


Management
of Complex
Cardiovascular
Problems
THE EVIDENCE-BASED 
MEDICINE APPROACH

EDITED BY

Thach N. Nguyen, MD, FACC, FACP, FSCAI
Director of Cardiology
Community Health System
St Mary Medical Center
Hobart, IN, USA

Dayi Hu, MD
Dean of TongJi University School of Medicine
Shanghai, China

Moo-Hyun Kim, MD
Director of Cardiac Catheterization Laboratories
Vice Dean, Dong A University Medical School
Dong A University Medical Center
Busan, South Korea

Cindy L. Grines, MD
Editor-in-Chief, The Journal of Interventional Cardiology
Director of Cardiac Catheterization Laboratories
William Beaumont Hospital
Royal Oak, MI, USA



© 2000, 2002 by Futura Publishing Company, Inc., New York
© 2007 by Blackwell Publishing
Blackwell Futura is an imprint of Blackwell Publishing

Blackwell Publishing, Inc., 350 Main Street, Malden, Massachusetts 02148-5020, USA
Blackwell Publishing Ltd, 9600 Garsington Road, Oxford OX4 2DQ, UK
Blackwell Science Asia Pty Ltd, 550 Swanston Street, Carlton, Victoria 3053, Australia

All rights reserved. No part of this publication may be reproduced in any form or by any
electronic or mechanical means, including information storage and retrieval systems, without 
permission in writing from the publisher, except by a reviewer who may quote brief passages
in a review.

First published 2000
Second edition 2002
Third edition 2007

1 2007

ISBN: 978-1-4051-4031-7

Library of Congress Cataloging-in-Publication Data

Management of complex cardiovascular problems : the evidence-based medicine 
approach / edited by Thach Nguyen … [et al.]. -- 3rd ed.

p. ; cm.
Includes bibliographical references and index.
ISBN-13: 978-1-4051-4031-7

1. Cardiovascular system--Diseases--Treatment. 2. Heart--Diseases--Treatment. 3.
Evidence-based medicine. I. Nguyen, Thach.

[DNLM: 1. Cardiovascular Diseases--therapy. 2. Evidence-Based Medicine. WG 120
M266 2007]

RC671.M33 2007
616.1’2--dc22 2006034015

A catalogue record for this title is available from the British Library

Commissioning Editor: Gina Almond
Editorial Assistant: Victoria Pittman
Development Editor: Beckie Brand
Production Controller: Debbie Wyer

Set in 9.5/12pt Palatino by Charon Tec Ltd (A Macmillan Company), Chennai, India
www.charontec.com
Printed and bound in Haryana, India by Replika Press PVT Ltd.

For further information on Blackwell Publishing, visit our website:
www.BlackwellCardiology.com

The publisher’s policy is to use permanent paper from mills that operate a sustainable forestry
policy, and which has been manufactured from pulp processed using acid-free and elementary
chlorine-free practices. Furthermore, the publisher ensures that the text paper and cover board
used have met acceptable environmental accreditation standards.

Blackwell Publishing makes no representation, express or implied, that the drug dosages in
this book are correct. Readers must therefore always check that any product mentioned in 
this publication is used in accordance with the prescribing information prepared by the 
manufacturers. The author and the publishers do not accept responsibility or legal liability 
for any errors in the text or for the misuse or misapplication of material in this book.



Contents

List of Contributors, v

Foreword, ix

Acknowledgments, x

Preface, xi

1 Acute Coronary Syndrome, 1
Thach N. Nguyen, Tan Huay Cheem, Bikash Agarwal, Rupesh Shah,
James Nguyen and Nguyen Lan Viet

2 ST-Elevation Acute Myocardial Infarction, 19
Thach N. Nguyen, C. Michael Gibson, Borce Petrovski, Prakash Makam, 
Nguyen Duc Cong and Pham Gia Khai

3 Hypotension and Cardiogenic Shock in Acute Myocardial
Infarction, 51
Thach N. Nguyen, Sim Kui Hian, Nikola Bakraceski, Haiyun Wu and 
Shiwen Wang

4 Coronary Artery Bypass Graft Surgery, 71
Thach N. Nguyen, David Jayakar, Felix Gozo and Vijay Dave

5 Care for Patients Undergoing Non-cardiac Surgery, 103
Thach N. Nguyen, Gianluca Rigatelli, Loan T. Pham, 
Vo Thanh Nhan and Kim Eagle

6 Integrated Primary Prevention of Cardiovascular Disease, 129
Huy Van Tran, Olabode Oladeinde, Nguyen Hai Thuy, 
Huynh Van Minh, Dao Duy An, Dat Nguyen Tran, Thach N. Nguyen,
Adolphus Anekwe and Matthew J. Sorrentino

7 Pulmonary Hypertension, 191
Michael D. McGoon

8 Heart Failure, 219
Thach N. Nguyen, Loan T. Pham, Pham Nguyen Vinh, 
Norbert Lingling D. Uy, Gaurav Kumar and Hoang Pham

iii



9 Ventricular Tachycardia, 255
Thomas Bump, Pham Quoc Khanh, Pham Nhu Hung, 
Ta Tien Phuoc, Abdul Wase and Vuong Duthinh

10 Atrial Fibrillation, 287
Hung-Fat Tse and Chu-Pak Lau

11 Mitral Regurgitation, 319
Jui-Sung Hung, Kean-Wah Lau, Zee-Pin Ding, Do Doan Loi,
Pham Manh Hung and Thach N. Nguyen

12 Stroke, 345
Thach N. Nguyen, Marc Simaga, Sundeep Mangla, Rajiv Kumar and 
Sanjeev V. Maniar

13 Syncope, 371
Brian Olshansky, Dayi Hu, Pham Quoc Khanh, 
Pham Nhu Hung, Ta Tien Phuoc and Thach N. Nguyen

14 Congenital Heart Disease in Adults, 405
Thach N. Nguyen, Nguyen Lan Hieu, Huynh Tuan Khanh, 
Zhang Shuang Chuan and Heidi M. Connolly

Index, 439

iv Contents



List of Contributors

Thach N. Nguyen, MD, FACC, FACP,
FSCAI
Co-Editor, International Journal of Geriatric 
Cardiology; and Editorial Consultant, Journal of
Interventional Cardiology; and Honorary Professor
of Medicine, Capital University of Medical Sci-
ences, Beijing, China; and Jiangsu Province
Hospital, First Affiliated Hospital of Nanjing
Medical University, Nanjing, China; and Beijing
Friendship Hospital, Beijing, China; and The
Institute of Geriatric Cardiology, Chinese PLA
Hospital 301, Beijing, China; and Clinical
Assistant Professor of Medicine, Indiana
University; and Director of Cardiology, Community
Healthcare System, St Mary Medical Center,
Hobart, IN, USA

Dayi Hu, MD
Dean of Medical School of Shanghai, Tongji
University; and Chief of Cardiology Department,
People’s Hospital of Peking, University of 
Beijing, China

Moo-Hyun Kim, MD
Director of Cardiac Catheterization Laboratories,
Vice Dean, Dong A University Medical School,
Dong A University Medical Center, Busan, Korea

Cindy L. Grines, MD
Editor-in-Chief, The Journal of Interventional
Cardiology; and Director of Cardiac
Catheterization Laboratories, Williams Beaumont
Hospital, Royal Oak, MI, USA

Editors

Bikash Agarwal, MD
Assistant Professor of Medicine, Indiana
University School of Medicine; and Director,
Hospitalist Program, St Anthony Memorial
Hospital, Michigan City, IN, USA

Dao Duy An, MD, MSc Med
Vice Head of Cardiovascular and Geriatrics 
Ward, General Hospital of Kontum Province,
Vietnam

Adolphus Anekwe, MD
Clinical Assistant Professor of Medicine, Indiana
University Northwest Center for Medical
Education; and Health Commissioner of the 
City of Gary, Consultant, Internal Medicine, 
IN, USA

Nikola Bakraceski, MD
Chief of Interventional Cardiology Department,
Institute for Cardiovascular Diseases, Ohrid,
Macedonia

Thomas Bump, MD
Electrophysiologist, Christ Hospital, Oak Lawn,
IL, USA

Tan Huay Cheem, MD
Chief, Cardiac Department, National University
Hospital; and Director, Cardiac Catheterisation
Laboratory, National University Hospital, Singapore

Zhang Shuang Chuan, MD
Director & Professor of Pediatric Department,
Peking University Shenzhen Hospital; and Guest
Professor of Shenzhen Children’s Hospital,
Shenzhen, China

Nguyen Duc Cong, MD, PhD
Associate Professor, Vice Director, Department of
Internal Medicine II, Hospital 103, Hadong City,
Hatay Province, Vietnam

Heidi M. Connolly, MD, FACC
Professor of Medicine, Mayo Clinic College of
Medicine, Rochester, MN, USA

Contributors

v



vi List of contributors

Vijay Dave, MD
Director of Medical Education, Chairman,
Department of Medicine, Community 
Healthcare System, St Mary Medical Center,
Hobart, IN, USA

Zee-Pin Ding, MBBS, MMed, FAMS
Consultant Cardiologist, Chief of
Echocardiography, National Heart Center,
Singapore

Vuong Duthinh, MD, PhD
Electrophysiology Consultant, Regional
Cardiology Associates, Grand Blanc, MI, USA

Kim Eagle, MD
Professor of Medicine, The University of Michigan
Cardiovascular Center, Ann Arbor, MI, USA

C. Michael Gibson, MS, MD
Director, TIMI Data Coordinating Center; and
Associate Professor Harvard Medical School; and
Chief of Clinical Research, Cardiovascular
Division, Beth Israel Deaconess Medical Center,
Boston, MA, USA

Felix Gozo, MD
Director of Cardiac Rehabilitation, St Mary
Medical Center, Hobart, IN, USA

Sim Kui Hian, MD
Chair, Medical Directorate; and Chair, Medical
Advisory Council; and Head, Department of
Cardiology; and Head, Clinical Research Centre
(CRC), Sarawak General Hospital, Malaysia; and
Adjunct Professor, Faculty of Medicine & Health
Sciences, University of Malaysia, Sarawak 
(UNIMAS); and Vice President (2006–2008)
National Heart Association of Malaysia (NHAM)

Nguyen Lan Hieu, MD
Interventional Cardiology, Congenital Heart
Disease Program, Hanoi Medical University,
Vietnam Heart Institute, Hanoi, Vietnam

Pham Manh Hung, MD
Vice Director of the Interventional Laboratories,
Vietnam Heart Institute, Bach Mai Hospital, 
Hanoi, Vietnam; and Secretary General of 
the Vietnam National Heart Association, 
Hanoi, Vietnam

Pham Nhu Hung, MD
Cardiology Consultant, Vietnam Heart Institute,
Hanoi, Vietnam

Jui-Sung Hung, MD, FACC, FAHA
Director, Central Taiwan Heart Institute; and
Professor of Medicine, China Medical University
and Chung Shan Medical University, Taichung,
Taiwan

David Jayakar, MD
Director of Cardiovascular Surgery, Community
Healthcare System, St Mary Medical Center,
Hobart, IN, USA

Pham Gia Khai, MD, PhD
Director, Vietnam Heart Institute, Bach 
Mai Hospital; and Chief, Cardiology 
Department, Hanoi Medical University, Hanoi,
Vietnam

Pham Quoc Khanh, MD
Director of Electrophysiology Laboratories,
Vietnam Heart Institute; and Vice President,
Vietnamese Interventional Cardiology Society,
Hanoi, Vietnam

Huynh Tuan Khanh, MD
Pediatric Cardiologist, Pediatric Hospital #2,
Hochiminh City, Vietnam

Gaurav Kumar, MD
Assistant in Medicine, Department of Medicine,
University of Illinois in Chicago, Chicago, IL,
USA

Rajiv Kumar
Third Year Medical Student, Indiana University
School of Medicine, Indianapolis, IN, USA

Chu-Pak Lau, MD
Division of Cardiology, Department of Medicine,
The University of Hong Kong, Queen Mary
Hospital, Hong Kong, China

Kean-Wah Lau, MBBS, MMed, FRCP,
FACC
Associate Professor of Medicine, National
University of Singapore; and Consultant
Cardiologist, Gleneagles Medical Center,
Singapore

Do Doan Loi, MD, PhD
Consultant in Cardiology, Vice Director of Bach
Mai General Hospital; and Deputy Dean of Hanoi
Medical University, Hanoi, Vietnam

Prakash Makam, MD
Director of Cardiovascular Research, Community
Healthcare System, Munster, IN, USA



List of contributors vii

Sundeep Mangla, MD
Director of Interventional Neuroradiology,
Director of Research, Department of Radiology,
Visiting Associate Professor of Radiology,
Neurosurgery, and Neurology, SUNY
Downstate Medical Center, Brooklyn, NY, 
USA

Sanjeev V. Maniar, MD, ABPN
Neurology and Fellowship, Trained in EEG, 
EMG and Intraoperative Epilepsy Monitoring,
Merrillville, IN, USA

Michael D. McGoon, MD
Professor of Medicine, Director, Pulmonary
Hypertension Clinic, Mayo Clinic College of
Medicine, Rochester, MN, USA

Huynh Van Minh, MD, PhD
Professor of Internal Medicine, Hue Medical
College; and Vice Director, Hue University
Hospital; and President, Vietnam Society of
Hypertension, Vietnam

James Nguyen, MD
Resident in Internal Medicine, Orlando Regional
Health Care, Orlando, FL, USA

Vo Thanh Nhan, MD, PhD
Associate Professor of Clinical Cardiology,
University of Medicine and Pharmacy; 
and Director of Interventional Cardiology 
and Cardiac Catheterization Laboratory, 
Cho Ray Hospital, Ho Chi Minh City, 
Vietnam

Olabode Oladeinde, MD, FACP
Internal Medicine Consultant, Department of
Medicine, Community Healthcare Systems, 
St Mary Medical Center, Hobart, IN, USA

Brian Olshansky, MD
Professor of Medicine, Director, Cardiac
Electrophysiology, University of Iowa Hospitals,
Iowa City, IA, USA

Borce Petrovski, MD, PhD, FESC,
FACC
Director of the Institute for Heart Diseases,
Clinical Center, University of St Ciril and
Metodius, Skopje, Macedonia

Hoang Pham, MD
Intern, Department of Medicine, Saint Vincent
Hospital, Worcester, MA, USA

Loan T. Pham, MD
Internal Medicine Consultant, Department of
Medicine, Kaiser Permanente Hospital, Fontana,
CA, USA

Ta Tien Phuoc, MD, PhD
Consultant in Cardiology, Chief of Clinical
Department, Bach Mai Hospital, Hanoi, Vietnam

Gianluca Rigatelli, MD, FACP, FACC,
FESC, FSCAI
Director, Peripheral Vascular and Congenital
Heart Disease Interventions, Interventional
Cardiology Unit, Rovigo General Hospital,
Rovigo, Italy

Rupesh Shah, MD
Vice-Chair, Department of Medicine, Community
Healthcare System, St Mary Medical Center,
Hobart, IN, USA

Marc Simaga, MD
Neurology Consultant, North Indiana Neurology
Institute, Merrillville, IN, USA

Matthew J. Sorrentino, MD
Associate Professor of Medicine, Department of
Medicine, Section of Cardiology, University of
Chicago, Pritzker School of Medicine, Chicago,
IL, USA

Nguyen Hai Thuy, MD, PhD
Associate Professor of Medicine, Chief,
Department of Internal Medicine, Hue University
Hospital, Vietnam

Dat Nguyen Tran, MD
Resident-in-training, Denver, CO, USA

Huy Van Tran, MD, PhD, FACC, FESC
Department of Cardiology, Khanh Hoa Hospital;
and President, Khanh Hoa Heart Association; and
Vice President, Vietnamese Society of
Hypertension, Nha Trang, Vietnam

Hung-Fat Tse, MBBS, MD, FRCP, FACC
Professor of Medicine, Cardiology Division,
Department of Medicine, The University of 
Hong Kong, Hong Kong, China

Norbert Lingling D. Uy, MD, FPCP,
FPCC, FACC
Chief, Section of Cardiology, University of the
East Ramon Magsaysay Memorial Medical Center;
and Assistant Professor in Medicine, UERM
College of Medicine; and Consultant, Philippine
Heart Center and St. Luke’s Heart Institute



viii List of contributors

Nguyen Lan Viet, MD, PhD
Professor of Medicine, Rector of Hanoi Medical
University; and Vice Director, Vietnam National
Heart Institute; and Vice President, Vietnam
National Heart Association, Hanoi, Vietnam

Pham Nguyen Vinh, MD, PhD
Professor in Medicine, University Training
Center; and Chief of Cardiology and Vice Director,
Heart Institute of Ho Chi Minh City, Ho Chi Minh
City, Vietnam

Shiwen Wang, MD, MCAE
Professor and Director, Institute of Geriatric
Cardiology, General Hospital of Chinese PLA,
Beijing, China

Abdul Wase, MD, FACP, FACC
Associate Clinical Professor of Medicine; and
Director, Cardiology Fellowship Program, Wright
State University School of Medicine; and Director,
Electrophysiology, Good Samaritan Hospital,
Dayton, OH, USA

Haiyun Wu, MD
Associate Professor, Institute of Geriatric
Cardiology, General Hospital of Chinese PLA,
Beijing, China



The modern cardiologist is confronted with a bewildering amount of new
information. At last count there were more than 100 cardiology journals.
Many cardiology textbooks, covering every aspect of the field and dozens of
symposia are published each year. The major cardiovascular centers all have
their “in house” publications, which emphasize their local accomplishments.
In addition, industry bombards cardiologists with many reviews, each plac-
ing the sponsor’s project and trial in the best light.

What the practicing cardiologist really needs is a text that emphasizes unbi-
ased, up to date information and that places this information into an appro-
priate context. The third edition of Management of Complex Cardiovascular
Problems: The Evidence-based Medicine Approach, carefully edited by Dr Thach
N. Nguyen and his co-Editors, does precisely this.

Particularly new, reader–friendly features are the boxes that distill the
information that is presented in the text into several categories: Critical
Thinking (new concepts); Evidence-based Medicine (the key results of important
clinical trials); Emerging Trends (how new information may be applied to
improve practice); Clinical Pearls (advice from master clinicians); Real World
Questions (the most important questions facing practicing cardiologists – and
their answers); and Take Home Messages (succinct summaries of each chapter).

This unique format provides busy cardiologists with an approach to deal
with information overload and will thereby enhance the quality of care deliv-
ered to the cardiac patient. Thus, Dr Thach N. Nguyen and his talented
authors have again provided us with important ammunition for the war
against heart disease. This fine book describes clearly some of the most diffi-
cult problems that cardiovascular specialists face, and it provides enormously
helpful directions in dealing with them. This eminently readable book should
be equally valuable to practicing cardiologists in the front lines of the battle
against the global scourge of cardiovascular disease and to trainees in the
field.

Eugene Braunwald, MD
Distinguished Hersey Professor of Medicine

Harvard Medical School
Chairman, TIMI Study Group

Brigham and Women’s Hospital
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Cardiovascular disease is a major health, social and economic problem. On an
individual basis, it limits the full development of a productive career,
decreases the earning potential, dampens the prospect of a challenging
lifestyle, and shortens life expectancy. In the macroeconomic aspect, cardio-
vascular disease contributes directly to work absenteeism, lower production
output, and incurs a large and disproportionate share of healthcare 
expenses.

With recent advances in understanding the mechanism of disease and con-
current technology development, the management of cardiovascular disease
has succeeded in decreasing mortality and improving morbidity. However,
the problem of today’s cardiologists is the fact that they are being bombarded
by a never ending supply of new and heterogenous information. These publi-
cations range from the “must-read” weekly Journal of the American College
of Cardiology, Circulation, New England Journal of Medicine, etc., to the free,
throw-away printings from scientific or business sources. So keeping current
in today’s changing world of medicine and intelligently applying the new
mainstream innovations, while staying emotionally stable, socially correct,
financially successful, and navigating a mid-life crisis, is more than a major
challenge for any practicing cardiology consultant.

Management of Complex Cardiovascular Problems: The Evidence-based Medicine
Approach, Third Edition, brings together clinical consultants from different
areas of expertise to address the day to day implications of conventional and
frontline modalities of treatment for major cardiovascular problems. First, we
identify the most clinically relevant questions that the consultants and their
referring physicians would encounter at the bedside during their daily
rounds. Then, in a frank and honest review and evaluation of related data of
randomized trials or meta-analysis, we offer a wide range of solutions, incor-
porating evidence-based medical information, from conventional to investi-
gational, into daily practice.

Each option is backed up by the abstract of a study or two from opposing
views which have been well received or hotly debated by the cardiology com-
munity. However, not every modality of treatment or medication can or
should be applied to every patient. Rather, it is an intelligent selection and
application of the best modality of treatment. Because there are so many avail-
able options, we emphasize on ranking each drug or each modality of treat-
ment by its utmost necessity. This method of assessing the management strategy
helps the clinician to focus on the main treatment and its results while being able
to add (or withdraw) a (few) secondary drug(s) or modality(ies) of treatment
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xi



without deviating from the main problem that prompts the patient to come to
the office or that the patient is being hospitalized for.

All the time, while scrutinizing the data from randomized trials or meta-
analysis, we pay attention to the details, circumstances of occurrences, results
in selected subsets of patients or subsets analysis. Besides reconfirming the
data accepted by others, we may detect a trend which could lead to a different
understanding or perspective of the problems, thus explaining the differences
of the patients’ outcomes. As we deduce a few lessons from these trials and
apply them to patients, we give a personal touch to the management strategy
and hopefully bring a happy ending to the cardiovascular problems of
patients entrusted by society to our care.

This book (or any cardiology textbook) does not have all the answers, nor
can we offer a perfect solution to every question, because clinical questions
will always arise as long as the human body and physiology evolve. As many
theories and hypotheses are being elegantly discussed, we present just a few
principles and applications, which are the most likely treatments of the
future. Following this principle, we channel our limited time, interest, and
resources into a few promising treatments.

Even if we can suggest a best modality of treatment available for a specific
problem, the correct political question continues to be which one is the best,
for an affordable price, applying to the largest number of patients. None of us
are living in Utopia, so the management offered in this book also tries to be
cost-effective, keeping the expenditure of cardiac care within the national
budget, as well as preventing it from bankrupting the health care system.

As editors and authors of this book, we hope we achieve our role as effec-
tive communicators to our readers, who are all friends and colleagues. We
have tried to make the messages simple and easy to understand so they can
be easily remembered and applied in the daily rounds of all of us. This is the
one simple goal we have for ourselves and our readers.
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CHAPTER 1

Acute Coronary Syndrome

Thach N. Nguyen, Tan Huay Cheem, Bikash Agarwal,
Rupesh Shah, James Nguyen and Nguyen Lan Viet
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Critical Thinking: Prognostic value of positive

troponin level and non-significant lesion? 12
Real World Question: Non-Cardiac Causes of High

Troponin and Discordance with CK-MB, 13
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Anti-Platelet Drug Resistance? 14
Evidence-based Medicine: What is the optimal

dose of clopidogrel for PCI? 14
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thrombosis after stenting? 15

Take Home Message, 15

Introduction

The definition of acute coronary syndrome (ACS) includes unstable angina
(UA), non-ST segment elevation myocardial infarction (non-STEMI), and ST
segment myocardial infarction (STEMI). However, in practice, ACS is used to
indicate UA and non-STEMI. Their principal presentations are rest angina, new-
onset angina, angina of increasing severity, postinfarction angina. Non-STEMI
is defined as UA with positive cardiac biomarkers without ST segment eleva-
tion on the electrocardiogram (ECG). The factors which differentiate between
low and high risk ACS by the thrombolysis in acute myocardial infarction (TIMI)
risk scores are listed in Table 1.1. If there are less than two risk factors the



patient belongs to the low-risk group; from three to four risk factors the patient
is of intermediate risk; and with more than four risk factors the patient belongs
to the high risk group. Even without calculating the TIMI risk score, 
elevated troponin levels and ST-segment depression help to distinguish indi-
viduals at increased cardiovascular (CV) risk [1].

ACS is result of a mismatch between myocardial oxygen supply and demand.
Occasionally, this is due to anemia, hyperthyroidism, infection, tachyarrhyth-
mias, or valvular heart disease. However, the most common cause of change
from stable CAD to ACS is disruption or fissuring of a vulnerable atheroscle-
rotic plaque. This is followed by platelet-mediated thrombosis and vasocon-
striction with or without elevation of cardiac markers. Not every elevation of
CPK-MB or troponin is due to myocardial injury. Cardiac-specific troponin rises
similarly to CK-MB but it is more specific for cardiac muscle and more sensi-
tive (there is more of it in myocardial cells). Troponin also stays elevated long
after CK-MB has returned to normal.

2 Chapter 1

Table 1.1 TIMI risk score for acute coronary syndrome.

1. Age �65 years
2. Prior coronary stenosis �50%
3. Three or more risk factors for CAD (hypertension,

hypercholesterolemia, family history of CAD, active smoking, diabetes)
4. Prior use of aspirin within last 7 days
5. ST segment depression
6. Elevated cardiac biomarkers
7. Two or more episodes of rest angina in the last 24 hours

CAD, coronary artery disease.

CRITICAL THINKING

Why does plaque rupture? A novel theory speculates that crystallization

of cholesterol causes an increase in volume of the cholesterol content of a

plaque and pierces the biological membrane into the arterial lumen. This is

believed to be the mechanism of plaque rupture [2,3]. If it is true, there will be a whole

new pharmacologic armamentarium (including red wine) to prevent crystallization of

cholesterol and plaque rupture.

Because the pathophysiology of ACS is transient coronary occlusion with
platelet-mediated thrombi, the present strategy for acute treatment of ACS is
directed primarily at the platelet, the thrombus, and coronary artery vasocon-
striction with aspirin, thienopyridines and heparin (Table 1.2).



Management

Aspirin
Three randomized trials have clearly demonstrated the benefit of aspirin in
the management of ACS. The Veteran’s Administration Cooperative Study [4]
compared aspirin (324 mg daily for 12 weeks) to placebo in 1266 men. The
incidence of death or myocardial infarction (MI) was 51% lower in the aspirin-
treated patients. These results were confirmed in a Swedish trial [5] that com-
pared a lower dose of aspirin (75 mg daily) to placebo in 796 men. A reduction
in death or MI of 64% was observed at 3 months, and of 48% at 1 year. A sim-
ilar result was achieved in a Canadian study [6] using a much higher dose of
aspirin (1300 mg daily). These data are conclusive and justify the recommen-
dation that all patients with ACS should receive regular aspirin as soon as pos-
sible, and that 80 mg should be continued daily for long-term management,
unless a definite contraindication is present.

Thienopyridines
Clopidogrel, unlike aspirin, does not block cyclooxygenase, but interfere with
ADP-mediated platelet activation. It exerts its therapeutic effect when more
than 80% of platelets are inhibited. The clinical efficacy of clopidogrel was
tested in the CURE trial.

Acute coronary syndrome 3

Table 1.2 Management strategies for acute coronary syndrome.

1. Identify patients by risk profile for appropriate treatment
2. Administer evidence-based medicine treatment
3. Perform invasive studies and treatment if indicated
4. Initiate risk factor modification program (including exercise) in the hospital setting
5. Educate patients and family about risk modification program
6. Schedule follow-up for CAD and regular check-up for risk factor modification program

CAD, coronary artery disease.

Evidence-based Medicine: The CURE trial

Clopidogrel was studied in the Clopidogrel in Unstable Angina to Prevent

Recurrent Events trial which randomized 12,562 patients with UA or non-

STEMI to either clopidogrel and aspirin or placebo and aspirin. At 30 days,

all patients, including the subgroup older than 65 years of age, had a significant

relative risk reduction in the composite end point of death, non-fatal MI, and stroke.

The impact of clopidogrel vs. placebo was as follows: low-risk group (TIMI score 0–2)

4.1% vs. 5.7% (P � 0.04), intermediate-risk group (TIMI score 3–4), 9.8% vs. 11.4%

(P � 0.03), and high-risk group (TIMI score 5–7), 15.9% vs. 20.7% (P � 0.004) [7].

As a result, clopidogrel was indicated for patients with ACS. The patient
should receive a 300–600 mg bolus dose in order to attain its therapeutic effi-
cacy within 24 hours, and 75 mg/day for more than 9 months.



Unfractionated Heparin
Because plaque rupture and thrombosis are critical aspects of the pathophysi-
ology of ACS, the efficacy of unfractionated heparin (UFH) has been tested by
several randomized clinical trials. A meta-analysis of six randomized trials
(1353 patients) by Oler et al. [8] demonstrated a 33% reduction in death or MI
in patients treated with UFH and aspirin compared with patients treated with
aspirin alone. Thus, intravenous UFH should be started as soon as possible,
titrated to an aPTT of 1.5–2.5 times control. While rebound angina may occur
after discontinuation of UFH, this phenomenon is reduced with concomitant
aspirin use. However, the absorption of UFH is erratic, demanding frequent
monitoring and titration, this is why its anticoagulant level is more likely to
be outside the therapeutic and safety window.

Low Molecular Weight Heparins
The anticoagulant of low molecular weight heparins (LMWH) effect is more
predictable than UFH, and routine laboratory monitoring is not required to
assess its efficacy. LMWH also have a great specificity for factor Xa binding
and are resistant to inhibition by activated platelets. In addition, LMWH
cause less drug-induced thrombocytopenia.
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Evidence-based Medicine: The ESSENCE trial

The Efficacy and Safety of Subcutaneous Enoxaparin in Non-Q-Wave

Coronary Events investigators compared the LMWH enoxaparin to UFH in

3171 patients with UA or non-Q-wave MI. At 14 days the risk of death, MI,

or recurrent angina was significantly lower in patients treated with enoxaparin and

aspirin compared to those treated with UFH and aspirin (16.6% vs. 19.8%; P � 0.019).

This benefit continued at 30 days (19.8% vs. 23.3%; P � 0.016). In addition, the need

for revascularization procedures was also decreased (27.0% vs. 32.2%; P � 0.001).

There was no difference in the rates of major bleeding [9].

These studies have demonstrated that LMWH are at least as good as (and
probably better than) UFH in the treatment of ACS [9,10]. In addition, they are
easier to administer owing to short intravenous (IV) infusion times, and
because routine laboratory monitoring is not necessary.

Direct Thrombin Inhibitors
Working directly against free and clot-bound thrombin, direct thrombin
inhibitors (DTIs) do not require antithrombin III as a cofactor. Thus, these
agents can produce a stable and predictable level of anticoagulation. DTI was
tested in the REPLACE trial in which the patients were randomly assigned to
receive IV bivalirudin with provisional Gp 2b3a inhibition (GPI), or to receive
heparin with planned GPI. The results showed that at 6 months there was no



difference in mortality (1.4% vs. 1%; P � 0.15), MI, or repeat revascularization
[11]. This is why the ACUITY trial was designed to test again the effects of DTI
in ACS patients undergoing primary coronary intervention (PCI).
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Factor Xa Inhibitor
Heparin binds to antithrombin III and induces a conformational change, increas-
ing its affinity to bind and inactivate thrombin (factor IIa), Xa, XIa, IXa, and other
components of the coagulation cascade. The binding site of heparin to antithrom-
bin consists of five sugar molecules which have become the basis for the cre-
ation of the synthetic pentasaccharides, of which fondaparinux is the first one to
be extensively studied. Fondaparinux binds specifically to antithrombin, giving
a very specific inhibition of Xa without interfering with other clotting factors.

�-Blockers
Competitive antagonists to catecholamines, �-blockers cause a decrease in heart
rate and cardiac contractility, thus decreasing myocardial oxygen demand.
Although these agents have not been shown to decrease mortality in patients

EMERGING TREND

The OASIS 5 trial 20,078 ACS patients were randomized to either

fondaparinux 2.5 mg (n � 10,057) or enoxaparin 1 mg/kg twice daily

(n � 10,021). At 30 day follow-up, outcomes were significantly better for

patients treated with fondaparinux, with a 17% reduction in 30-day mortality.

Furthermore, major bleeding rates at 30 days remained significantly higher in patients

treated with enoxaparin. These results were maintained at 6 months with a 9%

reduction in the risk of death or MI, and a 13% reduction in the risk of death, MI,

refractory ischemia, or major bleeding in patients who underwent percutaneous

coronary intervention during the study period. Vascular-access-site complications were

more frequent in the enoxaparin arm (8.1% vs. 3.3%, P � 0.0001). Death and/or MI

following PCI were similar in both arms of the study [13].

Evidence-based Medicine: The ACUITY trial

In the Acute Catheterization and Urgent Intervention Triage strategy trial,

13,800 patients with moderate- to high-risk ACS are being prospectively

randomly assigned to UFH or enoxaparin � GPI, vs. bivalirudin � GPI, vs.

bivalirudin � provisional GPI. All patients undergo cardiac catheterization within 72

hours, followed by percutaneous or surgical revascularization when appropriate. In a

second random assignment, patients assigned to receive GPI are sub-randomized to

upstream drug initiation vs. GPI (provisional) administration during angioplasty only.

The results showed that the primary study end points (composite of death, MI,

unplanned revascularization for ischemia, and major bleeding) at 30 days were similar

between UFH, LMWH or DTI. However, DTI alone gave the best results because it caused

the lowest level of bleeding. GPI did not improve the outcome on top of DTI [12].



with ACS, �-blockers have been shown to decrease mortality in STEMI and
stable angina with silent ischemia. It therefore seems logical to extend these
observations to patients with non-STEMI. A meta-analysis from Yusuf et al. has
demonstrated a reduction in the risk of progression to acute MI (AMI) with
the use of �-blockers in patients with ACS [14].

Nitroglycerin
Nitroglycerin (NTG) vasodilates coronary arteries, promotes coronary collateral
flow, and decreases cardiac preload. Although these effects have not been shown
to decrease death or MI, nitrates can clearly decrease the ischemic burden.
Nitrate tolerance can, however, occur in as little as 24 hours, such that patients
require a nitrate-free interval or increasing doses of IV NTG. Although NTG is
an excellent antianginal agent and may be effective for acute management of
ischemia, routine long-term nitrate therapy is not mandatory, since it has not
been shown to be effective in the secondary prevention of coronary events.

Glycoprotein 2b3a Inhibitors
The benefits of aspirin in the treatment of ACS highlight the pivotal role of
he platelet. The limitations of aspirin have also been recognized, given that it is
effective against only one of the pathways leading to platelet aggregation. GPI
such as abciximab, eptifibatide and tirofiban block circulating fibrinogen from
binding to its receptor on activated platelets, and thus inhibit platelet aggrega-
tion. The first major randomized controlled trial (RCT) for PCI in ACS patients
is the EPIC trial. It showed lower mortality with GPI, however, with an increase
in major bleeding [15]. The problem was fixed in the EPILOG trial when UFH
was given at lower dose (70 U/kg) without decreasing its effect but with less
bleeding [16]. In this era of drug eluting stent (DES), more RCTs have been con-
ducted to test the efficacy of GPI in different high-risk subsets of patients.

6 Chapter 1

Evidence-based Medicine: The TACTICS-TIMI 18 trial

2220 patients with UA and MI without ST-segment elevation who had

electrocardiographic evidence of changes in the ST segment or T wave,

elevated levels of cardiac markers, a history of CAD, were enrolled. All

patients were treated with aspirin, heparin, and the GPI tirofiban. They were randomly

assigned to an early invasive strategy, which included routine catheterization within

4–48 hours and revascularization as appropriate, or to a more conservative (selectively

invasive) strategy, in which catheterization was performed only if the patient had

objective evidence of recurrent ischemia or an abnormal stress test. The primary end

point was a composite of death, non-fatal MI, and rehospitalization for ACS at six

months. At six months the results showed that the rate of the primary end point was

15.9% with use of GPI and the early invasive strategy, and 19.4% with use of the

conservative strategy (OR, 0.78; 95% CI 0.62–0.97; P � 0.025). The rate of death or

non-fatal MI at six months was similarly reduced (7.3% vs. 9.5%; OR, 0.74; 95% CI

0.54–1.00; P � 0.05) [17].



These trials have demonstrated the benefit of IV GPI in reducing recurrent
ischemic events in patients with ACS. However, selective use of different levels
of platelet inhibition gives the best protection to patients without causing further
harm. Low risk patients in elective PCI benefit the most from high-loading dose
of clopidogrel without the need of GPI [18]. The patients with chest pain from
progression of a stable plaque without platelet activation would not benefit
from GPI, and may even be harmed. Biomarkers such as troponin I (evidence
of possible distal embolization), TIMI risk score, B-type natriuretic peptide,
and ST-segment depressions, help in identifying the high-risk patients who
benefit the most from GPI on top of the usual clopidogrel treatment [19].

Lipid-Lowering Drugs
Secondary prevention clearly begins with aspirin and �-blockers. More recently,
the critical role of lipid-lowering therapy has been demonstrated. The “statin”
drugs seem to stabilize coronary plaques, since the reduction in coronary events
appears out of proportion to the degree of coronary artery disease regression.
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Evidence-based Medicine: The PROVE IT-TIMI 22 trial

In the Pravastatin or Atorvastatin Evaluation and Infection Therapy –

Thrombolysis In Myocardial Infarction 22 (PROVE IT-TIMI 22) trial, 4162

patients with ACS were randomized to intensive statin therapy (atorvastatin

80 mg) or standard therapy (pravastatin 40 mg). The results showed that the composite

end point (death, MI, or rehospitalization for recurrent ACS) at 30 days occurred in 3.0% 

of patients receiving atorvastatin 80 mg vs. 4.2% of patients receiving pravastatin 40 mg

(P � 0.046). In stable patients, atorvastatin 80 mg was associated with a composite event

rate of 9.6% vs. 13.1% in the pravastatin 40 mg group (P � 0.003). Thus, ACS patients

should be started in hospital and continued long term on intensive statin therapy [20].

Comprehensive Care
In order to overcome the acute phase of ACS, the patients need comprehensive
care which includes medication, coronary revascularization, teaching on diet,
life-style change, and exercise. Once the unstable condition of ACS is converted
into more controlled and stable CAD, oral medication is the first line of long
term medical intervention. Usually, these patients have to take many other med-
ications either for ACS, diabetes, hypercholesterolemia, arthritis, congestive
heart failure or chronic obstructive pulmonary disease. So many patients feel
that they are overmedicated and/or many could not afford to pay for all these
drugs. In these situations, many patients rebel by stopping all medications. This
author tries to explain to the patients the importance of each cardiovascular drug
and the reason why that particular drug should be taken; which medications the
patients can omit, when, why, whether it can be exchanged, and with what. 
In order to emphasize the importance of each modality and its priority rank 
of a comprehensive care program, the patient is given a set of seven questions 



asking the reason and the importance rank of the medications or modalities of
treatment. The importance and priority (necessity) ranking is shown in Table 1.3. 

The answer to question 1 is aspirin, because it is indicated for ACS and for
stable CAD. It is also universally affordable. The unstable ACS patients are to
be converted into stable CAD with medications or coronary revascularization
(if not, it is a treatment failure). The indication for acetylsalicyic acid (ASA) is
nearly absolute, except for rare contraindication or intolerance. The second most
important medication for ACS is clopidogrel. It should be taken for 9 months
as suggested in the CURE trial, or one month after bare metal stent (BMS) stent-
ing, or one year after DES stenting. The indication for clopidogrel is absolute
especially after DES stenting. The answer to question 3 is a �-blocker, because 
it prevents MI and hospital readmission. For patients in all phases of CAD, from
stable to UA to non-Q MI and to STEMI, �-blockers are the main medication.

The answer to question 4 is low cholesterol diet. This author does not think
a patient with CAD should take a cholesterol-lowering drug without trying a
low cholesterol diet first. After failure to achieve an ideal low LDL level (which
often happens), then the patient would be prescribed cholesterol-lowering
medication. Adherence to a low salt and low cholesterol diet would help to
curb obesity, another strong and stubborn risk factor for CAD.
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CLINICAL PEARLS

Did you give comprehensive care to your ACS patients? In a

comprehensive care plan, a patient with ACS should receive antiplatelet

agents and �-blockers. Without ASA (and clopidogrel) and without 

�-blockers at optimal dosage, the patient did not receive basic medical care for ACS.

With regard to risk factor modification, we never stop emphasizing and reinforcing the

Table 1.3 Importance rank of different medications or modalities of treatment.

Question Answer

1. If you can afford to buy only one medication ASA
to take every day, which one do you have to buy?

2. If you can afford to buy a second medication Thienopyridines
to take every day, which one do you have to buy?

3. If you can afford to buy a third medication �-blocker
every day, which one do you have to buy?

4. Which is the next most important modality of Low cholesterol diet
treatment?

5. Which one is the next most important modality Exercise
of treatment?

6. Which one is the next most important modality Coronary revascularization
of treatment?

7. Which one is the next most important medication? Cholesterol-lowering drug

ASA, acetylsalicyic acid.



Difficult Situations and Suggested Solutions

Real World Question How Should You Prevent a New MI?
Without compliance with medication, especially the antiplatelet drug, exer-
cise, stopping smoking, diabetes control, and losing weight, the patient will
experience ACS again in the near future. A very important question the patient
should ask, or we have to teach the patient, is how to prevent a new MI. Mea-
sures to prevent AMI are listed in Table 1.4.
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instructions on exercise, stopping smoking, better control of diabetes, losing weight.

