
tial thromboplastin time (aPTT). The patient was taken up for 
emergency pericardiocentesis, which was however, aborted 
due to the inability to introduce and negotiate the guide wire 
into the pericardial cavity because of thickened pericardium 
with significant adhesions. Emergency surgical pericardiec-
tomy with window procedure was performed and 1000 mL 
of sanguino-purulent pericardial fluid was drained. The peri-
cardial fluid contained 1.5 million red blood cells and 4000 
white blood cells/mm3 (56% polymorphs, 44% lymphocytes). 
The pericardial fluid sugar content was 12 mg%, protein was 
6.9 g%, and lactate dehydrogenase (LDH) was 21,400. Gram-
stain and acid-fast stain revealed no organisms. There was no 
evidence of malignancy by cytology.

After surgical pericardiectomy, she was started on treatment 
with non-steroidal anti-inflammatory drugs, and broad spec-
trum antibiotics for presumed bacterial pericarditis. Although 
the patient improved symptomatically, she continued to be 
febrile. Pericardial fluid culture was sterile.

Further investigations were carried out to determine the 
aetiology. Mantoux testing showed no reaction to tuberculin. 
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C-reactive protein was raised, anti-nuclear antibody (ANA) was 
4+ positive in 1:40 dilution. Rheumatoid factor was negative. 
The pericardial biopsy revealed features of chronic non-
specific inflammation, with no evidence of any granulomas 
and negative for acid-fast bacilli. Pericardial fluid polymerase 
chain reaction (PCR) for tuberculosis and blood cultures was 
negative. Anti-double stranded deoxyribonucleic acid (ds-DNA) 
antibodies was positive in 1:10 dilution. Antiphospholipid 
antibody (APLA) and lupus anticoagulant were positive. The 
patient had C4 hypocomplementemia, raised aPTT, raised 
reticulocyte count, positive direct coomb’s test, and positive 
anti-cardiolipin antibody.

The patient’s ANA and anti-ds-DNA positivity together with 
serositis and features of immune haemolytic anaemia satis-
fied 4 out of the 11 American Rheumatism Association criteria 
for diagnosing SLE. In this patient, there was also an associ-
ated secondary APLA syndrome.

The antibiotics were stopped and the patient was started on 
intravenous methyl prednisolone 15 mg/kg over 8 hours for 
3 days and later changed over to oral prednisolone 90 mg/day 
(tapering dose) along with non-steroidal anti-inflammatory 
drugs (NSAID) and hydroxychloroquine.

The patient became afebril and a repeat echocardiogram 
prior to discharge showed only trace PE with pericardial thick-
ness of only 2–3 mm.

Discussion

Pericarditis is one of the most common manifestations of SLE 
accounting for 60% with cardiac involvement. But cardiac tam-
ponade is very rare with only 12 cases reported until 1987 
and a report of four cases in 2000 from Brazil.1 The incidence 
of cardiac tamponade as an initial presenting feature is ex-
tremely rare and has been reported only in four adult cases 

and two children so far.1–6 Drug-induced lupus syndromes 
with hydralazine7 and procainamide were sometimes reported 
to present initially as cardiac tamponade. Patients with lupus-
induced PE require high doses of prednisolone therapy after 
pericardiocentesis with concomitant use of hydroxychloro-
quine to reduce recurrences of serositis in SLE.

This case is reported for the rarity of cardiac tamponade as 
an initial manifestation of SLE and for the fact that effusion 
significant enough to warrant a pericardial window, which is 
extremely rare in SLE.

Conclusion

The possibility of SLE presenting with tamponade should be 
considered.
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1.  Long term outcome of patients with isolated thin discrete subaortic stenosis treated by balloon dilation: a 25 year 
study. De Lezo JS, Romero M, Segura J, et al. Circulation 2011;124:1461–8. doi: 10.1016/S0019-4832(12)60025-X

This 25 year follow-up, retrospective study describes results of percutaneous transluminal balloon tearing of isolated thin discrete 
subaortic stenosis (DSS) in 76 patients. The age of patients at the time of dilation ranged from 2–67 years (mean 19 ± 16 years). 
The inclusion for the study was restricted to only those patients who had isolated DSS where the subaortic membrane was thin 
(<3 mm thickness, without fibromuscular component) along with significant subaortic gradient or symptoms or ECG signs of 
left ventricular strain. Following balloon dilation, the left ventricular gradient decreased from 70 ± 27 mmHg to 18 ± 12 mmHg, 
(P < 0.001). No significant post procedure aortic regurgitation was observed. After a mean follow-up time of 16 ± 6 years, 11 patients 
(15%) developed restenosis, 3 patients (4%) progressed to muscular obstructive disease and one patient (1.3%) developed 
a new distant obstructive membrane. Twelve (16%) patients were redilated at a mean of 5 ± 3 years and 4 patients (5%) under-
went surgery at a mean of 3 ± 2 years after their first treatment. Fifty-eight (77%) patients remained alive and free of redilation 
or surgery at follow-up. Larger annulus diameter and thinner membranes were independent factors associated with better 
long-term results. Authors concluded that most patients (77%) with isolated thin DSS treated with transluminal balloon tearing 
of the membrane had sustained relief at subsequent follow-up without restenosis, need for surgery, progression to muscular 
obstructive disease, or an increase in the degree of aortic regurgitation.

Perspective

Discrete subaortic stenosis is a rare cardiac lesion which was considered to be a mystery due to many uncertainties regarding 
its origin, pathogenesis, natural history, treatment options, and recurrence after treatment. Although DSS has classically been 
considered a congenital malformation, there is evidence for an acquired subaortic membrane during life. Though first described 
in 1985, balloon dilatation has not been widely used, perhaps due to variable results in literature. The thickness of the mem-
brane and its proximity to the aortic valve and/or mitral valve are some of the factors which may influence the result of balloon 
tearing. The findings of this study in which patients have been followed up for a long period of time, may help in better selec-
tion of patients who can benefit from an interventional procedure as a first line management strategy. Though the recurrence 
rate is noticeable, it is similar to that observed in surgical patients and both are probably influenced by the progressive nature 
of the disease. If restenosis of the membrane develops, balloon dilation can be repeated successfully in most patients. With this 
strategy, surgery for a thin membrane may be delayed or even avoided.

2.  A comparison of Blalock-Taussig shunts with and without closure of the ductus arteriosus in neonates with 
pul monary atresia. Zahorec M, Hrubsova Z, Skrak P, Poruban R, Nosal M, Kovacikova L. Ann Thorac Surg 2011;92:653–9. 
doi: 10.1016/S0019-4832(12)60026-1

There is no consensus whether the patent ductus arteriosus (PDA) should be ligated or not at the time of performing modified 
Blalock-Taussig (BT) shunt in neonates with pulmonary atresia. This retrospective observational study from National Institute of 
Cardiovascular Diseases, Bratislava, Slovakia, aimed to address this issue. Between January 1997 and October 2010, 62 neonates 
(mean age 6.9 ± 5.5 days) underwent modified BT shunt through mid sternotomy approach. Of these patients 31 neonates under-
went closure of PDA while in remaining half it was left open. The decision regarding closing or leaving PDA during surgery was 
based on institutional protocol in majority and on operating surgeon’s preference, with nine different operators involved. Primary 
outcomes analysed were mortality, resuscitation events, and the need for reintervention within the first 48 postoperative hours. 
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Time to extubation, maximum vasoactive-inotropic score, and length of hospital stay were selected as the secondary outcome 
variables.