Percutaneous or surgical coronary revascularization never works in the long term if the

patient continues to smoke, is non-compliant with medications (specifically ASA,

clopidogrel, �-blockers), does not exercise, does not try to diet, has high cholesterol level

and does not lose weight.

So the data showed that there was an increased risk of MI after sexual activity
and the further increase in risk among the less physically fit support the
hypothesis of causal triggering by sexual activity. However, the absolute risk
per hour is very low, and exposure is relatively infrequent [21].

Table 1.4 Measures to prevent acute myocardial infarction.

1. ASA and/or clopidogrel (compliance with medications)
2. �-blockers every day (compliance with medications)
3. Cholesterol-lowering drug (compliance with medications)
4. Exercise every day
5. No unaccustomed heavy activities
6. Stop smoking
7. Control diabetes

ASA, acetylsalicyic acid.

What are unaccustomed heavy activities? Sudden, strenuous and prolonged
activities that the patients are not used to on a daily basis e.g. shoveling snow,
moving furniture, long and strenuous yard works, etc. What about sexual activ-
ity? Is it an unaccustomed heavy activity?

CRITICAL THINKING

The SHEEP study. The Stockholm Heart Epidemiology Programme (SHEEP)

is to investigate sexual activity as a trigger of MI and the potential effect

modification by physical fitness. 699 patients with a first non-fatal AMI

participated in the study. The results showed that only 1.3% of the patients without

premonitory symptoms of MI had sexual activity during two hours before the onset of

MI. The relative risk of MI was 2.1 (95% CI 0.7–6.5) during one hour after sexual activity,

and the risk among patients with a sedentary life was 4.4 (95% CI 1.5–12.9) [21].



Real World Question Early Invasive or Selective Invasive Strategies?
Even with recent improvements in the pharmacologic management of patients
with ACS, the rates of death and MI remain quite high. As a result, early coro-
nary angiography with an eye toward revascularization has been studied. No-
one would argue the pivotal role of coronary angiography in UA patients who 
are refractory to medical therapy or who develop ischemia during a provoca-
tive test or patients with non-STEMI. However, routine early angiography is
more controversial. The superiority of early invasive approach was evidenced
through the RCTs showcased below.
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CLINICAL PEARLS

Preventing a new MI In order to prevent new MI, ASA and �-blockers –

cholesterol-lowering drugs – are the main medications. Stopping smoking

is a must because smoking causes rupture of vulnerable plaques.

Lowering LDL cholesterol below 75 mg/dL is a goal to be attained. Counseling on low

salt and low cholesterol diet should be reinforced regularly. Exercise is a must. Avoid

all unaccustomed heavy activities. Sexual activities will not trigger MI if couples do not

abstain, (or practice on a regular basis �2 times a week) [22].

Evidence-based Medicine: The FRISC II trial

In the FRISC II study, 2465 patients with UA or non-Q-wave MI were

randomized either to an aggressive strategy or to a more conservative

approach. The patients in the early interventional group underwent

coronary angiogram followed by early revascularization, if needed, within the first 7

days. The patients in the conservative-approach group underwent invasive procedures

only if they had severe symptoms or ischemia during exercise testing. The rate of

death or MI in male patients at 6 months was reduced from 12% in the non-invasive

arm to 9.5% in the early invasive arm. There was no clinical benefit seen in women

because 30% were found to have a normal coronary angiogram [23].

A Dissenting View from Europe
Current US guidelines recommend an early invasive strategy for patients
who have ACS without ST-segment elevation and with an elevated cardiac
troponin T level. However, according the Dutch investigators, previous RCTs
have not shown an overall reduction in mortality, and the reduction in the
rate of MI in previous trials has varied depending on the definition of MI [24].

CRITICAL THINKING

The ICTUS trial. 1200 patients with ACS without ST-segment elevation

who had chest pain, an elevated cardiac troponin T level (�0.03 �g/L),

and either ECG evidence of ischemia at admission or a documented 

history of CAD were randomized to an early invasive strategy (EIS) or to a selectively



The criticism of the ICTUS trial is that this is a low-risk patients population
(i.e. �50% of patients older than 65 years of age), �15% have diabetes, �50%
had ST-T change and 54% of the conservative strategy underwent early PCI.
So if it is a low-risk group in the conservative strategy of whom many under-
went early PCI, then there should be no difference in outcome between the
two groups.

In general, coronary revascularization is indicated in patients with ACS who
fail medical therapy or develop ischemia during a functional study. In addi-
tion, high risk patients should be considered for early catheterization (Table 1.5).
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invasive strategy (SIS). Patients received ASA daily, enoxaparin for 48 hours, and

abciximab at the time of PCI. The use of clopidogrel and intensive lipid-lowering

therapy was recommended. After one year follow-up the results showed that the rate

of primary end point was 22.7% in the group assigned to EIS and 21.2% in the group

assigned to SIS (P � 0.33). The mortality rate was the same in the two groups (2.5%).

MI was significantly more frequent in the group assigned to EIS (15% vs. 10%;

P � 0.005), but rehospitalization was less frequent in that EIS group (7.4% vs. 10.9%;

P � 0.04). The results could not demonstrate that, given optimized medical therapy, an

EIS was superior to a SIS in patients with ACS without ST-segment elevation and with

an elevated cardiac troponin T level [25].

Table 1.5 High-risk features favoring an early invasive strategy [26].

1. Recurrent angina/ischemia at rest or with low-level activities despite intensive anti-ischemic
therapy

2. Elevated troponin level
3. New or presumably new ST-segment depression
4. Recurrent angina/ischemia with symptoms of heart failure, an S3 gallop, pulmonary edema,

worsening rales, or new or worsening mitral regurgitation
5. High-risk findings on non-invasive stress testing
6. Left ventricular systolic dysfunction (ejection fraction �40% on a non-invasive study)
7. Hemodynamic instability
8. Sustained ventricular tachycardia
9. Percutaneous coronary intervention within 6 months

10. Prior coronary artery bypass graft surgery

In all other patients, a decision should be based on the patient’s risk, avail-
able facilities, and the patient’s preference. As the medical therapy improves
with newer and stronger antiplatelet and anticoagulant drugs; and if there is
a way to detect normal coronary arteries in ACS patients (30% in the FRISC II
trial [23]; then a selective invasive approach is the best. This is a clinically-
effective, cost-effective, intellectually satisfactory and common sense approach.
It is hard for a cardiologist who tries to convince the referring physician, the
patient, and the family that the best treatment is coronary angiogram with
possible PCI (an invasive approach) in accordance with the guidelines, when



the results of the angiogram shows patent coronary arteries. Did the cardiolo-
gist consultant over-diagnose and aggressively over-treat the patients with
ACS?

However, is the prognosis benign and the future rosy for ACS patients with
an angiogram-filled with non-significant lesions?

Real World Question Risks of MI and Stroke from Non-Significant
Coronary Lesions
Coronary angiographies performed during ACS show different levels of coro-
nary stenoses including widely patent coronary arteries. In a study by Germing
et al., out of a total of 897 coronary angiographies, 76 patients (8.5%) had no
coronary artery stenosis. However, according to the pre-angiographic risk strati-
fication, coronary artery disease (CAD) was strongly suspected in these patients.
During a mean follow-up of 11.2 	 6.4 months, one patient developed an AMI
requiring coronary intervention [27].

In another study by Maurin, where the patient has moderate lesion (50%
stenosis) the mortality rate was 13%; 20 patients (12%) had major cardiac
event; 8 patients (5%) had stroke; and 10 patients (6%) underwent revascular-
ization after 6 years follow-up. Multivariate analysis matched for age and ejec-
tion fraction showed that moderate disease (stenosis 40–59%) (OR � 2.713, P �

0.024) was an independent predictive factor of major cardiac event [28].
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So an angiographically non-significant lesion is not equal to a clinically
non-significant lesion. These benign-looking lesions can rupture any time and
cause thrombus. They cannot be cured by PCI. These vulnerable plaques with

CRITICAL THINKING

Prognostic value of positive troponin level and non-significant lesion?

The TACTICS-TIMI-18 trial The purpose of this study is to determine

whether there is clinical significance to elevated troponin I in patients with

suspected ACS with non-critical angiographic coronary stenosis. Patients with ACS

enrolled in the Treat Angina With Aggrastat and Determine Cost of Therapy With

Invasive or Conservative Strategy-Thrombolysis In Myocardial Infarction (TACTICS-

TIMI)-18 were included. Of 2220 patients enrolled in the trial, 895 were eligible.

Patients were divided into four groups according to troponin status on admission and

presence of significant angiographic stenosis. Baseline brain natriuretic peptide (BNP)

and C-reactive protein (CRP) were obtained on all patients.The results showed that

median troponin I levels were 0.71 ng/mL in patients with CAD compared with

0.02 ng/mL in patients without CAD (P � 0.0001). Troponin-positive patients with or

without angiographic CAD had higher CRP and BNP levels compared with troponin-

negative patients (P � 0.01 for both). The rates of death or reinfarction at six months

were 0% in troponin-negative patients with no CAD, 3.1% in troponin-positive patients

with no CAD, 5.8% in troponin-negative patients with CAD, and 8.6% in troponin-

positive patients with CAD (P � 0.012) [29].



a large pool of cholesterol can be become more stable under the effect of statin
replacing the cholesterol pool with hardened scar tissue. Aggressive treatment
of risk factors and life style modification in patients with non-significant lesion
is strongly indicated.

Real World Question Non-Cardiac Causes of High Troponin and
Discordance with CK-MB [30]
The troponin complex is located on the thin filament of striated and cardiac
muscle and regulates the movement of calcium between actin and myosin.
Cardiac troponin has three components, T, C, and I. cTnI is specific to cardiac
tissue and is released into serum after myocardial necrosis [30]. However, ele-
vated cTnI levels are also found in patients with pericarditis [31], congestive
heart failure (CHF), pulmonary embolism, ventricular arrhythmias and renal
insufficiency [32,33]. Aside from the myocardium, troponin T (cTnT) is also
found in diseased or regenerating skeletal muscle, so its levels can be elevated
in patients with muscular dystrophy or polymyositis [34].

Elevated troponin has been also observed in patients with various level of
renal insufficiency. The explanation is that troponin is fragmented into mole-
cules small enough to be cleared by the normal kidneys, however, impaired
renal function causes accumulation of these fragments seen in patients with
chronic kidney insufficiency (CKD) or severe renal failure, uremic pericarditis
or myocarditis [35]. During the acute phase of ACS for patients with CKD, a
troponin level rise above the individual baseline is diagnostic of acute
myocardial injury [36].

Currently, there are two major commercial immunoassays that measure
cTnI levels. The Access System (Beckman Coulter, Fullerton, Calif) uses mon-
oclonal mouse antibodies as both the capture and the conjugate antibodies.
The AxSYM system uses monoclonal mouse antibodies as the capture anti-
body and goat anti-cTnI as the conjugate antibody [37].

Heterophilic antibodies can cause false-positive cTnI results. The antibodies
bind to the capture and the conjugate antibodies, simulating cTnI. Using anti-
bodies from two different species, as in the AxSYM system, might decrease
the false positivity due to heterophilic antibodies [38]. Persons with more fre-
quent exposure to animal proteins (such as veterinarians, farmers, and pet own-
ers) can also develop heterophilic antibodies. In a similar fashion, rheumatoid
factor can interfere with the immunoassay. Five percent of healthy patients
might have circulating rheumatoid factor, and about 1% of patients who have
elevated cTnI levels have this elevation purely because of the rheumatoid fac-
tor [39]. The causes of non-MI-related elevation of cardiac biomarkers (tro-
ponin or CK-MB) are listed in Table 1.6.

When the troponin is elevated, regardless of the results of CK-MB, the prog-
nosis is poorer. In ACS patients who had both CK-MB and cTn measured, the
hospital mortality was 2.7% in patients with CK-MB–/cTn–; 3.0% in patients
with CK-MB�/cTn–; 4.5% in patients with CK-MB–/cTn�; and 5.9% in
patients with CK-MB�/cTn�. So an elevated troponin level identifies patients
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at increased acute risk regardless of CK-MB status, but an isolated CK-MB�

status has limited prognostic value [46].

Real World Question How should you manage anti-platelet drug
resistance?
For patients with ACS undergoing stenting with DES, the greatest concern 
is subacute stent thrombosis (SAT) due to suboptimal stent deployment or
due to failure of protection from anti-platelet drug. This phenomenon is called
antiplatelet drug resistance. However, another definition of aspirin and clopi-
dogrel resistance is non-responsiveness after the antiplatelet treatment (�10%
absolute change in platelet aggregation), and the high post-anti-platelet drug
treatment aggregation (�75th percentile aggregation after 300 mg clopido-
grel).The question becomes more complex because a variety of techniques
used to measure platelet function resulting in different ways of defining drug
resistance so conclusive data are lacking [47,48]. However, non-compliance
should be the first suspicion in any case of antiplatelet drug resistance [49].

Three distinct types of antiplatelet drug resistance have been described [50].
Type I, or pharmacokinetic resistance (problem with absorption), occurs when
neither thromboxane A2 (TXA2) nor collagen-induced platelet aggregation is
inhibited in vivo, but the addition of aspirin in vitro inhibits platelet aggrega-
tion in response to both platelet agonists. Type II, or pharmacodynamic resist-
ance, occurs when neither TXA2 nor collagen-induced platelet aggregation is
inhibited in vivo or after the addition of aspirin in vitro (real resistance). Type
III, or pseudoresistance, occurs when TXA2 production is inhibited, but platelet
aggregation is not inhibited (no clinical effect) [51].
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Table 1.6 Non-MI cause of elevation of troponin.

1. Defibrillator discharge [40]
2. Renal insufficiency [41]
3. Left ventricular failure [42]
4. Tachy-arrhythmias [43,44]
5. Myocarditis [30]
6. Pericarditis [31]
7. Pulmonary embolism [33]
8. Assay interference (heterophile antibody [38], rheumatoid factor [39], excess fibrin [45]

Evidence-based Medicine: What is the optimal dose of

clopidogrel for PCI?

Levels of platelet aggregation were measured in patients undergoing

stenting (n � 190) randomly treated with either a 300 mg or a 600 mg

clopidogrel load. Non-responsiveness (NR) was defined as �10% absolute change in

platelet aggregation, and high post-PA was defined as �75th percentile aggregation

after 300 mg clopidogrel. The results showed that non-responsiveness was lower after
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600 mg compared to the 300 mg dose (8% vs. 28% and 8% vs. 32% with 5 and

20 �Mol ADP, respectively, P � 0.001). Among the patients with high post-PA after

300 mg clopidogrel, 62–65% had NR, whereas after the 600 mg dose, all of the

patients with high post-PA had NR. So a 600 mg clopidogrel loading dose reduces 

the incidence of NR and high post-PA as compared to a 300 mg dose [52].

CLINICAL PEARLS

How to prevent subacute thrombosis after stenting? At the end of PCI,

an excellent angiographic result with TIMI 3 flow without mechanical

problems (stent under-expansion, malapposition, dissections, inflow/outflow

stenoses) is the best guarantee against SAT. Compliance with double platelet therapy is

best. According to the data above, 600 mg clopidogrel loading dose would give the

highest level of platelet inhibition. In case of need for quicker and stronger platelet

inhibition (after 10 minutes of infusion), GP 2b3a inhibitors would do the job. At present,

there is no quantitative measure of the effect of aspirin that can reliably predict the drug’s

ability to prevent ischemic vascular events [53].

Take Home Message

Most patients with UA should be admitted and placed on bed rest with continu-
ous electrocardiographic monitoring. All patients should receive regular ASA
(160–324 mg) and LMWH or UFH as soon as possible. If there are no contraindi-
cations, �-blockade (BB) and NTG should be administered. If angina is still pres-
ent, NTG can given. LMWHs, especially enoxaparin, appear superior to UFH,
and are easier to administer. The addition of GP 2b3a inhibitors to heparin and
ASA also decreased clinical endpoints. In addition, they have markedly
improved the safety and efficacy of patients with ACS undergoing PCI, espe-
cially in patients with troponin positive.

An early invasive strategy seems warranted in high risk patients, in patients
who fail medical therapy or have a positive stress test. In intermediate risk
patients, the choice of early conservative or early invasive strategies depends
on the physician’s experience and the patient’s preference.

Finally, all patients should receive intensive counseling on risk factor modifi-
cation. Most patients should continue long-term aspirin, �-blockers, and a
“statin” drug. Angiotensin-converting enzyme inhibitors are indicated in
patients with LV dysfunction. In patients receiving drug eluting stent, clopido-
grel should be given longer from 1 year to 2 years, according to the new data
presented at the American Heart Association 2006 Scientific Sessions in Chicago.
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Introduction

Every year in the United States more than 700,000 patients arrive at the emer-
gency room with ST-segment elevation acute myocardial infarction (STEMI).
Their in-hospital, 1-month, and 1-year mortality is high. For a cardiologist
standing at the bedside of a critical patient with STEMI, the ultimate goal is to
open, as quickly as possible, the acute infarct-related artery (IRA) and to turn
the clinically volatile situation into controlled recovery without ventricular
remodeling. With the advent of thrombolytic therapy (TT) and primary coro-
nary interventions (PCIs), there came a great opportunity to open acutely
occluded IRA and restore antegrade flow to the ischemic myocardium. The
strategies which guide the cardiologist from the first encounter with the patient
in the emergency room through the discharge day and the office follow-up ten
years later, are listed in Table 2.1.

From the angiographic point of view, successful reperfusion is defined as
early and complete restoration of coronary blood flow to a thrombolysis in
acute myocardial infarction (TIMI) 3 flow [1]. This brisk flow allows sufficient
microvascular perfusion to result in significant reduction in mortality.
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Table 2.1 Management strategies for patients with ST elevation myocardial infarction.

1. Quickly screen patients for indication and risks
2. Start TT or send the patient quickly to the cardiac catheterization laboratories for emergency

angioplasty and stenting
3. Open the IRA and its distal microvasculature with minimal incidence of stroke (�1%) by the

fastest (�90 mins: door-to-balloon time) and most effective way (�3% 30-day mortality, �4%
reinfarction, �2% restenosis in 1 year)

4. Prevent left ventricular remodeling (no left ventricular dilation)
5. Prevent another MI in the future (secondary prevention)

IRA, infarct-related artery; MI, myocardial infarction; TT, thrombolytic therapy.



In this chapter, from the above perspectives, the benefits, deficiencies, and
technical considerations of standard of care for STEMI patients as recom-
mended by the American College of Cardiology, American Heart Association
and Society of Cardiovascular Angiography and Interventions task force on
STEMI are presented [3]. Real world problems encountered when applying
these guidelines, and suggested solutions, are discussed.

Thrombolytic Therapy

The indications for TT are for patients presenting with chest discomfort
within 12 hours of onset and with ST-segment elevation (1 mm in at least two
limb leads and 2 mm in two or more contiguous precordial leads suggestive of
STEMI) or new left bundle branch block. To achieve optimal benefit from TT,
the lytic drugs should be started as early as possible based on the electrocar-
diogram (ECG) criteria, without waiting for the creatinine kinase (CK) or tro-
ponin enzyme result. A 30-day overall 7% mortality rate achieved by TT is
well proven in large randomized trials.
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Even the in-hospital and 30-day mortality can be improved greatly by the
ability of interrupting the process of infarction, this short-term outcome still
depends strongly on age, gender, Killip class, ejection fraction, number of dis-
eased arteries and co-morbidities. The long-term outcome (6-month and more
than one year morbidity and mortality) depends mainly on the magnitude 
of the disease state and the systemic factors that predispose the patient to 
the progression of the disease as well as restenosis [2]. Clinical signs or symp-
toms differentiating the high risk vs. the low risk STEMI patients are listed in
Table 2.2.

Table 2.2 Factors suggestive of high risk patients.

1. Hypotension (blood pressure �100 mmHg)
2. Congestive heart failure
3. Sinus tachycardia (heart rate �100)
4. Advanced age
5. Female sex
6. Diabetes mellitus
7. Persistent ST segment elevation
8. Persistent chest pain
9. High BNP level

10. Anemia
11. High white blood cell count
12. Chronic kidney disease

BNP, brain natriuretic peptide.



The current lytic agents are divided into two groups: the fibrin-selective and
the less fibrin-selective agents. The drugs that lack or have less fibrin specificity,
such as streptokinase (SK), urokinase, and lanoteplase (n-PA), activate plas-
minogen indiscriminately whether it is physically bound with fibrin inside
the thrombus or free in the circulation. So they induce a systemic lytic state,
evidenced by depletion of circulating plasminogen, degradation of fibrinogen,
which causes a high level of fibrinogen degradation products (FDPs), and a
decreased level of 
-antiplasmin. This low level of fibrinogen and high level
of FDPs with anticoagulant properties helps to sustain the process of throm-
botic dissolution so there is no need for unfractionated heparin (UFH). The
fibrin-selective agents are tissue plasminogen activators (t-PAs) such as
alteplase, duteplase or saruplase (single-chain urokinase), tenecplase (TNK-
tPA) and staphylokinase. They activate fibrin-associated plasminogen prefer-
entially at the clot surface, cleaving plasminogen to plasmin. Since this plasmin
is already bound to fibrin at the lysine-binding sites, this opens up new bind-
ing sites that can bind more of the fibrinolytic and more plasminogen, thus
facilitating continued lysis of the clot [6]. By this mechanism, the fibrin-selective
agents induce thrombolysis without causing a systemic lytic state or deple-
tion of fibrinogen in the circulation so they need UFH and cause fewer intra-
cranial hemorrhages (ICH).

The biochemical characteristics of any ideal lytic drug are to have slow
plasma clearance, to be more fibrin-specific, and to be resistant to plasmino-
gen activator inhibitor I. As the plasma clearance is slower, the half-life of the
drug is longer. Then it can be given as a simple intravenous bolus which can
decrease substantially the delay in the process of administration. If the drug is
more fibrin-binding, its efficacy should be improved and it can be given in a
smaller dose. To be effective, TT requires dissolution of the fibrin network of a
thrombotic clot, complete suppression of further thrombin generation and
platelet aggregation.

With current results, the advantage of TT is by earliest restoration of 
flow due to its quick and simple intravenous administration. It does 
not restore full epicardial or microvascular flow to the majority of patients,
nor sustain its patency thereafter. The contraindications of TT are listed in
Table 2.3 [7].
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CLINICAL PEARLS

Which STEMI patient will not die in the next 24 hours? In patients with

STEMI, if the heart rate is below 100 and the blood pressure is above 100,

then the chance that the patient will die in the near future is low. These

patients may develop ischemia, reinfarction etc., however, the mortality is still minimal

in the next 24 hours [4]. A very low heart rate (�50 BPM (beats per minute)) is also

detrimental because it can represent advanced atrio-ventricular block [5].



Primary Coronary Intervention

Because of the incomplete results of TT and inegilibility of many patients, at first
balloon angioplasty (POBA) was performed on patients with STEMI. In the
Primary Coronary Angioplasty vs. Thrombolysis (PCAT) study, the results
showed clearly the short- and long-term mortality reduction of POBA over TT.
The overall success rate of primary POBA was reported to be around 97%.
However, the efficacy of POBA was limited with recurrent ischemia in 10–15%,
early reocclusion and late restenosis in 31–45% of patients [8]. Not every STEMI
patient was eligible for stenting because the artery could be too small, or the
lumen of the IRA was wide open with TIMI 3 flow after POBA. The angio-
graphic criteria for excluding PCI in STEMI are listed in Table 2.4 [9].
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Table 2.3 Contraindications of thrombolytic therapy.

Absolute contraindications
1. Any prior intracranial bleeding
2. Known structural cerebral vascular lesion (e.g. arterio–venous malformations)
3. Known malignant intracranial neoplasm (primary or metastatic)
4. Ischemic stroke within 3 months, except ischemic stroke within 3 hours
5. Suspected aortic dissection
6. Active bleeding or bleeding diathesis (excluding menses)
7. Significant closed head or facial trauma within 3 months

Relative contraindications
1. History of chronic, severe, or poorly controlled hypertension
2. Severe uncontrolled HTN on presentation (systolic blood pressure �180 mmHg, diastolic

blood pressure �110 mmHg)
3. History of prior ischemic stroke �3 months, dementia, or known intracranial pathology 

(not covered in absolute contraindications)
4. Traumatic (greater than 10 minutes) cardio-pulmonary resuscitation or major surgery (�3 weeks)
5. Non-compressive vascular puncture
6. For streptokinase/anistrepplase: prior exposure (more than 5 days ago) or prior allergic

reaction to these agents
7. Pregnancy
8. Active peptic ulcer
9. Current use of anticoagulants: the higher the INR, the higher the risk of bleeding

HTN, hypertension; INR, international normalized ratio.

Table 2.4 Angiographic exclusions precluding performance of primary coronary
interventions in ST elevation myocardial infarction.

1. Unprotected LM lesion �60%
2. IRA with TIMI 3 flow and lesion morphology extremely high risk for abrupt 

closure (extremely long lesion or severe angulated lesion)
3. Multivessel disease with TIMI-3 flow in the IRA, now stable and pain free
4. IRA supplies a small or secondary vessels supplying a small amount of 

myocardium, in which the risk of PCI may outweigh the benefit
5. Inability to clearly identify the IRA

IRA, infarct-related artery; LM, left main; TIMI, thrombolysis in acute myocardial infarction.



PCI techniques have evolved greatly since these trials were reported. Bare
metal stent (BMS) was deployed in order to improve the angiographic
achievements of POBA and sustain its long term clinical results. With the
development of drug eluting stent (DES) and its track record of low in-stent-
restenosis for elective stenting, DES was tried in STEMI patients with hope for
long term patency. The safety, short- and long-term efficacy of DES in STEMI
patients was impartially tested in the randomized clinical trial (RCT)
described below.

However, the results of PCI in STEMI are operator-dependent and institution-
related. The indicators of excellent interventional service of a cardiac catheteriza-
tion laboratory are listed in Table 2.5. If an institution’s results are sub-optimal
compared with the national levels, then the focus of treatment for patients
with STEMI in that particular hospital should be the use of TT, with further
referral to PCI when indicated [3]. Patients with STEMI should be referred for
primary PCI once the cardiac catheterization laboratories provide better serv-
ices which are translated into better patient outcomes.

The indications for PCI, as described by the American College of Cardiology/
American Heart Association/Society of Cardiovascular Angiography and Inter-
ventions guidelines for PCI [3], each with its corresponding level of evidence
(LOE) are listed in Table 2.6.
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Evidence-based Medicine: DES for STEMI – The TYPHOON trial

712 patients with STEMI randomized between Cypher stents, and balloon

angioplasty and bare metal stent (BMS). The results showed that at 1 year,

the rate of mortality was 2.2% for both groups. The overall rate of target-

vessel failure was 7.3% for the Cypher stent and 14.3% among those treated with

balloon angioplasty and a BMS (a 49% relative reduction). In a sub-study with 210

patients, there was 83% reduction in the rate of re-stenosis and an 83% reduction in

tissue proliferation. The stent thrombosis rate was 3.4% for DES and 3.6% for POBA

or BMS. These results met the expectations of low mortality and excellent long term

major adverse cardio-vascular events (MACE) [10].

Table 2.5 Indicators of excellence in providing interventional services for
ST elevation myocardial infarction.

1. Door-to-balloon time �90 mins
2. TIMI 2 or 3 flow attained in �90% of patients
3. Emergency CABG �2%
4. Actual performance of PCI in �85% of patients brought to the laboratory
5. Risk-adjusted in-hospital mortality rate 3% in patients without 

cardiogenic shock

CABG, coronary artery bypass grafting; PCI, primary coronary interventions; TIMI,
thrombolysis in acute myocardial infarction.



Acetylsalicyic Acid

Aspirin, or acetylsalicyic acid (ASA), is a weak platelet inhibitor; it works by irre-
versibly acetylating cyclooxygenase. ASA suppresses the production of the pro-
aggregatory arachidonic-acid-mediated effect of thromboxane A2. Its in vivo
inhibition occurs within 15–30 minutes of the ingestion of non-enteric-coated
aspirin. Because platelets are primitive cells, this production cannot be restored
until new platelets are formed 5–7 days later. Aspirin (100–300 mg) should be
given as early as possible, preferably in the emergency room. Intravenous,
chewable, or high-dose (�500 mg) oral administration of aspirin can more
rapidly induce its therapeutic effects.

Thienopyridine

Clopidogrel is a thienopyridine derivative that inhibits the binding of adeno-
sine diphosphate to its platelet receptors. It begins to exert its effectiveness 24
hours after a loading dose of 300–600 mg when �80% of platelets are inhib-
ited. It has been effective in preventing the formation of thrombus after elec-
tive stenting for stable angina and improves outcomes in patients with acute
coronary syndrome (ACS) [11]. The efficacy of thienopyridine in STEMI was
tested in the CLARITY-TIMI 28 trial.
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Table 2.6 Indications for Primary Interventions in ST elevation myocardial infarction.

Guidelines

Class I If immediately available, primary PCI should be performed in patients with STEMI
(including true posterior MI) or MI with new, or presumably new, LBBB who can 
undergo PCI of the IRA within 12 hours of symptoms onset, if performed in a 
timely fashion (balloon inflation goal within 90 mins of presentation) (LOE: B)

Class I Primary PCI should be performed in patients with severe CHF and/or pulmonary 
edema (Killip class 3) and onset of symptoms within 12 hours (LOE: B)

Class IIa It is reasonable to perform primary PCI in patients with onset of symptoms within 
the prior 12–24 hours and one or more of the following: (a) severe CHF; (b) 
hemodynamic or electrical instability; (c) evidence of persistent ischemia (LOE:C)

CHF, congestive heart failure; IRA, infarct-related artery; LBBB, left bundle branch block; LOE,
level of evidence; MI, myocardial infarction; PCI, primary coronary interventions; Level of evidence
A: Data derived from multiple RCTs; Level of evidence B: Data derived from single RCT or non-
RCT; Level of evidence C: Only consensus opinion of experts, case studies or standard of care.

Evidence-based Medicine: The CLARITY-TIMI 28 trial

The Clopidogrel as Adjunctive Reperfusion Therapy-TIMI 28 trial enrolled

3491 patients with STEMI and randomized them to receive either clopidogrel

(300 mg loading dose, then 75 mg once daily) or placebo. 53.4% underwent

PCI and received open label clopidogrel. The results demonstrated that pre-treatment



Glycoprotein 2B3A Inhibitors

The platelet glycoprotein (GP) 2b3a receptor mediates the final pathway of
platelet aggregation. This receptor becomes activated by a variety of soluble
and adhesive agonists, and binds fibrinogen molecules between platelets in
the aggregation process. The linkage of these fibrins provides a strong net-
work to trap red cells, and subsequently form a firm thrombus. The GP 2b3a
inhibitors (GPI) inhibit the cross-linking of platelets by fibrinogen, thus effec-
tively prevent formation of new clot. The efficacy of abciximab in patients
with STEMI was tested in the ADMIRAL and the CADILLAC trials.
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CRITICAL THINKING

The ADMIRAL trial. In the Abciximab before Direct angioplasty and

stenting in Myocardial Infarction Regarding Acute and Long term follow-up

trial, 300 patients were randomized to have abciximab or placebo in the

ambulance, in the emergency room (ER) or the cardiac catheterization laboratory. The

composite end-point for death, reinfarction and urgent target vessel revascularization

was 7.7% in the stent plus abxicimab group, and 14.6% in the stent plus placebo

group (P � 0.004). This benefit was maintained at 6 months (8.0% vs. 15.9%

respectively, P � 0.02). The better outcomes were related to improvements of TIMI-3

flow before the procedure (16% vs. 5.4%, P � 0.012), and a better left ventricular

ejection fraction at 24 hours (57% vs. 53.9, P � 0.046) [13].

CRITICAL THINKING

The CADILLAC trial. To confirm the above findings, the Controlled

Abciximab and Device Investigation to Lower Late Angioplasty

Complications (CADILLAC) trial randomized 2082 STEMI patients in four

treatment strategies between balloon angioplasty, stenting with and without abciximab.

A composite of death, reinfarction, disabling stroke, and ischemia-driven TVR was similar

in patients treated with stents with or without abciximab (9.5% vs. 10.4%, P � NS) [14].

with clopidogrel resulted in a highly significant reduction in cardiovascular death, MI, or

stroke from randomization through 30 days (7.5% vs. 12.0%). There was no significant

excess in the rates of TIMI, major or minor bleeding (2.0% vs. 1.9%), between

clopidogrel- and placebo-treatment groups [12].

The results of the CADILLAC trial were different when compared with the
results from the ADMIRAL study. Some observers speculate that the strategy of
GPI randomization after angiography, the late administration of abciximab in
the CADILLAC trial may have blunted the effect of GPI on stented patients [13].
Other investigators believe that the open design of the CADILLAC trial has
nothing to do with the difference between the CADILLAC and ADMIRAL tri-
als, because GPI did not statistically make a difference on TIMI flow or left
ventricular (LV) function when measured by blinded core laboratories [15].



Unfractionated Heparin

Once the IRA is opened, to prevent further reocclusion it is imperative to com-
pletely suppress the generation of thrombin which is the most powerful agonist
for activating platelets. The mechanism of UFH is to bind with antithrombin
III, and together bind to the catalytic site on the thrombin molecule. The new
antithrombin III–heparin complex will inhibit the cleavage of fibrinogen to
fibrin and factor Xa.

So, in clinical practice UFH is used to prevent the propagation of the throm-
bus, formation of new mural thrombosis, systemic embolism, and coronary
reocclusion. It also prevents the formation of a stable fibrin clot by inhibiting
the activation of the fibrin stabilizing factor. It is indicated when the STEMI
patients receive relatively fibrin-specific agents, such as alteplase or reteplase,
which produce a variable effect on the systemic coagulation system, and in
many patients very little breakdown of fibrinogen or depletion of coagulation
factors. The aPTT is maintained at 1.5–2 times control (50–70 seconds).

In patients undergoing primary interventions with the concomittant use of
GPI, it is now common to give 70 U/kg of heparin to achieve an activated clot-
ting time (ACT) of 200–250 seconds. If GPI is not used, high dose heparin to
achieve ACT � 350 seconds has been associated with reduced subacute
thrombosis. Heparin is not continued after the procedure because it has not
been proven to decrease the rate of reocclusion or ischemia, unless there are a
lot of residual thrombi.

Low Molecular Weight Heparin

A smaller fraction of UFH, low molecular weight heparin (LMWH) has a
more predictable anticoagulant effect. Routine laboratory monitoring is not
required. The efficacy of LMWH was tested in the ASSENT-3 plus trial, in
which 1639 patients with STEMI were randomly assigned to treatment with
tenecteplase and either: (1) intravenous bolus of 30 mg enoxaparin followed
by 1 mg/kg subcutaneously BID for a maximum of 7 days; or (2) weight-
adjusted UFH for 48 hours. The results showed that enoxaparin tended to
reduce the composite of 30-day mortality or in-hospital reinfarction, or in-
hospital refractory ischemia to 14.2% vs. 17.4% for UFH (P � 0.080). However,
there were increases in total stroke (2.9% vs. 1.3%, P � 0.026) and intracranial
hemorrhage (2.20% vs. 0.97%, P � 0.047) seen in patients �75 years of age
[16]. Since then, a new trial testing LMWH in STEMI is being conducted. As
part of this new trial, reduced doses of enoxaparin were given to elderly
patients to determine whether a more carefully defined dose of enoxaparin
can maintain the thrombolytic results while avoiding the excess bleeding.
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Evidence-based Medicine: The EXTRACT-TIMI 25 trial

In the Enoxaparin and Thrombolysis Reperfusion for Acute Myocardial

Infarction-Study TIMI 25 trial, 20,506 patients with STEMI, who were

scheduled to undergo fibrinolysis, received enoxaparin throughout the index



Direct Thrombin Inhibitor

In a meta-analysis of patients with STEMI in the Direct Thrombin Inhibitor
Trialists’ collaboration, direct thrombin inhibitors (DTIs) were found to
reduce the rate of reinfarction at 30 days (3.9% vs. 4.8% with UFH, P � 0.001),
but did not reduce mortality (9.1% vs. 9.0%, P � 0.68) or the combined inci-
dence of death/reinfarction at 30 days (11.8% vs. 12.4, P � 0.18) [18]. DTIs are
not given for STEMI.

Factor X Inhibitor

Fondaparinux, a synthetic pentasaccharide, is a factor Xa inhibitor that selectively
binds antithrombin and rapidly inhibits factor Xa. The Organization for the
Assessment of Strategies for Ischemic Syndromes (OASIS)-5 trial reported supe-
rior efficacy of fondaparinux compared with enoxaparin in preventing ischemic
events in ACS patients, with a large reduction in bleeding [19]. This resulted in
significant reductions in mortality, MI, and strokes at 3–6 months. The OASIS-6
trial evaluated the impact of fondaparinux in STEMI patients in preventing the
primary and composite outcome of death or reinfarction at 30 days.
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hospitalization or UFH for at least 48 hours. At 30 days, the results showed that the

primary efficacy end point (death or non-fatal recurrent MI) occurred in 12% of patients in

the UFH group and 9.9% of those in the enoxaparin group (17% reduction in relative risk,

P � 0.001). Non-fatal reinfarction occurred in 4.5% of the patients receiving UFH and 3%

of those receiving enoxaparin (33% reduction in relative risk, P � 0.001); 7.5% of patients

given UFH died, as did 6.9% of those given enoxaparin (P � 0.11). The composite of

death, non-fatal reinfarction, or urgent revascularization occurred in 14.5% of patients

given UFH and 11.7% of those given enoxaparin (P � 0.001); major bleeding occurred in

1.4% and 2.1%, respectively (P � 0.001). The composite of death, non-fatal reinfarction,

or non-fatal intracranial hemorrhage (a measure of net clinical benefit) occurred in 12.2%

of patients given UFH and 10.1% of those given enoxaparin (P � 0.001) [17].

EMERGING TREND

The OASIS 6 trial 12,092 patients with STEMI were randomized in a

double-blind comparison of fondaparinux 2.5 mg once daily, or control.

The results showed that the rates of death or reinfarction at 30 days was

significantly reduced from 11.2% in the control group to 9.7% in the fondaparinux

group (P � 0.008); mortality was significantly reduced throughout the study. However,

there was no benefit in those undergoing PCI (7% vs. 6% mortality in both groups).

Significant benefits were observed in those receiving TT (HR (hazard ratio), 0.79; 

P � 0.003) and those not receiving any reperfusion therapy (HR, 0.80; P � 0.03). There

was a tendency to fewer severe bleeds and tamponade with fondaparinux at 9 days.

How can the data to be applied in the US when the majority of STEMI patients go for

PCI? According to this study, fondaparinux did not provide any advantage to them [20].



�-Blockers

Systemic review of RCTs of �-blockers in STEMI has found that �-blockers
given within hours of infarction reduce both mortality and reinfarction. 
�-blockers may reduce the rates of cardiac rupture and ventricular fibrillation.
This may explain why people older than 65 years of age and those with large
infarcts benefit the most, as they also have higher rate of complications. In
patients with moderate heart failure (NYHA class II or III), �-blockers were
found to decrease re-admission, mortality and sudden death [21]. The bene-
fits of �-blockers was evidenced in patients with STEMI after TT or before
PCI. However, in the CADILLAC trial, �-blockers were beneficial to the
patients who were not on prior �-blocker therapy [22]. The optimal dose of 
�-blockers used in RCTs are listed in Table 2.7.

Angiotensin Converting Enzyme Inhibitors

The benefits of counteracting the mechanism of dilatory LV remodeling by
inhibition of the angiotensin converting enzyme (ACE) are well evidenced in
many trials of patients with chronic heart failure. Applying the same strategy
to patients with STEMI receiving TT, a meta-analysis of the FAMIS, CPTIN
and CATS trials showed the beneficial effect of ACE inhibitors (ACEI) on LV
dilation for patient with failed TT without any improvement in mortality.
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Evidence-based Medicine: The CAPRICORN trial

In the Carvedilol Post-Infarct Survival Control in Left Ventricular

Dysfunction Study, 1959 patients with an acute MI and an LV ejection

fraction (EF) � 0.40– were enrolled and treated with a maximum 

dose of 25 mg carvedilol bid. The results showed that the all-cause mortality alone was

lower in the carvedilol group than in the placebo group (12% vs. 15%; P � 0.03).

Cardiovascular mortality, non-fatal MIs, and all-cause mortality or non-fatal MI were

also lower on carvedilol � ACEI than on placebo [23].

Evidence-based Medicine: Meta-analysis of ACEI on LV dilation

after MI

The data on 845 patients with three-month echocardiographic follow-up

after MI were combined from three randomized, double-blind, placebo-

controlled studies. The criteria for these studies included: (1) TT; (2) ACE inhibition

within 6–9 hours; and (3) evaluation of LV dilation as the primary objective. The results

showed that after 3 months, LV dilation was not significantly attenuated by very early

treatment with ACEI. The diastolic volume index was attenuated by 0.5 mL/m2 (95%

CI: 1.5–2.5; P � 0.61), and the systolic volume index by 0.5 mL/m2 (95% CI: 1.0–1.9;

P � 0.50). Subgroup analysis demonstrated that LV dilation was significantly

attenuated by ACEI treatment for patients in whom reperfusion failed. In contrast, LV

dilation was almost unaffected by ACEI treatment in successfully reperfused patients.



Angiotensin II Receptor Blockers

Angiotensin II receptor blockers (ARB) are a new blocker acting on the
angiotensin receptor. It has been tried on patients with chronic congestive
heart failure (CHF). In the Losartan Heart Failure Survival Study (ELITE) II
trial [25], the results showed that losartan caused fewer side effects than cap-
topril, but losartan was not superior in reducing morbidity and mortality. In
order to clarify these beneficial effects, ARBs were compared with ACEI in
patients with STEMI complicated by LV dysfunction.
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The attenuation of LV dilation in patients receiving TT by ACEI treatment within 6–9 h

after MI could not be demonstrated. Very early treatment with an ACEI only has a

beneficial effect on LV remodeling for patients in whom reperfusion failed. Other

mechanisms may be responsible for the beneficial effects of ACEI in successfully

reperfused patients after MI [24].

Evidence-based Medicine: The VALIANT trial

In the Valsartan in Acute Myocardial Infarction Trial, 14,703 patients were

randomized for captopril, valsartan, or their combination. The results

showed that the number of individuals adjudicated as having a fatal or

non-fatal MI in the captopril group was 559 (total investigator reported events 798),

587 (796) in the valsartan group, and 554 (756) in the combination group; valsartan vs.

captopril, P � 0.651 (0.965); combination vs. captopril, P � 0.187 (0.350). Overall, all

atherosclerotic events examined occurred at a similar frequency in the captopril and

valsartan groups [26].

Since then, the guidelines allowed the use of ARBs for LV dysfunction after MI
in case of intolerance of ACEI [3]. However, the concrete evidence for correcting
or preventing heart failure is by reversing the dilated LV size (or LV remodeling).
It was proved after �-blockers, ACEI or ARB or any modality of treatment for MI
(PCI or stem cell infusion). Between ACEI and ARB, which one showed concrete
shrinking of the LV in patient with STEMI receiving ACEI or ARB?

CRITICAL THINKING

Which is better at reversing LV remodeling – ARB or ACEI? In a small

study of Onodera et al. with 203 patients treated with either ARB or ACEI

after PCI for AMI, the results showed that the changes in LV end-diastolic

index (18 	 25 vs. 8 	 24 mL/m2) and LV end-systolic volume index (10 	 20 vs.

2 	 18 mL/m2) from acute phase to 6 months and the EF, were significantly better in

the enalapril group than in the losartan group. This indicates that enalapril suppresses

ventricular remodeling after AMI more effectively than losartan [27]. Can these results

withstand the test of time and large RCTs?



Lipid Lowering Drugs

Statin therapy is known to decrease mortality in patients with stable angina,
ACS or prior MI. RCTs with statin were conducted in order to clarify the ben-
efits of statins on patients in the acute phase of STEMI.

With the results of analysis of data from the National Registry of Myocardial
Infarction 4, the use of statin therapy within the first 24 hours of hospitaliza-
tion for AMI was suggested because it is associated with a significantly lower
rate of early complications and in-hospital mortality.

Comprehensive Management

In the assessment of quality care, identification of factors associated with failure
to use proven treatments, including in high-risk groups that would derive par-
ticular benefit from effective therapies, provides an opportunity to focus on
quality-improvement interventions [29]. Applying that principle, hospitals are
under increasing pressure to measure and improve quality of care, and to imple-
ment evidence-proven modalities of therapy. The success depends on organi-
zational support for quality-improvement efforts and physician leadership.

For patients with STEMI, the comprehensive management requires early
administration of oral or intravenous antiplatelet agents, early �-blockade,
early medical or mechanical reperfusion, ACE inhibition (if there is LV dysfunc-
tion), early cardiac rehabilitation, stop-smoking teaching and AMI-prevention
teaching to patients and family. In real life, besides the above measures, the
comprehensive management of STEMI patients requires: (1) the prescription
of same dose of benefit-proven drug as used in randomized clinical trial; (2)
explanation of the absolute- or relative-necessity of a particular drug or
modality of treatment to improve compliance. The optimal dosage as used in
RCTs are listed in Table 2.7.
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Evidence-based Medicine: The National Registry of Myocardial

Infarction 4 analysis

Data were collected on 300,823 patients who had AMI in the National

Registry of Myocardial Infarction 4. In-hospital events were compared

between patients who continued statin therapy received before the index AMI

hospitalization (n � 17,118), or newly started statin therapy within the first 24 hours of

hospitalization (n � 21,978), and patients who did not receive early statin treatment

(n � 126,128) or whose statin therapy was discontinued (n � 9,411). New or continued

treatment with a statin in the first 24 hours was associated with a decreased risk of

mortality compared with no statin use (4.0% and 5.3% compared with 15.4% no statin,

respectively). Discontinuation of statin treatment was associated with a slightly increased

risk of mortality (16.5%). Early statin use was also associated with a lower incidence of

cardiogenic shock, arrhythmias, cardiac arrest, rupture, but not recurrent MI [28].



In order to evaluate the completeness in the management of the patients with
STEMI, a checklist for excellent performance indicators is shown in Table 2.8.
All the benchmarks are set by the Center of Medicare and Medicaid Services.

Difficult Situations and Suggested Solutions

Real World Question What to Do After Failed Thrombolysis?
Despite the beneficial effects of TT, unfortunately less than 33% of AMI patients
are candidates for this treatment. Once the drug is infused, less than 50% of the
IRAs have TIMI grade 3 flow, which is decisive for lowering mortality. Then,
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Table 2.7 Optimal dosage of medications in randomized clinical trials.

Drug First dose Maximal dose RCT

Carvedilol 3.125 mg po bid 25 mg po bid CAPRICORN [23]
Atenolol 25 mg po bid 200 mg po qd ISIS-1 [30]

5 mg IV 10 mg IV
Metoprolol tartrate up to 15 mg IV 200 mg po qd COMMIT [31]
Valsartan 20 mg po bid 160 mg po bid VALIANT [26]
Captopril 6.25 mg po tid 50 mg po tid VALIANT [26]
Lisinopril 2.5 mg po qd 5–10 mg po qd Meta-analysis [24]
Ramipril 1.25 mg po bid 5 mg po bid AIRE [32]
Trandolapril 1 mg po qd 4 mg po qd TRACE [33]

Table 2.8 Performance indicators of comprehensive care for ST elevation myocardial
infarction patients.

Indicator Average US Hospital

Benchmark (4th quarter 
of 2005)

ASA administration within 24 hours after arrival 94.45% 95.65%
ASA prescribed at discharge (if no contra-indications) 95% 82.5%
�-blocker administration within 24 hours after arrival 90.86% 77.78%
�-blocker prescribed at discharge 94% 81.92%
Documentation of LDL in patient record % %
Patients with high LDL-c are prescribed drug at discharge % %
ACEI or ARB prescribed at discharge in patients with EF � 40% 83% 66.67%
Door-to-needle time (for TT) �30 mins 36.41% %
Door-to-balloon time �90 mins 64.33% 33.33%
Reperfusion therapy for STEMI % %
Adult smokers receive smoking cessation advice and counseling 88.74% 100%
AMI mortality 7.34% 6.9%

ACEI, ACE inhibitors; AMI, acute MI; ARB, angiotensin II receptor blockers; EF, ejection fraction;
LDL, low density lipoprotein; LDL-c, low density lipoprotein cholestrol; STEMI, ST elevation
myocardial infarction; TT, thrombolytic therapy.



more than one third of these just-opened arteries with high grade residual
obstructive lesion are prone, and in fact many were observed, to be reoccluded
(silently) over time [34]. The reason is that the current fibrinolytic agents are
mainly effective in dissolving the fibrin network of an occlusive clot without
dismantling the platelet-rich core. They cannot reverse the ongoing process of
platelet aggregation, which in turn sustains the fibrin complicity of an ulti-
mately occlusive clot. They have no effect on thrombin, which is the most
potent activator of platelets. Their lytic effects are blocked by platelet activa-
tor inhibitor I (PAI-I), which is an inhibitor of fibrinolysis [6], and of which
high level predicts future reocclusion. The accurate identification of patient
who fails TT is limited. The clinical markers of reperfusion, such as relief of
chest pain, partial resolution of ST-segment elevation, and reperfusion arrhyth-
mias, have limited predictive value [35]. The appropriate treatment for patients
in whom reperfusion fails to occur after TT for STEMI remains unclear. The
advantages and disadvantages of each modality – rescue PCI, repeat TT or
conservative treatment – were evaluated in the REACT trial described below.
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Evidence-based Medicine: The REACT trial

In the Rescue Angioplasty after Failed TT for AMI (REACT) trial, 427

patients with STEMI in whom reperfusion failed to occur (less than 50%

ST-segment resolution) within 90 minutes after TT, were randomly assigned

to repeated TT (142 patients), conservative treatment (141 patients), or rescue PCI 

(144 patients). The results showed that the rate of event-free survival among patients

treated with rescue PCI was 84.6%, as compared with 70.1% among those receiving

conservative therapy and 68.7% among those undergoing repeated TT (overall

P � 0.004). There were no significant differences in mortality from all causes [36].

According to the results of the REACT trial, repeat PCI is the best strategy.
High level of suspicion for failed TT is needed. Prompt transfer for PCI is
strongly suggested. There was no difference in mortality between the three
strategies because the window of myocardial salvage and decreased mortality
has passed. However, with PCI, the patients has less morbidity (open artery is
better than a closed artery).

Real World Question Who Should Stay for TT or be Transferred 
for PCI?
The technical success rate of stenting after STEMI has been remarkably high
while the procedural complication rate was extremely low, even when more
high risk patients were included. In the large National Registry of Myocardial
Infarction 2 and 3 Investigators (NRMI 2 and 3) registry of more than 300,000
patients, the result of PCI was excellent if performed by experienced operators in
high volume interventional laboratories, while there was no difference in mor-
tality between TT or mechanical interventions in low-volume hospitals [37]. As



more patients with STEMI prefer mechanical interventions, the problem now is
the availability of this modality of treatment. Only 20% of US hospitals have
cardiac catheterization laboratories and even less have the capability of per-
forming emergency PCI. Although transfer of the MI patient to a facility that can
perform PCI is possible, 87% of transferred patients had more than 2 hours
delay which may theoretically outweigh any added benefit. In the case of PCI
performed in hospitals without on-site surgical capability, the results from the
Atlantic Cardiovascular Patient Outcomes Research Team (C-PORT) trial of pri-
mary PCI vs. thombolysis in STEMI trials showed that the transferred patients
had better outcome than the patients who received TT locally [38]. An excellent
mortality result is dependent on short door-to-balloon time, optimally less than
90 minutes, which is not attainable in every US cardiac catheterization laboratory.
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CRITICAL THINKING

Was long door-to-balloon time detrimental for everybody? 2322

consecutive patients treated with primary PCI were prospectively identified

and followed up for a median of 83 months. The results showed that

prolonged door-to-balloon times (0–1.4 hours vs. 1.5–1.9 hours vs. 2.0–2.9 hours

vs. �3.0 hours) were associated with higher in-hospital mortality (4.9% vs. 6.1% vs.

8.0% vs. 12.2; P � 0.0001) and late mortality (12.6% vs. 16.4% vs. 20.4% vs. 27.1%

at 7 years; P � 0.0001) and were an independent predictor of late mortality by Cox

regression (P � 0.0004). Prolonged door-to-balloon times (�2 hours vs. �2 hours)

were associated with higher late mortality in high-risk patients (32.5% vs. 21.5%;

P � 0.0002) but not in low-risk patients (10.8% vs. 9.2%; P � 0.53) and in patients

presenting early (less than 3 hours, 24.7% vs. 15.0%; P � 0.0001) but not in late

presentation (�3 hours, 21.1% vs. 18.5%; P � 0.80) [39].

CLINICAL PEARLS

Who will benefit the most, or not benefit, from an expediate PCI? The

patients who need an expediated process for PCI are the ones with high

risks and with short interval from symptom onset to presentation. The

physicians can make a difference in mortality of these patients by focusing on, and

making a real effort to shorten, the door-to-balloon time. While the patients with low

risk and long interval between symptom onset to presentation also need to have a

short door-to-balloon time, they do not benefit from an expediated PCI because the

window of myocardial salvage is passed or the MI is too small to be benefited from

invasive interventions. To understand this is to rationalize the fairness in triage and to

give priority to patient who should receive PCI first, or be transferred first when two

patients arrive at the same time, in the same ER, or are transferred at the same time

from different hospitals.



Real World Question How to Shorten Door-To-Balloon Time in
Transferred Patients?
Because time is myocardium, a rapid plan must be determined and imple-
mented upon recognizing a patient with STEMI who needs rapid transfer [40].
Besides strong involvement of the medical and administrative team, there is a
problem with logistics. The transport system requires significant individual-
ization based on hospital location and transport availability. Variables include
distance between two hospitals, availability of ambulance and helicopters,
weather and road conditions. Each hospital should develop a preferred system
for transport with specific backup for weather and availability issues [39]. 
The patient should be transferred directly to the cardiac catheterization lab-
oratories. The ER of the receiving hospital is used for back-up in case of 
emergencies such as two simultaneous patients with MI arriving at the same
time. The cardiac catherterization laboratory (CCL) team and the interven-
tional cardiologist should be waiting for the patient in the CCL. The goal is
CCL-arrival-to-balloon time is � 15 minutes. Education of the health care
providers involved in all levels of the transfer process is crucial for a successful
D2B program [40].

Real World Question How to Perform PCI in Patients with STEMI
and Complex Bleeding and Thrombotic Problems?
Bleeding or intra-arterial thrombosis before, during, or after PCI of STEMI
could be a major (or possibly fatal) problem triggering a small- to full-scale
crisis situation. Different problems and solutions with bleeding or thrombosis
are discussed below.

STEMI in �400 lb patients
The problem is that there are no tables in the cardiac catheterization laborato-
ries which can tolerate a weight �400 lbs. While using TT there are no guide-
lines for dosage because in the RCTs all overweight patients were excluded.
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CRITICAL THINKING

How to trigger the transfer process with one phone call? A standardized

protocol is a critical factor in the initial evaluation and treatment of STEMI

arriving at the ER. An algorithm is used to facilitate a smooth and quick

transfer process [40]. In the transfer protocol, it takes only one phone call to activate

the emergency team alerting the arrival of a STEMI patient (emergency MD,

laboratories), one phone call to dispatch the transport team (helicopter or ground

ambulance), one phone call to contact the tertiary hospital for a bed and then transfer

the patients with a goal of in–out-door time less than 30 minutes [41].



Patients with bleeding
If the patient has gastric bleeding and is hemodynamically stable, a gastroen-
terologist could do a gastroscope and stop the bleeding by stapling the culprit
artery. After that, the patient can be treated with H2 antagonist and should
tolerate short term anticoagulant and oral antiplatelet (Clopidogrel and ASA)
for stenting of the IRA. GP 2b3a inhibitors are to be avoided. If the patient has
fracture in the extremities and AMI at the same time, the orthopedic surgeons
may put splints and stabilize the extremities. Then the patient may undergo
the diagnostic coronary angiogram and bilateral femoral angiogram to check
extravasion of contrast due to injury in the arterial system. If there is no arte-
rial bleed in the extremities, the patient could undergo PCI of the IRA under
coverage with low dose UFH (5000 U) and clopidogrel. At this present time,
intracranial, bleedings, or bleeding from the esophageal varices are the real 
contraindications for PCI for AMI.

AMI in patients following recent surgery
Less than 4 hours after removal of the right kidney because of cancer, a patient
developed ST elevation in leads 2,3 AVF. So the patient was brought to the
CCL, had balloon angioplasty of the RCA with standard dose of heparin, and
an ACT of 250–300 seconds. No stent was used and no heparin given after the
procedure. Because of the short term of heparin use, not much bleeding in 
the surgical area was noted and no there was no impact on the surgical results.
If the patient has a clean and limited surgery, then they can undergo DES stent-
ing because there is no problem with long-term antiplatelet therapy with ASA
and clopidogrel.

AMI in patients with concurrent stroke
If the patient has ischemic stroke, then with the agreement of the neurologist
consultant, the patient could be given short term anticoagulant (UFH or DTI)
and long term oral antiplatelet drug. Then the patient could undergo PCI and
stenting. The two concerns are: (1) the risk of hemorrhagic conversion of the
ischemic stroke with anticoagulant therapy; and (2) risk of cerebral emboli
from the protruding plaques in the aortic arch if they were the cause of emboli
stroke in the first place. The patient needs to have strong indication for PCI
and the family and patient need to understand the benefits and the risks. If
the benefits outweigh the risks, then the patient should have PCI.
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PCI in patients with current bleeding. In general, the principle is if the

bleeding can be stopped by mechanical means (compressing or ligating

the artery), then the patient could tolerate 4 hours of anticoagulant during

PCI. The favorite anticoagulant is UFH owing to its short half life, and because it can

be reversed by protamine.



PCI for patients with STEMI right after coronary artery bypass surgery
Sometimes, shortly after returning from the operating room (OR) after coro-
nary artery bypass (CABG), the patient was found to have ST segment eleva-
tion in one of the areas just bypassed. There is strong suspicion of acute
occlusion of one of the bypass grafts. The patient could be brought back to the
OR to recheck the patency of the bypass grafts, or the patient could go to the
CCL for emergency angiography. If there is a need for PCI, a full dose of UFH
could be given. The reason is that during CABG surgery, with the chest 
open, the patient was fully heparinized without extra bleeding. After the
chest was closed, anticoagulation was reversed with protamine. Now, when
there is a need for short term anticoagulant therapy during PCI, the patient
could tolerate, without problem, DES stenting with subsequent clopidogrel
therapy. The risk of returning to the OR is higher due to bleeding caused by
clopidogrel.

STEMI in patients with atrial fibrillation on coumadin, INR �2
Because coumadin does not have any effect on platelet, so patients with ther-
apeutic level of international normalized ratio (INR) still have STEMI. During
PCI, the patient can be given oral loading and maintenance dose of antiplatet
drug as usual. If the patient has high INR, no UFH is needed. If the INR is less
than 2, then patient can be given UFH (as in the treatment of pulmonary
embolism).

STEMI in patients with heparin induced thrombocytopenia
Heparin-induced thrombocytopenia (HIT) is an immune-mediated complica-
tion of heparin. It involves a decrease in circulating platelets (thrombocytopenia)
and an increased tendency to form blood clots, which can have devastating
clinical consequences such as limb ischemia requiring amputation (10–20%), MI,
stroke, pulmonary embolism and even death (20–30%). In patients with HIT,
LMWH cannot be used because they have cross-reactivity. Either bivalirudin or
argatroban should be used during PCI [3]. However, there is a problem with
argatroban administration. In a report of Reichert with four patients receiving
argatroban; even after argatroban was initiated at the recommended starting
dose of 2 �g/kg/min or at a lower dose, 1 �g/kg/min. All patients had rela-
tively normal hepatic function. The resulting activated partial thromboplastin
time was super-therapeutic and exceeded 100 seconds in three patients.
Additionally, argatroban clearance appeared to be prolonged upon discon-
tinuation [42].

How to perform PCI in patients with hemophilia
Hemophilia B is a severe inherited coagulopathy caused by mutations in the
gene that encodes factor IX. Surgical and invasive procedures in patients suf-
fering from this congenital disease are to be considered as being at high risk of
hemorrhage. Regularly, the patient with hemophilia was administered recom-
binant factor VIII pre- and post-procedure to maintain activity levels between
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60–80% in order to prevent bleeding. Anticoagulation during the PCI proce-
dure for STEMI was maintained with a direct thrombin inhibitor, bivalirudin:
a thrombin-specific anticoagulant. There were no complications. Bivalirudin
can be safely used in patients with a very high risk of bleeding (hemophilia)
undergoing PCI [43].

Real World Question When to Perform PCI After TT?
Previous studies of PCIs performed in the early POBA era, have shown no
advantage of immediate intervention compared with delayed intervention, 
or with a conservative approach after full dose TT for STEMI [43].Then later,
combined low-dose TT and immediate PCI as needed was thought to increase
the rate of IRA-opening and reduce the need for rescue PCI [34]. With better
interventional technique and equipment, the availability of stent, safer antico-
agulant- and antiplatelet-drugs, and effective bleeding prevention at the arte-
rial access site, PCI after TT showed less bleeding complications [44]. So the
ASSENT 4 trial was conducted to clarify the role of PCI after TT.
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The ASSENT-4 PCI trial. In the ASSENT-4 trial, thrombolytic agent TNK

was given at full dose to STEMI patients who were being referred for

primary PCI.The results showed that mortality, recurrent MI, stroke,

intracranial hemorrhage, and major bleeding, as well as stent thrombosis, were all

significantly increased in patients who had received full-dose TT prior to PCI. 

The overall 30-day mortality was quite low, just 3.8% for primary PCI; and quite high,

6.0%, for the TT � PCI patients [45].

The implications are quite clear: any patient who is being referred for pri-
mary PCI, with an estimated door-to-balloon time of 1–3 hours, should 
not receive full-dose TT prior to PCI. If the patient receives TT and is stable,
the patient should wait for more than 24 hours before going for angiogram
and PCI.

Real World Question Is the Management of STEMI in Elderly
Patients Different?
Less than one third of elderly STEMI patients present with typical angina. The
most common complaint is dyspnea. Others complain of dizziness, vertigo,
weakness, confusion, abdominal pain, delirium, or syncope [46]. In the man-
agement of STEMI in elderly patients, TT alone showed high mortality and
morbidity. However, for the elderly patients in the ASSENT-3 trial, the use of
TT with intravenous GPI provides no clear advantage over TT alone, and may
adversely affect outcomes [47]. Is primary PCI is the preferred strategy in the
treatment of elderly patients with STEMI?



Regarding optimal medical therapy with �-blockers, the outcome for the
elderly patient was worse if they could not take �-blockers because of contra-
indications (e.g. chronic obstructive pulmonary disease [COPD]) [49]. However,
even when the patient was given ACEI, ARB or both according to the guide-
lines, was the outcome much better?

So, in the care of elderly patients physicians must recognize that age per se
does not cause positive or negative outcomes of TT, but rather that it is a
marker for underlying pathophysiologic factors and comorbid illnesses that
may influence treatment effects [51]. Their outcomes were better when under-
going PCI if they were less than 80 years old. For the patients above 80 years,
neither TT nor PCI help them to live longer. TT caused more ICH. Other man-
agements include �-blockers, full antiplatelet drug coverage, ACEI and cho-
lesterol lowering drugs, complete revascularization, meticulous bleeding
prevention at the arterial access site and in the gastro-intestinal tract (due to
antiplatelet drugs). Even after everything is done according to the guidelines,
the outcomes of the elderly patients are still poor.
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Evidence-based Medicine: The Senior-PAMI trial

In the Senior-PAMI: a multicenter, randomized trial comparing primary PCI

to TT, 483 patients aged 70 and above were randomized for primary PCI or

TT. At 30 days, for patients aged from 70–80, the mortality rate was 7%

for PCI and 11% for TT. The rate of stroke was 1.2–2.2%, ICH was 0% vs. 1.3%,

respectively. However, there was no difference in mortality (19% vs. 16%),

mortality � CVA � reinfarction (both 22%) in patients aged �80. Therefore the

conclusions showed that PCI was superior to TT at reducing combined death,

disabling stroke, and reinfarction but not the primary endpoints of death or disabling

stroke. The advantage of PCI is to avoid ICH and reduce reinfarction and recurrent

ischemia. The results only benefit the 70–80 years of age and not the �80, (from the

statistical point of view the �80 years of age has a small sample size: n � 130) [48].

CRITICAL THINKING

The VALIANT trial. The Valsartan in Acute Myocardial Infarction Trial

randomized 14,703 patients with heart failure and/or LV ejection

fraction �40% to receive captopril, valsartan, or both. Mortality and a

composite end point, including cardiovascular mortality, readmission for heart failure,

reinfarction, stroke, and resuscitated cardiac arrest, were compared for the age groups

of �65 (n � 6988), 65–74 (n � 4555), 75–84 (n � 2777), and �85 (n � 383) years. With

increasing age, 3-year mortality almost quadrupled (13.4%, 26.3%, 36.0%, and

52.1%, respectively), composite end-point events more than doubled (25.2%, 41.0%,

52.3%, and 66.8%), and hospital admissions for heart failure almost tripled (12.0%,

23.1%, 31.3%, and 35.4%). Outcomes did not differ between the three study

treatments in any age group. Adverse events associated with captopril and valsartan

were more common in the elderly and patients receiving combination therapy [50].



Real World Question Is the Management of STEMI in Women Still
Unsuccessful?
Women with STEMI have higher morbidity and mortality rates than men.
When receiving TT they have higher unadjusted rates of mortality compared
with men (9.2% vs. 5.4%), reinfarction (6.4% vs. 2.6%), and hemorrhagic stroke
(2.0% vs. 0.55%) [52]. One explanation for this is that female patients experience
MI at a more advanced age and with more comorbidities. To clarify the role of
catheter-based interventions in women, stenting was performed in 227 women
in the PAMI trial [53]. The results showed no improvement in mortality or over-
all adverse events. The mortality of female patients was five times higher than
in men (10% vs. 2.4%, respectively). The overall adverse events were doubled,
with 21% vs. 10%, respectively. Even with all of the sophisticated technologies
and higher operator experiences in this stent era, women with STEMI remain at
higher risk of death, reinfarction, and TVR [53].

Real World Question How to Improve the Outcomes of Diabetic
Patients with STEMI?
When having STEMI, diabetic patients frequently present with atypical symp-
toms. Only 77% of these patients complain of chest pain compared with 84% 
in patients without diabetes. Even when the diabetic patients had recurrent
angina prior to acute occlusion, they do not benefit from ischemic precondi-
tioning, which decrease the mortality and LV dysfunction in non-diabetic
patients, because the ability to develop collaterals may be impaired. Diabetic
patients also complain more of dyspnea, as they incur more acute LV dysfunc-
tion compared with non-diabetic patients (26% vs. 13.5%). The in-hospital
mortality has been reported to be 8.7% vs. 5.8% for male diabetic and non-
diabetic patients respectively; the mortality of female diabetic patients was 24%
compared with 13% in female non-diabetic patients [54]. In a prospective
study comparing diabetic patients with non-diabetic patients, even when both
groups were treated with the same medications (�-blockade, ACE inhibitors,
statins) and achieved the same rate of patency after TT, mortality of diabetic
patients was still three-times the rate of non-diabetics [55].
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The CADILLAC trial. Reperfusion success in those with and without

diabetes mellitus was determined by measuring myocardial blush grade

(MBG) (n � 1301) and ST-segment elevation resolution (STR) analysis

(n � 700) in two substudies of the Controlled Abciximab and Device Investigation to

Lower Late Angioplasty Complications trial among patients undergoing primary PCI for

AMI. The results showed no differences between those with or without diabetes with

regard to postprocedural TIMI flow grade 3 (�95%), distribution of infarct-related

artery, and the frequency of stent deployment or abciximab administration. Patients

with diabetes mellitus were more likely to have absent myocardial perfusion (MBG 0/1,

56.0% vs. 47.1%, P � 0.01) and absent STR (20.3% vs. 8.1%, P � 0.002) [56].



Despite similar high rates of TIMI flow grade 3 after primary PCI in patients
with and without diabetes, patients with diabetes are more likely to have abnor-
mal myocardial perfusion as assessed by both incomplete STR and reduced
MBG. Diminished microvascular perfusion in diabetics after primary PCI
may contribute to adverse outcomes [56].

Real World Question What is the Best Strategy for Patients with
Reinfarction?
In patients with STEMI, after the IRA is opened by reperfusion therapy, reoc-
clusion of the IRA increased the rate of death, LV dysfunction or clinical CHF.
The incidence of reinfarction after TT was 4%. It is hard to predict which patient
will reinfarct after TT. Once there is reinfarction, the three available options are:
readministration of TT, PCI or conservative treatment [57].

So in practice, for the patient with reinfarction after STEMI, PCI is the best
choice. PCI during the index hospitalization was associated with a lower rate of
in-hospital recurrent MI (1.6% vs. 4.5%, p � 0.001) and lower two-year mortal-
ity (5.6% vs. 11.6%, p � 0.001) [58].

Real World Question How to Improve the Prognosis of STEMI
Patients with Renal Dysfunction?
Renal impairment is a strong independent indicator of increased mortality 
in patients who are admitted with STEMI. In patients with mild or moderate
renal dysfunction and having primary interventions, the early or late outcome
depends on the creatinine clearance (less than 75 mL/min) and not on the
serum creatinine level [59]. The patients with creatinine clearance �75 mL/min,
have more hypotension in the catheterization laboratories (10% vs. 6.5%),
intubation (1.3% vs. 0%), in-hospital mortality (5.1% vs. 0.8%), or 6-month mor-
tality 7.4% vs. 1.1%. However, the overall mortality in STEMI patients on long-
term dialysis was much worse at 59% in 1 year, 73% in 2 years, and 89% in 
5 years [60].
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Evidence-based Medicine: The TIMI data

20,101 patients were enrolled in the Thrombolysis In Myocardial Infarction

(TIMI) 4, 9, and 10 B and Intravenous nPA for the Treatment of Infarcting

Myocardium Early (InTIME-II) acute MI trials. Recurrent MI during the index

hospital period was associated with increased 30-day mortality (16.4% vs. 6.2%,

P � 0.001). Likewise, recurrent MI was associated with a sustained increase in

mortality up to two years, even after adjustments were made for covariates known to

be associated with mortality and recurrent MI (hazard ratio 2.11, P � 0.001). However,

this higher mortality at 2 years was due to an early divergence in mortality by 30 days

and was not due to a significant increase in late mortality between 30 days and 2 years

(4.38% vs. 3.76%, P � NS) [58].



Real World Question How to Prevent Slow Flow in PCI for Lesions
with Heavy Thrombotic Burden?
Small red thrombi are frequently seen by the angioscope before intervention
and after stenting or rotoblation. Massive thrombus is more often seen when
the culprit lesion is in the right coronary artery and in patients who present
late to the ER. The presence of a moderate size thrombus is not considered a
contraindication for primary stenting, however, vessels with huge thrombi
were excluded from randomization in stent trials. When an angiographic fill-
ing defect consistent with the presence of a thrombus after stenting is observed,
repeat balloon dilatation with higher pressure should be tried first, since the
most powerful antithrombotic maneuver is to maintain a brisk non-turbulent
flow inside the stented lumen. If a large thrombus persists, even after repeat-
ing balloon dilatation, mechanical thrombectomy with the Angiojet catheter
(Possis Medical, Inc., Minneapolis, MN) or TEC atherectomy (aspiration with-
out turning on the cutter) or a transport catheter with large lumen (the Pronto
catheter) have been found to be effective in removing thrombus from native
arteries [63] and to improve the IRA flow as measured by the corrected frame
count.

Management of distal microembolization can be evidenced by distal filling
defect with an abrupt cut-off in any of the peripheral branches of the IRA. The
use of distal protection devices which can filter or trap embolic debris offsets
the delay in perfusion on the recovery of angiographic parameters in primary
interventions. By reversing the detrimental effects of microemboli and vaso-
constricting factors in the distal vasculature, the use of distal protection devices
may keep the microvascular flow open.
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Diagnosis of fluid overload and ischemia in ESRD patients The patient

with end-stage renal disease (ESRD) used to present with atypical

symptoms and the non-specific ST-T changes of LV hypertrophy can make

the diagnosis of STEMI more difficult. Among dialysis patients who experience one day

of increased volume stress after a long weekend interval between dialysis sessions, 

the volume overload associated with elevation of LV diastolic pressure may produce

anginal symptoms or shortness of breath. Thus symptoms of ischemia, particularly on

a monday morning or after eating a large meal, may be indistinguished from symptoms

of volume overload [61]. In this immediate peri-infarction period, echocardiography can

provide useful information about the LV, RV systolic function and volume status. Non-

invasive measurement of the right atrial pressure can be estimated through information

from the inferior vena cava [62]. Dialysis is better deferred in the first 24 hours of

STEMI, unless dictated by acute metabolic derangement or volume overload. PCI can

be performed with low-osmolar contrast agents in order to decrease acute volume

stress. Modification of dialysis runs may be required in low-output states [61].



As the EMERALD trial failed to prove the benefit of distal protection
devices in all STEMI patients with or without visible thrombi, common sense
and good medical judgement dictates distal protection and thrombectomy in
patients with large thrombotic burden, in order to prevent slow flow and
maintain good myocardial perfusion.

Real World Question Should We Perform PCI in the Non-IRA in
STEMI Patients with Multivessel Disease?
If the patients have lesions in other arteries besides the IRA, intervention in the
non-IRA is not indicated. It should be planned on a later date. However, if the
patient is still symptomatic or unstable, the intervention of the non-IRA should
be carried out probably under the protection of an intra-aortic balloon pump
(IABP), if needed. The ACC/AHA/SCAI guidelines suggest no PCI of the non-
IRA, however, the meta-analysis of New York state showed a different result.
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The EMERALD trial. The Enhanced Myocardial Efficacy and Recovery by

Aspiration of Liberated Debris trial is a prospective randomized controlled

trial which enrolled 501 patients with STEMI undergoing primary PCI or

rescue intervention after failed thrombolysis. Patients were randomized to receive PCI

with a balloon occlusion and aspiration distal microcirculatory protection system vs.

angioplasty without distal protection. The results showed that among 252 patients

assigned to distal protection, aspiration was performed in 97%, all angioplasty balloon

inflations were fully protected in 79%, and visible debris was retrieved from 73%.

Complete ST segment resolution was achieved in a similar proportion reperfused with

vs. without distal protection (63.3% vs. 61.9%, respectively; absolute difference, 1.4%

(P � 0.78), and LV infarct size was similar in both groups (median, 12.0% vs. 9.5%,

respectively; P � 0.15). Major adverse cardiac events at 6 months occurred with

similar frequency in the distal protection and control groups (10.0% vs. 11.0%,

respectively; P � 0.66). A distal balloon occlusion and aspiration system effectively

retrieves embolic debris in most patients with acute STEMI undergoing emergent PCI

without resulting in improved microvascular flow, greater reperfusion success, reduced

infarct size, or enhanced event-free survival [64].
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The Multivessel Disease PCI of the New York State Angioplasty

Registry Analysis. In a retrospective study of multi-vessel disease (MVD)

PCI using the 2000–2001 New York State Angioplasty Registry database,

the in-hospital clinical outcomes of patients with multi-vessel disease (�70% stenosis

in at least two major coronary arteries), who underwent either multi-vessel angioplasty

(n � 632) or infarct-related vessel angioplasty (n � 1350) within 24 hours of AMI were

compared. The results showed that the patients in the multi-vessel angioplasty group

were less likely to be female, to have peripheral vascular disease or diabetes. They had



The latest recommendations of the ACC/AHA guidelines do not support
PCI in the non-IRA unless the patient is still symptomatic (chest pain or
hypotension) after PCI of the IRA [3]. However, a strategy of PCI of MVD dur-
ing STEMI may be applied in experienced laboratories [66].

Real World Question Is it Worth Opening the IRA After Symptom
Onset of �48 hours?
Is there a place for the late opening of the IRA, beyond the 12-hour window
for myocardial salvage? The rationale included the prevention of infarct
expansion and ventricular remodeling leading to ventricular dilatation, the
provision of electrophysiologic stability lessening the likelihood of malignant
ventricular arrhythmias, and the ability of collaterals emanating from the
recanalized artery to perfuse the ischemic, but still viable, myocardium [67].
There were also reasons that late reperfusion might be harmful, including 
the risk of inducing myocardial stunning, microvascular damage, and intra-
myocardial hemorrhage leading to an increased likelihood of myocardial rup-
ture. However, in reality, is the patency of the late opened IRA translated into
better mortality and morbidity?
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more complex lesions and were more likely to receive stents. In-hospital mortality was

three-fold lower (0.8% in the multi-vessel angioplasty group vs. 2.3%, (P � 0.018) in

the IRA-only angioplasty group. No differences were observed in other ischemic

complications, renal failure, or length of stay. After multivariate analysis, multi-vessel

angioplasty remained a significant predictor of lower in-hospital death (OR � 0.27, 95%

CI � 0.08–0.90, P � 0.03) [65].
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The TAMI-6 trial. The Thrombolysis and Angioplasty in Myocardial

Infarction-6 Study Group randomized 197 patients within 6–24 hours of

symptom onset, to t-PAs or placebo. Coronary angiography within 24

hours was used to determine IRA patency status. Patients with infarct-related

occluded arteries were then eligible for a second randomization to either angioplasty

(n � 34) or no angioplasty (n � 37). The results showed that the primary end point,

infarct vessel patency, was 65% for t-PA patients compared with 27% in the placebo

group (P � 0.0001). There were no differences between these groups in ejection

fraction or infarct zone regional wall motion at 1 or 6 months. At 6 months, infarct

vessel patency was 59% in both groups. In the placebo group there was a significant

increase in end-diastolic volume, from acute phase of 127 mL to 159 mL at 6-month

follow-up (P � 0.006) but no increase in cavity size for the t-PA group patients.

Coronary angioplasty was associated with an initial 81% recanalization success and

improved ventricular function at 1 month, but by late follow-up no advantage could be

demonstrated for this procedure, and there was a 38% spontaneous recanalization

rate in the patients assigned to no angioplasty [68].



The same negative results were confirmed again in the Open Artery (OAT)
trial where patients underwent stenting 3 weeks after the index MI [69]. There
were no reduced rates of death, reinfarction, or heart failure compared with
optimal medical therapy in ASYMPTOMATIC myocardial infarction sur-
vivors who do not receive PCI within the first 12 hours.
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Take Home Message

Based on worldwide availability of facilities, logistics, and resource affordabil-
ity (especially in developing countries), the benchmark reperfusion strategy
remains TT. However, given the availability of catheterization laboratories,
interventional expertise, rapid restoration of patency by catheter-based reper-
fusion can result in excellent outcomes. This is certainly the case in institutions
with large volume interventional laboratories and experienced operators [70].

Because of the universal access to TT, certain clinical issues must be under-
scored. More important than pursuing the ideal thrombolytic agent is the need
to administer TT at the earliest possible juncture after the onset of symptoms
heralding MI. It is important to use those agents that the practitioner knows
best. The earliest administration of any agent is better than the delayed admin-
istration of the best agent.

Primary mechanical intervention is an emergency procedure that may
reduce mortality, reinfarction, and stroke as primary objectives, and preven-
tion of recurrent ischemia and early discharge as secondary objectives. If expe-
rienced operators are available and if the interval between door and balloon is
less than 120 minutes, it is suggested that the patients undergo primary inter-
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strategy is therefore not only related to scientific rationale, but also depends on
affordability of available resources.
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Introduction

In the setting of acute myocardial infarction (MI), cardiogenic shock (CS) is
defined as systolic blood pressure (SBP or BP) less than 90 mmHg, or a
decrease of �30 mmHg in mean pressure, compared with prior normal base-
line values, lasting for more than 30 minutes and associated with peripheral
hypoperfusion. The diagnostic criteria for CS are listed in Table 3.1 [1].

The majority of patients with CS had no hypotension on arrival. Less than
1% of patients with acute MI (AMI) presented to the hospital with shock. 6.4%
developed shock during hospitalization while being observed and treated [2].



This raises speculation that the diagnosis of severe pump failure or pre-shock
may be missed at presentation or by suboptimal early therapy, including use
of agents that may induce hypotension or may aggravate iatrogenic shock in
marginally compensated patients [3]. By 48 hours, almost three quarter (59%)
of those who would eventually develop shock had done so. Surprisingly, the
patients with early shock development (days 1–2) had a significantly lower 30-
day mortality (45%) than those with intermediate or late shock development
(�80%) (P � 0.05) [4]. How these patients could develop CS while under inten-
sive medical care? Did we undertreat the patients who are going to develop CS?
In this chapter, specific characteristics, clinical identifications of different subsets
of patients are presented, management plans discussed, and practical imple-
mentation suggested. The management strategies are listed in Table 3.2.
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Table 3.2 Management strategies for cardiogenic shock.

1. Identify the patient with early cardiogenic shock, even if the blood pressure is not yet low
2. Revascularize the patient with a percutaneous or surgical approach
3. Close follow-up and correct all non-cardiac problems such as respiratory, liver, kidney failure

Table 3.1 Diagnostic criteria for cardiogenic shock.

1. BP �90 mmHg for at least �30 minutes, not improved with fluid administration
2. Signs of hypoperfusion (cold extremities), altered mental status: restlessness, agitation
3. Reduced urine output (�20 cc/hour)
4. Cardiac index of �2.2 L/min/m2

BP, blood pressure.

Management in the Emergency Room

When any patient with AMI arrives in the emergency room (ER), the heart 
rate (HR) and systolic BP are very strong prognostic factors. When there is 
sinus tachycardia, a BP less than 100 mmHg, or the SBP begins to decrease
20–30 mmHg from the patient’s known baseline BP, then the patient should be
investigated thoroughly for any cause of hypotension and for possible CS. In
order to correct the problem effectively, patients with shock are classified accord-
ing to the mechanism of low BP and degree of tissue hypoperfusion (Table 3.3).

Any patient with AMI should have a comprehensive examination at the
time of arrival to the ER. The presence of sinus tachycardia and borderline
low BP (�100 mmHg but �90 mmHg) should trigger the process of investi-
gating carefully the causes of declining BP. The four main questions are:

1 Does the patient still have ongoing ischemia as evidenced by chest pain
or angina-equivalent?



2 Are there any rales in the lung auscultation, suggestive of LV failure with
pulmonary congestion?

3 Does the patients have signs of peripheral hypoperfusion (cold extremi-
ties, agitation, restlessness or low urine output �20 mL/h)?