Compared with patients in whom the PDA was left open, patients with a surgically closed arterial duct had a higher inci-
dence of resuscitation events (29.0% vs 0%, P = 0.0012), reinterventions (35.5% vs 3.2%, P = 0.0013), and higher early hospital 
mortality (9.7% vs 0%, P = 0.038). Time to extubation and length of hospital stay did not differ between the 2 groups (P = 0.16 and 
0.73, respectively). A trend towards a higher maximum vasoactive-inotropic score in the group with a closed duct was observed 
(median 13.5 vs 10, P = 0.10). Authors concluded that in newborns with pulmonary atresia, ductal closure during modified BT 
shunt procedure is associated with increased incidence of resuscitation events, need for reintervention, and increased mortality 
during the early postoperative period.

Perspective

Systemic to pulmonary shunts have proven to be highly effective for the palliation of neonates with cyanotic congenital heart 
disease who are not candidates for early complete repair. Despite improvement in surgical techniques, operative mortality of 
modified BT shunt among neonates remains at 3–14%.

Though ductal patency may be lifesaving in case of early shunt obstruction or postoperative increase of pulmonary vascular resis-
tance, it may also adversely influence the early postoperative haemodynamics due to increased diastolic run-off, volume overload, 
and low cardiac output state. Furthermore, this poses the risk of accompanying coronary steal and consequent impairment of 
myocardial contractility. According to the authors this could be avoided in the index study by choosing a smaller (3–3.5 mm) shunt. 
In contrast, in patients with closed PDA, episodes of hypoxaemia with or without documented shunt thrombosis are well known 
and were also observed by authors, leading to higher reintervention rate in this group of neonates. Though most surgeons in India 
refrain from closing PDA at the time of shunt surgery in neonates, this is the first study addressing the issue systematically. 
Although retrospective, the study provides data to support the approach of not closing PDA at the time of BT shunt in neonates.

3.  Efficacy and safety of Bosentan for pulmonary arterial hypertension in adults with congenital heart disease. 
Monfredi O, Griffiths L, Clarke B, Mahadevan VS. Am J Cardiol 2011;108:1483–8. doi: 10.1016/S0019-4832(12)60027-3

The dual endothelin receptor antagonist, Bosentan, has been shown to be well tolerated and effective in improving pulmonary 
arterial hypertension (PAH) symptoms in patients with Eisenmenger syndrome but data from longer-term studies are lacking. 
The aim of this retrospective study was to analyse the long-term efficacy and safety of Bosentan in adults with PAH secondary 
to congenital heart disease (PAH-CHD). Prospectively collected data between October 2007 and June 2010 from adult patients 
with PAH-CHD (with and without Down’s syndrome) initiated on Bosentan has been analysed. Parameters measured before 
Bosentan initiation (62.5 mg 2 times/day for 4 weeks titrated to 125 mg 2 times/day) and at each follow-up (1 month and 3, 6, 9, 
12, 18, and 24 months) included exercise capacity (6-minutes walk distance [6MWD]), pre-test oxygen saturation, liver enzymes, 
and haemoglobin. Thirty-nine patients with PAH-CHD (10 with Down’s syndrome) who had received >1 dose of bosentan 
(mean duration of therapy 2.1 ± 1.5 years) were included in the analysis. A significant (P < 0.0001) average improvement in 
6MWD of 54 m over a 2-year period in patients with PAH-CHD without Down’s syndrome was observed. Male patients had a 
6MWD of 33 m greater than females (P < 0.01). This improvement in 6MWD was not observed in patients with Down’s syndrome. 
In all patients, oxygen saturation, liver enzymes, and haemoglobin levels remained stable. None of the patients discontinued 
Bosentan due to adverse events. Authors concluded that patients with PAH-CHD without Down’s syndrome gain long-term 
symptomatic benefits in exercise capacity after Bosentan treatment. Men seem to benefit more than women. Bosentan appears 
to be well tolerated in patients with PAH-CHD with or without Down’s syndrome.

Perspective

Bosentan is the only endothelin receptor antagonist currently recommended for patients with Eisenmenger syndrome. 
However, there is limited data regarding sustained beneficial effects of bosentan in these patients. This study from University of 
Manchester, United Kingdom addresses this issue in adults with PAH-CHD. Sustained benefits and that too without significant 
side effects seen in the study are promising considering otherwise unfavourable natural history of CHD-PAH. However, it must 
be noted that the average age of patients was 38.7 ± 13.3 years. The functional class at baseline or on follow-up is not mentioned 
in the study. Though difficult to hypothesise the underlying mechanism, males did better than females in terms of 6MWD im-
provement. In concordance with other studies, there was no change in oxygen saturation. Data from this study and the earlier 
BREATH 5 trial prompts increasing use of bosentan in all patients with Eisenmenger syndrome. However, current European 
Society of Cardiology (ESC) guidelines limit use of bosentan in patients with World Health Organization (WHO) functional 
class III or more. These guidelines assume even more significance in Indian context since bosentan is a rather expensive drug.
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4.  Pulse Oximetry screening for congenital heart defects in newborn infants (PulseOx): a test accuracy study. Ewer AK, 
Middletonn LJ, Furmston AT, et al, on behalf of the PulseOx Study Group. Lancet 2011;378:785–94.
doi: 10.1016/S0019-4832(12)60028-5

Antenatal ultrasonography and postnatal clinical examination are the current standard methods of screening for congenital 
heart disease (CHD); however, life-threatening defects often are not detected. This large multicentric prospective study from 
UK assesses the accuracy of pulse oximetry as a screening test for congenital heart defects.

In six maternity units in the UK, 20,055 asymptomatic newborn babies (gestation >34 weeks) were screened with pulse oxi-
metry before discharge. Infants who did not achieve predetermined oxygen saturation thresholds underwent echocardiogra-
phy while all others were followed up to 12 months of age. The main outcome was the sensitivity and specificity of pulse 
oximetry for detection of critical congenital heart defects (causing death or requiring invasive intervention before 28 days of 
life) or major CHD (causing death or requiring invasive intervention within 12 months of age). Fifty-three babies had major CHD 
(24 critical), a prevalence of 2.6 per 1000 live births. Analyses were done on all babies for whom a pulse oximetry reading was 
obtained. Sensitivity of pulse oximetry was 75% (95% CI 53.29–90.23) for critical cases and 49.06% (35.06–63.16) for all major 
congenital heart defects. Congenital heart defects were already suspected after antenatal ultrasonography in 35 cases and if 
these cases are excluded the sensitivity of pulse oximetry further reduced to 58.33% (27.67–84.83) for critical cases and 28.57% 
(14.64–46.30) for major defects. There were 169 (0.8%) false positive results (specificity 99.16%, 99.02–99.28) of which 6 cases 
were significant, but not major congenital heart defects, and 40 were other illnesses that required urgent medical intervention.

Pulse oximetry is a safe and feasible test that adds value to existing screening. It identifies cases of critical congenital heart 
defects that go undetected with antenatal ultrasonography with an additional advantage of early detection of other diseases.