4 Are there signs of mechanical complication from AMI – new (possibly
very soft) murmur of mitral regurgitation (MR), muffled heart sounds of peri-
cardial effusion, ventricular septal defect (VSD), etc?

Work-up in the Pre-shock Period

Pre-emptive aggressive measures should be started once the BP is detected to
be declining, in order to reverse the process of imminent CS. The optimal stra-
tegies for work-up during the pre-shock period are listed in Table 3.4.
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Table 3.3 Classification of acute myocardial infarction patients with hypotension and
shock.

Class Blood pressure Hypoperfusion Mortality

CI � 2.2
PCWP � 22

The pre-shock patients
1. Hypovolemic hypotension Low �

2. Clinical shock Low � 23%
(hypotension without hypoperfusion)

3. Compensatory shock Normal �� 43%
(hypoperfusion without hypotension)

The patient with shock
4. Classic cardiogenic shock Low �� 66%

(hypotension and hypoperfusion)

AMI, acute myocardial infarction; BP, blood pressure; CI, cardiac index (L/min/m2); PCWP, pulmo-
nary capillary wedge pressure.

Table 3.4 Work-up during the pre-shock period.

1. Frequent monitoring of HR and BP
2. Generous IV fluid challenge
3. Reassessment with ECG
4. STAT echocardiography
5. Comprehensive physical examination
6. Right heart catheterization

BP, blood pressure; ECG, electrocardiogram; HR,
heart rate; IV, intravenous; STAT, emergency.



Electrocardiogram
An electrocardiogram (ECG) with extensive change in the anterior leads or
other sites (multi-site MI) would point to possible CS in � 50% of patients. If
the patient showed change in the inferior leads, the most common cause of
hypotension is increased vagal tone. The inferior wall MI rarely caused shock,
unless associated with prior MI or presence of lesion in other arteries [4], or
other mechanical complications. It caused only 2.8% isolated RV infarction
and subsequent shock [5]. Therefore a decreasing BP in the presence of ante-
rior wall MI, multi-site MI, or previous MI would alert the cardiologist for
imminent CS. The ECG features which trigger the suspicion for CS are sum-
marized in Table 3.5.

54 Chapter 3

Table 3.5 Suspicion of early cardiogenic shock by electrocardiogram.

1. Anterior wall MI or multisite MI with decreasing SBP (most common)
2. �20 mmHg decrease of BP in patient with history of prior MI
3. �20 mmHg decrease of BP in patient with inferior wall MI
4. Decreasing BP with clear lungs due to right ventricular infarction

BP, blood pressure; MI, myocardial infarction; SBP, systolic blood pressure.

To evaluate the ECG parameters as predictors of 1-year mortality in
patients developing CS, and to document associations between these ECG
parameters and the survival benefit of emergency revascularization vs. initial
medical stabilization, a substudy of the SHOCK trial was performed.

CRITICAL THINKING

The electrocardiographic pointers. In a prospective substudy of 198

SHOCK trial patients, the baseline HR was higher in non-survivors than 

in survivors (106 	 20 vs. 95 	 24 BPM, P � 0.001). There was a

significant association between the QRS duration and 1-year mortality in medically

stabilized patients (115 mins in non-survivors vs. 99 mins in survivors, P � 0.012),

but not in emergently revascularized patients (110 	 3 mins vs. 116 	 27 mins

respectively, P � 0.343). Among patients with inferior AMI, a greater sum of ST

depression was associated with higher 1-year mortality in medically stabilized patients

(P � 0.029), but not in emergently revascularized patients (P � 0.613, treatment

interaction P � 0.0250 [6].

STAT Echocardiography
An emergency bedside echocardiograph will give instant information about
the LV function and any mechanical complications (Table 3.6).
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CLINICAL PEARLS

Can a patient with EF � 50% have CS? A 50% ejection fraction (EF) does

not rule out imminent CS because the EF is the combination of decreased

segmental wall motion from the damaged area with a hyperdynamic

compensatory response from the other non-injured wall areas. If there is no hyperdynamic

compensatory contraction from the previously un-identified non-infarct related artery (IRA)

territory, then there are possible significant lesions in the non-IRA or the presence of

multivessel disease which can trigger CS. The ventricle should contract vigorously,

especially under the influence of positive inotropic agents such as dopamine.

The mechanical causes of shock requiring repair (acute MR, ventricular
septal rupture (VSR), free wall rupture/tamponade) can be evidenced clearly
by echo. However, they are rare and account for only 12% of CS [1].

Pre-emptive Measures
When there is decreasing SBP without sign of pulmonary congestion, gener-
ous intravenous (IV) normal saline (NS) fluid challenge should be started to
maintain a decent BP. If there is sign of left ventricular (LV) failure by auscul-
tation or by echocardiography, then the IV fluid has to be adjusted accord-
ingly. Vasodilators can begin to be given in order to improve the cardiac
output without increasing oxygen demand. However, if the BP is still low and
there is doubt about the cause of hypotension, or the response to empiric IV
fluid is suboptimal, then a right heart catheterization (RHC) should be per-
formed. The reason is that the finding of cold peripheries was subjective and
clinical exam can under-diagnose 15% of patients with low cardiac index or
high PCWP [8]. An RHC would also give comprehensive information about
the hemodynamic status and the results of the intrinsic neurohormonal com-
pensatory mechanisms. The PCWP would reflect the volume status and the
ventricular compliance (Table 3.7).

Coronary Angiography
If there is sign of ongoing ischemia, then left heart catheterization and coro-
nary angiography should be performed quickly to assess the severity of the

Table 3.6 Echocardiographic features in patients with acute myocardial infarction.

1. Hypokinesis or akinesis in the IRA territory
2. Compensatory increased contractility of the non-IRA segments
3. Hyperdynamic contraction under the effect of IV inotropic agents
4. Hyperdynamic contraction of the RV if there is hypovolemia
5. Pericardial effusion
6. Right atrial and ventricular collapse in diastole suggestive of tamponade
7. Mechanical complications: VSR, MR, Free-wall rupture or pseudoaneurysm

IRA, infarct-related artery; IV, intravenous; MI, myocardial infarction; MR, mitral regurgi-
tation; RV, right ventricle; VSR, ventricular septal rupture.



coronary artery disease (CAD), its extent and damage. Reversal of on-going
ischemia by percutaneous or surgical intervention should be performed as
soon as possible. The management plan is shown in Table 3.8.
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Table 3.7 Volume status according to right heart catheterization.

Volume status Cardiac index Pulmonary Capillary Wedge pressure

(L/min/m2) (mmHg)

Normal �2.2 �18
Cardiogenic shock �2.2 �18
Hypovolemia �2.2 �18
Fluid overload �2.2 �18
Sepsis �2.2 �18, low SVR

SVR: systemic vascular resistance.

Table 3.8 Pre-emptive measures in patients with decreasing blood pressure.

1. Early recognition of decreasing BP, borderline BP with possible CS
2. Generous IV fluid intake
3. Stabilization of patient by correction of arrhythmia, electrolyte imbalance, acid–base abnormality
4. Readjust the fluid intake according to result of RHC
5. If there is declining BP, insertion of an IABP in the left femoral artery, for possible access for

PCI via the right femoral artery
6. Identification of ideal or high risk patients
7. Early percutaneous or surgical coronary revascularizations

BP, blood pressure; CS, cardiogenic shock; IABP, intra-aortic balloon pump; IV, intravenous; PCI,
primary coronary interventions; RHC, right heart catheterization.

Management of Hypovolemic Hypotension

Hypotension is defined as SBP less than 90 mmHg or a decrease of 30 mmHg
from the baseline or known SBP of the patient. Many patients can tolerate a BP of
80 mmHg for many hours [9]. The causes include increased vagal tone, stunned
RV, RV infarction or intravascular contraction secondary to excessive diuresis, or
medications such as morphine or nitrate which provoke venodilation and pre-
load reduction. They can have hypotension without sign of hypoperfusion
unless the hypovolemia is quite severe.

These patients often have low LV-filling pressure and their hypotension usu-
ally resolves with the administration of IV fluid. The treatment of bradycardia
and hypotension is with atropine and 250 cc IV fluid challenge. Dehydration
from excessive diuretic is reversed with IV fluid resuscitation. However, caution
must be exercised in older patients, patients with prior MI, prior congestive
heart failure (CHF), hypertensive heart disease, diabetes and small size body
[10]. Elderly patients are sensitive to excessive administration of fluids due to
reduced LV compliance.



Management of Clinical Shock

Many patients with AMI can have hypotension and significant peripheral
hypoperfusion even when they have a fairly decent cardiac index: �2.2 L/
min/m2 [1]. In the SHOCK registry, the RHC results of all the hypotensive
patients with clinical signs of poor peripheral perfusion showed a majority 
of patients with frank CS and a sizable minority with acceptable cardiac
index: �2.2 L/min/m2. The latter also had high PCWP (�22 mmHg), even
though only half had pulmonary congestion. They received aggressive treat-
ment, however their in-hospital mortality was low at 20% which is a tremendous
improvement from the average 60% mortality of classic CS patients: an absolute
40% mortality decrease [1]. Even so, this 20% mortality is still high compared
with 3% mortality of patients without shock. These patients with normal CI are
those who fail the first line of compensatory mechanism for hypotension, in the
pre-shock period. Now they develop clinical shock without evidence of hypop-
erfusion by invasive parameters. If the cause of hypotension was not reversed,
these patients would have deteriorated into classic CS. In the SHOCK trial reg-
istry, these patients underwent the highest number of invasive (75–85%) and
interventional procedures (45–85%) which were translated into a best mortality
rate of 20% [1].

Management of Compensatory Shock

Patients with this syndrome maintained BP above 90 mmHg [3]. However, the
lack of low BP can be deceptive. The signs of peripheral hypoperfusion (olig-
uria, cold and clammy skin) were more strongly associated with the 30-day
mortality than was baseline systolic BP [11]. These patients experienced
decreased tissue perfusion associated with decreased cardiac output and high
PCWP. Their systemic vascular resistance (SVR) tended to be greater, even it
was not statistically significant. The hemodynamic differences between the
three groups are highlighted in Table 3.9.

With the occlusion of a major IRA, the cardiac output decreases. In order 
to maintain an adequate BP and to preserve tissue perfusion, several 
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Table 3.9 Hemodynamic data of the 3 classes of shock [3].

Measurements Normotension Hypotension Hypotension
hypoperfusion normal perfusion hypoperfusion
(compensatory) (clinical) (classic)

Heart rate 94 100 95 (P � 0.28)
Systolic BP 104 97 86 (P � 0.001)
PCWP 25 22 23 (P � 0.25)
Cardiac index* 1.9 2.5 2.0 (P � 0.48)
SVR 1753 1378 1389 (P � 0.19)

*(L/min/m2).
BP, blood pressure; PCWP, pulmonary capillary wedge pressure; SVR, systemic vascular resistance.



neurohormonal compensatory mechanisms are activated resulting in increased
HR, and peripheral vasoconstriction [3]. This results in a decent BP even if 
the patients has low cardiac index, high PCWP and high SVR. It is seen 
similarly under the effect of exogenous catecholamines such as dopamine, 
epinephrine, etc.

It is not clear whether all patients with classic CS go through a stage of non-
hypotensive CS. The similar time frame between the two groups suggests that it
is not always the case. However, the subsequent requirement of vasopressor or
intra-aortic balloon pump (IABP) support during the hospital stay suggests that
normotensive CS is often followed by hypotension and circulatory collapse [3].
Their mortality rate was 43% compared with 66% in patients with classic CS [3].

In the management of patients with compensatory CS, it is important to
avoid hypoperfusion or low BP. The main strategies are as always: (1) to keep
a decent BP; (2) to detect the early signs of hypoperfusion; and (3) to reverse
any cause of CS as early as possible, including ongoing ischemia, in order to
prevent the patient advancing into CS.

Management of Classic CS

The management of CS includes the treatment of its causes, by opening of the
IRA with thrombolytic therapy (TT) or mechanical interventions, surgical repair
for the mechanical complications, and maintaining a decent BP with good
peripheral perfusion, compatible with life. The causes of CS, its prevalence
and mortality are listed in Table 3.10 [1].
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Evidence-based Medicine: The SHOCK registry

At 30 days, the mortality was 46% in the revascularized group (angioplasty

or stenting PTCA or coronary artery bypass (CABG) surgery); and 56% for

those given medical therapy (P � 0.11). At 6 months, however, the

corresponding figures were 50% vs. 63% (P � 0.027) [12]. These beneficial results

from the aggressive approach were not seen in the group over 75 years-of-age; on the

contrary, they were worse (Table 3.10). Their one-year survival from medical therapy

was 46.7% vs. 33.6% with revascularized (P � 0.03).

Table 3.10 Etiologies, prevalence and mortality [1].

Causes Incidence Mortality

Predominant LV failure 78% 59%
Severe MR 6.9% 55%
VSR 3.9% 87%
Isolated RV shock 2.8% 55%
Free wall rupture and tamponade 1.4% 55%
Average 60%

LV, left ventricular; MR, mitral regurgitation; RV, right ventricular;
VSR, ventricular septal rupture.



In order to clarify the different strategies in the management of AMI patients
complicated by CS, in the SHOCK registry the patients with CS due to AMI
were randomized for a direct invasive strategy with early revascularization
comparing with initial medical stabilization, including thrombolysis, IABP,
and possible revascularization after 48 hours.

There was, however, a bias in the comparison. The patients who underwent
angiography had lower baseline risk and better hemodynamic profile [12].
The more stable patients had primary interventions and the very sick ones
died before having a chance trying the procedure. This is why the patients
who underwent angiogram had a mortality of 47% while the patients who
were too sick to tolerate an angiogram had a mortality of 86% [13].

In this presentation of CS, aggressive catheter-based intervention by experi-
enced operators is suggested. Rapid transfer of CS patients, particularly those
younger than 75 years, to medical centers capable of providing early angiog-
raphy and revascularizations is recommended [14]. The management strate-
gies are shown in Table 3.11.
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Table 3.11 Management of cardiogenic shock.

1. Early recognition of CS
2. Stabilization of patient by correction of arrhythmia, electrolyte imbalance, acid–base

abnormality.
3. Insertion of IABP in the left femoral artery, for possible angioplasty via the right femoral artery

access
4. Early intubation and mechanical ventilation to decrease the work of the respiratory muscles

and myocardial oxygen consumption
5. Right, left heart catheterization and coronary angiography
6. Early percutaneous intervention or CABG

CABG, coronary artery bypass grafting; CS, cardiogenic shock; IABP, intra-aortic balloon pump.

Benefits of Pharmacologic or Mechanical Revascularizations

In patients with CS, TT opened only 40% of arteries to the thrombolysis for
myocardial infarction (TIMI) flow grade 2 or 3. Without thrombolysis, 91% of
patients had the arteries virtually closed at TIMI 0 or 1. TT lowered the mor-
tality rate to 54% vs. 64% in patients without reperfusion [15]. They still have
high in-hospital mortality even after successful PTCA, stenting, and IABP.
However, revascularization at any time during hospitalization was associated
with a lower mortality (39% vs. 78% in patients without revascularization).
Among the SHOCK trial patients randomized to emergency revasculariza-
tion, those treated with CABG had a greater prevalence of diabetes and worse
coronary anatomy than those treated with PCI, but both groups had similar
survival rates [16]. Consequently emergency CABG is an important compo-
nent of an optimal treatment strategy in patients with CS, and should be con-
sidered for patients with diabetes and extensive coronary disease [17].



Technical Aspects of Percutaneous Revascularization

As the patients survive the ischemic injury with BP maintained artificially 
by intravenous inotropic agents and IABP, they are barely stable enough to 
be transported into the cardiac catheterization laboratories for a diagnostic
angiogram. The factors associated with shock and/or mortality are mostly
patient-based, reflecting poor ventricular function and the extent of coronary
disease (Table 3.12).
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Table 3.12 Angiographic mechanism of shock.

LV dysfunction (EF �30%)
IRA supplying more than 50% viable myocardium
Circulation to both papillary muscles compromised
Significant disease in non-IRA

EF, ejection fraction; IRA, infarct-related artery; LV, left ventricle.

Evidence-based Medicine: Optimal Revascularization for

Cardiogenic Shock

In the SHOCK trial, angiographic films of the 82 patients randomized to a

strategy of early PCI or CABG were analyzed. The one-year mortality in

PCI patients was 50%. Mortality was 39% if PCI was successful but 85% if

unsuccessful (P � 0.001). Mortality was 38% if TIMI flow grade 3 was achieved, 55%

with TIMI grade 2 flow, and 100% with TIMI grade 0 or 1 flow (P � 0.001). Mortality

was 67% if severe MR was documented. Independent correlates of mortality were as

follows: increasing age (P � 0.001), lower systolic BP (P � 0.009), increasing time from

randomization to PCI (P � 0.019), lower post-PCI TIMI flow (0/1 vs. 2/3) (P � 0.001),

and multivessel PCI (P � 0.040) [18].

Benefit appeared to extend beyond the generally accepted 12-h post-infarction

window. Surgery should be considered in shock patients with severe mitral insufficiency

or multivessel disease not amenable to relatively complete revascularization by PCI [18].

CLINICAL PEARLS

Which CS patient will recover best from PCI? Quite a few patients have

hypotension and subsequent CS due to severe myocardial stunning from

abrupt occlusion of a major artery. These patients may recover very

quickly if the IRA is opened early. The characteristics of the patients ideal for PCI are

listed in Table 3.13.

Table 3.13 Best candidates for primary intervention in cardiogenic shock.

Age less than 65
No prior myocardial infarction
No triple vessel disease
Early presentation
Stunned myocardium



Overall, 15% of patients had left main lesion, 41% had lesions in the left
anterior descending artery (LAD) and 53% had triple vessel disease [13]. The
culprit lesion of left-ventricular failure (LVF) was more often in the patient
with LAD lesion while the patients with mechanical complication had more
often lesion in the left circumflex artery [13].

In patients with multivessel disease, shock may be related not only to the
culprit lesion, but also to other severe lesions in the non-IRA. PCI of other
major non-IRAs does not seem to increase the risk when performed by expe-
rienced operators. The mortality was 35% (in patients with the non-IRA and
IRA opened) compared with 51% in patients who had only the IRA opened
[15]. In patients with slow flow after opening of the IRA, vasodilators for the
distal microvasculature, such as adenosine, nicorandil or nitroprusside can
improve the flow distally and speed up the reversal of myocardial hypokine-
sis. In other non-IRAs with slow flow, the above medications should be given
to improve the microvascular perfusion at these vascular beds too.
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CLINICAL PEARLS

Cardiogenic shock from acute papillary dysfunction Many patients

developed CS triggered by acute MR secondary to ischemia or infarction

of the papillary muscles. When there is suspicion of MR due to lesion in

the artery supplying the papillary muscles, angioplasty of these specific branches is

strongly suggested. The blood supply to the papillary muscles is summarized in 

Table 3.14.

The example of severe ischemic MR due to acute papillary muscle dysfunc-
tion causing reversible CS is illustrated in a case report of complication dur-
ing PCI of the circumflex from no-reflow. Baseline echocardiography before
PCI showed only mild MR. As no-reflow occurred after stenting, the patient
developed acute hypotension, hypoxia, pulmonary edema, increase in pul-
monary mean wedge pressure to 42 mmHg with very high V-wave during
pulmonary wedge tracing, and CS requiring IABP insertion. Urgent echocar-
diography revealed severe MR. With the establishment of normal flow in the
circumflex artery after IABP insertion and intracoronary adenosine, severe
MR, hypoxia and all hemodynamic instability were resolved [19].

Table 3.14 Blood supply to the papillary muscles.

1. The diagonal branches to the anterolateral papillary muscle
2. The obtuse marginal branch to the posterior medial papillary muscle
3. In the case of right dominance, the LV branch of the RCA to the posterior medial 

papillary muscle
4. In the case of dual supply, the distal PDA and the posterolateral branch of the 

LCX to the posterior medial papillary muscle

LCX, left circumflex artery; LV, left ventricular; RCA, right coronary artery; PDA, posterior
descending artery.



Although survival in patients with CS due to mechanical complications
remains poor, an aggressive approach including a combination of platelet
receptor inhibitors, IABP, and early surgical or percutaneous coronary revas-
cularization may help to improve mortality [13].

Management of Specific Patients

Acute Septal Rupture
Patients with ventricular septal rupture present with sudden, severe LVF in
association with a pansystolic murmur, (sometimes too soft to be heard or no
murmur at all) often accompanied by a parasternal thrill or they die suddenly
[20]. It is often impossible to differentiate this condition from rupture of a
papillary muscle with resulting MR by RHC, because the presence in both
conditions of a tall “V” wave in the capillary wedge pressure further compli-
cates the differentiation. The diagnosis of ventricular septal rupture is made
by color flow Doppler echocardiography [21].

Usually the patients are older, more often female, and less often had previ-
ous infarction. Their average in-hospital mortality was very high at 87%. 20%
of patients who underwent surgery survived, however, only 5% patients on
medical treatment survived. The patients with anterior wall MI and apical
VSR do better than those with inferior wall MI [22]. RCA occlusion may lead
to rupture of the lower ventricular septum, with development of VSD [23].

Delaying surgery to permit infarct-healing risks the development of shock,
which is unpredictable and associated with poor surgical prognosis. Despite
the poor outcome, surgery in this setting remains the best therapeutic option.
However, in the patient population of the SHOCK trial, surgery was near
futile for elderly patients with inferior wall MI complicated by shock, VSR
and other comorbidity.

Cardiac Free Wall Rupture and Tamponade
Rupture of the LV free wall after AMI is a catastrophic event [24]. The clinical
presentation typically is a sudden loss of pulse, BP and consciousness, while
the electrogram continues to show sinus rhythm (apparent electromechanical
dissociation). This condition is almost universally fatal [21].

In the SHOCK registry, the incidence of free-wall rupture was 2.7%, but it is
impossible to know the true prevalence because many patients died imme-
diately and the cause of death is not confirmed [24]. Tamponade alone may
represent instances of spontaneously sealed or unrecognized rupture. The
presence of pericardial effusion �5 mm was 100% sensitive for the diagnosis
of subacute ventricular free-wall rupture [25].

Real World Question How to Predict which Patients will Die?
Although PCI in the setting of CS still has a high in-hospital mortality rate, it
has been shown to decrease the mortality rate in certain subgroups. The iden-
tity and relative importance of variables that are predictive of in-hospital
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Real World Question Acute Mitral Regurgitation: When Should We
Perform Surgery?
The reported incidence of apical systolic murmurs of MR during the first few
days after the onset of AMI varies widely (from 10–50%) depending on the
population studied and the acumen of the observers [27]. The most common
cause of MR following AMI is dysfunction of the mitral valve. LV dilatation or
alteration in the size or shape of the LV due to impaired contractility or to
aneurysm formation causes disordered contraction of the papillary muscles.
The most dramatic scenario occurs when a papillary muscle, or more com-
monly the head of a papillary muscle, ruptures causing severe acute MR lead-
ing to CS. This is a medical catastrophe portending very poor prognosis [28].

Shock due to acute MR (AMR) developed late at a median of 12 hours while
it was 6 hours for LVF. More of the patients were women, had less STEMI 
at presentation, and more frequently inferior or posterior MI. Consistent with
the mechanism of acute MR, the MR cohort had higher median EF (37% vs. 30%
P � 0.001) and more pulmonary edema. However, the 37% EF represents marked
impairment of LV systolic function performance in the presence of MR. In the
past, thrombolysis or angioplasty did not reverse MR in a group of patients
with moderately severe or severe MR [29]. At that time, no stent or effective
antiplatetet medications were available. The patients who had mitral valve sur-
gery had a mortality rate of 40% while the patients who did not go for surgery
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CRITICAL THINKING

The American College of Cardiology – National Cardiovascular Data

Registry (ACC-NCDR) Analysis. Data from �300,000 patients in the ACC-

NCDR were evaluated. The outcomes of 483 patients who underwent

emergency PCI for CS were studied. Patients’ mean age was 65 	 13 years, with men

predominating (61%). Mean LV EF was 30 	 16%. Stents were placed in 64% of

patients, and thrombolytic agents were administered in 26%. Although PCI was

angiographically successful in 79% of patients, the in-hospital mortality rate was 59.4%.

Logistic regression using all available variables identified six multivariate predictors of

death: age (P � 0.001) for each 10-year increment, female gender (OR 1.55; 95%CI

1.00–2.41; P � 0.001), baseline renal insufficiency (creatinine � 2.0 mg/dL; OR 4.69;

95%CI 1.96–11.23; P � 0.001), total occlusion in the LAD (OR 1.99; 95%CI 1.28–3.09;

P � 0.01), no stent used (OR 2.55; 95%CI 1.63–3.96; P � 0.01), and no glycoprotein

IIb/IIIa inhibitor used during PCI (OR 1.96; 95%CI 1.30–2.98; P � 0.01). In a second

analysis using only variables known to the clinician at the time of initial presentation,

gender, age, renal insufficiency, and total occlusion of the LAD were significant [26].

mortality rate after PCI for CS are uncertain. There are many ways to make an
educated guess about the mortality of a particular patient. It is either by con-
ventional clinical data, calculated hemodynamic data (cardiac power), or by
ECG criteria. In identifying the sicker patient, early revascularization will
help to reduce mortality and increase survival.



had a mortality rate of 71%. The reason for not undertaking mitral valve 
surgery were: (1) the patient could not be stabilized or died awaiting surgery
(half of patients); and (2) the presence of co-morbidities related to current illness
or secondary to shock (one-third of patients). As the aortic pressure is lowered
by IABP, a greater fraction of the LV output will be ejected antegradely, thus
lessening the regurgitant fraction. To this end, both IABP (which lowers the aor-
tic pressure mechanically), and the infusion of nitroglycerin or sodium nitro-
prusside (which reduce systemic vascular resistance), have been used with
success in the interim management of patients with severe AMR from MI.
Ideally, definitive operative treatment should be postponed until pulmonary
congestion has cleared and the infarct has had time to heal. However, if the
patient’s hemodynamic and/or clinical condition does not improve or stabilize,
surgical treatment should be undertaken, even in the acute stage [21].

Real World Question How to Avoid Mortality in Cardiogenic Shock?
Not every patient with CS died from heart failure. If many died from ventricular
arrhythmias, did the cardioverter defibrillator (ICD) prevent these deaths?
The DINAMIT trial did not show improved mortality after ICD implantation.
How did these patients die?

Data regarding 62 patients who died in the SHOCK trial were reviewed. 65%
did not survive. 20% died from fatal arrhythmia, 35% died with low CI
[i.e., �2.2 L/min/m2], and 45% died with normalized CI (i.e., �2.2 L/min/m2)
and a higher CI/oxygen extraction ratio. The patients with normalized CI were
younger and stayed longer in the intensive care unit (ICU) than patients with
low CI. So a substantial number of patients with CS died with a normalized
CI, suggesting a distributive defect, in the absence of obvious infection. The
release of mediators may be secondary to gut hypoperfusion [30]. This is why
a clinical trial is randomizing patients for L-NAME (a nitric oxide synthase
inhibitor) in the setting of CS. The results will not be available for the next 2
years. Preliminary data on the small group are highlighted below.
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CRITICAL THINKING

L-NAME for Cardiogenic Shock. To evaluate the effect of L-NAME (a

nitric oxide synthase inhibitor) in the treatment of refractory CS, 30 patients

were randomized to supportive care alone (n � 15, control group) or to

supportive care in addition to L-NAME (1 mg/Kg bolus and 1 mg/Kg/h continuous IV

drip for 5 h n � 15). Death at one month was 27% in the L-NAME group vs. 67% in the

control group (P � 0.008). Unaugmented mean arterial BP at 24 h from randomization

was 86 	 20 mmHg in the L-NAME group vs. 66 	 13 mmHg in the control group

(P � 0.004). Urine output increased at 24 h by 135 	 78 cc/h in the L-NAME group vs.

a decrease of 12 	 87 cc/h in the control group (P � 0.001). Time on IABP and time on

mechanical ventilation were significantly shorter in the L-NAME group [31].



Real World Question Why is the Mortality in Shock from RV
Infarction High?
In the case of hypotension secondary to RV infarction, usually the patient has
an occluded RCA proximal to the major RV branches and presents with an infe-
rior MI with or without recognized RV failure [32,33]. The clinical presentation
ranges from asymptomatic mild RV dysfunction, through CS. Most patients
demonstrate a return of normal RV function over a period of weeks to months,
suggesting RV stunning has occurred rather than irreversible necrosis [34].
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CRITICAL THINKING

Right ventricular infarction in the SHOCK trial. Investigators at the

SHOCK registry evaluated 49 patients with CS predominantly due to RV

infarction, and compared them with 884 patients with CS and predominantly

LV failure. Their in-hospital mortality of patients with RV shock was similar to patients

with LV shock (53% vs. 61%, P � 0.296), despite the fact that patients with RV shock

were younger, with a lower prevalence of previous infarctions, fewer anterior infarct

locations, and less multivessel disease. There was a shorter median time between

index infarction and diagnosis of shock in patients with RV shock. In multivariate

analysis, RV shock was not an independent predictor of lower in-hospital mortality [35].

The severity of the hemodynamic derangements associated with RV ischemia
is related to factors listed in Table 3.15 [33].

When the RV becomes ischemic, it acutely dilates, resulting in an increased
intrapericardial pressure caused by the restraining forces of the pericardium.
As a consequence, there is a reduction in RV systolic pressure and output,
decreased LV preload, a reduction in LV end-diastolic dimension and stroke
volume, and a shifting of the interventricular septum toward the LV [36]. Because
of this RV systolic and diastolic dysfunction, the pressure gradient between
the right and left atria becomes an important driving force for pulmonary per-
fusion. Factors that reduce preload (volume depletion, diuretics, nitrates) or
diminish augmented right atrial contraction (concomitant atrial infarction,
loss of AV synchrony), as well as factors that increase RV afterload (concomi-
tant LV dysfunction), are likely to have profoundly adverse hemodynamic
effects [37]. The importance of a paradoxical interventricular septal motion
that bulges in piston like fashion into the RV, is important in generating sys-
tolic force, which allows pulmonary perfusion. The loss of this compensatory

Table 3.15 Factors influencing the hemodynamic status of RV infarction.

1. The extent of ischemia and subsequent RV dysfunction
2. The restraining effect of the surrounding pericardium
3. The interventricular dependence related to the shared interventricular septum

RV, right ventricle.



mechanism with concomitant septal infarction may result in further deterio-
ration in patients with RV ischemia [38].

A right atrial pressure of 10 mmHg or greater and greater than 80% of pul-
monary wedge pressure is a relatively sensitive and specific finding in patients
with RV infarction [39]. The waveform of the right atrium shows a steep right
atrial Y descent and an early diastolic dip and plateau in the RV waveform.

Demonstration of 1 mm ST-segment elevation in the right precordial lead
V4R is the single most predictive electrocardiographic finding in patients with
RV infarction [40]. The finding may be transient; half of patients show resolution
of ST elevation within 10 hours of onset of symptoms [41]. Echocardiography
can be helpful in patients with suspicious but non-diagnostic findings. It can
show RV dilation and asynergy, abnormal interventricular and interatrial septal
motion, and even right to left shunting through a patent foramen ovale [42]. The
treatment of RV infarction is highlighted in Table 3.16.
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Table 3.16 Management of right ventricular infarction [43].

1. Early maintenance of RV preload
2. Reduction of RV afterload
3. Inotropic support of the dysfunctional right ventricle
4. Early pharmacological and percutaneous mechanical reperfusion

RV, right ventricular.

Because of their influence on preload, drugs routinely used in management
of LV infarctions, such as nitrates and diuretics, may reduce cardiac output
and produce severe hypotension when the RV is ischemic. Indeed, a common
clinical presentation for RV infarction is profound hypotension following
administration of sublingual nitroglycerin, with the degree of hypotension
often out of proportion to the ECG-severity of the infarct. Volume loading
with normal saline alone often resolves accompanying hypotension and
improves cardiac output [44]. In other cases, volume loading further elevates
the right-sided filling pressure and RV dilatation, resulting in decreased LV
output [45]. Although volume loading is a critical first step in the manage-
ment of hypotension associated with RV ischemia, inotropic support (in par-
ticular, dobutamine) should be initiated promptly if cardiac output fails to
improve after 0.5–1 L of fluid has been given. Another important factor for
sustaining adequate RV preload is maintenance of AV synchrony. High-degree
heart block is common, occurring in as many as half of these patients [46].
Atrioventricular sequential pacing leads to a significant increase in cardiac
output and reversal of shock, even when ventricular pacing alone has not
been of benefit [47]. Atrial fibrillation may occur in up to one-third of patients
with RV ischemia [48] and has profound hemodynamic effects. Prompt car-
dioversion from atrial fibrillation should be considered at the earliest sign of
hemodynamic compromise. When LV dysfunction accompanies RV ischemia,
the RV is further compromised because of increased RV afterload and reduction



in stroke volume [49]. In such circumstances, the use of afterload-reducing
agents such as sodium nitroprusside or an intra-aortic counterpulsation device
is often necessary to “unload’’ the left and subsequently the RV.
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Take Home Message

While treating a patient with AMI, the main principle is to avoid hypotension
leading to tissue hypoperfusion. It is easier for the auxiliary and nursing staff
to detect a declining BP at earliest by setting and monitoring the frequent BP
measurements with the automatic cuffs which can give false results because of
peripheral vasoconstriction. The patient should be observed carefully to detect
early signs of declining BP and raising HR, all harbingers of possible and
imminent CS. However, they can sound false alarms too. In a sizable minority
of patients, there is no hypotension at all even they have signs of peripheral
hypoperfusion which is a more sensitive and prognostic marker for imminent
hemodynamic collapse or death. Once there is sign of declining BP and raising
HR, pre-emptive measures should be put in place to avoid the spiraling effect
of further hypotension. If these measures fail, then clinical shock without inva-
sive evidence of tissue hypoperfusion will follow. At this juncture there is still
time and opportunity to aggressively reverse the declining BP by PCI or CABG
so the patient does not deteriorate into tissue hypoperfusion. Once hypoperfu-
sion is evident, frank CS will be fully developed. Then it is too late because
with the best intentions, efforts and interventions, only a lowest mortality of
66% can be achieved.
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Introduction: Scope of the Problems

In 2005, there were more than 250,000 patients undergoing coronary artery
bypass (CABG) surgery in the US. Their mortality rate is supposed to be low,
their length of stay short, and their outcomes rosy. According to the standards



set by economists and printed as a financial transaction on the Federal
Register [1], these patients are to be programmed to ambulate cheerfully 24
hours after surgery and to walk out of the hospital three days later. This
sequence of engineered events becomes the mantra of third party payers, gov-
ernment, health administration bureaucrats, Wall Street movers and shakers.
However, these ideal standards can be applied only to simple and non-com-
plicated cases. The high risk patients have higher morbidities, mortalities and
length of stay (LOS) even with the ideal management by the best surgical
team [2]. The economists and statisticians just ignore them as they do not exist
in their lexicon. These CABG programs are to be marketed as financially
robust, profitably managed, and surgically competitive so that the network
administrator can eagerly negotiate and grasp for more contracts to service
more covered lives covered by the insurance companies, health maintenance
organizations, preferred provider organization, point-per-service providers,
or traditional service payors etc [3]. The end results is that many doctors and
hospitals concentrate their efforts only on low risk patients who constitute a
minority of patients undergoing CABG. The trial lawyers also claim they are
the only one who show concern, however retrospectively, about the lives and
well-being of these patients. In the middle of the deafening cacophony of
claims and counterclaims, between the shoutings or whisperings of the open
or secret bargainings, in the midst of the frantic tradings on the big board or
small screen; only the physicians (cardiologists, cardiac surgeons, family
physicians, internists, anesthesiologists, pulmonologists, neurologists, physi-
atrists, etc.) and the operating room (OR) and intensive care unit (ICU) techni-
cal and nursing staff labor from dawn to dusk, to create conduits, direct blood
flows, revitalize hibernating myocardium, re-energize the heart and restore
physical activities to each individual patient. The quality assurance commit-
tee of the cardiology section and the surgery department of the local hospital
has to monitor the case individually and prospectively, in order to assure that
the outcomes are best by its circumstances; that preventable errors are indeed
prevented; and that the statistical results are accurate and acceptable to fed-
eral regulators, hospital, and third-party monitors as they are reported on the
internet (not to the Interpol) and printed on the medical or lay press, (rather
on the Congress mandated Data Bank report). The four problems encountered
and to be overcome by physicians during and after CABG are: higher than
expected mortality, stroke, renal dysfunction and mediastinitis (Table 4.1).
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Table 4.1 Management strategies for patients undergoing coronary artery bypass surgery.

1. Screen patients so the high risk patients can be focused for better preparation before CABG
2. Stabilize the patients with maximal medical therapy prior to CABG
3. Over-utilize myocardial protection measures during surgery
4. Lower the rate of stroke due to aortic manipulation
5. Early extubation, early physical ambulation and rehabilitation

CABG, coronary artery bypass (surgery).



Mortality
According to the data from the Society of Thoracic Surgeons (STS), for a mixed
group of patients undergoing CABG, the overall 30-day mortality is 3%, which
is the average from much higher mortality of high risk patients and nearly zero
mortality of very low risk patients [4]. The clinical outcomes documented by
the STS are listed in Table 4.2 [5]. However, these rates are meaningful only if
the levels of severity are taken into account, so they are readjusted as risk-
adjusted mortality rates. The most common cause of death is left ventricular
(LV) failure (80%) while the most common complications with subsequent high
fatality are stroke, mediastinitis or postoperative renal dysfunction (PRD).
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Table 4.2 Clinical outcomes of coronary artery bypass surgery.

Mortality (%) 2.8
Deep sternal wound infection (%) 0.6
Re-operation (%) 4.9
Permanent stroke (%) 1.6
Prolonged ventilation (%) 5.4
Renal failure (%) 3.3
Post-operative length of stay 6.3 days
Re-admission rate �30 days (%) 8.9

Source: RH Jones [6], and www.cms.hhs.gov/regulations/ecomments

Stroke
The social and emotional impact of stroke on the CABG patient, family, med-
ical and surgical team is devastating. In the post-CABG patients, the neuro-
logical deficits are divided into 2 types: type 1 deficits with major, focal
neurological deficits, stupor, or coma; and type 2 deficits with cognitive
decline [7]. The incidence of type 1 deficit is 3.1% with an in-hospital mortal-
ity of 24% [8]. The incidence of type 2 deficits was 50% at discharge, and 24%
at 6 months [9]. The predictors of neurological deficit type 1 are listed in Table
4.3 [10]. The main culprit is the mobile plaque in the ascending aorta which is
manipulated during surgery.

Table 4.3 Predictors of type 1 neurologic deficits.

1. Proximal aortic atherosclerosis (OR 4.52)
2. Prior CVA (OR 3.19)
3. IABP (OR 2.60)
4. Diabetes (OR 2.59)
5. History of hypertension (OR 2.31)
6. History of unstable angina (OR 1.83)
7. Age (OR 1.75 per decade)
8. Perioperative hypotension
9. Use of ventricular venting

CVA, cerebro-vascular accident; IABP, intra-aortic balloon pump.



Renal Dysfunction
Postoperative renal dysfunction (PRD) is defined as a postoperative serum
creatinine level � 2.0 mg/dL or an increase in the serum creatinine level of
0.7 mg/dL from the preoperative to maximum postoperative values [11]. PRD
occurred in 7.7% of all patients, of whom 1.4% will eventually require dialy-
sis. The in-hospital mortality rates were low in patients with normal renal
function and extremely high in patients with PRD (Table 4.4) [12].
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Table 4.4 Mortality rate of patients with renal dysfunction.

Renal function Mortality rate

Normal renal function 0.9%
PRD without dialysis 19%
PRD with dialysis 63%

PRD, postoperative renal dysfunction.

Measurement of serum creatinine alone should not be used to assess the level
of preoperative kidney function. The glomerular filtration rate (GFR) is more
accurate in reflecting the risk of postoperative complications. The National
Kidney Foundation recommends using either the MDRD (Modification of Diet
in Renal Disease) or the Cockcroft–Gault equation to calculate the GFR. The
MDRD equation performs better than the Cockcroft–Gault equation. It can be
calculated according to the instructions from the website www.kidney.org/
professionals/kdoqi/gfr_calculator.cfm

This calculator takes into consideration the plasma creatinine level, age of the
patient, race of the patient, and gender. Knowing the GFR before surgery could
help the physicians to better plan the operative and postoperative strategy.

Several preoperative risk factors for PRD were identified and included
advanced age, moderate to severe congestive heart failure (CHF), prior CABG,
type 1 diabetes mellitus, and pre-existing renal disease (preoperative creatinine
levels between 1.4–2.0 mg/dL).

Elderly patients are more prone for PRD, because their kidneys have a
greater reduction in functioning nephrons, so they are more vulnerable to the
maldistribution of renal blood flow, the increase in renal vascular resistance,
and the decrease in total renal blood flow and glomerular filtration rate dur-
ing CABG [13].

Mediastinitis
Deep sternal wound infection has been reported to occur in 1–4% of patients
and carries a mortality rate of nearly 25% [4,14]. Obesity is a strong correlate
of mediastinitis after CABG [15]. In these obese patients, the causes of easy
infection are frequent: antibiotics may be poorly distributed in adipose tissue;
it is difficult to maintain sterility in the multiple skin folds; large regions of



adipose tissue serve as an ideal substrate for bacteria multiplication and rep-
resent a clinical challenge for early detection if infected.