Perspective

It is important to detect major life-threatening congenital heart defects in time as sudden deterioration may occur in newborn 
babies with critical or major congenital heart defects. This is the largest study of its kind, by the National Institute of Health 
Research, United Kingdom and aims at assessing efficacy of pulse oximetry as a screening tool for congenital heart defects. In 
accordance with other recent studies, the results support the routine practice of pulse oximetry in neonates. The sensitivity of 
pulse oximetry is consistently proven to be from 50% to 80% which may not be acceptable for screening of potentially fatal 
major congenital heart defects. Furthermore, additional cost might explain current hesitation for widespread use of pulse oxi-
metry of all newborns. In developing countries like India, where substantial numbers of deliveries are not supervised and occur 
outside the hospital the implementation remains an important issue. Furthermore, accuracy would be different in neonatal 
population where respiratory causes of desaturation are not uncommon. For pulse oximetry to be of utility, it is imperative to 
perform this test properly, preferably by using a plethysmograph which displays arterial waveform, lest errors of measurement 
may occur.

Contributed by
Saurabh Kumar Gupta, Anita Saxena

Department of Cardiology, 
All India Institute of Medical Sciences, 

New Delhi – 110029, India.

1.  Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. Manesh R, Patel MD, Kenneth W, et al and the ROCKET AF 
Steering Committee for the ROCKET AF Investigators. N Engl J Med 2011;365:883–91. doi: 10.1016/S0019-4832(12)60029-7

Background: The use of warfarin reduces the rate of ischaemic stroke in patients with atrial fibrillation (AF) but requires fre-
quent monitoring and dose adjustment. Rivaroxaban, an oral factor Xa inhibitor, may provide more consistent and predictable 
anti-coagulation than warfarin.
Methods: In a double-blind trial, the authors randomly assigned 14,264 patients with non-valvular AF who were at increased 
risk for stroke to receive either rivaroxaban (at a daily dose of 20 mg) or dose-adjusted warfarin. The per-protocol, as-treated 
primary analysis was designed to determine whether rivaroxaban was non-inferior to warfarin for the primary end point of 
stroke or systemic embolism.
Results: In the primary analysis, the primary end point occurred in 188 patients in the rivaroxaban group (1.7% per year) and in 
241 in the warfarin group (2.2% per year) (hazard ratio in the rivaroxaban group, 0.79; 95% confidence interval [CI], 0.66–0.96; 
P < 0.001 for non-inferiority). In the intention-to-treat analysis, the primary end point occurred in 269 patients in the rivaroxa-
ban group (2.1% per year) and in 306 patients in the warfarin group (2.4% per year) (hazard ratio, 0.88; 95% CI, 0.74–1.03; 
P < 0.001 for non-inferiority; P = 0.12 for superiority). Major and non-major clinically relevant bleeding occurred in 1475 patients 
in the rivaroxaban group (14.9% per year) and in 1449 in the warfarin group (14.5% per year) (hazard ratio, 1.03; 95% CI, 0.96–1.11; 
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P = 0.44), with significant reductions in intracranial haemorrhage (0.5% vs 0.7%, P = 0.02) and fatal bleeding (0.2% vs 0.5%, 
P = 0.003) in the rivaroxaban group.
Conclusion: In patients with AF, rivaroxaban was non-inferior to warfarin for the prevention of stroke or systemic embolism. 
There was no significant between-group difference in the risk of major bleeding, although intracranial and fatal bleeding oc-
curred less frequently in the rivaroxaban group.

2.  Apixaban versus warfarin in patients with atrial fibrillation. Granger CB, Alexander JH, McMurray JJ, ARISTOTLE 
Committees and Investigators. N Engl J Med 2011;365:981–92. doi: 10.1016/S0019-4832(12)60030-3

Background: Vitamin K antagonists are highly effective in preventing stroke in patients with atrial fibrillation (AF), but have 
several limitations. Apixaban is a novel oral direct factor Xa inhibitor that has been shown to reduce the risk of stroke in a similar 
population in comparison with aspirin.
Methods: In this randomised, double-blind trial, we compared apixaban (at a dose of 5 mg twice-daily) with warfarin (target 
international normalised ratio [INR], 2.0–3.0) in 18,201 patients with AF and at least one additional risk factor for stroke. The 
primary outcome was ischaemic or haemorrhagic stroke or systemic embolism. The trial was designed to test for non-inferiority, 
with key secondary objectives of testing for superiority with respect to the primary outcome and to the rates of major bleeding 
and death from any cause.
Results: The median duration of follow-up was 1.8 years. The rate of the primary outcome was 1.27% per year in the apixaban 
group, as compared with 1.6% per year in the warfarin group (hazard ratio with apixaban, 0.79; 95% confidence interval [CI], 
0.66–0.95; P < 0.001 for non-inferiority; P = 0.01 for superiority). The rate of major bleeding was 2.13% per year in the apixaban 
group, as compared with 3.09% per year in the warfarin group (hazard ratio, 0.69; 95% CI, 0.60–0.80; P < 0.001), and the rates of 
death from any cause were 3.52% and 3.94%, respectively (hazard ratio, 0.89; 95% CI, 0.80–0.99; P = 0.047). The rate of haemor-
rhagic stroke was 0.24% per year in the apixaban group, as compared with 0.47% per year in the warfarin group (hazard ratio, 
0.51; 95% CI, 0.35–0.75; P < 0.001), and the rate of ischaemic or uncertain type of stroke was 0.97% per year in the apixaban 
group and 1.05% per year in the warfarin group (hazard ratio, 0.92; 95% CI, 0.74–1.13; P = 0.42).
Conclusion: In patients with AF, apixaban was superior to warfarin in preventing stroke or systemic embolism, caused less 
bleeding, and resulted in lower mortality.

Perspective

Atrial fibrillation is the most prevalent sustained arrhythmia affecting aging population. One of the most important aims of 
managing AF is to prevent embolic stroke. Oral anti-coagulation with vitamin K antagonist has been shown to be very effective 
in achieving this goal and has been used for long time now. Although very effective, this needs frequent monitoring and dose 
adjustment. Besides the drug and food interactions are very common, making the dose adjustments very important. Bleeding 
complications related to oral anti-coagulation in addition to the above mentioned difficulties make physicians extremely cau-
tious while prescribing these very important drugs especially elderly in India. With limited high quality pathology laboratory 
set up in the semi-urban and rural India physicians many a time refrain from prescribing oral anti-coagulants for AF. Advent of 
oral Xa inhibitors mark a new era in management of patients requiring oral anti-coagulation. These drugs are given in fixed 
dose, have shorter half-lives and have limited interactions with other drugs and food. The two recent studies ROCKET AF and 
ARISTOTLE done with rivaroxaban and apixaban indicate the potential of these drugs. Both studies included large number of 
patients treated with either of the drug and followed up for approximately 2 years. Most importantly, both these studies used the 
established therapy, i.e. warfarin as the comparator drug. This puts both the studies on a very high pedestal. ROCKET AF study 
showed non-inferiority of rivaroxaban to warfarin in preventing stokes and systemic embolism. Incidence of bleeding was 
same although intracranial bleeding and fatal bleeding was less with rivaroxaban. In ARISTOTLE, apixaban reduced strokes and 
bleeding compared to warfarin when tested in >18,000 patients for mean 1.8 years. Both these studies usher in a new era of drugs 
for stoke prevention in AF. The beauty of these drugs lies in fixed drug dose requiring no monitoring of the drug effect as against 
warfarin. Frequent international normalised ratio (INR) monitoring with dose adjustment has been the main hurdle in using 
warfarin especially in countries like ours. The only question for us would be the cost of the new drugs as the therapy is long-term. 
If the industry can offer factor Xa inhibitors at a cost which is feasible for long-term use in most of the patients; stoke preven-
tion in AF can change from dream to reality. However, a word of caution is that these drugs are predominantly excreted through 
kidneys and therefore one has to be careful while prescribing to patients with chronic kidney disease (CKD).

Contributed by
Niteen Deshpande

Consultant Cardiologist,
Spandan Hospital, Nagpur.
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1.  Dronedarone in high-risk permanent atrial fibrillation. Connolly SJ, Camm AJ, Halperin JL, et al, PALLAS Investigators. 
N Engl J Med 2011;365:2268–76. doi: 10.1016/S0019-4832(12)60031-5

Dronedarone is a new anti-arrhythmic drug developed for the management of atrial fibrillation (AF) and in major trials like 
Euridis/Adonis and Athena has been shown to reduce AF recurrence, slow the ventricular rate and reduce cardiovascular 
outcomes and deaths in patients with paroxysmal and persistent AF. In the background of these studies, PALLAS trial was 
designed with the hypothesis that patients with high-risk permanent AF would similarly benefit from dronedarone. This trial 
included patients aged ≥65 years with permanent AF of ≥6 months duration and at least one risk factor. Patients were ran-
domised to receive dronedarone (400 mg twice daily) or placebo and both the groups were well matched with clinical charac-
teristics and risk factors which included coronary artery disease (CAD) (40.8% vs 41.2%), previous stroke or transient ischaemic 
attack (26.9% vs 28.3%), symptomatic heart failure (14.4% vs 14.8%), a left ventricular ejection fraction of 40% or less (21.3% vs 
20.7%), peripheral arterial disease (PAD) (11.6% vs 13.2%); or the combination of an age of ≥75 years, hypertension, and diabetes 
(18.2% vs 17.1%). CHADS2 score of ≥2 was seen in 88.1% in the drug arm and 89.3% in the placebo arm. The first co primary out-
come was stroke, myocardial infarction, systemic embolism, or death from cardiovascular causes. The second co primary 
outcome was unplanned hospitalisation for a cardiovascular cause or death. The trial was prematurely terminated for safety 
reasons after a year of enrolment when 3236 patients had undergone randomisation. The first co primary outcome occurred 
in 43 patients receiving dronedarone and 19 receiving placebo (hazard ratio, 2.29; 95% confidence interval [CI], 1.34–3.94; 
P = 0.002). There were 21 deaths from cardiovascular causes in the dronedarone group and 10 in the placebo group (hazard 
ratio, 2.11; 95% CI, 1.00–4.49; P = 0.046), including death from arrhythmia in 13 patients and 4 patients, respectively (hazard 
ratio, 3.26; 95% CI, 1.06–10.00; P = 0.03). Stroke occurred in 23 patients in the dronedarone group and 10 in the placebo group 
(hazard ratio, 2.32; 95% CI, 1.11–4.88; P = 0.02). Hospitalisation for heart failure occurred in 43 patients in the dronedarone 
group and 24 in the placebo group (hazard ratio, 1.81; 95% CI, 1.10–2.99; P = 0.02). The occurrence of co primary end point dou-
bled in the dronedarone arm predominantly due to increase in rates of stroke and death from cardiovascular causes. 
ANDROMEDA trial had earlier shown increased cardiovascular mortality with this drug in patients with severe LV systolic dys-
function. PALLAS reproduced this trend and conclusively showed that dronedarone increased rates of heart failure, stroke, and 
death from cardiovascular causes in permanent AF patients with high-risk for major vascular events and should not be used in 
this group of patients.

2.  Prevention of ventricular fibrillation episodes in Brugada syndrome by catheter ablation over the anterior right 
ventricular outflow tract epicardium. Nademanee K, Veerakul G, Chandanamattha P, et al. Circulation 2011;123:1270–9.
doi: 10.1016/S0019-4832(12)60032-7

Brugada syndrome is an autosomally transmitted channellopathy and one of the important causes of sudden death in the 
young with apparently normal hearts. The electrophysiological mechanisms resulting in the abnormal electrocardiogram (ECG) 
pattern in this syndrome are unclear. Implantable cardioverter defibrillator (ICD) is the only effective treatment to prevent sud-
den death in these patients but is difficult solution in the very young, in low-income communities and in those with frequent 
ventricular fibrillation (VF) episodes necessitating frequent ICD discharges. Haissaguerre et al. earlier showed the efficacy of 
radiofrequency ablation in these patients by targeting PVC’s originating from right ventricular outflow tract (RVOT). This paper 
describes endocardial and epicardial electroanatomic mapping in 9 patients with type I Brugada syndrome having recurrent 
VF episodes necessitating ICD discharges. It demonstrates the presence of abnormal arrythmogenic substrate exclusively in the 
anterior RVOT epicardium in the form of low amplitude (<1 mv) fractionated electrograms (>130 ms duration) and polyphasic 
late potentials (>100 ms) after QRS complex on surface ECG) which cause delayed depolarization to cause arrhythmias. Such 
abnormal electrograms were not seen in the endocardial surface of the same region of RVOT. Ablation at these epicardial sites 
rendered ventricular tachycardia (VT)/VF non-inducible (7 of 9 patients [78%]; 95% confidence interval [CI], 0.40–0.97, P = 0.015) 
and normalisation of the Brugada ECG pattern in 89% (95% CI, 0.52–0.99; P = 0.008). Long-term follow-up (20 ± 6 months) 
showed no recurrent VT/VF in all patients off medication (except 1 patient on amiodarone). This paper effectively proves the 
existence of a localised electrical substrate in patients with Brugada syndrome and presents the potential feasibility of radiofre-
quency ablation in these patients having recurrent ICD shocks or storms of ventricular arrhythmias.

3.  Endocardial radiofrequency ablation for hypertrophic obstructive cardiomyopathy acute results and 6 months’ follow-
up in 19 patients. Lawrenz T, Borchert B, Leuner C, et al. J Am Coll Cardiol 2011;57:572–6. doi: 10.1016/S0019-4832(12)60033-9

Endocardial radiofrequency (RF) ablation of septal hypertrophy (ERASH) is a new approach to reduce left ventricular outflow 
tract (LVOT) gradient in hypertrophic obstructive cardiomyopathy (HOCM) by inducing a discrete septal contraction disorder. 
The purpose of this study was to study the safety and efficacy of this procedure for LVOT gradient reduction in HOCM. Nineteen 
severely symptomatic patients despite medications with LVOT gradients of ≥50 mmHg at rest or after provocation were enrolled. 
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The mean age was 60.7 ± 12 years. In 8 patients previous transcoronary ablation of septal hypertrophy (TASH) had been ineffec-
tive. The RF energy was delivered to the most proximal parts of the septum in the immediate vicinity of LVOT. A region of 
2 cm was ablated with a therapeutic end point of achieving a gradient of <50 mmHg. In 9 patients, the left ventricular septum 
was ablated, and in 10 patients, the right ventricular septum was ablated. Follow-up examinations (echocardiography, 6-minute 
walk test, bicycle ergometry) were performed 3 days and 6 months after ERASH. The procedure resulted in reduction of 62% in 
resting gradients and 60% in provoked gradients. It was associated with improvement in New York Heart Association (NYHA) 
class (from 3.0 ± 0.0 to 1.6 ± 0.7) and 6-minute walk test (from 412.9 ± 129 m to 471.2 ± 139 m) all of which were sustained at 6 
months. In this series 21% had atrioventricular (AV) block requiring permanent pacemaker implantation and 1 patient had 
cardiac tamponade. It is possible that conduction system damage could have resulted from deep lesions caused by high RF en-
ergy (40–70 W), delivered by irrigated tip ablation catheter particularly when right ventricular side of the septum was ablated. 
The ERASH is a promising therapy for obstructive HOCM; however, further refinements in procedure are necessary before this 
procedure can be offered on a larger scale.