Diabetic patients are more vulnerable to infection due to microvascular
changes, and slow wound healing from elevated blood glucose levels [16].
Higher risk of infection is also due to re-operation which requires additional
dissection, longer perfusion times, more bleeding, and greater need for trans-
fusion [17]. The use of both internal mammary arteries (IMA) and excessive
use of electrocautery for hemostasis may predispose to devascularization of
the sternum and promotes infection, especially when combined with other
risk factors such as diabetes and/or obesity [18].

Strategies to Decrease Morbidity and Mortality

Identify the High Risk Patients
In order to identify the factors influencing mortality and morbidity, many car-
diac surgery databases developed in the 1970’s were analyzed for variables
[19,20]. The most common use of large cardiovascular databases has been to
compare risk-adjusted expected with observed mortality, to monitor the qual-
ity of care of institutions and their providers [7].

A few core variables were found to contain larger amount of prognostic
information with the greatest predictive power [21]. They relate to the urgency
of operation, advanced age, and prior coronary bypass surgery, while the vari-
ables describing coronary anatomy had the least predictive power (Table 4.5).

Coronary artery bypass graft surgery 75

Table 4.5 Core variables and relative risks.

1. Urgency of operation (2.0–7.4)
2. Older age (2.1–3.9)
3. Prior CABG (1.7–3.6)
4. Female gender (1.2–1.63)
5. LV ejection fraction less than 30% (2.89)
6. Left main artery disease (1.3–1.43)
7. Number of diseased vessels with greater than 70% stenosis (1.6)

CABG, coronary artery bypass surgery; LV, left ventricular.

The EuroSCORE
The EuroSCORE (European System for Cardiac Operative Risk Evaluation)
involved the greatest possible number of patients in its development – more
than 19,000 consecutive patients were studied in 128 centers in eight
European countries [22]. The database was subjected to multiple regression
analysis to decide which risk factors were associated with operative mortality,
and weights were allocated to each risk factor. Selected for availability and
measurability, all but four of the risk factors are derived from the patient’s
clinical status. While developed as a risk model for European adult cardiac



surgery, investigators considered whether EuroSCORE also was applicable in
North American cardiac surgical patients. Using the STS database, EuroSCORE
was applied to predictive mortality in 188,913 surgical patients in 1995, and
401,684 patients undergoing coronary or valve surgery in 1998 and 1999 [22].
Despite some significant differences in risk factor prevalence between the
EuroSCORE and STS databases, EuroSCORE predicted mortality was virtually
identical to observed mortality. This predictive power was maintained when
patients were divided into quintiles of equal risk [22]. By the EuroSCORE, the
variables which predict best outcomes are listed in Table 4.6. The logistic regres-
sion model of EuroSCORE showed these to be the core variables. It is evident
that ventricular septal rupture (post myocardial infarction (MI)), thoracic aortic
surgery, active endocarditis, low ejection fraction (EF) �30%, and previous
surgery top the list (Table 4.6).
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Table 4.6 Logistic regression model of EuroSCORE.

Ventricular septal rupture 1.4620090
Thoracic aortic surgery 1.1597870
Active endocarditis 1.1012650
LVEF �30% 1.0944430
Previous cardiac surgery 1.0026250
Critical preoperative state 0.9058132
Neurological dysfunction 0.8416260
Systolic PAP �60 mmHg 0.7676924
Emergency operation 0.7127953
Extracardiac arteriopathy 0.6558917
Serum creatinine �200 Mol/L 0.6521653
Unstable angina 0.5677075
Recent MI 0.5460218
Other than isolated coronary surgery 0.5420364
Pulmonary disease 0.4931341
LVEF 30–50% 0.4191643
Female 0.3304052
Age (continuous) 0.0666354

Constant � 0–4.789594.
LVEF, left ventricular ejection fraction; PAP, pulmonary artery
pressure
Full definition of these variables are published and can be
seen online at www.euroscore.org

Applying this important information to real world practice, the patients
with high risk were identified preoperatively and received more focused
perioperative and intra-operative management. Subsequently, their mortality
rates have decreased although their expected mortality increased. Therefore,
the ability to predict outcome with traditional risk factors has diminished, as
the results of the outcomes were subjectively altered and statistically changed.



Identification of the Local Risk Factors

In general, in order to decrease morbidities, mortality and LOS of a CABG pro-
gram, the first task is to identify the high risk factors derived from predicted
probability models of the surgical and medical databases. They are classified
according to their degree of importance and priority reflecting the magnitude of
morbidities and mortality affecting a local CABG program [23]. They should be
identified as concrete and correctable abnormal laboratory numbers and clinical
conditions. The cardiologists, cardiac surgeons and anesthesiologists can stay
focused on screening these exact abnormal, clinical situations and allocate more
time and resources in correcting them before, during and after surgery. These risk
factors vary from one hospital to another and from year to year, as one risk factor
is controlled and another rises more prominently. Continued efforts are required
for better understanding and detection of these ever changing risk factors [24].

Estimate of the Mortality Risk of Each Individual Patient
If the overall risk for an institution or region is known, then a general estimate
for the individual patient can be rendered preoperatively by using mathemati-
cal models or the EUROScore. This concrete application may help the patients
and their physicians in weighing the potential vs. risks of proceeding with iso-
lated CABG and to correct any abnormalities prior to surgery [25]. The patients
undergoing cardiac catheterization should have their projected surgical risks
calculated. If any patient then needs CABG, the cardiologists have the data
handy to discuss the risk of CABG with the patient, family and surgeon. If the
risk is too high, then the patient can be transferred to a larger tertiary center or
CABG should be cancelled in favor of medical therapy only [25].

Management with Concrete Solutions

Once the high risk patients are identified, appropriate management requires
systematic preoperative, intraoperative, and postoperative approaches. In order
to implement effectively these strategies, communication, collaboration and
education is required for surgeons, cardiologists, anesthetists, perfusionists,
surgical resident-in training, intensive care unit nurses, respiratory therapists,
cardiac rehabilitation staff, social workers, and case managers. Weekly meet-
ings address every aspects of problems arising in the cardiac surgical service;
separate weekly morbidity and mortality conferences are held. The leader-
ship or coordinating team establishes critical pathways and monitors them.
Critical pathways must be constructed internally, not imposed externally.
Periodic retreats for staff education on the guidelines, pathways, and to make
all practice as consistent and uniform as possible, should be established [26].
The consistency and uniformity of guidelines and pathways will decrease the
potential for breakdown of communication between medical and nursing
staff. However, in some hospitals, as the staff are focusing on prevention and
correction of problems in high risk patients, the management of average- or
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low-risk patients is put on autopilot and there can be complication. The strate-
gies for improving morbidity and mortality with practical action plans are
listed in Table 4.7 [27].
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Table 4.7 Strategies to reduce complication and mortality.

Discriminative selection and deselection
1. Reduce the volume of too-high-risk patients
2. Reduce the volume of complications with high fatality
3. Acceptable age-group distribution with preference for younger age; avoid extreme old age

Maximize medical condition
1. Stabilize unstable patients with maximal medical treatment in order to convert urgent cases

into elective surgery

Focus care on high-risk patients
1. Identify target patient groups and correct their medical problems before, during and after

surgery
2. Take pre- and intra-operative measures to decrease stroke
3. Preferably have off-pump bypass
4. Intra-operative measures to avoid unplanned return to OR
5. Better myoprotection by intra-operative initiatives with anesthesia

Identify windows of opportunity and target patient groups to decrease LOS
1. Off-pump bypass
2. Critical pathways
3. preoperative education of patient and family about the fast tract exercise, rehabilitation and

discharge

LOS, length of stay; OR, operating room.

Thorough preoperative evaluation and management
Patient care in cardiac surgery begins with a thorough and precise diagnostic
evaluation to define the anatomy and hemodynamic abnormalities of that
particular patient. Although an evaluation has usually been performed by the
referring cardiologist, it is the surgeon’s responsibility to ensure that the eval-
uation is complete and that all the information needed to plan and perform
the proposed surgery is obtained. In addition to developing an operative
plan, the surgeon must also identify the patient’s coexisting diseases to mini-
mize their risk on surgical outcome. Recently, there has been the shift toward
outpatient preoperative management of elective cardiac surgical patients that
can complicate the preoperative preparation process. Because the patient is
not admitted to the hospital until the day of the operation, it is important to
develop a system that ensures that all preoperative issues are addressed prior
to the time of surgery. This includes a comprehensive preoperative history and
physical examination, risk assessment, abnormal laboratories values (checked
and corrected) and patient teaching regarding the planned operation.

Reduce the volume of high risk patients
The outcomes of CABG depend on many modifiable, and many uncontrolled
factors. Age, sex, and concomitant valvular replacement cannot be changed.



However, technical skills, experience of surgeons and the surgical teams,
severity of co-morbidities can be altered with more training, more resources,
more manpower and more focused management before, during and after sur-
gery. In a small CABG program, it is may be wise to avoid the too-severe,
moribund patients as their mortality is indeed too high with either medical or
surgical management. CABG cannot save every patient with end-stage coro-
nary artery disease (CAD), refractory primary coronary interventions (PCI)
with poor LV function, and lack of bypassable run-offs. If the patient is really
high risk, then the patient should be transferred to a larger referral center,
with more experience, more manpower and higher patient load to dilute the
high mortality rate of these extremely sick patients. There are a few surgeons
and centers in the US who specialize on difficult cases with third or fourth
re-operations. With their experience, and because of their exceptional focus on
high risk cases, with the help of a dedicated team, their results are quite impres-
sive. The patients whom a small program should avoid are listed in Table 4.8.
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Table 4.8 High risk patients to be avoided in a small coronary
artery bypass surgery program.

1. Cardiogenic shock
2. Double valve replacement
3. CABG and aortic root repair
4. LVEF �20%.
5. Redo CABG (possibly second, definitely third or fourth operation)
6. AMI

AMI, acute myocardial infarction; CABG, coronary artery bypass
surgery; LVEF, left ventricular ejection fraction.

Medical stabilization before surgery
The medically high risk patient needs excellent stabilization of their medical
problems before surgery. As any patient who undergoes surgery, the patient
should be on �-blocker. If the patient has LV dysfunction, then angiotensin
converting enzyme inhibitors (ACEI) should be given. The patient should be
on antiplatelet therapy while waiting for CABG. The patient should be stable
and be at a fair New York Heart Association (NYHA) functional level. The
medications and exercise schedules would strengthen the patient and speed
up the recovery after CABG. If the patient has recent MI, Non-Q MI, or a
stroke, then the patient should wait for one month to recover well before
undergoing CABG. It is better to convert the urgent case into an elective case.

Intra-operative modifications for high risk patients
During CABG, stress to the myocardium can be caused by the operation 
itself, ischemia, reperfusion, and cardiopulmonary bypass so there is a need
to limit injury to myocardium (so-called myocardial protection). One essential



component of myocardial protection is ventricular decompression. The left
ventricle may become distended during cardio-pulmonary bypass (CPB), most
commonly between ventricular fibrillation; this may impair myocardial per-
fusion, particularly in the subendocardial region. Prevention of this complica-
tion requires venting of the left ventricle using a cannula through the superior
pulmonary vein, the left atrium, the mitral valve and then the left ventricle.

A variety of cardioplegia additives have been proposed to enhance myocar-
dial protection, however, none have been proved to be effective. Most often,
cardioplegia is administered at a low temperature to reduce myocardial oxygen
consumption. It should be administered immediately after induction of aortic
cross-clamping to reduce myocardial ischemia.

However, systemic hypothermia might be superior to cold local cardioplegia
alone, possibly due to better maintenance of myocardial cooling. Intermittent
topical cold hypothermia provides additional and constant myocardial protec-
tion to the ventricle.

During surgery, the patient is given heparin so frequent monitoring of anti-
coagulation should be carried out. Activated clotting time (ACT) is measured
before and after administration of heparin, and should be at least 400 seconds.
After surgery, heparin is reversed by protamine: this is why during surgery,
heparin resistance and heparin induced thrombocytopenia should always be
in mind and watched while protamine reaction should also be observed
closely during heparin reversal.

Off-pump bypass
The extensive blood device interface intrinsic to the cardiopulmonary bypass
equipment results in a profound inflammatory response. The result is activation
of clotting factors requiring heparinization, blood loss and red blood cell (RBC)
destruction. The Off-Pump Coronary Artery Bypass (OPCAB) involves a ster-
notomy, but the patient is not placed on cardiopulmonary bypass. The surgeon
operates on a beating heart. The published results showed lower incidence of
neurologic dysfunction, renal failure, bleeding complications, low cardiac out-
put syndrome and in general lower mortality in high risk patients. However, no
matter how much science progresses, the results of surgical or interventional
procedures depend on the skill of the surgeon/operator. There were conflicting
data about the benefits of OPCAB.
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CRITICAL THINKING

OPCAB or CABG, which one is better? A retrospective review revealed 

that patients who underwent OPCAB had significantly different clinical

characteristics compared with those who underwent standard CABG. 

The patients who underwent OPCAB tended to be older; women; have low EF; had

undergone previous CABG; and had a history of prior stroke, peripheral vascular

disease, CHF, calcified aortic disease, and renal failure. On the contrary, the patients 
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who underwent standard CABG tended to have had MI, shock, cardiopulmonary

resuscitation, left main disease, and more diseased arteries. The propensity-matched

retrospective studies suggest that patients who underwent OPCAB tended to have fewer

postoperative bleeding complications (including transfusions and re-operations for

bleeding), and lower incidence of early neurocognitive dysfunction. The propensity-

matched retrospective studies suggest that patients who underwent standard CABG

tended to have lower rates of subsequent revascularization procedures, including both

percutaneous and repeat open procedures. There are conflicting data regarding mortality,

but no strong differences apparent between OPCAB and standard CABG. The meta-

analyses also suggest lower rates of postoperative bleeding and stroke associated with

OPCAB, but higher rates of subsequent revascularization procedures [28].

In general, patients can expect good outcomes with either procedure, and
an individual’s outcomes likely depend more on factors other than whether
they underwent standard CABG or OPCAB. A large, multicenter, prospective,
randomized study that includes patients at higher risk (multivessel or left
main disease, impaired LV systolic function) is necessary to better evaluate for
differences between the two strategies [28].

Intra-aortic balloon pump
The use of prophylactic IABP as an adjunct to myocardial protection may
decrease mortality and overall resource utilization in certain high risk patients.
However, the patients who really need IABP are sicker then the stable one
who does need any hemodynamic support [4].

Leukocyte depletion
Appreciation of the role of the activated leukocyte in the genesis and exacer-
bation of myocardial reperfusion injury has led to strategies to remove leuko-
cytes from the coronary blood flow. Clinical studies of leukocyte depletion
have shown significant benefit to myocardial performance in the hypertro-
phied LV and in those with acute or chronic ischemia [29]. Preliminary data
seems to support that filtering out leukocytes prior to blood transfusion may
reduce the number of postoperative pulmonary infection in high risk patients
such as patients with severe COPD and low EF [4].

Internal mammary artery graft
The long-term survival benefit afforded by use of the IMA is well recognized
[4]. Less appreciated is the reduction in immediate, operative mortality asso-
ciated with the use of the mammary artery as opposed to saphenous revas-
cularization. Its use should be encouraged in the elderly [30], the emergent/
acutely ischemic patient, and other subgroups that previously were thought
not to receive its immediate and long-term benefit. In the large, coronary
bypass database available to the STS [31], use of the IMA was associated with
reduced operative mortality in all analyzed subgroups.



Graft injury and embolization in re-operative patients
For patients undergoing repeated CABG surgery who previously have had a
left IMA-to-LAD (left anterior descending artery) graft, a concern has been
the inadvertent transection of the graft during sternotomy [4]. This complica-
tion is rare at �3% [32]. The risk of death or serious myocardial dysfunction
related to atheroembolism from patent, diseased saphenous vein grafts is
high [32]. To avoid these technical catastrophes, the patient should have a CT
scan of the chest prior to surgery to visualize the grafts and relationship of the
right ventricle, atrium, heart tissues to the sternum. If they are attached to the
sternum, alternate surgical strategies (right or left chest thoracotomy),
femoral vessel cannulation, etc., could help to prevent injury to these SVGs.

Cardioplegia could be delivered in a retrograde fashion, excluding the ath-
erosclerotic SVGs thus avoiding any chance of distal embolization.

Reducing the risk of perioperative infection
Multiple opportunities exist for infection-risk neutralization in coronary
bypass patients [4]. Skin and nasopharyngeal Gram-positive organisms are 
the leading cause of the most threatening complication: deep sternal wound
infection or mediastinitis. Skin preparation with topical antiseptics, clipping
rather than shaving the skin, avoidance of hair removal, reduction in OR-traffic,
laminar-flow ventilation, shorter operations, minimal electrocautery, avoidance
of bone wax [33], use of double-gloving barrier techniques for the operating
team, and routine use of an easily constructed pleuropericardial flap [34], have
all been shown to be of value in reducing postoperative infection.

Preoperative antibiotic administration reduces the risk of postoperative
infection five-fold [35]. Prophylactic antimicrobial efficacy is dependent on
adequate drug-tissue levels before microbial exposure [35]. The cephalosporin
class of antimicrobials is currently the agent of choice for prophylaxis of infec-
tion for coronary operations.

Strict control of blood glucose levels � 200 mg/dL by continuous intra-
venous (IV) infusion of insulin has been shown to significantly reduce the
incidence of sternal infection in diabetic patients [16]. To further avoid medi-
astinitis: meticulous aseptic technique, minimal perfusion times, use of one
IMA, avoidance of unnecessary electrocautery, appropriate use of periopera-
tive antibiotics, and strict control of blood glucose levels during and after
operation are suggested. If preventive strategies fail, prompt recognition of
deep sternal wound infection or mediastinitis is critical. Aggressive surgical
debridement and early vascularized muscle flap coverage are keys to reduc-
ing the cost, LOS, and death. Treatment by wound exploration, sternal rewiring,
and drainage failed in 88.2% of patients compared with high success in patients
treated initially with muscle flap closure [35].

Reducing the need of transfusion
Pre-hospitalization autologous blood donation can be effective [4]. If a patient
has no exclusionary criteria (hemoglobin �12, heart failure, unstable angina,
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left main disease, or symptoms on the proposed day of donation) and can
give 1–3 units of blood over 30 days before the operation, the risk of homolo-
gous transfusion is significantly lowered (12.6% vs. 46% in a non-preadmission
donor control group, P � 0.001). An alternative or additional method of pre-
CPB blood “donation” is the removal of blood from the patient in the OR
immediately before CPB. This blood is then set aside, not exposed to the CPB
circuitry, and then reinfused into the patient after the patient is disconnected
from CPB. This donation immediately before CPB yielded a significantly
higher platelet and hemoglobin count compared with similar postoperative
levels in patients who did not undergo harvesting of blood immediately
before CPB. This technique translated into a six-fold decrease in the percent-
age of patients requiring transfusion (10% transfusion rate in pre-CPB donors
vs. a 65% transfusion rate in non-pre-CPB donors, P � 0.01) [36].

Low hematocrit during CPB was significantly associated with increased
risk of in-hospital mortality. Female patients and patients with low surface
body area may become more hemodiluted than larger patients. Minimizing
intraoperative anemia may result in improved outcomes in these subgroups
of patients [37].

Aprotinin: a risk–benefit analysis
During CABG there is a risk of bleeding and subsequent transfusion. However,
there are many risks involving transfusion because the blood is combined
from many donors. This fact increases the risk of inflammatory reactions dur-
ing CABG after transfusion. In order to decrease bleeding, there is wide-
spread use of two classes of agents, both proven to mitigate bleeding: the
lysine analogues (aminocaproic acid and tranexamic acid) and the serine pro-
tease inhibitors (aprotinin).

The effectiveness of aprotinin in reducing the bleeding and transfusion
needs in patients undergoing open heart procedures has been documented in
a number of reports [3]. There has been speculation, however, that aprotinin
might adversely affect the kidneys, causing renal failure. A recent article
offered a comprehensive review of the risk associated with aprotinin in car-
diac surgery.
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Benefits and risk of aprotinin. In this observational study that involved

4374 patients undergoing revascularization, three agents (aprotinin [1295

patients], aminocaproic acid [883], and tranexamic acid [822]) as

compared with no agent (1374 patients) were prospectively assessed with regard to

serious outcomes by propensity and multivariable methods. The results showed that 

in the propensity-adjusted, multivariable logistic regression (C-index, 0.72), use of

aprotinin was associated with a doubling in the risk of renal failure requiring dialysis

among patients undergoing complex coronary-artery surgery (OR 2.59; 95%

CI 1.36–4.95) or primary surgery (OR 2.34; 95% CI 1.27–4.31). Similarly, use of aprotinin



The conclusion was that the association between aprotinin and serious-end
organ damage indicates that continued use is not prudent. In contrast, the less
expensive generic medications aminocaproic acid and tranexamic acid are
safe alternatives [6].

Reduce volume and/or severity of complications
Although the mortality rates have fallen, the patients presenting for CABG
are often older, have more impaired LV systolic function, higher urgency for
surgery, fewer single-vessel procedures and multiple co-morbid conditions.
Their major postoperative complications were most likely noncardiac: pul-
monary (25–40%), renal (15–25%), and neurologic (3–6%). Fewer than 5% had
cardiac failure [5].

The lowest possible rate of complications from a premier CABG program
are listed in Table 4.9 [5]. They are the benchmarks for any local hospital to
achieve.
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in the latter group was associated with a 55% increase in the risk of MI or heart failure

(P � 0.001) and a 181% increase in the risk of stroke or encephalopathy (P � 0.001).

Neither aminocaproic acid nor tranexamic acid was associated with an increased risk

of renal, cardiac, or cerebral events. Adjustment according to propensity score for the

use of any one of the three agents as compared with no agent yielded nearly identical

findings. All the agents reduced blood loss [38].

Table 4.9 Postoperative benchmark for isolated
coronary artery bypass surgery.

Bleeding 1.2%
Respiratory failure 3.2%
Sepsis 1%
Transmural MI 2%
Mediastinitis 0.8%
Renal failure – dialysis 0.5%

MI, myocardial infarction.

Prevent stroke
Stroke can be caused by carotid stenosis or LV thrombus, however, proximal
aortic atherosclerosis is the strongest predictor of stroke, due to embolization
of atheromatous material during manipulation of the aorta [39]. Therefore the
detection and the management of the ascending aorta for prevention of
atheroembolism is crucial to reduce the stroke rate. Although palpation of the
aorta has traditionally been used by surgeons to identify patients with athero-
matous disease of the ascending aorta and to find “soft spots” for cannulation
or cross clamping, the use of epi-aortic ultrasound has been suggested as a
more accurate means of assessing the aorta [16]. Once aortic atherosclerosis is
identified, alternative strategies to prevent mobilization of debris from aortic



atheroma include performing CABG without cardio-pulmonary bypass. Off-
pump bypass requires technical changes such as axillary artery cannulation,
ascending aorta replacement under circulatory arrest, single cross-clamp
technique, originating grafts off the left internal mammary artery to avoid
ascending aorta proximal anastomosis [40,41]. These approaches are very
helpful, especially in elderly patients, peripheral arterial disease, hyperten-
sion etc.

In the type 2 deficits, encephalopathic changes may be related to the brain’s
microcirculation and are more likely to occur after periods of hypotension or
inadequate perfusion than by aortic plaque embolization. The preventive
measure to avoid stroke are listed in Table 4.10.
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Table 4.10 Pre- and intra-operative measures for stroke prevention.

1. Preoperative screening of carotid artery disease by Doppler
2. If patient has recent stroke, wait for 4 weeks after the index event
3. If patient has recent TIA, maximal medical or surgical management as indicated, then wait 

4 weeks after the index event
4. If patient has atrial fibrillation, perform TEE looking for atrial thrombus
5. If patient has recent anterior wall MI, be sure patient has no LV thrombus by echocardiography
6. Perform off-pump bypass
7. Perform intraoperatively epi-aortic ultrasound to detect atheromatous plaque on the aortic wall
8. Intraoperative TEE to detect air bubble

LV, left ventricular; MI, myocardial infarction; TEE, transesophageal echocardiography; TIA,
transient ischemic attack.

Avoid unplanned return to the OR
The three common causes of unplanned return to the OR are bleeding, valve
dysfunction and acute graft occlusion.

In the study of the Northern New England Cardiovascular Disease Study
Group [42], the incidence of re-exploration due to bleeding was 3.6%. The
mortality of these patients was three times higher at 9.5% and their length of
stay was almost doubled at 14 days. The risk factors included prolonged
(�150 minutes) of CPB, intraoperative requirement of IABP. The use of throm-
bolytic therapy within 48 hours of surgery was weakly but not significantly
associated with need for re-exploration. To avoid bleeding, meticulous inspec-
tions of sites, sutures, prior to closure of the chest. The use of clopidogrel plus
aspirin prior to surgery increased significantly the rate of postoperative bleed-
ing compared with acetylsalicyic acid (ASA) alone. Avoidance of clopidogrel
prior to surgery is suggested.

To avoid acute reocclusion of the SVG, more delicate handling of the graft
during harvesting, implantation, especially when working on a beating heart,
is suggested. For the problem of mitral valve dysfunction, the theory is that
the structurally normal mitral valve may be regurgitant due to reversible
ischemia involving the papillary muscles. Then the dilemma is when it is nec-
essary to inspect the mitral valve for correction. Intraoperative has provided a



functional and quantitative assessment before and after CPB. When the mitral
regurgitation (MR) is grade 1 to 2, this may decrease during anesthesia induc-
tion and/or with complete revascularization, thus eliminating the need to
inspect the valve during cross-clamping of the aorta. An added finding by
echocardiography or direct inspection at the time of operation is the presence
of an enlarged left atrium, which generally signifies chronicity to the MR and
adds justification to the consideration of mitral valve repair. This strategy is
further assessed by a final post-CPB transesophageal echocardiography (TEE)
in the OR. If, under this rare circumstance, the MR is unacceptable, reinstitu-
tion of CPB can be performed and the MR corrected. If the MR is grade 3 to 4,
it is necessary to inspect the valve and correct the mechanical lesion. It is
important to stress that in this situation, it is imperative that an intraoperative
TEE be performed to see whether the MR is grade 3 to 4, to assess the repara-
bility of the valve and the success of the repair [4].

Decrease length of stay
The average LOS for a patient undergoing uncomplicated CABG is 6 days
post-operatively, including the day of discharge. The data for other types of
surgery are listed in Table 4.11 [2]. An increased LOS depends mainly on
severe clinical status of patients presenting for surgery: (1) preoperative IABP
(OR 3.02); (2) clinical CHF (OR 2.7); (3) acuity status: emergency, salvage sur-
gery (OR 2.4) [21]. The LOS may not be a good indicator of excellent care. The
rate of readmission must be added when reducing LOS to ensure patients are
not being discharged prematurely. Also, we are treating more
elderly patients who are live alone, and it is very difficult to send them home
after surgery to care for themselves alone.
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Table 4.11 Average length of stay.

Type of surgery LOS (days)

Uncomplicated CABG 4 days
Mitral valve surgery (minimally invasive) [2] 6 days
Valvular surgery in �80 year-old-patient [21] 9 days (5–56)

CABG, coronary artery bypass surgery; LOS, length of stay.

There are three strategies to decrease the LOS. For the non-complicated
patients who were discharged alive without adverse outcome, a risk-adjusted
post-procedure average LOS would measure the efficiency of care of a local
hospital comparing with a national or regional standard. If almost all the other
hospitals in the region can provide the same care, with the same outcome in 
a shorter LOS, then the LOS of this group of patients needs to be decreased. 
A further lower LOS would compensate the longer stay of high risk patients,
so the average local LOS would be lower. This strategy would permit for the
program to accept higher-risk patients rather than turning them away.



The second strategy is to identify the group of patients who had adverse
outcomes that were not catastrophic (i.e. not resulting in death or extremely
prolonged LOS) and their risk-adjusted excess LOS. The results of LOS in the
two above groups of patients would show the magnitude of opportunity to
improve the effectiveness of care by reducing the volume and/or severity of
patient’s adverse outcomes and LOS.

The third strategy is to allocate more manpower and resources to screen
high risk patients, correcting their abnormalities before surgery in order to cut
morbidity, mortality and LOS. Off-pump bypass showed lower LOS, even in
patients with redo-CABG [35].

Early cardiac rehabilitation
Prior to surgery, the patients and families should be instructed to expect early
extubation, ambulation, exercise and discharge in day 3 or 4 post-op. Once the
patient is transferred to the intensive care unit (ICU) after CABG, the patient
should be motivated to follow the active rehabilitation plan. The exercise ses-
sions should be available even on Saturday, Sunday or legal holidays, because
the extra cost of staffing would be easily offset by a shorter LOS.

Postoperative Care

Postoperative Atrial Fibrillation
The LOS is increased by postoperative atrial fibrillation (AF), and it is associ-
ated with a two- to three-fold increase in postoperative stroke. If AF after
CABG persists into a second day, warfarin anticoagulation with a goal inter-
national normalized ratio (INR) of 2–3 should be considered [43]. Withdrawal
of �-blockers in the perioperative period doubles the incidence of postopera-
tive AF. Propafenone showed no significant benefit over atenolol in the pre-
vention of supraventicular arrhythmias [44]. The former is a less negatively
inotropic drug as an alternative to �-blockers in patients in whom underlying
LV dysfunction is an important concern, or for patients whose active bron-
chospasm makes �-blocker use less attractive.

Low-dose sotalol also appears to be effective for reduction of AF after
CABG [45]. Amiodarone administered 1 week prior to surgery halves the inci-
dence of postcardiotomy AF (53% placebo to 25% amiodarone, P � 0.003)
[46]. Digoxin and calcium channel blockers (verapamil has been the most
extensively studied) have no consistent benefit for prophylaxis of supraven-
tricular arrhythmias after CABG [47].

In a review of more than 10,000 patients who underwent cardiac surgery,
the three risk factors for post-operative atrial fibrillation (AF) are: valvular
surgery, increased age, and decreased EF. There was less AF in patients with
prior CABG, diabetes, female gender, and smoking [47]. Practically, patients
with EF �35% can receive amiodarone 400 mg PO q6H as early post-operatively
as tolerated. In patients with EF �35%, patients received orally propafenone
150 mg q8H/metropolol 25 mg q12H [48].
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Recently, atrial pacing was randomized in patient right after CABG and
continued for 72 hours. The paced rate was adjusted whenever the intrinsic
rate equaled or exceeded the paced rate [49]. The patients also received
propanolol, a 5 mg test dose orally immediately following extubation and the
dose was titrated to a target dose of 20 mg orally four times daily. The results
showed a reduction of post-operative AF from 37.5% in patients receiving no
post-operative pacing to 17% (P � 0.005) in patients with pacing. Two obser-
vational studies have explored the value of cardiac denervation at the time of
cardiac surgical operation for reducing postoperative AF.
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EMERGING TREND

Surgical denervation as prophylaxis for AF The role of ventral cardiac

denervation for prevention of AF was examined in 207 patients by

removing the nerves around the large vessels at the base of the heart

beginning with the right side of the superior vena cava and continuing through the

midportion of the anterior pulmonary artery (26). This dissection that removed fat pads

surrounding the superior vena cava, aorta, and anterior and right pulmonary arteries

required an extra 5 minutes of operative time with no associated operative

complications. The 219 subjects considered as nonrandomized controls were similar in

baseline and operative characteristics except for fewer grafts per patient in the control

group. Postoperative AF occurred in 15 (7%) of 207 patients undergoing ventral

cardiac denervation and in 56 (27%) of 219 control subjects (P � 0.001). After baseline

differences were corrected by multivariable adjustment, ventral cardiac denervation

remained the most significant negative predictor of postoperative AF. The 7% reported

incidence of AF is remarkably low and, if confirmed in broader experience, would

certainly justify adding this minimal modification to cardiac operations [50].

Dissection of the anterior fat pad, which often occurs incidental to cardiac
surgery, may contribute to postoperative AF. Both of these studies of the influ-
ence of operative dissection of cardiac sympathetic and parasympathetic
nerves identify a fruitful area for additional work directed toward the impor-
tant goal of decreasing postoperative AF in cardiac surgical patients [6].

CRITICAL THINKING

Surgical removal of anterior fat pad as a cause of postoperative AF.

The influence of parasympathetic nerves in the anterior fat pad was

examined in 55 patients undergoing CABG who were randomly assigned

to receive either dissection or no dissection of the anterior fat pad located between the

base of the aorta and main pulmonary artery. Evoking sinus cycle length prolongation

with stimulation identified the fat pad before cardiopulmonary bypass. Stimulation at

the conclusion of surgery documented increased sinus cycle length in patients with 

the fat pad preserved and failure to increase sinus length documented denervation in

patients with the fat pad removed. Removal of the fat pad increased postoperative 

AF from 37% compared with 7% in patients with the fat pad preserved [51].



Tight Diabetes Control
The importance of tight diabetic control was assessed in 141 diabetic patients
undergoing CABG who were prospectively randomized to glycemic control
(serum glucose 1.5–200 mg/dL) with glucose–insulin–potassium or standard
therapy using intermittent subcutaneous insulin. Patients treated with glu-
cose–insulin–potassium had lower serum glucose levels, less AF perioperatively,
shorter postoperative LOS, and a survival advantage in the initial two years after
surgery. Patients with tight diabetic control also had fewer episodes of recurrent
ischemia (5% vs. 19%, P � 0.01) and fewer sternal or leg wound infections (1%
vs. 10%, P � 0.03). The results of this study in context of similar benefit found in
previous observational studies suggest tight diabetic control should become the
standard postoperative management for diabetic patients [7].
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Evidence-based Medicine: Diabetic control for CABG

148 diabetic patients undergoing CABG were prospectively randomized 

to tight glycemic control (serum glucose, 125–200 mg/dL) with a combination

of glucose, insulin and potassium (GIK) or standard therapy (serum

glucose �250 mg/dL) using intermittent subcutaneous insulin beginning before anesthesia

and continuing for 12 hours after surgery. GIK patients had lower serum glucose levels

(138 	 4 vs. 260 	 6 mg/dL; P � 0.0001), a lower incidence of AF (16.6% vs. 42%;

P � 0.0017), and a shorter postoperative length of stay (6.5 	 0.1 vs. 9.2 	 0.3 days;

P � 0.003). GIK patients also showed a survival advantage over the initial 2 years after

surgery (P � 0.04) and decreased episodes of recurrent ischemia (5% vs. 19%; P � 0.01)

and developed fewer recurrent wound infections (1% vs. 10%, P � 0.03). So tight glycemic

control with GIK in diabetic CABG patients improves perioperative outcomes, enhances

survival, and decreases the incidence of ischemic events and wound complications [52].

Management in Specific Subsets of Patients

Elderly Patients
While undergoing CABG, elderly patients have more left main disease, multi-
vessel disease, LV dysfunction, and re-operation, and for many, concomitant
valvular surgery [4]. These patients also have more comorbid conditions (dia-
betes, hypertension, chronic obstructive pulmonary disease (COPD), periph-
eral vascular disease (PVD), and renal disease). This combination leads to
higher rates of intra-operative or postoperative MI, low-output syndrome,
stroke, gastrointestinal complications, wound infection, and renal failure.

Their operative mortality has ranged from 5–20% during the past 20 years
for isolated CABG, averaging 8.9%. Emergency surgery confers up to a ten-
fold increase in risk (3.5% to 35%), urgent surgery a three-fold increase (3.5%
to 15%), hemodynamic instability a three- to ten-fold increase, and an left ven-
tricular ejection fraction (LVEF) �0.20 up to a ten-fold increase [53].

Predictors of postoperative low cardiac output syndrome are, in descending
order of importance, LVEF �0.20, repeated operation, emergency operation,
female sex, diabetes mellitus, age �70 years, left main disease, recent MI, and/or



three-vessel disease [54]. In general, the patient aged 70 years or older who may
be a candidate for CABG surgery has, on average, a higher risk of mortality and
morbidity from the operative procedure. Nonetheless, functional recovery and
sustained improvement and quality of life may be achieved in the large majority
of such patients [54]. In experienced hands, off-pump CABG (OPCABG) is par-
ticularly better for this group of patients as it avoids the deleterious effects of
heart–lung pump and avoids aortic manipulations. To decrease mortality and
morbidity, besides nearly perfect cardiac management, rigorous prevention and
correction of non-cardiac problems is strongly suggested.

Octogenarian Patients
Octogenarians have many risk factors when undergoing cardiac surgery. Over
20% of patients had CHF, 21% had prior cardiac procedures, 70% triple-vessel
disease and 43% had LM disease. Over 50% of patients had surgery on an urgent
or emergent basis. Despite these unfavorable characteristics and circumstances,
their in-hospital mortality rate was 8% and stroke was 3.9% [55]. The predictors
of in-hospital mortality were similar to the risk factors of other younger patients
including urgency, age, prior CABG, vascular disease, history of CHF, renal fail-
ure etc. The only difference is that COPD is a risk factor in this age group. Their
average LOS was 7 days with 31% experiencing prolonged stay of more than
14 days and 15% were intubated for longer than 48 hours (Table 4.12).
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Same day percutaneous coronary intervention and aortic valve

replacement. In very elderly (�80) patient with symptomatic CAD and

aortic stenosis, some surgeons request the patient to have PCI with drug

eluting stent (DES) in the morning, while the antiplatelet effect of clopidogrel is still not in

full strength (24 hours after the loading dose). Then the surgeon will perform minimally

invasive aortic valve replacement (AVR) under the coverage of heparin (as during the

PCI). The next day, both procedures are covered by the effect of clopidogrel. Another

way to overcome the problem of long term clopidogrel is to stent with a bare metal stent

(BMS) and a month later, the patient can undergo AVR with only ASA [56].

Table 4.12 Morbidity and mortality during cardiac surgery.

CABG CABG � aortic CABG � mitral
valve valve

�80 �80 �80 �80 �80 �80

Mortality (%) 3 8 8 10 12 19
Neurologic events (%) 4.2 10.2 9.1 15.2 11.2 22.5
Stroke only (%) 1.8 3.9 3.2 4.9 4.7 8.8
Renal failure (%) 2.9 6.9 6.8 12.1 11.4 25
Perioperative MI (%) 1.7 2.5 2.0 3.0 2.7 1.5
PLOS days (mean %) 6 7 7 9 9 11

CABG, coronary artery bypass surgery.



Women
Early studies provided evidence that female sex was an independent risk fac-
tor for higher in-hospital mortality and morbidity, but that long-term survival
and functional recovery were similar in both men and women [4,57]. More
recent studies have suggested that on average, women have a disadvanta-
geous preoperative clinical profile such as older age, with poorer LV function,
more frequently with unstable angina pectoris, NYHA class IV heart failure,
three-vessel and left main disease, and more comorbid conditions including
hypothyroidism, renal disease, diabetes mellitus, hypertension, and PVD [58].
Smaller size of the coronary arteries in women, and less use of IMA grafts
possibly contribute to a higher mortality [58].

The in-hospital mortality was 2.83% for men, and 4.18% for women,
P � 0.001 and the 30-day mortality 4.66% and 6.07%; P � 0.001, respectively.
However, when adjusted for age, peripheral vascular disease, renal failure,
preoperative CHF, preoperative EF, preoperative left ventricular end diastolic
pressure, re-operation, and surgical priority, no difference in the in-hospital
and 30-day mortality rates for women and men was observed. In general, it
appears that the in-hospital mortality and morbidity and long-term survival
are related more to risk factors and patient characteristics than to gender [59].
However, with more focused care, the in-hospital mortality of women
improved [59].

Patients with Carotid Artery Disease
The conventional history and physical examination are neither particularly
sensitive nor specific for detecting carotid artery stenosis. The presence of
symptoms is alarming, but the absence of symptoms is not particularly pro-
tective. The sensitivity of carotid disease detection by auscultation is low at
64% and its specificity is also low at 61% [60]. For the patient with carotid
artery stenosis less than 50%, the subsequent risk of stroke was 2%. For
stenoses ranging from 50–80%, the risk of stroke increased to 10%. For steno-
sis greater than 80%, the risk approached 20% [61]. The patients older than 65
years of age, who have LM disease, or central nervous system (CNS) symp-
toms such as transient ischemic attack (TIA), amaurosis fugax, stroke) should
have the carotid artery Doppler screening [61]. Once there is confirmed signif-
icant carotid artery disease, the conventional management includes carotid
endarterectomy (CEA) then CABG or CEA and CABG in the same setting [61].

In patients with moderate to severe carotid artery disease (50–80% stenosis),
the indication of CAE is still controversial. Some surgeons advocate the aggres-
sive management of these patients based on principles of fluid dynamics and
rheology. A reduction of diameter of 50% or more leads to a reduction in the
cross sectional area of 75% or more, which is associated with a hemodynami-
cally significant flow reduction. The patients undergoing coronary revascular-
ization is at significant risk during the 24- to 72-hour intra-operative and
postoperative period for wide ranging variation in blood pressure, cardiac out-
put, rhythm, acid–base balance, temperature, coagulability and in cerebrovas-
cular autoregulation. For a given carotid stenosis, this is likely the highest risk
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phase the patient will ever see. This background plus the recognized five- to
ten-fold increase in stroke risk in patients with 50–80% stenosis justifies consid-
eration of more aggressive approach [61]. Many cardiac surgeons consider CAE
as a non-major vascular surgery which does not cause a lot of hemodynamic
fluctuations. So they prefer to perform CAE a few days prior to a major CABG.