4.  Use of secondary prevention drugs for cardiovascular disease in the community in high-income, middle-income, and 
low-income countries (the PURE Study): a prospective epidemiological survey. Yusuf S, Shofi qul Islam SQ, Chow CK, et al, 
Prospective Urban Rural Epidemiology (PURE) Study Investigators. Lancet 2011;378:1231–43. doi: 10.1016/S0019-4832(12)60034-0

A large burden of cardiovascular disease exists in the low-income and middle-income countries, however the use of proven 
medications for secondary prevention these countries is unknown. Prospective Urban Rural Epidemiology (PURE) study was 
designed to study the use of proven effective secondary prevention drugs (antiplatelet drugs, β-blockers, angiotensin-converting-
enzyme [ACE] inhibitors or angiotensin-receptor blockers [ARBs] and statins) in individuals with a history of coronary heart 
disease (CHD) or stroke. Individuals aged 35–70 years from rural and urban communities from countries of varied economies 
were recruited. Standardised questionnaires were administered by telephonic or personal interview to collect data on presence 
of cardiovascular disease and use of proven medications for secondary prevention and anti-hypertensive drugs. Totally 153,996 
adults from 628 (348 urban and 280 rural) communities in 17 countries with incomes classified as high (three countries), upper 
middle (seven), lower middle (three), or low (four) were enrolled between January 2003 and December 2009. Around 5650 
participants had a self-reported CHD event (median duration 5 years) and 2292 had stroke (median duration 4 years). Use of 
medications by patients with cardiovascular disease were antiplatelet drugs (25.3%), β-blockers (17.4%), ACE inhibitors or ARBs 
(19.5%), or statins (14.6%). Use was highest in high-income countries (antiplatelet drugs 62.0%, β-blockers 40.0%, ACE inhibitors 
or ARBs 49.8%, and statins 66.5%), lowest in low-income countries (8.8%, 9.7%, 5.2%, and 3.3%, respectively), and decreased 
in line with reduction of country economic status (P trend <0.0001 for every drug type). Fewest patients received no drugs 
in high-income countries (11.2%), compared with 45.1% in upper middle-income countries, 69.3% in lower middle-income 
countries, and 80.2% in low-income countries. Drug use was higher in urban than rural areas (antiplatelet drugs 28.7% urban vs 
21.3% rural, β-blockers 23.5% vs 15.6%, ACE inhibitors or ARBs 22.8% vs 15.5%, and statins 19.9% vs 11.6%; all P < 0.0001), with 
greatest variation in poorest countries (P interaction <0.0001) for urban vs rural differences by country economic status). Two-
third of the under usage of medications was related to the stage of economic development of the country and 1/3rd to individ-
ual factors which included younger people, lower level of education, female gender, smokers, non-hypertensive, non-diabetic, 
and non-obese individuals. Globally there a significant under usage of medications for secondary prophylaxis and this is more 
striking in low-income countries. Systematic programmes to ensure increased and appropriate use of proven drugs for secondary 
prevention are needed in most countries.

Perspective

Our knowledge regarding the usage of medications by patients with CAD or strokes is limited to data available from published 
clinical trials. This paper is unique in illustrating the real life situation prevalent globally where there is a serious under usage of 
proven medications including inexpensive drugs for secondary prophylaxis for CAD and stroke. This trend is seen more in low 
and low middle-income countries. The data is robust and clearly shows correlation of usage of medications with economic sta-
tus of a country. The data strongly argues for a concerted community level approach to address this issue which is the most cost 
effective strategy to improve cardiovascular outcomes in patients with established cardiovascular disease.

Contributed by
Hygriv Rao

Department of Cardiology, 
CARE Hospitals,

Hyderabad – 500034, India.
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Four year follow up of SYNTAX trial; optimal revascularization strategy in patients with three vessel disease and/or left 
main disease. Holmes D, Cannon LA, Stathla E, et al. TCT 2011 Presentation. doi: 10.1016/S0019-4832(12)60035-2

Background: The Syntax trial was designed to compare contemporary surgical and percutaneous techniques in patients with 
three vessel and/or left main disease. Syntax trial used a scoring system based on coronary angiogram which quantifies lesion 
complexity. Based on this score patients were classified into 3 groups, those with score <22 (low-risk), 23–32 (intermediate-
risk) and ≥33 (high-risk).
Methods: A total of 1800 patients with de novo three vessel and/or left main disease were randomised 1:1 to coronary artery 
bypass grafts (CABG) or percutaneous coronary intervention (PCI) with taxus express paclitaxel eluting stent. Design was a pro-
spective randomised one involving 85 centres worldwide. Primary end point was a composite of major adverse cardiac and 
cerebrovascular events; MACCE (death from any cause, stroke, myocardial infarction [MI], or repeat revascularization).
Results: At 1 year PCI failed to meet the prespecified margin of non-inferiority against CABG, after the primary end point of 
major adverse cardiac and cerebrovascular events (MACCE) occurred significantly more in the PCI arm than in the CABG arm, 
driven predominantly by a higher rate of repeat procedures in the PCI arm. For the harder end points of death, stroke and MI 
rates were identical between the two. This trend continued in the 2- and 3-years results.

Four-year follow-up results of SYNTAX have shown a continuing failure of non-inferiority of PCI compared to CABG. The 
results have made it clear that even in the so called intermediate-risk group (Syntax score 22–32) CABG is superior to PCI. This 
is not only driven by an increased rate of repeat procedures in the PCI group but by a difference in hard end points of death, MI, 
and cerebrovasular accidents (14.9% for CABG vs 17.3% for PCI). As expected, the rate of revascularization was significantly 
lower in the CABG arm (10.9% vs 20.7%).
Conclusion: Four-year MACCE rates in the overall randomised cohort were significantly higher for PCI than CABG. There was 
a significant increase of cardiac death, MI and repeat revascularisation in PCI vs CABG-treated patients. However, composite 
safety (death/stroke/MI) remains not significantly different between arms at 4 years (P = 0.07). MACCE rates at 4 years were not 
significantly different for patients with a low baseline SYNTAX Score; for patients with intermediate or high SYNTAX scores, 
MACCE was increased at 4 years in patients treated with PCI. The 4-years SYNTAX results suggest that PCI may be an acceptable 
alternative revascularisation method to CABG when treating patients with less complex (lower SYNTAX score) disease including 
lunar module (LM) disease.