Patients with Pulmonary Disease
preoperatively, it is important to identify patients with significant obstructive
pulmonary disease: pulmonary venous congestion, large pleural effusions,
dilated ventricle compressing the lungs, all of which may result in a reduction
of lung compliance [4]. Restrictive pulmonary function abnormalities are also
found in patients with pulmonary fibrosis, sarcoidosis, pneumoconiosis, and
collagen vascular diseases. The most common cause of preoperative pul-
monary dysfunction, however, is COPD. Patients with mild COPD and few or
mild symptoms generally do well through cardiac surgery. However, patients
with moderate to severe COPD, especially elderly patients, are at an increased
risk for operative mortality and postoperative complications in a near-direct
relation to the severity of the degree of pulmonary dysfunction [62].

Preoperative measures to improve respiratory function may diminish post-
operative complications and include the use of antibiotic therapy for lung
infections, bronchodilator therapy, cessation of smoking, preoperative incen-
tive spirometry, deep-breathing exercises, and chest physiotherapy [62].

Patients with End-Stage Renal Disease
Many patients with end-stage renal disease (ESRD) who need CABG may
have modest decrease in LV function, significant LM disease, three-vessel dis-
ease, and unstable angina [4,63]. Although these patients also are at increased
risk for operative morbidity and mortality, they are at even higher risk when
treated with conservative medical management. Patients with ESRD often have
multiple comorbid disorders, including hypertension and diabetes mellitus,
each with its own complications and associated impact on both short- and
long-term survival [64]. In addition, infection and sepsis, perioperative volume
and electrolyte disturbances have been identified as significant causes of mor-
bidity and mortality [64].

The pathophysiology of renal dysfunction is complex, with multiple potential
processes contributing; such as hypoperfusion, emboli, toxins, and inflamma-
tion. Data on intraoperative strategies to minimize renal injury are limited. The
risks for post-operative acute renal dysfunction are showed in Table 4.13.
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Table 4.13 Risks for postoperative acute renal dysfunction.

1. Elevated baseline creatinine
2. Congestive heart failure
3. Age �70 years
4. Type 1 diabetes mellitus
5. Re-operation



Patients with Valvular Disease
Many patients with CAD have mitral regurgitation (MR), especially when the
mitral valve is structurally normal but functionally regurgitant, most likely
caused by ischemia [4]. The quandary this presents is when the MR requires
correction at the time of CABG. The question is easily answered if there are
structural abnormalities in the mitral apparatus. Mitral repair is indicated in
the majority of such circumstances, although occasionally patients require
valve replacement.

In patients with low ejection fraction (mean EF: 30%) and mitral valve repair,
the 30-day mortality was 9.1% while it was only 2.2% in patients with good EF
(mean EF: 57%). The ten-year survival was 33% and 60% respectively [65].

The discussion of combined procedures revolves around overall operative
risk, which is dependent on several variables. The most notable of these are
age �70 years, female sex, advanced NYHA class, poor LV function, and mul-
tiple valve procedures [65]. The simple addition of mitral repair to a coronary
bypass without valve correction increases the operative mortality from 3% to 5%.

The results of combined aortic valve and coronary disease have led to the
recommendation to graft significantly obstructed vessels (�50%) when an
AVR is performed. The operative mortality for patients undergoing AVR who
have ungrafted CAD approaches 10%, while those patients having AVR and
concomitant CABG for CAD have an operative mortality approaching that of
aortic valve replacement alone [66]. It is generally accepted that the risk of
adding CABG to a valve replacement or repair will increase the operative
mortality over that of an isolated valve procedure. The additional variables of
age �70–80 years and poor LVEF will further increase this risk.

Re-operation
The re-operative mortality increases with the urgency or severity of symptoms,
age �65 years, �1 year between first and second operations, and low EF [67,68].
The highest risk seems to be associated with a short time interval between the
first operation and the subsequent need for re-operation. The re-operative mortal-
ity risk was 18% in a group of patients who underwent re-operation �1 year
after their first CABG [68]. This figure was compared with an 8% mortality in
those patients who had an operation-free time of �1 year. The presence of dia-
betes was greater in the group undergoing operation in �1 year.

The general higher mortality risk may involve several factors, including
older age, presence of more comorbid conditions, LV dysfunction, and more
extensive CAD. No randomized trials have compared re-operation and medical
therapy in patients with prior CABG. However, retrospective data suggest that
patients who undergo medical therapy alone have a lower late survival rate
than those who undergo repeat surgical intervention.

Disease of a saphenous venous graft to the LAD is clearly associated with
decreased survival, and affected patients indeed have an anatomic indication
for surgery. Usually, if patients have an open internal mammary artery to LAD
connection, they are less likely to benefit from revascularization in the first five
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years. Once symptomatic patients are more than 10–15 years post-surgery and
have three-vessel disease, surgery may be beneficial even in the presence of an
open arterial bypass graft to the LAD. The risk of re-operation is significant. If
this surgery is emergent, that risk increases to as high as 12.9% [68].

The potential benefits of re-operation must be measured against the risks and
technical difficulties of the surgery. The aspects of re-operation that are chal-
lenging to the surgeon include diffuse coronary disease, small or diseased distal
coronary arteries, and myocardium that may be scarred rather than ischemic.
However, in many clinical scenarios, the best type of treatment is not clear. For
example, it is unknown whether documentation of significant ischemia in the
absence of severe symptoms is an indication for re-operation [68].

Concomitant Peripheral Vascular Disease
The in-hospital mortality rate with CABG in patients with PVDs was 7.7%, a
2.4-fold higher incidence than in patients without PVD (3.2%) [4,69,70]. The
excess risk of in-hospital mortality associated with PVD was particularly notable
in patients with lower-extremity occlusive disease (adjusted OR 2.03). The excess
mortality rates were due primarily to an increased incidence of heart failure and
dysrhythmias rather than cerebrovascular accidents or peripheral arterial com-
plications. Significantly elevated, adjusted hazard ratios occurred in patients
with overt cerebrovascular disease, clinical and subclinical lower-extremity occlu-
sive disease, and abdominal aortic aneurysm. The presence of clinical and subclin-
ical PVD is a strong predictor of increased in-hospital and long-term mortality rate
in patients undergoing CABG.

Poor Left Ventricular Function
Both low EF and clinical heart failure are predictive of higher operative mortal-
ity rates with CABG [4,71]. An operative mortality of 6.6% in patients with an
EF �0.35, in comparison with 2.6% in patients with an EF �0.50, was reported.
[71] Reports of perioperative mortality rate varied widely, ranging from �5% in
excellent centers in patients of a younger age, with fewer symptoms, and having
no comorbid conditions; to �30% in patients who were older, with severe ven-
tricular dysfunction, and having several comorbid conditions [71]. A trend
toward lower operative mortality rates in recent years has been reported, due to
better myocardial protection techniques and perioperative management.

The success of fibrinolytic and percutaneous coronary interventions has
reduced the mortality of acute myocardial infarction. However, the increase in
survival has been associated with a larger number of patients with ischemic
cardiomyopathy and heart failure. Despite previous teaching to the contrary, it
has become apparent that impaired LV dysfunction in patients with coronary
heart disease is not an irreversible process. Approximately 40% of segments
involved in MI may subsequently recover, either spontaneously or after revas-
cularization, and LV function may improve markedly, and even normalize, in
subsets of patients following successful revascularization [72]. The main task is
to identify the recoverable, viable or “hibernating” myocardium.
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Revascularization may improve symptom status, exercise capacity, and
prognosis in selected patients with viable myocardium. As a general rule, the
potential for recovery is assumed to be great enough to recommend revascu-
larization when the total of hibernating and ischemic but still functioning
myocardium is greater than 60% of the left ventricle. In contrast, when more
than 40% of the left ventricle is considered to be scarred or is metabolically
inactive, surgical mortality is much higher and the likelihood of the recovery
of LV function from revascularization is much lower.

Recently, in order to prevent deterioration of renal function in patients with
reduced EF, nesiritide was tried in the NAPA trial.
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EMERGING TREND

The NAPA trial In the Nesiritide Administered Peri-Anesthesia in Patients

Undergoing Cardiac Surgery trial, 279 patients with heart failure (HF) who

underwent CABG with or without mitral valve repair/replacement were

randomized with nesiritide or placebo after induction of anesthesia. The maximum mean

increase of serum creatinine was 0.15 	 0.29 mg/dL in nesiritide patients while it was

0.34 	 0.48 mg/dL in placebo patients. The nesiritide patients also had shorter length of

stay [73].

CABG in Acute Coronary Syndromes
To date there is one randomized trial which studied the results of acute coro-
nary syndrome (ACS) patients undergoing CABG [4]. The study has shown a
significant mortality reduction accomplished by early revascularization and
preceded with antithrombotic treatment in patients with unstable angina [74].
Data from large community hospitals duplicating the above results are
needed in order to popularize the concepts and the strategy.

CRITICAL THINKING

CABG in ACS patients: The FRISC-II trial. In the Fragmin during Instability

in Coronary Artery Disease study, an early invasive strategy by CABG or

PCI reduced the risk of death after 12 months by 44% in patients with

unstable angina as compared to a selective approach with invasive procedure only if

indicated by symptoms or severe ischemia at exercise testing. The 30-day mortality

was quite low at 1.9% for CABG patients, 0.2% for PCI patients and 3.6% for those on

medical treatment only. Female sex (OR 5.0) and diabetes (OR 4.2) are independent

risk factors for early mortality in patients who underwent CABG [74].

CABG in Acute Myocardial Infarction
CABG has been largely superseded by thrombolysis and primary mechanical
interventions [4]. Early coronary bypass for acute infarction may be appropriate
in patients with residual ongoing ischemia despite non-surgical therapy, and
if other conditions warrant urgent surgery, including left main or three-vessel



disease, associated valvular disease, mechanical complications, and anatomy
unsuitable for PCI. CABG is reserved for patients with evidence of ongoing
ischemia despite maximal medical or percutaneous interventions, or it may
be performed with repair of mechanical complications of infarction (i.e., ven-
tricular septal defect or papillary muscle rupture) [75].

Inferior Wall MI with Right Ventricular Involvement
Right ventricular (RV) failure secondary to an ischemic RV (either infarction
or stunning) presents a particularly hazardous situation [2,76]. Usually, the
patient has an occluded right coronary artery proximal to the major RV branches
and presents with an inferior MI with or without recognized RV failure [76,77].
Angiography may demonstrate that the coronary anatomy is best treated sur-
gically, but the opportunity for maximal benefit of an emergency operation
(initial 4–6 hours) has often passed. There is substantial risk in operating after
this small window of opportunity but before the recovery of RV function,
which usually occurs at 4 weeks after injury [78]. During this postinfarct
month, the RV is at great risk for severe postoperative dysfunction, which
often requires extraordinary levels of perioperative pharmacological and
mechanical support and has a very high mortality.

The non-surgical postinfarction patient can most often be supported with pac-
ing, volume loading, and judicious inotropic administration [79]. In the surgical
setting, the RV takes on different characteristics. There is loss of the pericardial
constraint immediately on exposing the heart, which results in acute dilatation
of the dysfunctional RV. The RV often fails to recover in this setting, even when
state-of-the-art myocardial protection schemes and revascularization are
employed [80]. The parallel effects of RV dilatation and dysfunction on LV dias-
tolic and systolic function are magnified and may be associated with the need for
high levels of support, inability to close the chest owing to cardiac dilation, need
for ventricular-assist devices, prolonged convalescence, transplantation, or death.

If early angioplasty and/or stenting of the right coronary artery is indi-
cated, this should be performed. It is best to delay surgery for 4 weeks to
allow full recovery of RV function prior to CABG.
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Take Home Message

CABG is a major modality of treatment of CAD, as medical therapy or PCI. This

surgical approach achieves similar or better revascularization benefits as of PCI, even

after the availability of drug-coated stent. The results of CABG need to be better, with

less mortality, morbidity, LOS, and less costly so it can compete for a niche in the

armamentarium of the management of CAD. The goals of any open heart surgery

program are to have low mortality, low rate of stroke, mediastinitis, renal failure,

postop-AF and short LOS. The strategies are (1) to identify the high risk patients and

(2) to correct their problems and (3) to optimize their conditions prior to surgery.
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The patient with CAD and concomitant valve dysfunction needs comprehensive

management including valvular repair or replacement for maximal myocardial recovery,

and LV function improvement without post-CABG valvular dysfunction. The patients

with acute inferior MI should be searched for RV infarction and failure. Any patient with

EF �35% should have demonstrable reversible ischemia on non-invasive testing. In

order to decrease sequelae from CPB less-invasive coronary bypass surgery is

suggested. Avoidance of cardiopulmonary bypass is considered to be an important

advantage in order to decrease morbidity, mortality and LOS in general, and

particularly in high risk patients: redo-CABG, or patient with renal failure.
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Introduction

Burdened by disease in the aging process, many middle-aged or elderly car-
diac- or possibly-cardiac patients require non-cardiac surgery. The role of the
cardiologist is to perform an evaluation of the patient’s current medical sta-
tus, make recommendations concerning the cardiac risk over the entire peri-
operative and postoperative period, and provide a clinical risk profile that the
patient, anesthesiologist, and surgeon can use to make clinical decisions and
therapeutic changes [1]. Besides the preoperative evaluation, the cardiologist
is expected to provide appropriate pre- and postoperative care in order to
lower or neutralize the cardiac risk. Many times, as the most senior consultant
handling complex cardiovascular problems, the cardiologist consultant has to
orchestrate the non-surgical aspect of care among many other medical con-
sultants (pulmonologist, infectious disease, nephrologist, neurologist, etc.), so
there is a coordinating direction and cohesive unity in the care. The ultimate
goal is to prevent the occurrence of myocardial infarction (MI), decompen-
sated congestive heart failure (CHF), pulmonary edema, significant arrhyth-
mias or death.

Under best management for elective surgery, the cardiac complications
were minimal (�1%) [2]. This is the goal for any surgical program. However,
in the litigious climate of the US society and the unrealistically high expecta-
tions of some patients and families, any preventable or non-preventable 
poor outcome may be scrutinized for possible legal recourse. The manage-
ment strategies during the pre-, peri- and postoperative periods are listed in
Table 5.1.

Initial Consultation

At the first encounter with the patient, the cardiologist reviews the pertinent
history and performs a physical examination in the context of the proposed sur-
gical procedure. This preoperative cardiac evaluation must be carefully tai-
lored to the circumstances that have prompted the consultation and nature 
of the surgical illness. Given an acute surgical emergency, the preoperative
evaluation will be limited to a rapid assessment of the cardiovascular vital
signs, volume status, and an electrocardiogram (ECG), often performed in the
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Table 5.1 Management strategies for cardiac patients undergoing non-cardiac surgery.

1. Identify the low risk patients so they can go directly to surgery
2. Identify the high risk patients for invasive work-up prior to surgery
3. Identify the intermediate risk patients for non-invasive testing prior to surgery
4. Optimal medical treatment including �-blockade and control of CHF before surgery

CHF, congestive heart failure.



emergency department or the preoperative holding area. Only the most essen-
tial tests and interventions are appropriate until the acute surgical emergency
is resolved. In some circumstances, surgery is not performed as an emergency
procedure, but because good care dictates prompt surgery [1]. Under other less
urgent or elective circumstances, a more comprehensive preoperative work-up
can be performed.

From the cardiac point of view, the consultant focuses on verifying the pres-
ence of four major unstable cardiac conditions which can destabilize the
patient or endanger his or her life during the surgical procedure.(Table 5.2).
The two most frequent problems are decompensated CHF and unstable coro-
nary artery disease (CAD) which includes previously stable angina now unre-
sponsive to adequate medical therapy, crescendo angina or rest angina. The
problems with uncontrolled arrhythmia and significant valvular stenosis or
regurgitation are rare. Once identified, these major unstable cardiac condi-
tions mandate intensive management, which may result in delay or cancella-
tion of surgery, unless the condition is emergent. Next the consultant has to
unmask conditions, the presence of which triggers the suspicion of occult
CAD, often heightens the risk of anesthesia, and thus justifies more in-depth
assessment of patient’s cardiovascular status [1]. These conditions are classi-
fied as intermediate. Other relevant non-cardiac comorbidities which can
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Table 5.2 Unstable conditions which increase perioperative cardiac risk.

Major unstable cardiac conditions
1. Unstable coronary syndromes

(a) Recent MI with ongoing ischemia
(b) Unstable or severe angina (Canadian Cardiac Society class III or IV)

2. Decompensated CHF
3. Significant arrhythmias

(a) High grade atrio–ventricular block
(b) Advanced ventricular arrhythmias
(c) Supraventricular arrythmias with uncontrolled ventricular rate

4. Severe valvular disease(s)

Intermediate unstable conditions
1. Mild angina (Canadian Cardiac Society class I or II)
2. Prior MI by history or pathological Q waves
3. Compensated or prior heart failure
4. Peripheral arterial diseases
5. Diabetes mellitus
6. Renal insufficiency

Relevant comorbidities
1. Significant chronic pulmonary disease
2. Significant liver disease

CHF, congestive heart failure; MI, mypocardial infarction.



aggravate the surgical process, or prolong the recovery, need also to be identi-
fied accurately.

History

Besides a detailed history, accurate recording of current medications includ-
ing: anticoagulants, aspirin and non-steroidal anti-inflammatory drugs, use 
of alcohol, over-the-counter herbal medicines and illicit drugs should be 
documented, owing to the possible detrimental interaction with anesthetic
agents [1]. Other important information includes the history of deep vein
thrombosis (DVT), history of bleeding complications and prior hospitaliza-
tion for asthma or intubation. Although an objective measure of exercise tol-
erance predicts outcome, history alone is frequently sufficient to delineate
those persons with good exercise tolerance (Table 5.3) [3]. Poor exercise toler-
ance is considered when patients cannot walk four blocks or climb two flights
of stairs, and manage only activities equivalent to less than four metabolic
equivalents (METs) [1,3].
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Table 5.3 Assessment of functional status by daily activities [4].

1. 1–4 METS
a. Can you take care of yourself?
b. Can you eat, dress, or use the toilet?
c. Can you walk indoors around the home?
d. Can you walk one or two blocks on level ground at 2–3 mph?
e. Can you do light work at home like dusting or washing dishes?

2. 4–9 METS
a. Can you climb a flight of stairs or walk up a hill?
b. Can you walk on level ground at 4 mph?
c. Can you run a short distance?
d. Can you scrub floors, lifting or moving heavy furniture?
e. Can you go golfing, bowling, dancing, doubles tennis?

3. 10 METS
a. Can you participate in strenuous sports like swimming, singles tennis, football, basketball

or skiing?

METS, metabolic equivalents.

Physical Examination

A cardiovascular examination should include an assessment of vital signs, blood
pressure in both arms, carotid pulse contour and bruits, jugular venous pres-
sure and pulsations, auscultation of the lungs, precordial palpation and aus-
cultation, abdominal palpation, a check for extremities edema and vascular
integrity [1]. The goal is to be sure that four possible major cardiac problems
are well evaluated and ruled out: unstable angina, decompensated CHF, sig-
nificant brady-tachy-arrhythmia, and valvular stenosis or regurgitation.
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How important is it to evaluate what is not seen or heard in a

preoperative history and physical examination?

• When evaluating the functional level of a patient, lack of activity due to advanced

age, deconditioning, chronic arthritis, or pulmonary disease can mask significant

problems because these patients may not stress themselves sufficiently in daily life

to provoke symptoms of myocardial ischemia or CHF.

• Then peripheral edema is not a reliable indicator of CHF unless the jugular venous

pressure is elevated or the hepatojugular reflux is positive [1].

• If a murmur is present, significant mitral or aortic stenosis or regurgitation have to 

be ruled out because of the increased risk of CHF if a lot of fluid is needed during

surgery.

• Detection of significant aortic stenosis (AS) is of particular importance because this

lesion with its fixed cardiac output is a traditional high-risk factor for non-cardiac

surgery [5].

• Usually, if the second heart sound (S2) is still heard clearly, then there is no severe

AS. If the S2 is not heard, then the valve is so calcified it cannot open and close

making a click, so AS is quite severe. The systolic murmur also would peak late in

severe stenosis.

• The slow rate of rise in the carotid pulse may not be felt in elderly patients owing to

generalized stiffness of the whole artery.

In the new revised cardiac risk index [6], AS was not considered as a major
risk because judicious management of fluid intake and output could reduce
the occurrence of hypotension or fluid overload secondary to AS, and because
virtually all symptomatic patients were treated with valve replacement before
elective non-cardiac surgery.

The Surgery-specific Risk
The surgery-specific cardiac risk of non-cardiac surgery is related to two
important factors. First, the type of surgery itself may identify a patient with a
greater likelihood of underlying CAD. Perhaps the best example is vascular
surgery, in which underlying CAD is present in a substantial portion of patients.
The second aspect is the degree of hemodynamic cardiac stress associated
with surgery-specific techniques. Certain operations may be associated with
profound alterations in heart rate, blood pressure, vascular volume, pain, bleed-
ing, clotting tendencies, oxygenation, neuro-humoral activation, etc. The inten-
sity of these coronary and myocardial stressors helps determine the likelihood
of perioperative cardiac events. This is particularly evident in emergency sur-
gery, where the risk of cardiac complications is substantially elevated. The
classification of non-cardiac surgeries and their surgery-specific risk (% rate
of cardiovascular complications) are listed in Table 5.4 [1].



Estimate the Cardiac Risk

At this present time, there are 2 ways to evaluate cardiac patients before non
cardiac surgery: the Revised Cardiac Risk Index or the Clinical Algorithm.

The Revised Cardiac Risk Index

In order to identify high risk patients undergoing elective and semi-urgent
surgery, a revised cardiac risk index (RCRI) was devised to help clinicians
stratify the patient’s cardiac risk. Six clinical risk factors were identified and
are listed in Table 5.5 [2]. Since these six factors had approximately the same
statistical importance, they were each given the same “weight” or one point
each. If the patient has two points, he or she is in the intermediate risk group. If
there are three or more points, then the patient belongs to the high risk group.
The complications mentioned in the study are MI, ventricular fibrillation, pri-
mary cardiac arrest, complete heart block, and pulmonary edema [6].
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Table 5.4 Cardiac risk stratification for non-cardiac surgery.

High (cardiac risk �5%) Major emergent surgery, particularly in the elderly
Aortic surgery and other major vascular surgery
Peripheral vascular surgery
Anticipated prolonged surgical procedures associated
with large fluid shifts and/or blood loss

Intermediate (cardiac risk �5%) Intra-peritoneal and intra-thoracic surgery
Carotid endarterectomy
Head and neck surgery
Orthopedic surgery
Prostatic surgery

Low risk (�1%) Cataract removal
Dermatologic operations
Endoscopic procedures
Breast surgery

Table 5.5 The revised cardiac risk index.

Assign one point to each of the following variables:
1. High risk surgery (intra-peritoneal, intra-thoracic, supra-inguinal vascular)
2. Ischemic heart disease (history of MI, positive stress test, current ischemic pain, use of

nitrate, ECG with Q waves)
3. Congestive Heart Failure (history of HF, pulmonary edema, paroxysmal nocturnal dyspnea,

bilateral rales, S3 gallop, CXR with vascular redistribution)
4. Cerebrovascular disease (history of transient ischemic attack or stroke)
5. Diabetes mellitus
6. Pre-operative serum creatinine �2 mg/dl

(Continued)



So, rather using a number to estimate the cardiac risk, these data suggest 
a clinically oriented pathway to risk-stratify the patients undergoing non-
cardiac surgery by going through the steps outlined below [1].

Step 1: What is the urgency of non-cardiac surgery?
Certain emergencies do not allow time for preoperative cardiac evaluation.
Postoperative risk stratification may be appropriate for some patients who
have not had such an assessment before.
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The protective effect of coronary artery bypass grafting in the CASS

study. 24,959 Coronary Artery Surgery Study registry enrollees were 

either treated with coronary artery bypass grafting (CABG) or medical

therapy. During follow-up, patients who required non-cardiac operations were

evaluated for hospital or out-of-hospital death within 30 days of non-cardiac surgery

and non-fatal postoperative MI. At a mean follow-up of 4.1 years, 3368 patients

underwent non-cardiac surgery. Abdominal, vascular, thoracic, and head and 

neck surgery each had a combined MI/death rate of �4% among patients with 

non-revascularized coronary disease. Among 1961 patients undergoing higher-risk

surgery, prior CABG was associated with fewer postoperative deaths (1.7% vs. 3.3%,

P � 0.03) and MIs (0.8% vs. 2.7%, P � 0.002) compared with medically managed

coronary disease. On the contrary, 1297 patients undergoing urologic, orthopedic,

breast, and skin operations had mortality of �1% regardless of prior coronary

treatment. Prior CABG was most protective in patients with advanced angina and/or

multi-vessel CAD [7].

Table 5.5 (Continued)

Total points Complication rate

Class 1: 0 points 0.4–1%
Class 2: 1 point 2.2%
Class 3: 2 points 6.6%
Class 4: �3 points 9%

CXR, chest X-ray; ECG, electrocardiogram; HF, heart failure; MI, myocardial infarction.

A Clinical Algorithm to Assess the Cardiac Risk

Using the data of the Coronary Artery Surgery Study (CASS) registry, Eagle 
et al. found that patients who underwent major vascular, abdominal, thoracic,
or head and neck surgery after previous CABG had fewer perioperative deaths
and MI than patients receiving medical therapy [7].



Step 2: Has the patient undergone coronary revascularization
in the past 5 years?
If so, and if clinical status has remained stable without recurrent symptoms/
signs of ischemia, further cardiac testing is generally not necessary.

Step 3: Has the patient had a coronary evaluation in the past 2 years?
If coronary risk was adequately assessed and the findings were favorable, it 
is usually not necessary to repeat testing unless the patient has experienced a
change or new symptoms of coronary ischemia since the previous evaluation.

Step 4: Does the patient have an unstable coronary syndrome or a
major clinical predictor of risk?
When elective non-cardiac surgery is being considered, the presence of unstable
coronary disease, decompensated heart failure (HF), symptomatic arrhythmias,
and/or severe valvular heart disease usually leads to cancellation or delay of
surgery until the problem has been identified and treated.

Step 5: Does the patient have intermediate clinical predictors of risk?
The presence or absence of prior MI by history or ECG, angina pectoris, com-
pensated or prior HF, preoperative creatinine greater than or equal to
2 mg/dL, and/or diabetes mellitus helps to further stratify clinical risk for
perioperative coronary events (Table 5.6). Consideration of functional capac-
ity and level of surgery-specific risk allows a rational approach to identify
patients most likely to benefit from further non-invasive testing.

Step 6
Patients without major but with intermediate predictors of clinical risk and
moderate or excellent functional capacity can generally undergo intermediate-
risk surgery with little likelihood of perioperative death or MI. Conversely, fur-
ther non-invasive testing is often considered for patients with poor functional
capacity or moderate functional capacity but higher-risk surgery, especially
for patients with two or more intermediate predictors of risk (Table 5.6).

Step 7
Non-cardiac surgery is generally safe for patients with neither major nor
intermediate predictors of clinical risk and moderate or excellent functional
capacity (4 METs or greater). Additional testing may be considered on an indi-
vidual basis for patients without clinical markers but with poor functional
capacity who are facing higher-risk operations, particularly those with sev-
eral minor clinical predictors of risk who are scheduled to undergo vascular
surgery.

Step 8
The results of non-invasive testing can be used to determine the need for addi-
tional preoperative testing and treatment. In some patients with documented
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CRITICAL THINKING

Which one to use: the cardiac risk index or the clinical algorithm?

After completing a history and physical examination, and reviewing the

available laboratories results, for the cardiologist with a mathematic

oriented mind, the patient’s data can be extrapolated on a simple six-point RCRI

formula in order to estimate the patient’s operative risk.

• For the cardiologist with practical mind and a lot of clinical experience, there is a

friendly clinical-based algorithm to walk through the cardiac evaluation maze.

• Therefore the selection between RCRI or the clinical algorithm is up to the

personality or working style of the cardiologist. There is no “one size fits all.”

• Any cardiac risk calculation formula or pathway needs to be accurate in predicting

peri- or postoperative events. It has to have a favorable benefits–risk trade off too,

because auto-pilot preoperative imaging testing, due to high false positive results,

may lead to adverse outcome from extra-testing and by delaying necessary

surgery [1].

Classification of Patients
With the history, a physical examination and the result of cardiac risk evalu-
ation formula or clinical algorithm, the cardiologist then determines if the
patient is in the best (or worst or in-between) medical condition, given the
context of the surgical procedure.

CAD, the risk of coronary intervention or corrective cardiac surgery may
approach or even exceed the risk of the proposed non-cardiac surgery. This
approach may be appropriate, however, if it significantly improves the patient’s
long-term prognosis.

As mentioned above, the patient may need testing if any two of the factors
below are present.

Table 5.6 Testing is indicated if any two of the following factors are present.

Intermediate clinical predictors
1. Canadian Cardiac Society class 1 or 2 angina
2. Prior MI by history or presence of pathological Q waves
3. Compensated or prior HF
4. Diabetes

Poor functional capacity (�4 METs)

Procedure with high surgical risk
1. Aortic repair or peripheral vascular surgery
2. Emergency surgery
3. Prolonged surgery with large fluid shift or blood loss

HF, heart failure; METs, metabolic equivalents; MI, myocardial infarction.



The patients who need emergency surgery
In emergency surgical cases, the procedure must be undertaken, regardless of
the patient’s cardiovascular risk, because without surgery, mortality cannot be
avoided [2]. The role of the cardiologist is to support the surgical care by pro-
viding recommendations aimed at minimizing the ischemic insult or CHF
with vasodilators, careful use of diuretics, and fluid management guided by
cardiac filling pressure from a pulmonary artery catheter, if needed. If there
are non-specific changes in the ECG, suggesting metabolic and/or electrolyte
disturbances, medications, intracranial disease, pulmonary disease, etc, then
the role of the cardiologist is to decipher the ECG abnormalities and facilitate
resolution of these problems prior to surgery.

The low risk patients
For patients who have no major unstable cardiac problems, nor significant
comorbidities, with an excellent functional activity status, (RCRI � 1) there
was only 3% incidence of perioperative morbidity. Non-invasive testing adds
little to further stratify risk. These patients should undergo the surgical proce-
dure without further testing.

The intermediate risk patients
These patients (RCRI � 1–2) scheduled for intermediate- or high-risk surgery
should go for non-invasive testing. If these patients are scheduled for low risk
surgery, then �-blockade (BB) is enough [8].

The high risk patients with coronary artery disease
For patients with major clinical risk factors (RCRI � 3) who may have a mor-
bidity rate of 50%, especially in patients with unstable CAD, non-invasive
testing for CAD does not further stratify risk [3]. Coronary angiography may
be the appropriate next step for possible coronary revascularization. So the
indications for coronary revascularization should include patients with
poorly controlled ischemic symptoms despite excellent medical therapy, or
patients with a large ischemic burden (�25% of the left ventricle) on stress
perfusion imaging [9].

The high risk patients who are not eligible for revascularization
In high risk patients for whom myocardial revascularization is not an option,
it is often not necessary to perform an exercise stress test. Rather, maximizing
best medical therapy is the desired strategy [10]. However, in patients with
such extensive ischemia, effective �-blockade may not be sufficient to reduce
the rate of perioperative cardiac complications [10].

The forgotten high risk patients
In the cohort of cardiac patients who undergo non-cardiac procedures,
patients with HF encountered the highest complications more than the
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patients with CAD [11]. The HF patients are really forgotten by the cardiology
community, as most emphasis in the guidelines is focused on problems 
with CAD.
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Meta-analysis of HF patients undergoing non-cardiac surgery. Using

the 1997–1998 standard analytic file 5% sample of Medicare beneficiaries,

patients with HF who underwent major non-cardiac surgery were

identified. The results showed that of 23,340 HF patients and 28,710 CAD patients,

1,532 (6.56%) HF patients and 1,757 (6.12%) CAD patients underwent major non-

cardiac surgery. There were 44,512 patients in the control group with major non-

cardiac surgery. After accounting for demographic characteristics, type of surgery, and

comorbid conditions, the risk-adjusted operative mortality (death before discharge or

within 30 days of surgery) was HF 11.7%, CAD 6.6%, and control 6.2% (HF vs. CAD,

P � 0.001; CAD vs. control, P � 0.518) [12].

So in patients 65 years of age and older, HF patients undergoing major non-
cardiac surgery suffer the highest mortality rate despite advances in perioper-
ative care, whereas patients with CAD without HF have similar mortality
compared with the general patient population [12]. These results showed the
urgent need for BB in the perioperative medical management because BB 
is first or second essential medication for HF after angiotensin converting
enzyme inhibitors (ACEI).

Non-invasive Testing

Exercise Stress Test
Non-invasive testing for ischemia should be considered for patients with
high probability of CAD if such risk stratification has not been performed in
the last few years, or if there has been some change in the patient’s symptom-
atic status. The test most commonly performed for further risk stratification 
is the threadmill exercise test. The aim is to provide an objective measure of
functional capacity, to identify the presence of important preoperative
myocardial ischemia or cardiac arrhythmias, and to estimate perioperative
cardiac risk and long-term prognosis. Poor functional capacity in patients
with chronic CAD or those convalescing after an acute cardiac event is associ-
ated with an increased risk of subsequent cardiac morbidity and mortality
[13]. The test is considered abnormal if ischemic changes develop especially
when associated with typical chest pain, ischemia occurring at or before 
6 METs, or when ischemia is accompanied by a decrease of �10 mmHg from
the baseline [13].



Other Imaging Stress Test
The two most common methodologies of imaging exercise- or non-exercise
stress testing are dobutamine stress echocardiography and intravenous
dipyridamole or adenosine myocardial perfusion imaging [1]. In the stress
echocardiography, ischemia is noted when there is development of a new wall
motion abnormality in previously normal segment, or akinesis from baseline
hypokinesis [3]. As with any diagnostic test, 100% accuracy is not possible. It is
important to note that both are extremely operator- and institution-dependent.
Nuclear stress testing may be more accurate in one facility and stress echocar-
diography may be superior in another. It is critical for a physician to recognize
the strengths and weaknesses of their individual facilities when selecting a
test for their patients.
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Why is the nuclear scan falsely negative? The working mechanism of a

nuclear scan is its discriminatory capacity between difference of isotope

uptake during rest and stress, and between vascular territories. If the

difference between two areas is less than 7% then there is no difference noted on 

the scan.

If the patient has perfusion abnormalities due to severe lesions in all three arteries

with a difference of �7% between each, then the uptake on the scan looks

homogenous.

If the patient has poor exercise tolerance or the heart is not stressed enough to

maximally vasodilate the normal area, then there is no difference between the isotope

uptake in a maximally vasodilated area of a significant lesion and a not-yet maximally

dilated of a normal area: the scan of isotope uptake would look falsely homogenous.

CLINICAL PEARLS

Why is the stress test in left bundle branch block falsely positive? In

patients with pre-existing left bundle branch block (LBBB),

pharmacological stress testing with adenosine or dipyridamole is

preferable to dobutamine or exercise imaging. The tachycardia induced during

exercise, and conceivably also during dobutamine infusion, may result in reversible

septal defects even in the absence of left anterior descending artery disease in some

patients (a false-positive wall motion finding). This response is unusual with either

dipyridamole or adenosine stress testing [1].

CRITICAL THINKING

Thallium stress test or stress echocardiography: which is better? In

this meta-analysis, thallium imaging (TI) and stress echocardiography (SE)

were compared in patients at risk for MI scheduled for elective non-cardiac

surgery. Data of 1351 consecutive patients scheduled surgery were analyzed. The



Echocardiogram
The greatest risk of complications after non-cardiac surgery occurs in patients
with an “at rest” left ventricular ejection fraction (LVEF) of less than 35%. In
the perioperative phase, poor left ventricular (LV) systolic or diastolic func-
tion is mainly predictive of postoperative CHF, and in critically ill patients,
death. It is noteworthy, however, that resting LV function was not found to be
a consistent predictor of perioperative ischemic events [1]. Therefore knowl-
edge of a poor ejection fraction may help the physician to anticipate the risk
for CHF and to undertake judicious management of fluids and vasodilator
treatment in order to maintain an adequate blood pressure and satisfactory
renal function, while effectively avoiding fluid overload.

Management After the Stress test
What should be done once the stress test is performed? A negative nuclear
perfusion test result, or a negative dobutamine echocardiography has excel-
lent negative predictive value (100%), and one can generally proceed to sur-
gery without any further work-up. The more problematic patient is the one
with an abnormal test result. Their positive predictive value is low (�20%).
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results showed that routine screening for myocardial ischemia was used more

frequently in SE studies (47.8% vs. 21.2%; P � 0.008), and screening dictated

treatment more often after TI (72.1%) than after SE (46.3%; P � 0.027). The likelihood

ratio (LR) for SE was more indicative of a postoperative cardiac event than TI (LR, 4.09;

95% CI, 3.21–6.56 vs. 1.83; 1.59–2.10; P � 0.001). This difference was attributable 

to fewer false-negative SEs. There was no difference in the cumulative Receiver

Operating Characteristic curves from qualitative studies (SE, 0.80, 95% CI, 0.76–0.84

vs. TI, 0.75; 95% CI, 0.70–081). Again, the likelihood rate for a negative SE was less

(0.23; 95% CI, 0.17–0.32 vs. 0.44; 95% CI, 0.36–0.54). A moderate-to-large defect,

seen in 14% of patients by either method, predicts a postoperative cardiac event 

(LR, 8.35; 95% CI, 5.6–12.45) [14].

This meta-analysis possesses the statistical power to demonstrate that SE has

better negative-predicative characteristics than TI. A moderate-to-large perfusion

defect by either SE or TI predicts postoperative MI and death. Therefore the SE is

superior to TI in predicting postoperative cardiac events [14].

CRITICAL THINKING

Why positive stress testing has poor predictive values? In determining 

the value of preoperative testing, it is important to acknowledge that

perioperative cardiac morbidity is multifactorial in origin. Usually MI is

caused by plaque rupture, however, during the perioperative period, this pathological

mechanism occurs in less than 50% of MI [15,16]; the rest is due to a prolonged



Another consideration is that several factors limit the predictive value of
these clinical indices because more focused preoperative management and
risk modifications frequently alter patient’s care and outcomes causing lesser
predictive values to these indices.

Therefore not all these patients should be referred for cardiac catheterization.
The patient with a positive test should first be further risk-stratified. Factors
to be considered include the workload at which the test is positive, the num-
ber of myocardial segments involved, and whether the LV function is abnor-
mal. A patient with a highly positive test result would likely need a cardiac
catheterization prior to surgery, while a mildly positive test may require treat-
ment with medical therapy, such as with �-blockers [2].
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imbalance between myocardial oxygen supply and demand. Myocardial oxygen supply

may be diminished by anemia or hypotension, whereas oxygen demand may be

increased by tachycardia and hypertension (HTN) resulting from postoperative pain,

withdrawal of anesthesia, or shifts in intravascular volume. Perioperative MI usually

occurs 1–4 days after surgery [17], when the effects of anesthesia have dissipated and

perioperative pain and fluid shifts are occurring [10]. More importantly, the post-

operative period is associated with a hypercoagulable state that may promote the

formation of postoperative coronary occlusion. Non-invasive testing may identify

obstructive lesion distal to which myocardial ischemia may develop, but it cannot

predict non-critical stenoses that are susceptible to plaque rupture and development

of MI [3].

CRITICAL THINKING

Can we ever have a perfect postoperative statistical outcome? In

patient with low risk, if the pretest probability for cardiac complication is

2.2% (e.g. RCRI � 1), a positive dobutamine stress echo (sensitivity of

85% and specificity of 70%) would yield a post-test probability of 5%. However, in

patients with high risk with a pretest probability risk of 20%, a negative stress test

(which negates the indication and performance of coronary angiography and

revascularization) still yield a 5% probability of cardiac complications. This result is

understood to mean that high risk patients may still have 5% perioperative risk despite

a negative stress test result [11].

Additional recommendations regarding anesthetic issues, aggressive treat-
ment of hemodynamic disturbances, preoperative medical and coronary
interventions, or active monitoring in selective patients are tailored to the
individual circumstances [3]. In an era of overpriced health care services, 
savings from reduced use of postoperative monitoring, treatment or shorter
length of stay (LOS) may easily offset the costs of preoperative screening [3].



Preparation of Patients Prior to Surgery

Elective surgery should proceed if: (1) the systolic blood pressure is controlled
below 180 mmHg and diastolic pressure below 110 mm Hg; (2) arrhythmia is
controlled; (3) no decompensated CHF; (4) no unstable angina; (5) no severe
aortic stenosis; and (6) no anemia (ideally hematocrit above 30 g/dl.
Furthermore, all patients should be treated with �-blockers when there are no
contra-indications and stain in order to improve outcomes.

Maximal Medical Stabilization with �-Blockers
The rationale for �-blocker therapy during the pre-operative period is that it
is the only proven intervention (medical or surgical) to reduce the risk of
short-term cardiac complications after non-cardiac surgery [18]. The benefits
from these medications would presumably be greater if �-blockade titrated to
a preoperative heart rate of 60 bpm or less. Therapy should ideally be initiated
days or weeks prior to elective surgery. After surgery, �-blockade (BB) is given
to avoid the withdrawal symptoms, if the patient was on �-blockers long
before surgery. If the patient does not need long term BB therapy, then the
patient should receive BB for 7–30 days after surgery.
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Evidence-based Medicine: Meta-analysis of �-blockade before

surgery

A retrospective study of 782,969 patients, who underwent major non-cardiac

surgery. 663,635 (85%) had no recorded contraindications to BB, 122,338

of whom (18%) received such treatment during the first two hospital days, including

14% of patients with a RCRI score of 0 and 44% with a score of 4 or higher. The

relationship between perioperative BB treatment and the risk of death varied directly

with cardiac risk; among the 580,665 patients with an RCRI score of 0 or 1, treatment was

associated with no benefit and possible harm, whereas among the patients with an

RCRI score of 2, 3, or 4 or more the adjusted ORs for death in the hospital were 0.88

(95% CI, 0.80–0.98), 0.71 (95% CI, 0.63–0.80), and 0.58 (95% CI, 0.50–0.67), respectively.

Therefore a perioperative BB therapy is associated with a reduced risk of in-hospital

death among high-risk-, but not low-risk-, patients undergoing major non-cardiac

surgery [19,20] (Table 5.7). One life is saved for every 30–60 high-risk patients treated

with BB, but on the contrary, one life could be lost for every 200–500 low-risk patients

who received BB.

Table 5.7 Beneficial effect of pre-operative �-blockers [11].

RCRI total points Complication rate Complication rate with BB

Class 1: 0 points 0.4–1% �1%
Class 2–3: 1–2 points 2.2–6.6% 0.8–1.6%
Class 4: �3 points 9% �3%

BB, �-blockade; RCRI, revised cardiac risk index.



Congestive Heart Failure
The presence of decompensated CHF before surgery has been associated with
the highest incidence of perioperative cardiac morbidity and mortality (dou-
ble the rate of adverse event in patient with CAD) [12]. Stabilization of ven-
tricular function and treatment of pulmonary congestion is prudent before
elective surgery. It is also important to determine the cause of CHF. Congestive
symptoms may be caused by non-ischemic cardiomyopathy, CAD, and valvu-
lar problems. Because the type of perioperative monitoring and treatments
would be different for different conditions, clarifying the cause of CHF is
important [3]. However, overzealous use of right heart catheterization (RHC)
and monitoring may be detrimental as proved below.
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CRITICAL THINKING

Is right heart monitoring detrimental? In an observational cohort study 

of 4059 patients who underwent major non-cardiac surgery (excluding

abdominal aortic aneurysm repair), the value of RHC was underwhelming.

Over 200 patients had an RHC, with an overall three-fold increase in the incidence of

major postoperative cardiac events and an adjusted OR of 2.0 for postoperative major

cardiac events [24].

During surgery, both general and regional anesthesia cause peripheral
vasodilation, and venous return is reduced by positive-pressure ventilation,
whereas usual perioperative therapy emphasizes fluid replacement. Not sur-
prisingly, the cessation of positive-pressure ventilation and the conclusion of
general and regional anesthesia and the third-spaced fluid now mobilized
intravascularly can lead to substantial increases in intravascular volume and
venous return, causing possible pulmonary congestion and edema. The risk
of postoperative edema peaks in the first 36 hours after surgery [25]. Therefore,
judicious use of fluid before, during and after surgery is important in preventing

CRITICAL THINKING

How to use �-blockers in patients with contra-indications. In patients

with relative contra-indications (reactive airway disease, severe chronic

obstructive lung disease, etc), cardio-selective BB may be used and

titrated to a resting heart rate of 60–65 [21,22].

• When the patient cannot take medication by mouth, intravenous (IV) �-blocker can

be used during the perioperative period. However, all the beneficial effects of BB

were proved on randomized trials with oral BB.

• If BB cannot be used, some studies suggested that 
-2 agonists might prevent

adverse cardiac events when used in the perioperative setting [23].



hypotension during surgery and HF after surgery. After an exhausting litera-
ture search, there are no data documenting an optimal approach or guideline
to managing HF before, during, or after non-cardiac surgery [11]. BB did con-
fer benefits to CAD patients and might also help in stabilizing the patients
with HF.

Pulmonary Disease
The presence of either obstructive or restrictive pulmonary disease places the
patient at increased risk of developing perioperative respiratory complica-
tions. Hypoxemia, hypercapnia, acidosis, and increased work of breathing
can all lead to further deterioration of an already compromised cardiopul-
monary system. If significant pulmonary disease is suspected by history or
physical examination, determination of functional capacity, response to bron-
chodilators, and/or evaluation for the presence of carbon dioxide retention
through arterial blood gas analysis may be justified. If there is evidence of
infection, appropriate antibiotics are critical. Steroids and bronchodilators
may be indicated, although the risk of producing arrhythmia and subsequent
or myocardial ischemia by beta-receptor agonists must be considered [1].

Diabetes Mellitus
The presence of diabetes mellitus should heighten suspicion of CAD, since
myocardial ischemia is more likely to be silent in the patient with diabetes
mellitus. Tight management of blood glucose levels in the perioperative period
is needed with frequent adjusted doses or infusions of short-acting insulin
based on frequent blood glucose monitoring [1].

Renal Impairment
Azotemia is commonly associated with cardiac disease and often complicates
its management. Excessive diuresis in combination with initiation of ACEI
may result in an increase in blood urea nitrogen, plasma creatinine concentra-
tions and hypotension from intravascular volume contraction. Maintenance
of adequate intravascular volume for renal perfusion during diuresis of a
patient with HF is often challenging. Close monitoring of fluid intake and
output, daily patient weight measurement helps to maintain a decent blood
pressure, and adequate urine output without fluid overload [1].

Coronary Revascularization

Cardiologists must be aware that the cardiac procedures performed in hopes
of reducing the perioperative cardiac events have their own inherent risks.
Primary coronary interventions (PCI) are still associated with �1% of mortal-
ity, �1% emergency CABG, and 2–3% of enzymatic MI. If the expected car-
diac morbidity and mortality from the surgical procedures are less than these
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figures, then PCI is not warranted for the specific intent or the good intention
of lowering preoperative risk [26]. Another risk that must be accounted for is
the effect of cardiac evaluation in the delaying of the surgical procedure. In
some cases, this delay has led to poor surgical outcomes: the patients had
required amputation instead of an initially-planned lower extremities revascu-
larization [26]. Until further data are available, the indications for PCI in the
perioperative setting are identical to those developed by the joint ACC/AHA
Task Force providing guidelines for PCI, regardless of the non-cardiac surgi-
cal plan.

When weighing the risk of CABG before non-cardiac surgery, the cumula-
tive complication risk from coronary angiography, followed by CABG, fol-
lowed by non-cardiac surgery is not likely to be lower than 3.4% seen in the
study of patient undergoing non-cardiac surgery treated with BB [18]. No
studies have shown that prophylactic CABG decreased the event rate after
non-cardiac surgery [19]. Thus, CABG should only be recommended when its
performance is likely to relieve symptoms or prolong life, independent of the
non-cardiac surgical consideration.
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CRITICAL THINKING

How to perform PCI before non-cardiac surgery? Before major elective

surgery (e.g. orthopedic or spinal surgery), if a patient needs a stent, a

bare metal stent (BMS) rather drug eluting stent (DES), should be used.

Then the patient should wait for 4 weeks after PCI while on clopidogrel before the non-

cardiac surgery is performed while on acetylsalicyic acid (ASA) to avoid any subacute

stent thrombosis [27].

Recently a novel approach was suggested for patients who need CABG and 

aortic valve replacement. It was applied to �80-year-old patients with significant CAD

and AS. The patient could undergo PCI with BMS in the morning with usual

anticoagulant therapy during the procedure and bolus dose of clopidogrel before or

after the procedure as usual. Then, directly after PCI, the patient could undergo

minimally invasive aortic valve replacement with a bioprosthesis while under full dose

heparin coverage (ACT �400 seconds). Heparin was reversed by protamine after

surgery. The next morning, both the new stent and bioprosthetic valve would benefit

from the antiplatelet protection of clopidogrel [28]. One month later, after clopidogrel

was discontinued, the patient could undergo the non-cardiac surgery.

Looking at the problem through the same lens, could we perform PCI for a 

patient who needs any kind of surgery? The patient could undergo PCI with DES 

and heparin; the therapeutic effect of clopidogrel as usual. Then 4 hours after 

PCI, when the effect of heparin wears off and the effects of clopidogrel are still

subtherapeutic, the patient could undergo surgery as usual. The next day, when 

the surgery is healing and the patient is recovering well, clopidogrel would kick in 

and prevent subacute thrombosis of the DES. The main requirements to perform 

PCI in these patients are that: (1) after PCI, the patients have a strong TIMI



One of the problems with this approach of surgery directly after DES inser-
tion is that there is a concern of heightened coagulable state right after sur-
gery or stenting. We don’t have evidence of increased rate of subacute
thrombosis (SAT) after freshly implanted DES (�12 hours) in patient under-
going fresh urgent surgery (�12 hours after DES implantation). We need to
have a registry of all cases of surgery in �12 hours after DES or BMS implan-
tation to clarify the SAT problem.

Arrhythmia
In the perioperative setting, cardiac arrhythmias or conduction disturbances
often reflect the presence of underlying cardiopulmonary disease, drug toxic-
ity, or metabolic derangements [1]. Supraventricular arrhythmias may require
either electrical or pharmacological cardioversion if they produce symptoms
or hemodynamic compromise. If cardioversion is not possible, satisfactory heart
rate control should be accomplished with oral or intravenous digitalis, BB, or
calcium channel blockers. Asymptomatic ventricular arrhythmias, whether
simple premature ventricular contractions, complex ventricular ectopy, or non-
sustained ventricular tachycardia, usually do not require therapy except in the
presence of ongoing or threatened myocardial ischemia or moderate to severe
LV dysfunction. Sustained or symptomatic ventricular tachycardia should be
suppressed preoperatively with IV lidocaine, or amiodarone. The indications
for temporary pacemakers are identical to those previously stated for long-
term permanent cardiac pacing [29]. Patients with intraventricular conduc-
tion delays, bifascicular block (right bundle branch block with left anterior or
posterior hemiblock), or LBBB with or without first degree atrioventricular
block, do not generally require temporary pacemaker implantation in the
absence of a history of syncope or more advanced atrioventricular block.
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(thrombolysis in acute myocardial infarction) 3 flow; (2) there is only minimal residual

stenosis (there is never a perfect 100% opening after stenting); and (3) glycoprotein

2b3a inhibition is not used. If the patients meet these three criteria, then this author

believes that the patient could undergo the subsequent surgery. If not, surgery should

be cancelled, or the BMS could be deployed and the patients go for surgery 

one month later.

CLINICAL PEARLS

How to handle pacemakers or defibrillators during surgery In patients

who are totally pacemaker-dependent, electrocautery poses a special

problem and should be used sparingly, with the indifferent pole placed as

far away from the pacemaker and heart as possible.

In pacemaker-dependent patients, use of bipolar pacing will minimize the risk of use

of electrocautery. Also, converting the pacemaker to an uninhibited mode such as



Patients with Valvular Disease
Experience with managing valvular heart disease during labor and delivery
provides insights into the approach to management of the patient for non-
cardiac surgery. The vast majority of women with regurgitant valvular heart
disease can be managed medically during the course of pregnancy, including
labor and delivery, because of the decrease in peripheral vascular resistance
[29]. Increased arterial impedance is not well tolerated in patients with aortic
and mitral regurgitation. Therefore, increases in blood pressure should be pre-
vented, and LV afterload should be optimized with vasodilators. In contrast,
patients with significant aortic (AS) or mitral stenosis (MS) often do not do well
with the increased hemodynamic burden of surgery. If the stenosis is severe,
percutaneous catheter balloon valvotomy should be considered as definitive
therapy (MS) or as a bridge to carry the patient through surgery (AS) [30].
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AOO, VOO, or DOO with programming or a magnet prevents unwanted inhibition of

pacing.

Implanted cardioverter defibrillators (ICD) should be programmed “Off” immediately

before surgery and then “On” again postoperatively to prevent unwanted discharge

due to spurious signals from the electric surgical equipment that the ICD might

interpret as ventricular tachycardia or fibrillation [1].

CLINICAL PEARLS

Can the aortic stenosis patient go to emergency hip surgery?

At St Mary Medical Center, Hobart IN, many elderly patients with

asymptomatic AS (or where the symptoms are controlled with medication)

arrive at the hospital due to fracture of the femur. Often, they are not ideal candidates

for cardiac surgery due to age or they have refused valve replacement in the past.

Many underwent the orthopedic surgery without problem.

The perioperative medical management requires close monitoring of fluid intake and

output in order to avoid quick CHF and pulmonary edema in AS patients who are very

sensitive to fluid overload and dehydration, which can cause hypotension because of

fixed low cardiac output.

Excessive changes in intravascular volume should be avoided. There were no

prospective randomized controlled trial (RCTs) to confirm the above approach.

Patients with Peripheral Arterial Disease
There is an increased risk in performing CABG in patients with peripheral
artery disease, and equally, mortality and morbidity following vascular sur-
gery are mostly due to coronary events. If during the history-taking the patient
is found to have unstable CAD, coronary angiography for possible revascu-
larization should be undertaken first. In case of dual unstable CAD and carotid
artery disease, many patients could safely undergo carotid artery endarterec-
tomy (CEA) first without problem, because many vascular surgeons consider



CAE as a simple vascular procedure without large fluctuating blood pressure
and fluid shifting. However, no prospective randomized trials have con-
firmed this approach. As demonstrated by recent carotid angioplasty trial, in
patients with CAD scheduled for carotid surgery, endovascular carotid stent-
ing is the preferable option due to its less invasive approach.

Patients with Congenital Heart Disease
In general, adult patients with undetected and untreated congenital heart dis-
ease (CHD) have simple problems such as atrial septal defect, patent foramen
ovale, sometimes moderate aortic coarctation or small ventricular septal defect
or a congenital coronary anomaly. Usually these patients do not need to spe-
cific treatment for heart disease prior to non-cardiac surgery except in two sit-
uations. The first one is the patients with congenital coronary anomaly such
as ectopic origin of right coronary or left coronary artery from the opposite
sinus: this anomaly needs careful preoperative evaluation including stress-
test in order to evaluate ischemia-induced by stress during major vascular
surgery, which can induce major hemodynamic fluctuation and exacerbate
intramural aortic pressure compressing the abnormal coronary artery [31]. The
second concern is for patients with patent foramen ovale (PFO) who are sched-
uled for posterior fossa ovale neurosurgery. In such cases, the clinical signifi-
cance of their PFO should be assessed with transesophageal echocardiography
(TEE) during Valsalva maneuver and transcranial Doppler (TCD) ultrasound
should be performed. The results of TEE and TCD are considered abnormal if
there is shunt during the Valsalva maneuver on TEE, and shower or curtain
pattern of shunt on TCD. Severe hypotension, oxygen desaturation and even
major stroke can happen during posterior cranial fossa surgery because of air
embolism and hemodynamic instability in patients with right-to-left shunt
undergoing neurosurgical procedures in the sitting position. Then tran-
scatheter closure of the PFO should be advised and performed before the elec-
tive neurosurgery [32,33]. Patients with pulmonary hypertension, CHF or
cyanosis have an increased perioperative risk [34]. The problems of patients
with more complex CHD undergoing non-cardiac surgery are discussed in
detail in Chapter 14.

Patients with Pulmonary Hypertension
Pulmonary hypertension (PH) is considered to be a significant preoperative
risk factor. The predictors of short-term morbidity and mortality (�30 days)
after non-cardiac surgery in patients with PH are well documented.
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CRITICAL THINKING

Meta-analysis of outcomes of patients with pulmonary hypertension

undergoing non-cardiac surgery. Through the PH and surgical

databases, 1276 patients in the PH database, 145 patients (73% female)

met all study criteria. Right ventricular systolic pressure (RVSP) on the 2D



Intraoperative Care
The choice of anesthetic and intraoperative monitors is best left to the discre-
tion of the anesthesia care team. Intraoperative management may be influ-
enced by the perioperative plan, including need for postoperative monitors,
ventilation, and postoperative analgesia. Therefore, a discussion of these
issues before the planned surgery will allow for a smooth transition through
the perioperative period.

In general, most current general anesthetics act as myocardial depressants
[36]. They also lower systemic vascular resistance by dilating peripheral vas-
cular beds, thus decreasing the arterial pressure. Autonomic imbalance sec-
ondary to catecholamine release during intubation and extubation may cause
arrhythmias, arterial pressure changes, or even myocardial ischemia. Spinal
and epidural anesthetics also cause sympathetic blockade and decrease arte-
rial pressures [37].

Neuraxial anesthetic techniques include spinal and epidural approaches.
Both techniques can result in sympathetic blockade, resulting in decreases in
both preload and afterload. The decision to use neuraxial anesthesia for the
high-risk cardiac patient may be influenced by the dermatomal level of the
surgical procedure. Infrainguinal procedures can be performed under spinal
or epidural anesthesia with minimal hemodynamic changes if neuraxial
blockade is limited to those dermatomes. Abdominal procedures can also be
performed using neuraxial techniques; however, high dermatomal levels of
anesthesia may be required and may be associated with detrimental hemody-
namic effects. High dermatomal blocks can potentially result in hypotension
and reflex tachycardia if preload becomes compromised or blockade of the
cardioaccelerators occurs [1].

Postoperative Management

In the preoperative period it is important to avoid the use of medications that
may negatively interact with anesthetic agents. Postoperatively, the concern
shifts toward avoiding withdrawal symptoms that may develop, and possible
progression of the underlying disease if the medications are not restarted in a
timely fashion. The potential for decreased gastrointestinal motility in the post-
operative patient, which may reduce the efficacy of oral medications, must
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echocardiogram was 68 	 21 mmHg. There were ten early deaths (7%). A history of

pulmonary embolism (P � 0.04), right-axis deviation (P � 0.02), right ventricular (RV)

hypertrophy (P � 0.04), RV index of myocardial performance �0.75 (P � 0.03),

RVSP/systolic blood pressure �0.66 (P � 0.01), intraoperative use of vasopressors

(P � 0.01), and anesthesia when nitrous oxide was not used (P � 0.01) were each

associated with postoperative mortality. In patients with PH undergoing non-cardiac

surgery with general anesthesia, specific clinical, diagnostic, and intraoperative factors

may predict worse outcomes [35].



also be considered. The most favorable option for patients taking cardiovas-
cular agents is to restart taking the agent as soon as they are stable after sur-
gery. For patients who are unable to take oral medications, the medications
can be given IV or subcutaneously [38]. If there is a need to confirm or rule out
MI, the level of troponin of �2. 6 ng/mL would give the highest diagnostic
yield on the postoperative days 1, 2, and 3 [39].

Postoperative Arrhythmias
Postoperative arrhythmias are often due to reversible noncardiac problems such
as infection, hypotension, metabolic derangements, and hypoxia. Electrical car-
dioversion is generally not recommended until correction of the underlying
problems has occurred, which frequently leads to a return to normal sinus
rhythm. The avoidance of an electrolyte abnormality, especially hypokalemia
and hypomagnesemia, may reduce the perioperative incidence and risk of
arrhythmias [1].
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Take Home Message

Peri-operative cardiac management should aim for both short- and long-term
risk assessment and modifications. The approach to cardiac problems in this
perioperative arena should mirror that in general cardiovascular practice.

If clinically the patient has low risk for cardiac event, then they should pro-
ceed for surgery without further cardiac testing. If the patient has intermediate
risk and plans to undergo low-risk surgery, then they should proceed for sur-
gery under protection of BB.

If the patient has intermediate risk and plans to undergo intermediate- or
high-risk surgery, then they should have non-invasive testing to stratify the
risk. If the patient has a high risk and plans to undergo intermediate or high
risk surgery, then the patient either has invasive or non-invasive testing.

The indications for PCI or CABG are followed according to the usual guide-
lines, independent of the planned non-cardiac surgery.

The patient encounter with the cardiologist for clearance of non-cardiac sur-
gery often represents the first chance for many patients to have their cardio-
vascular status addressed, and sometimes they have remarkably advanced
problems which merit evaluation now simply because they were never prop-
erly recognized or treated. Therefore the perioperative cardiac evaluation may
increasingly represent an opportunity to initiate or modify cardiac care, includ-
ing primary and secondary preventive measures that have long-term benefits
beyond decreasing surgical morbidity and mortality. The consultant also must
seize the moment to identify chronic cardiovascular conditions which merit
life-long treatment such as hypertension, diabetes mellitus, smoking, hype-
rcholesterolemia, etc. These interventions should not only improve postopera-
tive prognosis, but also lead to improved long-term cardiovascular outcomes.
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Introduction
Cardiovascular disease (CVD) is a group of major cardiac and vascular diseases,
important because of the large number of afflicted patients, and its virulence
as the number one killer of men and women in the developed or developing
world. Once there is a major cardiovascular event (stroke, acute myocardial
infarction (MI), etc.), the survival of these patients is shorter and the lifestyle
or level of activity have to be curtailed. There are billion and billions of people
in the world who are currently healthy and do not have any single cardiovas-
cular abnormality. These people really need to prevent at earliest any cellular-
level injury to the cardiovascular system because this is the best time and way
to prevent any occurrence of or progression to CVD. Successful prevention of
CVD is the most important and noble mission of the cardiology community
toward the patients and society (Table 6.1).
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Table 6.1 Management strategies for prevention of cardiovascular
disease.

1. Screen and detect subjects at risk
2. Prevent all CVDs (not just coronary artery disease or stroke)
3. Correct and prevent all major risk factors of CVD
4. Initiate diet, exercise and healthy lifestyle change
5. Re-enforce teaching on healthy lifestyle, compliance with medication
6. Schedule for routine follow-up

CVD, cardiovascular disease.



Risk Assessment

An assessment of cardiovascular risk is the key point in the evaluation of appar-
ently healthy subjects or people at risk for of developing CVD. The assessment
has three objectives: (1) to classify patients as low-, medium- or high-risk for a
cardiovascular event in the next 10 years; (2) to assess the presence or absence
of target-organ damage; and (3) to assess lifestyle and identify other cardio-
vascular risk factors or concomitant disorders in order to form a comprehen-
sive prevention and treatment plan for CVD risk factors.

The traditional major risk factors are hypertension (HTN), dyslipidemia,
cigarette smoking, diabetes mellitus (DM), age, and family history of prema-
ture coronary artery disease (CAD) [1]. The other confirmed risk factors
include obesity, fibrinogen, micro-albuminuria or glomerular filtration rate
(GFR) �60 mL/min, impaired glucose tolerance (IGT) and impaired fasting
glucose (IFG), alcohol abuse, sedentary lifestyle, etc. [2]. The current under-
standing and management in the prevention of CVD is incomplete, fractional-
ized, and piecemeal. Many professional societies: the American College of
Cardiology (ACC), the American Heart Association (AHA), the American
Hypertension Society (AHS), the American Diabetes Association (ADA), the
American Kidney Foundation (AKD), the Heart Failure Society of America
(HFSA) and American Stroke Association issued separate lengthy, duplicate
guidelines for primary prevention of HTN, diabetes, CAD and heart failure
(HF). These preventive strategies have the same message: diet, exercise and
treatment of risk factors. A physician cannot say that they prescribe diet, exer-
cise and medication just to prevent CAD and not to prevent stroke.
Prevention requires a comprehensive effort because the integrative nature of
atherosclerosis as a global disease and the vast numbers of affected patients
mandate transcendence of traditional specialty boundaries. This is why
instead of having separate chapters on hypertension, hypercholesterolemia,
prevention of peripheral, carotid, cerebral or heart disease; we combine all the
prevention sections into this one chapter.

Targets of Prevention

The Clinical Diseases
There are many major clinical end-organ problems to be prevented because
they all limit functional level and shorten survival. They are: (1) dilated
cardiomyopathy from alcohol abuse (EtOH), aortic insufficiency (AI), CAD,
etc.; (2) mitral regurgitation (so overwhelmingly common); (3) atrial fibrilla-
tion (AF) (very common); (4) hypertrophic cardiomyopathy (non-obstructive)
due to long-standing uncontrolled or aortic stenosis (AS), etc.; (5) diastolic
dysfunction in old age; thach and (6) many other. A partial list of CVD targets
is shown in Table 6.2 and Figure 6.1 [3].

It is understandable to treat risk factors in order to prevent CVD. However,
some risk factors are as virulent as CVD itself. Once a patient has diabetes, the
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Targets and Goals of Therapy
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Figure 6.1 Central role of intermediate end points in the cardiovascular and renal continuum
and new targets of therapy. From [3] with permission. AMI, acute myocardial infarction; CHF, 
chronic heart failure; IGT, impaired glucose tolerance; LVH, left ventricular hypertrophy; LVD, left
ventricular dysfunction; BP, blood pressure; ESRD, end-stage renal disease.

prognosis is as bad and equivalent as just having an acute MI [4]. So to pre-
vent CVD, besides treating risk factors, it is absolutely essential to prevent risk
factors too. There are two major risk factors which need to be prevented: type 2
diabetes and chronic kidney disease (CKD) [5]. It is important to prevent these
risk factors as early as possible: at the sub-clinical stage or at the laboratory level.

Table 6.2 Cardiovascular disease targets for prevention.

Clinical disease Causes

CAD Atherosclerosis, HTN, smoking, DM
Dilated cardiomyopathy CAD, EtOH, DM, AI, HTN
Hypertrophic cardiomyopathy HTN, aortic stenosis
Hypertensive CVD HTN
Stroke Atherosclerosis, HTN, smoking, DM
Pulmonary HTN Collagen vascular disease, COPD
Atrial fibrillation Chronic obstructive pulmonary disease
Mitral or aortic regurgitation CAD, dilated left ventricle, rheumatic heart disease
Diastolic heart failure Diastolic dysfunction , aging and HTN
Peripheral arterial disease Atherosclerosis, HTN, smoking, DM
Retinopathy Atherosclerosis, HTN, DM

AI, aortic insufficiency; CAD, coronary artery disease; DM, diabetes mellitus; COPD, chronic
obstructive pulmonary disease; EtOH, ethanol; HTN, hypertension; LV, left ventricle.



The Sub-Clinical or Laboratory Precursors
Once there is dilated cardiomyopathy or ventricular hypertrophy, it is difficult
to reverse the disease process or its progression. The hemodynamic disturbances
are not isolated to the left ventricle (LV) alone. If there is dynamic problem in
the LV, we strongly believe there are additional structural changes (remodel-
ing) in the left atrium, right atrium or right ventricle. In the example of atrial
fibrillation, besides enlargement of the atria, there should be structural changes
(remodeling) in the atria, ventricle and/or pulmonary arteries. The problem is
that echocardiography is not sensitive enough to detect these changes. This is
why angiotensin converting enzyme inhibitors (ACEI) or angiotensin recep-
tor blockers (ARB) decreased the incidence of AF, most likely due to remodel-
ing in the atria or other parts of the cardiovascular system besides the LV [6].
In patients with congenital heart disease, there would be structural changes in
the right ventricle or development of right side failure with or without any
obvious involvement of the LV. This is why all patients with congenital heart
disease are considered to be at stage B HF. Therefore, there would be many
asymptomatic sub-clinical structural or laboratory-detected abnormalities
which are the basis of disease. These abnormalities clearly need to be pre-
vented before resulting in minor and major clinical conditions. They are listed
in Table 6.3.

Therapeutic Lifestyle Changes

All healthy subjects or patients of all stages of CAD, HF, DM, hypertension, CKD
and metabolic syndrome (MS) benefit from a generic lifestyle-behavior
change which is the cornerstone of any treatment plan for primary or second-
ary prevention of CVD. A lifestyle change program includes a well-balanced
diet with low sodium, reduced saturated fat and cholesterol, increased aerobic
physical activity, no smoking, and weight reduction in obese and overweight
individuals. The concrete instructions are highlighted in Table 6.4.
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Table 6.3 Sub-clinical and laboratory targets for prevention of cardiovascular disease.

Precursor targets Clinical conditions

HbA1c �6.1 Type 2 diabetes
GFR � 90 mL % Chronic kidney disease
LVH Diastolic HF, right HF, dilated LV
Atrial abnormalities and dilation dilated cardiomyopathy, VT, atrial fibrillation
Left atrium enlargement Atrial fibrillation
Right ventricular dysfunction Mitral regurgitation

Right ventricular failure, RV dilation
Pulmonary artery hypertension

CKD, chronic kidney disease; HbA1c, hemoglobin A1c; GFR, glomerular filtration rate; HF, heart
failure; LV, left ventricle; LVH,. left ventricular hypertrophy; RV, right ventricle; VT, ventricular 
tachycardia.



Diet

From a CVD point of view, which diet could best prevent the occurrence of,
and progression to, CAD, hypertensive CVD, diabetes, CKD, obesity and dias-
tolic dysfunction? (Table 6.5)

Low Sodium Diet
A diet with 1.5 g/day sodium for patients who really need to cut down their
sodium intake, such as patients with HF, CKD, or hypertension. However, in
view of the available high-sodium food supply and the currently high 
levels of sodium consumption, a reduction in sodium intake to 1.5 g/day 
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Table 6.4 Concrete instructions about therapeutic lifestyle changes.

Low sodium
Choose and prepare foods with little or no salt
(a) Read label about sodium when buying foods
(b) No salt shaker on table
(c) Use salt substitute for foods seasoning

Low cholesterol diet
Select foods high on polyunsaturated fat
Avoid foods with high level of mono-saturated fat
Cholesterol to �300 mg/day
Avoid use of and exposure to tobacco products

Avoid high glycemic or high protein diet

Daily weight
Weigh every morning on a same scale

Exercise
Exercise at home or exercise in a health club

Fluid restriction
2000–3000 ml/day, if you consume alcohol, do so in moderation

Table 6.5 Diet for prevention of cardiovascular disease.

Type of diet Clinical entities to be prevented

Low Na diet Hypertension, heart failure
Fluid restriction Hypertension, heart failure
Low cholesterol diet CAD, stroke, PAD, metabolic syndrome
Low protein diet Chronic kidney disease
Low glucose diet Diabetes,
Low calorie diet Diastolic dysfunction due to aging, metabolic 

syndrome, obesity

CAD, coronary artery disease; PAD, peripheral arterial disease.



(65 mmol/day) is not easily achievable at present. In the interim, an achievable
recommendation is 2.4 g/day (100 mmol/day) or 6.4 g/day sodium chloride
(salt) [7].

Low Carbohydrate Diet
A low-carbohydrate diet, of which the Atkins’ Diet is most representative, rec-
ommends two weeks of extreme carbohydrate restriction, followed by gradu-
ally increasing carbohydrates to 35 g/day. The Atkins’ Diet has 68% of total
calories from fat, 27% from protein, and 5% from carbohydrates [8]. Low-
carbohydrate diets recommend limiting complex and simple sugars, causing the
body to oxidize fat to meet energy requirements. During the initial carbohydrate
restriction, the body resorts to ketosis for energy needs. Ketones are excreted
in the urine with fluid. Rapid initial weight loss may be from this diuretic
effect [9,10], which can be encouraging. A drastic reduction in carbohydrates
also leads to an overall decrease in caloric intake [11]. Weight loss can be sus-
tained by this reduction in caloric intake. Although palatable for the short term,
low-carbohydrate diets raise several nutritional and cardiovascular concerns
including high protein diet (with adverse effect on liver and kidneys), athero-
genesis because high in saturated fat and cholesterol, lack of fruit, vegetable
and whole grain. Low-carbohydrate diets may increase high density lipoprotein
(HDL) cholesterol (HDL-C), decrease triglyceride levels, and improve glycemic
control, but there appears to be no significant difference in weight loss com-
pared with a low-fat diet at one year [10].

Foods that contain large amounts of fat, sugar, and/or starch, which people
have higher tendency to overeat, have low fullness factor (FF). Foods that
contain large amounts of water, dietary fiber, and/or protein have the highest
FF. These high-FF foods, which include most vegetables, fruits, and lean
meats, do a better job of satisfying hunger. Most liquid foods will have above
average FF, due to their high water content. By simply selecting foods with
high FF, people can improve the chances of consuming fewer calories, while
simultaneously minimizing their hunger (Table 6.6). For complete informa-
tion, please visit the website www.nutritiondata.com/fullness-factor.html
(accessed 4/19/2006).
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CLINICAL PEARLS

How to eat more but accumulate less calories? The Fullness Factor

(FF) is calculated from the food’s nutrient content, using values from those

nutrients that have been shown experimentally to have the greatest impact

on satiety. The values of the FF range from 0 to 5, with the FF for white bread being

1.8. That means that for servings of equal calories, those foods with FF’s above 1.8 are

more likely to fill you up than white bread, and foods with FF’s below 1.8 are less

likely than white bread to fill you up (Table 6.6 and www.nutritiondata.com/fullness-

factor.html).



Very Low Fat Diet
Very-low-fat (VLF) diets allow less than 15% of total calories from fat (with an
equal distribution of saturated, monounsaturated, and polyunsaturated fats),
15% from protein, and 70% from carbohydrates [10]. The VLF diet includes
variations of vegetarian diets that may include eggs and dairy. The VLF diet and
intense life-style changes have significant results in terms of reducing risk fac-
tors and cardiac event rates. To check the fat content of each food, please visit
the website www.nutritiondata.com/nutrient-search.html (accessed 4/19/2006).
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Table 6.6 Fullness factors for common foods.

Food Fullness factor

Bean sprouts 4.6
Watermelon 4.5
Grapefruit 4.0
Carrots 3.8
Oranges 3.5
Fish, broiled 3.4
Chicken breast, roasted 3.3
Apples 3.3
Sirloin steak, broiled 3.2
Oatmeal 3.0
Popcorn 2.9
Baked potato 2.5
Lowfat yogurt 2.5
Banana 2.5
Macaroni and cheese 2.5
Brown rice 2.3
Spaghetti 2.2
White rice 2.1
Pizza 2.1
Peanuts 2.0
Ice cream 1.8
White bread 1.8
Raisins 1.6
Snickers bar 1.5
Honey 1.4
Sugar (sucrose) 1.3
Glucose 1.3
Potato chips 1.2
Butter 0.5

CLINICAL PEARLS

How to select polyunsaturated fat? Saturated fat is a fat or fatty acid 

in which there are no double bonds between the carbon atoms of the fatty

acid chain. Diets high in saturated fat have been shown to cause high both

total cholesterol and low density lipoprotein (LDL) cholesterol in the blood. Common
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CRITICAL THINKING 

Is dieting enough? 48,835 postmenopausal women aged 50–79 years, who

participated in the Women’s Health Initiative Dietary Modification Trial were

randomly assigned to an intervention (19,541) or comparison group (29,294)

in a free-living setting. The intervention included intensive behavior modification in

group and individual sessions designed to reduce total fat intake to 20% of calories and

increase intakes of vegetables/fruits to five servings/day and grains to at least six

servings/day. The comparison group received diet-related education materials. By year

6, mean fat intake decreased by 8.2% of energy intake in the intervention vs. the

comparison group, with small decreases in saturated (2.9%), monounsaturated (3.3%),

and polyunsaturated (1.5%) fat; increases occurred in intakes of vegetables/fruits (1.1

servings/day) and grains (0.5 serving/day). LDL cholesterol levels, diastolic blood

pressure, and factor VIIc levels were significantly reduced by 3.55 mg/dL, 0.31 mmHg,

and 4.29%, respectively; levels of HDL cholesterol, triglycerides, glucose, and insulin

did not significantly differ in the intervention vs. comparison groups. The numbers who

developed coronary heart disease (CHD), stroke, and CVD (annualized incidence rates)

were 0.63%, 0.28%, and 0.86% in the intervention group, and 0.65%, 0.27%, and

0.88% in the comparison group. The diet had no significant effects on incidence 

of CHD (hazard ratio [HR], 0.97; 95% CI, 0.90–1.06), stroke (HR, 1.02; 95% CI,

0.90–1.15), or CVD (HR, 0.98; 95% CI, 0.92–1.05). Excluding participants with baseline

CVD (3.4%), the HRs (95% CIs) for CHD and stroke were 0.94 (0.86–1.02) and 1.02

(0.90–1.17), respectively. Trends toward greater reductions in CHD risk were observed in

those with lower intakes of saturated fat or trans fat or higher intakes of

vegetables/fruits [12].

So over a mean of 8.1 years, a dietary intervention that reduced total fat intake and

increased intakes of vegetables, fruits, and grains alone did not significantly reduce the

risk of CHD, stroke, or CVD in postmenopausal women and achieved only modest

effects on CVD risk factors, suggesting that more focused diet, lifestyle interventions

and drugs may be needed to improve risk factors and reduce further CVD in high risk

patients [12].

However, low fat diet alone cannot prevent CVD in high risk patient,
because CVD is result of many other risk factors besides high cholesterol
level. This concern is confirmed in the study below.

saturated fats include butter, lard, palm oil, coconut oil, cottonseed oil, cream, cheese

and meat, etc. Alternative to saturated fats include monosaturated fats such as olive oil

and polyunsaturated fats such as canola oil and corn oil. The goal of a low fat diet is to

substitute unsaturated fats for saturated fats. To select foods with low saturated and

high polyunsaturated fat content, please visit the website www.prevention.com/pdf/

PV-ShoppingList.pdf (accessed 4/19/2006).



The Mediterranean Diet
The Mediterranean Diet [10] is characterized by high intake of fruits, vegeta-
bles, low-fat dairy products, whole grains, nuts, fish, and poultry, as well as
reducing total and saturated fats [13]. Although a Mediterranean-style diet
has demonstrated greater weight reduction compared with control diets in
randomised controlled trials [14], the most impressive benefits of the diet are
related to cardiovascular morbidity and mortality. No isolated aspect of the
Mediterranean diet explains these benefits, but much has focused on the
omega-3 polyunsaturated fatty acids (N-3 FA). Patients on a Mediterranean
diet have been shown to lose more weight, have lower C-reactive protein lev-
els, have less insulin resistance, have lower total cholesterol and triglyceride
and higher HDL levels, and have a decreased prevalence of the metabolic syn-
drome. There are some concerns regarding the Mediterranean diet including a
fishy aftertaste, gastrointestinal discomfort, and possibly an increase in LDL
cholesterol [14] or mercury exposure. In fact, the Food and Drug Administration
currently recommends that children and women who are pregnant and/or lac-
tating should avoid fish consumption due to high mercury level [10].

Diet to Prevent Diabetes
The glycemic index (GI) [10] is a concept that has been used in diets such as
the South Beach Diet [15], Sugar Busters [16], and the Zone Diet [17]. These
diets allow carbohydrate consumption as long as they have a low GI [18]. The
GI is a numerical index that ranks carbohydrates based on their rate of con-
version to glucose within the human body. GI uses a scale of 0 to 100, with
higher values given to foods that cause the most rapid rise in blood sugar.
Pure glucose serves as a reference point, and is given a GI of 100. If the blood
glucose rises too fast after ingestion (high GI), the pancreas needs to secrete
more insulin which brings the blood glucose down, by converting the excess
glucose to stored fat. Then, the greater the rate of increase in blood glucose,
the higher will be the level of excess insulin which can cause hypoglycemia.
The theory behind the GI is simply to minimize insulin-related problems by
identifying and avoiding foods that cause too much swing in blood glucose
(and insulin level).

However, it’s not the high GI foods that would lead to the increased blood
glucose level. The glycemic response depends on both the type and the amount
of carbohydrate consumed. This concept is known as glycemic load (GL) and
calculated as:

GL � GI/100  Net carbs

(Net carbs are equal to the total carbohydrates minus dietary fiber)

Therefore, a patient can control the glycemic response by consuming only
low GI foods and/or a smaller amount of foods [19]. Table 6.7 shows values of
the GI and GL for a few common foods. GI’s of 55 or below are considered low,
and 70 or above are considered high. GL’s of 10 or below are considered low
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and 20 or above are considered high. For complete information, please visit the
website www.nutritiondata.com/glycemic-index.html (accessed 4/19/2006).

A high-GI diet has been proposed to increase hunger and elevate free fatty
acid levels, leading to an increased risk of obesity, diabetes, and CVD [19]. A
possible association between a high-GI diet and diabetes has been observed.
A meta-analysis of 14 randomized, controlled trials comparing low- and high-
GI diets in diabetes management showed that glycated proteins were reduced
7.4% on a low-GI diet [20].
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Table 6.7 Glycemic index and glycemic load for common foods.

Food GI Serving size Net carbs GL

Peanuts 14 4 oz (113 g) 15 2
Bean sprouts 25 1 cup (104 g) 4 1
Grapefruit 25 1⁄2 large (166 g) 11 3
Pizza 30 2 slices (260 g) 42 13
Low fat yogurt 33 1 cup (245 g) 47 16
Apples 38 1 medium (138 g) 16 6
Spaghetti 42 1 cup (140 g) 38 16
Carrots 47 1 large (72 g) 5 2
Oranges 48 1 medium (131 g) 12 6
Bananas 52 1 large (136 g) 27 14
Potato chips 54 4 oz (114 g) 55 30
Snickers bar 55 1 bar (113 g) 64 35
Brown rice 55 1 cup (195 g) 42 23
Honey 55 1 tbsp (21 g) 17 9
Oatmeal 58 1 cup (234 g) 21 12
Ice cream 61 1 cup (72 g) 16 10
Macaroni and cheese 64 1 serving (166 g) 47 30
Raisins 64 1 small box (43 g) 32 20
White rice 64 1 cup (186 g) 52 33
Sugar (sucrose) 68 1 tbsp (12 g) 12 8
White bread 70 1 slice (30 g) 14 10
Watermelon 72 1 cup (154 g) 11 8
Popcorn 72 2 cups (16 g) 10 7
Baked potato 85 1 medium (173 g) 33 28
Glucose 100 50 g 50 50

Table 6.8 Best balanced diet and exercise program to prevent diabetes.