Perspective

The CABG as compared to first generation paclitaxel eluting stent is the preferred method of revascularisation in triple vessel 
disease with complex anatomy. In less complex anatomy with low syntax score, PCI is an acceptable alternative. The results 
with new generation stents like everolimus eluting stents (Xiance V/Promus) which have lower major adverse cardiac events 
(MACE) could be different.

Contributed by
Dheeaj Gandotra, Upendra Kaul

Fortis Escorts Heart Institute and Research Centre, 
New Delhi, India.

RadIal Vs FemorAL (RIVAL) trial for coronary angiography and intervention in patients with acute coronary syndromes. 
Jolly SS, Yusuf S, Cairns J, et al. Lancet 2011;377:1409–20. doi: 10.1016/S0019-4832(12)60036-4

Background: It has become clear in a number of recent trials that bleeding following a percutaneous coronary intervention (PCI) 
is as major a risk factor for subsequent mortality as a myocardial infarction (MI) and this risk has been seen to persist even after 
1 year after the procedure. This has prompted an intense interest in promotion of so-called “bleeding avoiding strategies”. One of 
the potential bleeding avoiding strategies is a shift of vascular access site from femoral to radial. This has been shown in smaller 
studies to be associated with less bleeding but with concern about its feasibility in different clinical situations where speed is an 
essence. This trial was designed to compare the use of two vascular access sites in the setting of acute coronary syndromes (ACS).
Design and methods:
• The RadIal Vs femorAL access for coronary intervention (RIVAL) trial was a randomised, parallel group, multicentre trial. 

Patients with ACS were randomly assigned (1:1) to radial or femoral artery access.
• The trial assessed the impact of the vascular access site on a quadruple primary end point of a composite of death, MI, stroke, 

and non-CABG (coronary artery bypass grafts) related major bleeding at 30-days. The individual components of the quadruple 
formed the major secondary end points.

• As it is widely accepted that there is a prominent learning curve for performing a radial PCI, it was deemed necessary that the 
participants involved in the trial be comfortable with both routes and should have had performed at least 50 radial PCIs in 
the preceding year.
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Concomitant medications:
• All the patients were required to be receiving all the current guideline directed medications. Consequently 99.3% were on aspirin, 

and 96% on clopidogrel. Amongst the adjuvant anti-thrombotic therapy 33% received unfractionated heparin, 3% received 
bivalirudin, and 10.9% received fondaparinux; GpIIb-IIIa inhibitors were given to 25% of patients.

Principle findings:
• A total of 7021 patients were enrolled, 3507 to radial access and 3514 to femoral access.
• About 28% presented with ST-segment elevation myocardial infarction (STEMI), 22% had diabetes, and 67% underwent PCI, 

while 8% underwent CABG.
• The success rates were similar and high in both the arms (95.3%). The operators were fairly high volume and trained with 

a median annual PCI rate of 300 out of which approximately 40% were radial PCIs.
• The first important finding was a relatively high cross-over rate. The rate was 7.6% in the radial arm compared to 2% in the 

femoral arm and this difference was statistically significant (P < 0.0001).
• There was no difference in the primary quadruple end point of death, MI, stroke, and non-CABG related major bleeding 

(3.7% for radial vs 4% for femoral access).
• The secondary end point of death, MI, or stroke were similar in the two arms (3.2% vs 3.2%).
• As there was a very high interest in the safety end point of bleeding it was analysed in detail. There was no difference in 

bleeding if non-CABG major bleeding was taken as a whole (0.7% for radial vs 0.9% for femoral). However, as expected major 
vascular access site complications (1.4% vs 3.7%; P < 0.0001) and ACUITY non-CABG major bleeding (1.9% vs 4.5%, P < 0.0001) 
were significantly lower in the radial access arm.

• Another area of concern with the radial access is the speed. The study showed no significant difference in the overall PCI time 
between the two arms (35 minutes vs 34 minutes). However, the total flouroscopy time was significantly different between 
the two (9.3 minutes vs 8 minutes, P < 0.0001).

• The most significant parameter where radial access scored impressively over femoral access was patient satisfaction. Patient 
preferred access site for next procedure was almost twice as high with radial access (90% vs 49%, P < 0.0001).

Interpretation

Where do the results of this study leave us? The results are fairly predictable. In experienced hands both sites lead to high and 
equal success rates. There is no increase in the total procedure time with radial access although there is a significant increase in 
total fluoroscopy time making cumulative radiation exposure an important safety issue for operators who opt for a very high or 
exclusive radial practice over a prolonged period of time. Although overall bleeding is same but vascular site bleeding is an im-
portant issue and radial access clearly establishes it’s superiority over femoral access. The issue which probably will drive the 
future increase in use of radial access as shown in this study is patient satisfaction. There is a substantial difference of having to 
lie down for hours with pressure and sheaths in areas which may be discomforting and embarrassing for many patients and 
being able to move about immediately with a small band tied to the arm.

Perspective

Like many other “this or that” situations the message here is also “this and that rather than this or that”. Interventional cardio-
logists should become proficient in both the accesses and select the access on an individual basis keeping in mind the speed, 
bleeding risk and of course the patient preference. Contrary to the expectation that radial route will be safer for patients, this 
study failed to show increased safety for radial route. The main reason for this is that the non-access bleeds were nearly equal 
in both the arms. This shows that our search for further means of reducing bleeding complications should continue.

Contributed by
Abid Hussain, Upendra Kaul
Fortis Escorts Heart Institute, 

New Delhi, India.

1.  Rivaroxaban in patients with a recent acute coronary syndrome. Mega JL, Braunwald E, Wiviott SD, ATLAS ACS 2–TIMI 51 
Investigators. N Engl J Med 2012;366:9–19. doi: 10.1016/S0019-4832(12)60037-6

Background: Acute coronary syndromes (ACS) arise from coronary atherosclerosis with superimposed thrombosis. Since fac-
tor Xa plays a central role in thrombosis, the inhibition of factor Xa with low-dose rivaroxaban might improve cardiovascular 
outcomes in patients with a recent ACS.
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Methods: In this double-blind, placebo-controlled trial, we randomly assigned 15,526 patients with a recent ACS to receive 
twice-daily doses of either 2.5 mg or 5 mg of rivaroxaban or placebo for a mean of 13 months and up to 31 months. The primary 
efficacy end point was a composite of death from cardiovascular causes, myocardial infarction (MI), or stroke.
Results: Rivaroxaban significantly reduced the primary efficacy end point, as compared with placebo, with respective rates of 
8.9% and 10.7% (hazard ratio in the rivaroxaban group, 0.84; 95% confidence interval [CI], 0.74–0.96; P = 0.008), with significant 
improvement for both the twice-daily 2.5-mg dose (9.1% vs 10.7%, P = 0.02) and the twice-daily 5-mg dose (8.8% vs 10.7%, 
P = 0.03). The twice-daily 2.5-mg dose of rivaroxaban reduced the rates of death from cardiovascular causes (2.7% vs 4.1%, 
P = 0.002) and from any cause (2.9% vs 4.5%, P = 0.002), a survival benefit that was not seen with the twice-daily 5-mg dose. As 
compared with placebo, rivaroxaban increased the rates of major bleeding not related to coronary artery bypass grafting (2.1% 
vs 0.6%, P < 0.001) and intracranial haemorrhage (0.6% vs 0.2%, P = 0.009), without a significant increase in fatal bleeding (0.3% vs 
0.2%, P = 0.66) or other adverse events. The twice-daily 2.5-mg dose resulted in fewer fatal bleeding events than the twice-daily 
5-mg dose (0.1% vs 0.4%, P = 0.04).
Conclusion: In patients with a recent ACS, rivaroxaban reduced the risk of the composite end point of death from cardiovascular 
causes, MI, or stroke. Rivaroxaban increased the risk of major bleeding and intracranial haemorrhage but not the risk of fatal bleeding.

Perspective

Since coronary artery disease especially in the form of ACS is a prothrombotic state, it makes great logic to use long-term oral anti-
coagulation. However, in the presence of dual antiplatelet therapy, the so called triple therapy it is fraught with high-risk of bleeding 
complications but in settings like a patient with atrial fibrillation who undergoes stenting, it becomes mandatory to use triple 
therapy for variable periods of time. Earlier meta-analysis revealed improved cardiovascular outcomes with addition of warfarin 
to aspirin in ACS patients but with increased bleeding complications. The ATLAS ACS TIMI 51 trial is a further extension to use triple 
therapy in patients with recent ACS in general. Rivaroxaban is an oral anti-coagulant that directly and selectively inhibits factor Xa. 
Aspirin was used in 98% of the patients and thienopyridin in 93% of patients. Rivaroxaban added to dual antiplatelet therapy fol-
lowing ACS significantly reduced the primary end point of cardiovascular death, myocardial infarction and stroke at a mean follow-
up of 13 months. The lower dose (2.5 mg twice daily) used in one arm also showed a survival benefit. Although there was increased 
incidence of major bleeding including intracranial haemorrhage, there was no fatal bleeding with use of add-on rivaroxaban. The 
result was irrespective of the mode of presentation (ST-segment elevation myocardial infarction [STEMI], non-STEMI [NSTEMI] or 
unstable angina). Index event was a STEMI in 50.3% of the patients, an NSTEMI in 25.6% and unstable angina in 24.0%. The mean time 
from the index event to randomisation was 4.7 days. The mean duration of treatment was 13.1 months. Rivaroxaban reduced the risk 
of stent thrombosis as well. The benefit with rivaroxaban was consistent among the sub-groups except for patients with a history of 
stroke or transient ischaemic attack. There was no evidence of increased liver toxicity. Earlier in the ATLAS ACS TIMI 46 and APPRAISE 
1 trials, rivaroxaban and apixaban showed trends towards a reduction in cardiovascular events. However, further studies are re-
quired to have this reproducible result in varied subset of ACS patients with other co-morbid conditions. We need a large trial which 
compares rivaroxaban to warfarin in the presence of dual antiplatelet therapy in post ACS patients before this new idea is accepted.

2.  Effect of two intensive statin regimens on progression of coronary disease. Nicholls SJ, Ballantyne CM, Barter PJ. 
N Engl J Med 2011;365:2078–87. doi: 10.1016/S0019-4832(12)60038-8

Background: Statins reduce adverse cardiovascular outcomes and slow the progression of coronary atherosclerosis in propor-
tion to their ability to reduce low-density lipoprotein (LDL) cholesterol. However, few studies have either assessed the ability of 
intensive statin treatments to achieve disease regression or compared alternative approaches to maximal statin administration.
Methods: We performed serial intravascular ultrasonography in 1039 patients with coronary disease, at baseline and after 104 
weeks of treatment with either atorvastatin, 80 mg daily, or rosuvastatin, 40 mg daily, to compare the effect of these two inten-
sive statin regimens on the progression of coronary atherosclerosis, as well as to assess their safety and side-effect profiles.
Results: After 104 weeks of therapy, the rosuvastatin group had lower levels of LDL cholesterol than the atorvastatin group 
(62.6 mg/dL vs 70.2 mg/dL [1.62 mmol/L vs 1.82 mmol/L], P < 0.001), and higher levels of high-density lipoprotein (HDL) choles-
terol (50.4 mg/dL vs 48.6 mg/dL [1.30 mmol/L vs 1.26 mmol/L], P = 0.01). The primary efficacy end point, percent atheroma volume 
(PAV), decreased by 0.99% (95% confidence interval [CI], −1.19 to −0.63) with atorvastatin and by 1.22% (95% CI, −1.52 to −0.90) 
with rosuvastatin (P = 0.17). The effect on the secondary efficacy end point, normalised total atheroma volume (TAV), was more 
favourable with rosuvastatin than with atorvastatin: −6.39 mm3 (95% CI, −7.52 to −5.12), as compared with −4.42 mm3 (95% CI, −5.98 
to −3.26) (P = 0.01). Both agents induced regression in the majority of patients: 63.2% with atorvastatin and 68.5% with rosuvas-
tatin for PAV (P = 0.07) and 64.7% and 71.3%, respectively, for TAV (P = 0.02). Both agents had acceptable side-effect profiles, with 
a low incidence of laboratory abnormalities and cardiovascular events.
Conclusion: Maximal doses of rosuvastatin and atorvastatin resulted in significant regression of coronary atherosclerosis. 
Despite the lower level of LDL cholesterol and the higher level of HDL cholesterol achieved with rosuvastatin, a similar degree 
of regression of PAV was observed in the two treatment groups.
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Perspective

The favourable effects of statins in reducing cardiovascular events are well established and have been shown to be effective ir-
respective of baseline LDL cholesterol levels. In addition to the pleotropic effects, statins have been well demonstrated to re-
duce the rate of progression of coronary atheroma and in some studies even regression. The LDL cholesterol has directly been 
correlated with amount of atherosclerosis burden in coronary arteries. Rosuvastatin has been shown to be more potent and ef-
fective than atorvastatin in reducing LDL cholesterol and increasing HDL cholesterol.

The SATURN trial was done to study and establish the effects of high dose statins on progression of coronary atherosclerosis. 
This trial revealed that both rosuvastatin and atorvastatin in high doses are equally effective in regressing plaque burden (percent 
atheroma volume) in coronary arteries when used for over 2 years.

The improvement in lipid profile (reducing LDL cholesterol level and increasing HDL cholesterol levels) was seen more with 
rosuvastatin which may have resulted in significant but modest reduction in total atheroma volume in coronary arteries. The 
frequency of cardiovascular events was low (approximately 7% over 2 years) and similar with the use of both regimens.

The overall regression of atherosclerosis was observed in approximately 65% of the study patients over 2 years of statin 
therapy and was equal in both groups. This implies that approximately one third of patients had disease progression despite 
the use of high dose statin therapy. This leaves a scope for a novel therapeutic agent which may be more effective either by im-
proving lipid profile or by a different pathway to modify disease activity.

The overall incidence of adverse effects was similarly low with both regimen of statin. Elevation of serum transaminases was 
slightly higher in atorvastatin arm whereas protenuria was slightly higher with rosuvastatin therapy. Overall incidence of diabetes 
was not affected by use of either statin over 2 years in the study.

The SATURN trial goes on to demonstrate that it is the dose of the statin which is more important than the nature of the sta-
tin in achieving the treatment goal. Naturally a less powerful statin has to be given in appropriate doses to achieve a given target 
when compared to a more powerful statin.

Contributed by
Deepak Kumar Saha, K. Sarat Chandra

Department of Cardiology, 
Nizam’s Institute of Medical Sciences, 

Hyderabad, India.

Cardiac magnetic resonance imaging pericardial late gadolinium enhancement and elevated inflammatory markers can 
predict the reversibility of constrictive pericarditis after antiinflammatory medical therapy: a pilot study. Feng D, Glockner J, 
Kim K, et al. Circulation 2011;124:1830–7. doi: 10.1016/S0019-4832(12)60039-X

The diagnosis of constrictive pericarditis has been an enigma since long and continues to present as a diagnostic challenge. Once 
the diagnosis has been made it is even more challenging to decide which patient benefits from therapy. It is in this context that this 
study looked at 89 patients over a 7 years period with documented constriction by cardiac magnetic resonance imaging (MRI) 
with gadolinium. Twenty-nine patients received anti-inflammatory medications after CMR. A subset of 14 patients had resolution 
of constrictive pericarditis (defined by improvement by one New York Heart Association [NYHA] grade), whereas 15 patients had 
persistent disease after 13 months. The group with reversible constrictive pericarditis had greater pericardial thickness (4 ± 1 mm 
vs 2 ± 1 mm, P = 0.001), had increased intensity of gadolinium (93% vs 33%), higher C-reactive protein (59 ± 52 mg/L vs 12 ± 14 mg/L, 
P = 0.04), respectively and erythrocyte sedimentation rate (ESR) (49 ± 25 mm/hr vs 15 ± 16 mm/hr, P = 0.04) compared to the per-
sistent group. Anti-inflammatory therapy was associated with a reduction in C-reactive protein, ESR, and pericardial late gado-
linium enhancement (LGE) in the group with reversible constrictive pericarditis, but not in the persistent disease group.

Perspective

Constrictive pericarditis is challenging both in terms of diagnosis and response to treatment. This small but focused study shows 
the adjunctive role of cardiac MRI in making the diagnosis, plan therapy and prognostication. This study demonstrated an asso-
ciation between systemic inflammatory markers and gadolinium enhancement with improvement in NYHA functional class fol-
lowing anti-inflammatory therapy among patients with clinical evidence of constrictive pericarditis. Further large studies will 
help in establishing this technique as the gold standard in differentiating reversible from persistent constrictive pericarditis.

Contributed by
Johann Christopher

Department of Cardiology, CARE Hospitals,
Hyderabad – 500034, India.
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Arrhythmia graphics

What is your diagnosis?

A 17-year-old boy presented with history of recurrent palpi-
tations of sudden onset and offset. No structural heart dis-
ease was observed on the echocardiogram (ECG) done during 
the episode (Figure 1). 

Commentary

Electrocardiogram (Figure 1) shows a regular tachycardia 
(QRS 120 ms) with the rate being 150/min. P-waves are not 

seen. The morphology is atypical right bundle branch block 
(RBBB) combined with left axis deviation. The suggested di-
agnosis is fascicular ventricular tachycardia (VT) of left pos-
terior fascicular origin. In patients with no structural heart 
disease, tachycardia with RBBB having left axis deviation 
with a relatively narrow QRS, especially with a sharp initial 
part of QRS, suggests it to be of a fascicular VT arising from 
near the left posterior fascicle. The sharp initial deflection of 
the QRS complex is due to the involvement of the fast con-
ducting fascicles and distinguishes the tachycardia from 
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Figure 1 Electrocardiogram.
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myocardial VT. Tachycardia responds well to calcium channel 
blockers. Electrophysiology study and radiofrequency abla-
tion gives permanent cure. Electrophysiologic tracing is 
shown in Figure 2. Atrial electrograms in the high right 
atrium distal (HRAD) channel are less than the ventricular 
beats (VA dissociation) suggesting it to be a VT. Quadripolar 
catheters at the his bundle region (the distal electrode pairs 
[HBED] and proximal electrode pairs [HBEP]), right ventricular 
region (right atrial appendage [RAA] and right ventricular 

pacing [RVP]) and right atrial appendage (HRAD and high 
right atrial proximal [HRAP]).

Contributed by 
Dr. Shomu Bohora* 
Assistant Professor,

UN Mehta Institute of Cardiology & Research Center,
Ahmedabad, India.

shomubohora@yahoo.com

Figure 2 Electrophysiologic tracing during tachycardia. HBED: His bundle electrogram distal, HBEP: his bundle electrogram proximal, HRAP: 
high right atrial proximal, RAD: right axis deviation, RVA: right ventricular apex, RVP: right ventricular pressure.
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• Brief abstract of the article (For Original articles, review ar-

ticles and case reports)
• Name(s) of author(s), their academic qualifications and 

current affiliations 
• Name, mailing and e-mail addresses of the corresponding 

author 
• Acknowledgement of financial support, if any. 

The title represents the subject matter of the manuscript. 
A subtitle can be added if necessary. The title should be brief 
and comprehensive. A structured abstract not more than 
250 words long, should be provided with 3–5 key words. Key 
words should be the listed terms in the medical subject’s 
headings (MeSH) of the Index Medicus, to help in easy 
indexing. 

The manuscript should be well organized and written in 
simple and correct English under appropriate headings. 
Preferably, no statement should be supported by more than 
three references. The abbreviations and acronyms should be 
spelled out when they occur first time. 

The Introduction should address the subject of the paper. 
The Methods section should describe in adequate detail the 
laboratory or study methods followed and state the statisti-
cal procedures employed in the research. This section should 
also identify the ethical guidelines followed by the investiga-
tors with regard to the population, patient samples or animal 
specimens used. The Results section should be concise and 
include pertinent findings and necessary tables and figures. 
The Discussion should contain conclusions based on the 
major findings of the study, a review of the relevant literature, 
clinical application of the conclusions and future research im-
plications. Following the Discussion, Acknowledgements of 

important contributors and funding agencies may be given. 
The editorial office must receive written, signed consent 
from each contributor recognized in the Acknowledgements 
because the statement can imply endorsement of data and 
conclusions. 
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At the end of the article, a list of references should be included. 
In general, the number of references should not exceed 50 
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authors are responsible for the accuracy and completeness 
of the references and their citations in the text. 
1. References should be numbered consecutively in the order 
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by superscript Arabic numerals at the end of the sentence 
outside any punctuation. If several different studies or 
papers are cited within one sentence, the number should 
be placed where it will accurately identify the correct 
study. 

3. The names of authors in the text should concur with the 
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4. References cited only in tables or in legends to figures 
should be numbered in accordance with a sequence 
established by the first identification in the text of the 
particular table or illustration. 

5. Abstracts as references may be used; “unpublished obser-
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Information from manuscripts submitted but not yet 
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7. In general: 
• All authors/editors should be listed unless the number 
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nlm.nih.gov/bsd/uniform_requirements.html.
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1. Number tables in the order of their find it citation in the 
text. Each table should be cited in the text. 

2. Titles should be brief and a short or abbreviated heading 
for each column should be given. Explanatory matter 
should be placed in footnotes and not in the heading. 

3. Abbreviations in each table should be explained in foot-
notes. 
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 Instructions to authors

4. The data presented in a table should not be repeated in 
the text or figure. 
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