1. Total intake of fat to �30% percent of energy consumed
2. Intake of saturated fat to �10% of energy consumed
3. Fiber intake to at least 15 g per 1000 kcal
4. Frequent ingestion of whole-grain products, vegetables, fruits, low-fat milk and meat

products, soft margarines, and vegetable oils rich in monounsaturated fatty acids was
recommended

4. Moderate exercise (endurance exercise such as walking, jogging, swimming, aerobic ball
games, or skiing) for at least 30 minutes per day



Diet to Stop Hypertension
The Dietary Approaches to Stop Hypertension (DASH) Diet is similar to a
Mediterranean-type diet, emphasizing high intake of fruits, vegetables, low-
fat dairy products, whole grains, nuts, fish, and poultry, as well as reducing
total and saturated fats [21]. Reduced intake of red meat, sweets, and sugar-
containing beverages is encouraged, which results in a diet high in potassium,
calcium, magnesium, and fiber. This dietary approach has been shown to lower
blood pressure BP by 10 mmHg.

Diet to Prevent Chronic Kidney Disease
In order to prevent CKD in a patient with normal creatinine level, the diet
required is the “renal diet”, synonymous with low-protein diet. It is critical to
note that by stage 3 CKD and beyond, there is no benefit of a low-protein diet.
Such protein restriction will not delay the progression toward end stage renal
disease (ESRD) at stage 3 CKD. The target protein intake is approximately
0.8–1.0 g/kg/day and sodium intake is 1500–2000 mg/day [22].

Moderation in Alcohol Consumption
Observational studies consistently show a J-shaped relation between alcohol
consumption and total mortality. Moderate alcohol consumption is associated
with lower mortality, and higher consumption with higher mortality. The
lower mortality appears to be related to CHD death, because CHD accounts
for a significant proportion of total deaths. Case-control, cohort, and ecologi-
cal studies indicate lower risk for CHD at low-to moderate alcohol intake [23].
A moderate amount of alcohol can be defined as no more than one drink 
per day for women or lighter-weight persons, and no more than two drinks
per day for men. A drink is 12 oz of beer, 5 oz of wine, or 1.5 oz of 80-proof
liquor [24].

Stop Cigarette Smoking
Epidemiological evidence has unequivocally confirmed that active smoking
is a risk factor for CVD and the leading cause of preventable death [25–28]. The
risk of death from CVD is elevated at least two-fold among smokers when
compared with non-smokers. There is evidence that exposure to, or passive,
smoking also increases the risk of CVD, including stroke [26]. Smoking just
one or two cigarettes a day is enough to jumpstart the biological processes
that lead to atherosclerosis [27].
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CLINICAL PEARLS

How to stop smoking? First-line therapies include nicotine replacement

and/or bupropion. Second-line treatments include clonidine and

nortriptyline.
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Weight Loss Program
Obesity can be defined as an excess of body fat. A surrogate marker for body
fat content is the body mass index (BMI), which is determined by weight
(kilograms) divided by height squared (square meters). In clinical terms, a
BMI of 25–29 kg/m2 is called overweight; higher BMIs (�30 kg/m2) are called
obesity. A better way to define obesity would be in terms of percent total body
fat [31]. Obesity can be defined as 25% or greater of body fat in men and 35%
or greater in women. The exact measurement of percentage body fat is rarely
used, because of inconvenience and cost. The best way to estimate obesity in
clinical practice is to measure waist circumference. For American patients,
abdominal obesity is defined as a waist circumference of 102 cm or more in
men, and of 88 cm or more in women [24]. In other countries, the International
Diabetes Federation (IDF) defined the waist circumference values according
to gender and ethnic group (not country of residence) specific (Table 6.9) [31].

Additional treatment strategies, with less proven efficacy, include monoamine

oxidase inhibitors, selective serotonin reuptake inhibitors, opioid receptor antagonists,

bromocriptine, antianxiety drugs, nicotinic receptor antagonists (e.g., mecamylamine),

and glucose tablets.

In addition to the above, social support and skills training has been proved to be the

most effective approach for quitting [28–30].

Table 6.9 Ethnic specific values for waist circumference.

Country/ethnic group Waist
circumference

Europids Male �94 cm In the USA, the ATP III values
(102 cm male; 88 cm female
are likely to continue to be
used for clinical purposes)

Female �80 cm

South Asians and Chinese Male �90 cm Based on a Chinese, Malay
and Asian–Indian population

Female �80 cm

Japanese Male �90cm New data support the use of
these values

Female �80cm

Ethnic South and Central Use South Asian
Americans recommendations until more

special data are available

Sub-Sahara Africans Use European data until more
special data are available

Eastern Mediterranean and Use European data until more
Middle East (Arab) populations special data are available
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EMERGING TREND

The RIO North American trial 3045 obese (BMI � 30) or overweight

(BMI � 27 and treated or untreated hypertension or dyslipidemia) adult

patients were randomized in a double-blind, placebo-controlled trial.

Rimonabant-treated patients were re-randomized to receive placebo or continued to

receive the same rimonabant dose while the placebo group continued to receive placebo

during year 2. The results showed that at year 1, the completion rate was 309 (51%)

patients in the placebo group, 620 (51%) patients in the 5 mg of rimonabant group, and

673 (55%) patients in the 20 mg of rimonabant group. Compared with the placebo group,

the 20 mg rimonabant group produced greater mean reductions in weight (�6.3 kg vs.

�1.6 kg; P � 0.001), waist circumference (�6.1 cm vs. �2.5 cm; P � 0.001), and level 

of triglycerides (percentage change, �5.3 vs. 7.9; P � 0.001) and a greater increase in

level of HDL cholesterol (percentage change, 12.6 vs. 5.4; P � 0.001). Patients who 

were switched from the 20 mg of rimonabant group to the placebo group during year 

2 experienced weight regain while those who continued to receive 20 mg of rimonabant

maintained their weight loss and favorable changes in cardiometabolic risk factors [34].

In this multi-center trial, treatment with rimonabant plus diet for 2 years promoted

modest but sustained reductions in weight and waist circumference and favorable

changes in cardiometabolic risk factors. However, the trial was limited by a high 

drop-out rate and longer-term effects of the drug require further study [34].

Table 6.10 Relative 10-year risk for diabetes, hypertension, heart disease, and stroke over
the next decade among men initially free of disease stratified by baseline body mass 
index [32].

Body mass index Diabetes Hypertension Heart disease Stroke

18.5–21.9 1.0 1.0 1.0 1.0
22.0–24.9 1.8 1.5 1.1 1.1
25.0–29.9 5.6 2.4 1.7 1.3
30.0–34.9 18.2 3.8 2.2 2.1
�35.0 41.2 4.2 2.4 2.5

In clinical and epidemiological studies, obesity is strongly associated with
all cardiovascular risk factors (Table 6.10) [32]. The visceral adipose tissue is
recognized as a source of several molecules that are potentially pathogenic:
excess non-esterified fatty acids, cytokines (tumor necrosis factor), resistin,
adiponectin, leptin, and plasminogen activator inhibitor I [33]. However, the
mechanisms underlying the association between abdominal obesity (particu-
larly visceral obesity) and the metabolic syndrome are not fully understood.
As diet and physical activities exert limited role in weight loss, can medica-
tions fill the gap? Can a new drug Rimonabant sustain weight loss and
improve the risk profile of obese and overweight patients?
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CRITICAL THINKING

Quality of intense exercise or quantity of exercise time? A cohort of

44,452 US men enrolled in the Health Professionals’ Follow-up Study, was

followed up at 2-year intervals to assess potential CHD risk factors,

identify newly diagnosed cases of CHD, and assess levels of leisure-time physical

activity. The results showed that total exercise, running, weight training and rowing

were all associated with a decreased risk of future CHD. However, running for more

than an hour per week was associated with a 42% decreased risk compared with not

running; lifting weights for 30 minutes or more per week with a 23% decrease; and

rowing for one hour or more per week, with an 18% reduction in risk. Walking briskly

for half an hour a day was also associated with an 18% decreased risk of CHD.

Overall, the study showed that the intensity of the physical activity was more related to

a decreased CHD risk than the amount of time spent exercising [35].

Exercise
Substantial evidence exists that physical activity exerts a beneficial effect on
multiple cardiovascular risk factors. A plausible explanation is that physical
activity tends to lower BP and weight, enhance vasodilatation, improve glu-
cose tolerance, and promote cardiovascular health. Through lifestyle mod-
ification, exercise can minimize the need for more intensive medical and
pharmacological interventions or enhance treatment end points [28]. While
being physically active was found to be associated with a decrease in risk of
CHD, a question was raised to see whether the intensity or the amount of exer-
cise accounted for the greatest reduction in risk.

The National Heart, Lung and Blood Institute (NHLBI) recommends that
an increase in physical activity is an important part of the weight management
program. Most weight loss occurs because of decreased caloric intake. Sustained
physical activity is most helpful in the prevention of weight regain. In addi-
tion, exercise has a benefit of reducing risks of CVD and diabetes, beyond that
produced by weight reduction alone [36]. The exercise can be taken all at one
time, or intermittently over the day.

CLINICAL PEARLS

How to exercise? For the beginner, activity level can begin at very light

and would include an increase in standing activities, special chores like

room painting, pushing a wheelchair, yard work, ironing, cooking, and

playing a musical instrument.

The next level would be light activity such as slow walking of 24 min/mile, (walking is

particularly attractive because of its safety and accessibility) garage work, carpentry,

house cleaning, child care, golf, sailing, and recreational table tennis.
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Table 6.11 Classification of blood pressure for adults JNC-7.

BP classification SBP (mmHg) DBP (mmHg)

Normal �120 �80
Prehypertension 120–139 80–89
Stage 1 hypertension 140–159 90–99
Stage 2 hypertension �160 �100

DBP, diastolic blood pressure; SBP, systolic blood pressure.

Intervention for the Modifiable Cardiovascular Risk Factors

The main strategies for correction and prevention of risk factors include control
of hypertension, hypercholesterolemia, metabolic syndrome, prevention of
diabetes and CKD.

Hypertension

The Seventh Report of The Joint National Committee (JNC) on Prevention,
Detection, Evaluation and Treatment of High Blood Pressure provides guide-
lines for hypertension classification and management (Table 6.11) [37,38]. The
new category of prehypertension was proposed because of the observation
that patients with high normal BP have twice the risk of developing definite
hypertension in their lifetime. These individuals should at the very least be
advised about a healthy lifestyle to try to prevent the development of hyper-
tension. Newer evidence has been accumulated to warrant greater attention
upon the importance of systolic blood pressure (SBP) as a major risk factor for
CVDs. Changing patterns of BP occur with increasing age. The rise in SBP
continues throughout life in contrast to diastolic blood pressure (DBP) due to
loss of compliance of the arteries. Clinical trials have demonstrated that con-
trol of isolated systolic hypertension reduces total mortality, cardiovascular
mortality, stroke, and HF events [39].

The Hypertension Writing Group of the American Society of Hypertension
proposed an expanded definition and classification of HTN [40]. Cardiovascular
risk factors tend to cluster in the same individual. Classification of HTN should

The next level would be moderate activity such as walking 15 min/mile, weeding and

hoeing a garden, carrying a load, cycling, skiing, tennis, and dancing.

High activity would include walking 10 min/mile or walking with load uphill, heavy

manual digging, basketball, climbing, or soccer/kick ball.

Start exercising slowly and gradually increases the intensity. Trying too hard at first

can lead to injury [36].
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Table 6.12 Hypertension Writing Group definition and classification of hypertension.

Classification Normal Stage 1 HTN Stage 2 HTN Stage 3 HTN

Descriptive Normal BP Occasional Sustained BP Marked and
category (BP or rare BP intermittent elevations or sustained BP
pattern and elevations and BP elevations evidence of elevations or
CVD status) no identifiable or risk factors/ progressive advanced

CVD markers of CVD CVD
early CVD

CVD risk None �1 risk factor Multiple risk Multiple risk
factors present factors factors

Early disease None 0–1 �2 �2 with evidence
markers of CVD

Target organ None None Early signs Overtly present
disease present with or without

CVD events

BP, blood pressure; CVD, cardiovascular disease; HTN, hypertension.

Table 6.13 Cardiovascular risk factors to use for classification of
blood pressure [40].

Increasing age (continuous variable)
Elevated BP (�140/90 mmHg)
Overweight/obesity (BMI � 24 kg/m2)
Abdominal obesity

Waist circumference �40 inches for men; �35 inches for women
Dyslipidemia

Elevated LDL cholesterol (�130 mg/dL)
Low HDL cholesterol (�40 mg/dL men; �50 mg/dL women)
Elevated triglycerides (�150 mg/dL)

Elevated fasting blood glucose (�100 mg/dL), insulin resistance or diabetes
Smoking
Family history of premature CVD (�50 years in men; �60 years in women)
Sedentary lifestyle
Elevated high-sensitivity C-reactive protein

BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease;
HDL, high density lipoprotein; LDL, low density lipoprotein.

involve an assessment of global cardiovascular risk that may help determine the
aggressiveness of therapy. The Hypertension Writing Group proposed expand-
ing the JNC’s definition of HTN by incorporating cardiovascular risk factors and
clinical cardiovascular manifestations into the definition (Table 6.12).

The cardiovascular risk factors included the classic traditional risk factors
such as metabolic syndrome and C-reactive protein, and are listed in Table 6.13.
Early markers of hypertensive CVD may become evident in patients at BP
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Table 6.14 Early markers of hypertensive cardiovascular disease [40].

System Physiologic alterations

Blood pressure Loss of nocturnal BP dipping
Exaggerated BP response to exercise
Salt sensitivity
Widened pulse pressure

Cardiac Left ventricular hypertrophy (mild)
Increased atrial filling pressure
Decreased diastolic relaxation

Vascular Increased central arterial stiffness or pulse wave velocity
Small artery stiffness
Increased systemic vascular resistance
Increased wave reflection and systolic pressure augmentation
Increased carotid intima-media thickness
Coronary calcification
Endothelial dysfunction

Renal Microalbuminuria (urinary albumin excretion 30–300 mg/d)
Elevated serum creatinine (serum creatinine � 1.6 mMol/L)
Reduced estimated GFR (60–90 mL/min)

Retinal Hypertensive retinal changes

BP, blood pressure; GFR, glomerular filtration rate.

Table 6.15 Hypertensive target organ damage and overt cardiovascular disease [40].

System Evidence of target organ damage and CVD

Cardiac LVH (moderate to severe)
Systolic or diastolic cardiac dysfunction
Symptomatic heart failure
Myocardial infarction
Angina pectoris
Ischemic heart disease or revascularization

Vascular Peripheral arterial disease
Carotid arterial disease
Aortic aneurysm
Wide pulse pressure (�65 mmHg)

Renal Albuminuria (�300 mg/d)
CKD (GFR � 60 mL/min) or ESRD

Cerebrovascular Stroke
Transient ischemic attack

CKD, chronic kidney disease; CVD, cardiovascular disease; ESRD, end stage renal disease;
GFR, glomerular filtration rate; LVH, left ventricular hypertrophy.

levels between 120/80 and 139/89 mmHg (Table 6.14). The presence of these
early markers would classify patients as stage 1 HTN. Once target organ dam-
age is present, patients are classified as either stage 2 (early signs) or stage 3
(overt signs) HTN (Tables 6.12 and 6.15).



Causes of Hypertension
The most common cause of HTN is still not fully understood and is classified
as primary, or essential, HTN. This category accounts for about 90% of all
hypertensive patients. Secondary causes of HTN should be considered in
HTN that is severe, begins at a young age, or is resistant to standard therapy.
Common causes of secondary HTN are listed in Table 6.16.
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Table 6.16 Identifiable causes of hypertension [38].

Chronic kidney disease
Coarctation of the aorta
Cushing’s syndrome and other glucocorticoid excess 

states including chronic steroid therapy
Drug induced or drug related (see Table 6.22)
Obstructive uropathy
Pheochromocytoma
Primary aldosteronism and other mineralocorticoid excess states
Renovascular hypertension
Sleep apnea
Thyroid or parathyroid disease

D, chronic kidney disease; HTN, hypertension.

Treatment of Hypertension

The Goal of Therapy
The primary goal of treatment of the hypertensive patient is to achieve the max-
imum reduction in the long-term total risk of cardiovascular and renal mor-
bidity and mortality. In most patients, the target of the controlled BP is under
140/90 mmHg along with concurrently controlling all of other coexisting mod-
ifiable cardiovascular risk factors as the current guidelines. In the special groups
of diabetic and CKD patients, the target BP is under 130/80 mmHg. Other
groups of patients that are considered for this target BP include the patients
with CAD, metabolic syndrome, HF and microalbuminuria.

Lifestyle Modification
A lifestyle modification program including low sodium, low cholesterol diet,
fluid restriction, exercise etc. is recommended for all individuals with hyper-
tension or prehypertension and is discussed in detail at the beginning of this
chapter.

Pharmacological Treatment
Therapy should be started gradually, and target BP achieved progressively.
Choice of drugs monotherapy or combination therapy aim to control BP to
reach target which these drugs have been proven by the evidence-based studies
decrease the cardiovascular events and death while minimizing side effect or



toxicity. These drugs may improve control of HTN by being affordable and
available at low cost thus improving compliance to therapy. The single daily
dosing provides full 24-hour efficacy should be feasible for virtually all patients
(Figure 6.2).
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Optimize dosages or add additional drugs
until goal blood pressure is achieved.

Consider consultation with hypertension specialist

ACEI, angiotensin converting
enzyme inhibitor; ARB,
angiotensin receptor blocker;
BB, beta blocker; CCB, calcium
channel blocker; DBP, diastolic
blood pressure; SBP, systolic
blood pressure

Lifestyle modifications

Initial drug choices

Not at goal blood pressure (�140/90 mmHg)
(�130/80 mmHg for those with diabetes or

chronic kidney disease)

Without compelling
indications

With compelling
indications

Drug(s) for the
compelling indications

(see table 12)

Other antihypertensive
drugs (diuretics, ACEI,

ARB, BB, CCB) as needed

Stage 2
Hypertension

(SBP � 160 or DBP
  � 100 mmHg)

Two-drug combination for
most (usually thiazide- 

type diuretic and ACEI, or
ARB, or BB, or CCB)

Stage 1
Hypertension
(SBP 140–159

or DBP 90–99 mmHg)
Thiazide-type diuretics
for most. May consider

ACEI, ARB, BB, CCB, or
combination

Not at goal
blood pressure

Figure 6.2 Algorithm for treatment of hypertension.
Source: Joint National Committee (JNC)–7, [38].

The JNC-7, World Health Organization (WHO)/International Society of
Hypertension (ISH) and Canada guidelines as well as North of England
Hypertension Guideline Development Group published by National Institute
for Clinical Excellence (NICE), recommend thiazide-type diuretics as the ini-
tial therapy for most hypertensive patients, either alone or in combination
with one of the other classes [37,38,41–43]. A brief summary of drugs used for
essential hypertension is provided in Table 6.17.
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Table 6.17 Outline of drugs for hypertension [43].

Class Common generic Mode of action Usage notes
names

Thiazide-type Bendroflumethiazide, Moderate diuresis Low dose thiazide-type 
diuretic indapamide diuretics produce (near)

maximum BP lowering;
higher dose can cause
side effects

Potassium- Amiloride Weakly diuretic, given Few side effects. Used to
sparing additionally to, or prevent or treat low
diuretics in combination levels of potassium

with, a thiazide to in the blood. Use with
retain potassium an ACE-inhibitor can

cause severely raised
levels of potassium in
the blood

BB Atenolol, Blocking �-receptors Contraindicated in 
bisoprolol, asthma, heart-block. 
metoprolol, Caution applies to 
propanolol, patients with diabetes 
sotalol or peripheral vascular

diseases
Calcium- ‘Dihydropyridine’ Reduced flow of Reported side-effects 

channel amlodipine, calcium to vascular include initial
blockers felodipine, smooth muscle, headaches, palpitations
(CCBs) lacidipine, reducing contraction and facial flushing, ankle

nifedipine efficiency and swelling
relaxing vasculature

‘Rate limiting’ Slowing the heart rate Caution against use in
diltiazem, heart failure or in with 
verapamil �-blockers

ACE-inhibitors Captopril, Prevent conversion of Dose titration and 
enalapril, the protein monitoring is necessary. 
lisinopril, angiotensin I to Contraindicated in 
perindopril, angiotensin II pregnancy. Adverse 
ramipril, which raises BP effects include a
trandolapril persistent dry cough,

rash, loss of taste
Angiotensin Candesartan, Blocks the action of Contraindications and side

receptor irbesartan, angiotensin II by effect profile similar  
blockers losartan, directly blocking to ACEI but ARBs  
(ARBs) valsartan, the receptor site are not associated  

telmisartan with the persistent
dry cough sometimes 
attributed to ACEI

Alpha receptor Doxazosin, prazosin, Blocks receptor sites Side-effect: initial 
blockers terazosin in blood vessel wall, dizziness, headache, 

relaxing vessels flushing, nasal
congestion, fluid
retention, and a rapid
heart rate

ACEI, angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BP, blood
pressure; CCBs, calcium-channel blockers; BB, �-blockers.
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Table 6.18 Compelling indications for individual drugs classes [38].

Compelling Initial therapy options Clinical trial basis*
indication

Diabetes THIAZ, BB, ACEI, ADA Guideline [48], UKPDS [49],
ARB, CCB ALLHAT [50]

Chronic kidney disease ACEI, ARB LIFE [56], ESPRIT [52],
RENAAL [53], IDNT [54]

Recurrent stroke prevention THIAZ, ACEI PROGRESS [57]

Heart failure THIAZ, BB, ACEI, ARB, ACC/AHA Heart Failure
ALDO ANT Guideline [46], RALES [47]

Post-myocardial infarction BB, ACEI, ALDO ANT ACC/AHA post-myocardial infarction
Guideline [46]

High coronary disease risk THIAZ, BB, ACE, CCB ALLHAT [50], HOPE [57],
LIFE [56], EUROPA [45],
INVEST [69]

* Conditions for which clinical trials demonstrate the benefit of specific classes of 
antihypertensive drugs used as part of an antihypertensive regimen to achieve BP goal to test
outcomes [38].

ACC/AHA, American College of Cardiology/American Heart Association; ACEI, angiotensin
converting enzyme inhibitor; ADA, American Diabetes Association; ALDO ANT , aldosterone
antagonist; ALLHAT, Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial;
ARB, angiotensin receptor blocker; BB, �-blocker; CCB, calcium channel blocker; EUROPA,
European Trial on Reduction of Cardiac Events with Perindopril in Stable Coronary Artery Disease;
ESPRIT, Efficacy and Safety in Patients with Renal Impairment; treated with Telmisartan; RENAAL,
Reduction of Endpoints in Non-Insulin Dependent Diabetes Mellitus with the Angiotensin II
Antagonist Losartan Study; IDNT, Irbesartan in Diabetic Nephropathy Trial; HOPE, Heart
Outcomes Prevention Evaluation Study; INVEST, The International Verapamil-Trandolapril Study;
LIFE, Losartan Intervention for Endpoint Reduction in Hypertension Study; PROGRESS, Perindopril
Protection against Recurrent Stroke Study; RALES, Randomized Aldactone Evaluation Study;
THIAZ, thiazide; UKPDS, United Kingdom Prospective Diabetes Study.

Compelling Indications
Compelling indications for specific therapy involve high-risk conditions that
can be direct sequelae of HTN (HF, CAD, CKD, recurrent stroke) or commonly
associated with HTN (diabetes, high coronary disease risk). The choice of
drugs for these compelling indications is on favorable outcome data from the
clinical trials [38]. Therapeutic decisions in such individuals should be directed
at both the compelling indication and lowering BP (Table 6.18). If a drug is not
tolerated or is contraindicated, then one of the other classes proven to reduce
cardiovascular events should be used instead.

Treatment of Prehypertension
Prehypertension is considered a precursor of stage 1 HTN and a predictor of
excessive cardiovascular risk. The question is whether pharmacologic treat-
ment of prehypertension prevents or postpones stage 1 HTN.



Coronary Artery Disease and Hypertension
Hypertensive patients are at increased risk for MI or other major coronary events
and may be at higher risk of death following an acute MI. Lowering both SBP
and DBP reduces ischemia and prevents CVD events in patients with CAD, in
part by reducing myocardial oxygen demand [45]. One caveat with respect to
anti-hypertensive treatment in patients with CAD is the finding in some stud-
ies of an apparent increase in coronary risk at low levels of DBP. For example,
in the Systolic Hypertension in the Elderly Program (SHEP) study, lowering
DBP to �55 or 60 mmHg was associated with an increase in cardiovascular
events, including MI [39]. For patients with stable angina and silent ischemia,
unless contraindicated, pharmacologic therapy should be initiated with a 
�-blocker (BB). If angina and BP are not controlled by BB therapy alone, or if
BBs are contraindicated (as in the presence of severe reactive airways disease,
severe peripheral arterial disease (PAD), high-degree atrio-ventricular block, or
sick sinus syndrome), either long-acting dihydropyridine or nondihydropyri-
dine type calcium channel blockers (CCBs) may be used. If angina or BP is
still not controlled on this two-drug regimen, nitrates can be added. Short-
acting dihydropyridine CCBs should not be used because of their potential 
to increase mortality, particularly in the setting of acute MI [38].

Heart Failure and Hypertension
For patients with HTN and HF, ACEIs and BBs are indicated [38,46]. In patients
intolerant of ACEIs, ARBs may be used. For further BP control, aldosterone
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Evidence-based Medicine: The TROPHY trial

In the Trial of Preventing Hypertension, 809 participants with repeated

measurements of systolic pressure of 130–139 mmHg and diastolic

pressure of 89 mmHg or lower, or systolic pressure of 139 mmHg or lower

and diastolic pressure of 85–89 mmHg, were randomly assigned to receive two years

of candesartan (Atacand, AstraZeneca) (409) or placebo (400), followed by two years of

placebo for all. When a participant reached the study end point of stage 1 hypertension,

treatment with antihypertensive agents was initiated. Both the candesartan group and

the placebo group were instructed to make changes in lifestyle to reduce blood

pressure throughout the trial. During the first two years, hypertension developed in 154

participants in the placebo group and 53 of those in the candesartan group (relative

risk reduction, 66.3%; P � 0.001). After 4 years, hypertension had developed in 240

participants in the placebo group and 208 of those in the candesartan group (relative

risk reduction, 15.6%; P � 0.007).

Over a period of 4 years, stage 1 hypertension developed in nearly two thirds of

patients with untreated prehypertension (the placebo group). Treatment of

prehypertension with candesartan appeared to be well tolerated and reduced the risk

of incident hypertension during the study period. Thus, treatment of prehypertension

appears to be feasible and effective in preventing the occurrence of stage 1

hypertension [44].



antagonists may be of value for both conditions. Aldosterone antagonists may
provide additional benefit in patients with severe LV dysfunction, usually late
stage C (NYHA class III–IV). In the Randomized Aldactone Evaluation Study
(RALES), low dose spironolactone (12.5–25 mg daily), when added to standard
therapy, decreased mortality by 34% [47]. However, hyperkalemia is a risk with
aldosterone antagonists even at low doses (especially since most patients also
are taking ACEIs or ARBs), but its incidence can be reduced by limiting ther-
apy to patients with serum creatinine � 2.5 mg/dL and monitoring carefully
serum potassium. BP targets in HF have not been firmly established, but low-
ering SBP (110–130 mmHg) is almost uniformly beneficial [38,46].

Diabetes and Hypertension
The coexistence of HTN in diabetes is particularly pernicious because of the
strong linkage of the two conditions with all CVD, stroke, progression of renal
disease, and diabetic retinopathy. Regarding the selection of medications,
clinical trials with diuretics, ACEIs, BBs, ARBs, and CCBs have a demonstrated
benefit in the treatment of HTN in both type 1 and type 2 diabetics [48–50].
Thiazide-type diuretics are beneficial in diabetics, either alone or as part of a
combined regimen [50]. Of potential concern is the tendency for thiazide-type
diuretics to worsen hyperglycemia, but this effect tended to be small and did
not produce more cardiovascular events compared to the other drug classes [38].

The ADA has recommended ACEIs for diabetic patients older than 55 years
of age at high risk for CVD, and BBs for those with known CAD [48]. With
respect to microvascular complications, the ADA has recommended both ACEIs
and ARBs for use in type 2 diabetic patients with CKD because these agents
delay the deterioration in GFR and the worsening of albuminoidal [38,48].

Chronic Kidney Disease and Hypertension
CKD is defined as either: (1) reduced excretory function with an estimated
GFR �60 mL/min/1.73 m2 (approximately corresponding to a creatinine of 
�1.5 mg/dL in men or �1.3 mg/dL in women); or (2) the presence of albu-
minuria (�300 mg/day or 200 mg/g creatinine). In a number of laboratories,
serum creatinine is being replaced as an index of renal function by estimated
GFR, the values of which are derived from newer algorithms that include
adjustments for gender, race, and age. The formula to calculate GFR is avail-
able on www.hdcn.com/calcf/gfr.htm.

Urinary albumin excretion has diagnostic and prognostic value equivalent
to reduced estimated GFR. To avoid inaccuracies associated with 24-hour
urine collections, spot urine samples may be used and the albumin/creatinine
ratio (ACR) determined. Microalbuminuria is present when the spot urine
ACR is between 30–200 mg albumin/g creatinine. ACR values �200 mg albu-
min/g creatinine signify the presence of CKD [38].

Treatment of HTN in CKD should include specification of target BP levels
(�130/80 mmHg), non-pharmacological therapy and specific antihyperten-
sive agents for the prevention of progression of CKD and development of 
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cardiovascular disease [51]. Many drugs can be used safely in chronic renal
failure but ACEIs and ARBs were most frequently chosen thanks to their reno-
protection effects [52,53,54]. Irbesartan Microalbuminuria Type 2 DM in
Hypertensive Patients (IRMA 2) study showed the progression from macroal-
buminuria to ESRD can be prevented by inhibition of the renin-angiotensin
system with an ARB [55].

Other antihypertensive drugs can be combined with ACEI or ARBs such as
diuretics, dihydropyridine CCBs and BBs. When treating HTN in patients with
non-diabetic kidney disease, use of combined therapy with ACEI and ARB may
offer more renoprotection than with either class of medication alone. Thiazide
diuretic may be used if estimated GFR � 30 mL/min/1.73m2, but loop diuretics
are usually needed for patients with lower kidney function [38]. Potassium-
sparing diuretics should be avoided in patients with chronic renal failure. A
stable increase of serum creatinine as much as 35% above baseline after ACEI or
ARB initiation may be tolerated, as long as hyperkalemia does not occur. ACEI
or ARB should be discontinued, or other potentially reversible causes of kidney
failure investigated if progressive and rapid rise of serum creatinine continues.

Hypertension and Cerebrovascular Disease
The risk of clinical complications of cerebrovascular disease including ischemic
stroke, hemorrhagic stroke, and dementia increases as a function of BP levels.
Given the population distribution of BP, most ischemic strokes occur in indi-
viduals with prehypertension or stage 1 HTN. The incidence of ischemic or
hemorrhagic stroke is reduced substantially by treatment of HTN. No specific
agent has been proven to be clearly superior to all others for stroke protection.
In the Losartan Intervention for Endpoint Reduction in Hypertension Study
(LIFE), there were fewer strokes in the losartan-treated group than in the group
treated with atenolol [56]. In the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT-LLT), the stroke incidence
was 15% greater with ACEI than with thiazide-type diuretic or dihydropyri-
dine CCB, but the BP reduction in the lisinopril group was also less than with
chlorthalidone or amlodipine [50].

With respect to the prevention of recurrent stroke, the Perindopril Protection
Against Recurrent Stroke Study (PROGRESS) demonstrated that addition of
the diuretic, indapamide, to the ACEI, perindopril, caused a 43% reduction in
stroke occurrence. No significant reduction was present in those on perindo-
pril alone whose BP was only 5/3 mmHg lower than in the control group [57].
The Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT) compared con-
ventional BP lowering based on treatment with a BB (atenolol) with or with-
out a thiazide (bendroflumethiazide-K), with a more contemporary regimen
based on a CCB (amlodipine) with or without an ACEI (perindopril). The
results show significantly lower rates of coronary and stroke events in indi-
viduals allocated an amlodipine-based combination drug regimen than in
those allocated an atenolol-based combination drug regimen (HR 0.86 and
0.77, respectively) [58].
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CRITICAL THINKING

Which medications reverse LVH? The LIFE study found that LVH, defined

by ECG, was reduced significantly more by a losartan-based than atenolol-

based regimen despite equivalent BP lowering [56]. However, in both the

Treatment of Mild HTN study and the Veterans Affairs Cooperative Monotherapy trial

[60,61] diuretic therapy achieved the greatest benefit in LV mass reduction. So the most

consistent reduction in LV mass was achieved with ARBs, the least reduction occurred

with BBs, and intermediate benefits occurred for diuretics and CCB [62].

Hypertension in Older People
Elderly patients usually have isolated systolic HTN which is defined as a sys-
tolic BP � 140 mmHg in the absence of an elevated diastolic BP (diastolic 
BP � 90 mmHg). Isolated systolic HTN is a pathologic process due to loss 
of compliance of the arterial system and is associated with an increased 

CLINICAL PEARLS

How to treat hypertension in acute stroke? The management of BP

during an acute stroke remains controversial. BP is often elevated in the

immediate post stroke period and is thought by some to be a compensatory

physiologic response to improve cerebral perfusion to ischemic brain tissue. The

American Stroke Association has provided the following guidelines: in patients with

recent ischemic stroke whose SBP is �220 mmHg or DBP 120–140 mmHg, cautious

reduction of BP by about 10–15% is suggested, while carefully monitoring the patient

for neurologic deterioration related to the lower pressure. If the DBP is �140 mmHg,

carefully monitored infusion of sodium nitroprusside should be used to reduce the BP

by 10–15%. SBP �185 mmHg or diastolic pressures �110 mmHg are contraindications

to the use of tissue plasminogen activator (tPA) within the first 3 hours of an ischemic

stroke. Once a thrombolytic agent has been initiated, BP should be monitored closely,

especially in the first 24 hours after initiation of treatment. SBP � 180 mmHg or

DBP � 105 mmHg usually necessitates therapy with intravenous agents to prevent

intracerebral bleeding [38,59]. Avoid large fluctuation of BP.

Left Ventricular Hypertrophy and Hypertension
Left ventricular hypertrophy (LVH) can occur in endurance athletes with normal
or supranormal systolic function, large end-diastolic volumes, and elongation
of myofibrils (eccentric hypertrophy). LVH due to long standing uncontrolled
HTN is usually characterized by “concentric” hypertrophy with circumferen-
tial hypertrophy of myofibrils, normal or increased contractility, increased rel-
ative wall thickness, normal or low end-diastolic volumes, and at times, impaired
relaxation (“diastolic dysfunction”). In population-based samples, 30–50 percent
of individuals with stages 1 and 2 hypertension have impaired left ventricular
relaxation, and in more severe forms of hypertension, about two-thirds have
abnormal left ventricular relaxation. In untreated or poorly treated individu-
als, LVH becomes a major risk factor for dilated cardiomyopathy and HF [38].



cardiovascular risk. Use of specific drug classes in older people is largely similar
to that recommended in the general algorithm and for individual compelling
indications. Combination therapy with two or more drugs is generally needed
to achieve optimal BP control. In routine practice, if the systolic goal is achieved,
the diastolic goal will almost always be reached as well. For elderly with iso-
lated systolic HTN, diuretic and CCBs are the best initial therapy option [50].

Orthostatic Hypotension
Normally, standing is accompanied by a small increase in DBP and a small
decrease in SBP when compared to supine values. Orthostatic hypotension
(OH) is present when there is a supine-to-standing BP decrease �20 mmHg sys-
tolic or �10 mmHg diastolic. There is more OH in diabetic individuals. There is
a strong correlation between the severity of OH and premature death, as well as
increased incidents of falls and fractures [63]. The causes of OH include severe
volume depletion, baroreflex dysfunction, autonomic insufficiency, and certain
venodilator antihypertensive drugs, especially alpha blockers and alpha-beta
blockers. Diuretics and nitrates may further aggravate OH. In treating older
hypertensive patients, clinicians should be alert to potential OH symptoms
such as postural unsteadiness, dizziness, or even fainting. Lying and standing
BPs should be obtained periodically in all hypertensive individuals over age 50.
OH is a common barrier to intensive BP control. Appropriate instruction on sit-
ting up slowly from a lying position or standing up slowly from a sitting posi-
tion while holding to something firm should be discussed with patients [38].

Hypertension in Women
Oral contraceptives may increase BP and the risk of HTN. Women using oral
contraceptives should have their BP checked regularly. HTN in the setting of
pregnancy should be followed carefully because of increase risks to mother and
fetus. Classification of HTN in pregnancy and treatment is shown in Tables
6.19–21 [38]. Methyldopa, BB, and vasodilators are preferred medications for
the safety of fetus. Other antihypertensive have theoretical disadvantage, but
none except the ACEI has been proven to increase fetal morbidity and mortality.
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Table 6.19 Classification of hypertension in pregnancy [38].

Chronic hypertension BP �140 mmHg systolic or 90 mmHg diastolic prior to pregnancy
pregnancy or before 20 weeks gestation

Persists �12 weeks postpartum

Pre-eclampsia BP �140 mmHg systolic or 90 mmHg diastolic with proteinuria
(�300 mg/24 hrs) after 20 weeks gestation

Can progress to eclampsia (seizures)
More common in nulliparous women, multiple gestation, women

with HTN for �4 years, family history of pre-eclampsia,
HTN in previous pregnancy, renal disease

Chronic hypertension New onset proteinuria after 20 weeks in a woman with HTN
with superimposed In a woman with HTN and proteinuria prior to 20 weeks gestation
pre-eclampsia Sudden two- to threefold increase in proteinuria

Sudden increase in BP
(Continued)
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Table 6.20 Treatment of chronic hypertension in pregnancy [38].

Agent Comments

Methyldopa Preferred based on long-term follow-up studies supporting safety
Betablockers Reports of intrauterine growth retardation (atenolol)

Generally safe
Labetalol Increasingly preferred to methyldopa due to reduced side effects
Clonidine Limited data
Calcium antagonists Limited data

No increase in major teratogenicity with exposure
Diuretics Not first-line agents

Probably safe
ACEIs, ARB Contraindicated

Reported fetal toxicity and death

ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; BB, �-blocker.

Table 6.21 Treatment of acute severe hypertension in pre-eclampsia [38].

Hydralazine 5 mg IV bolus, then 10 mg every 20–30 minutes to a maximum of
25 mg, repeat in several hours as necessary

Labetalol 20 mg IV bolus, then 40 mg 10 minutes later, 80 mg every 10 minutes
for two additional doses to a maximum of 220 mg

Nifedipine 10 mg PO, repeat every 20 minutes to a maximum of 30 mg
(controversial) Caution when using nifedipine with magnesium sulfate, can

see precipitous BP drop
Short-acting nifedipine is not approved by the Food and Drug
Administration for managing HTN

Sodium nitroprusside 0.25 �g/kg/min to a maximum of 5 �g/kg/min
(rarely, when others fail) Fetal cyanide poisoning may occur if used for more than 4 hours

BP, blood pressure; HTN, hypertension; IV, intravenous; PO, by mouth.

Table 6.19 (Continued)

Thrombocytopenia
Elevated AST or ALT

Gestational hypertension HTN without proteinuria occurring after 20 weeks gestation
Temporary diagnosis
May represent preproteinuric phase of pre-eclampsia or 

recurrence of chronic HTN abated in midpregnancy
May evolve to preeclampsia
If severe, may result in higher rates of premature delivery and

growth retardation than mild pre-eclampsia

Transient hypertension Retrospective diagnosis
BP normal by 12 weeks postpartum
May recur in subsequent pregnancies
Predictive of future primary HTN

ALT, aspartate aminotransaminase; AST, alanine aminotransferase; BP, blood pressure; HTN,
hypertension.



Resistant Hypertension
The term “resistant HTN” is used for the persistence of a BP that is usually
above 140/90 mmHg despite a combination of three or more antihypertensive
drugs at full doses including a diuretic. After excluding potential identifiable
HTN (see Table 6.16), physicians should carefully explore reasons why the
patient is not at target BP. Specific causes of resistant HTN are listed in Table
6.22. They can usually be identified by appropriate evaluation, and once iden-
tified can almost always be treated effectively. The prevalence of truly resist-
ant HTN is small [38,64].
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Table 6.22 Causes of resistant hypertension [38].

Improper BP measurement
Volume overload and pseudo tolerance
Excess sodium intake
Volume retention from kidney disease
Inadequate diuretic therapy

Drug-induced or other causes
Non-compliance
Inadequate doses
Inappropriate combinations
NSAIDs; cyclooxygenase 2 inhibitors
Cocaine, amphetamines, other illicit drugs
Sympathomimetics (decongestants, anorectics)
Oral contraceptives
Adrenal steroids
Cyclosporine and tacrolimus
Erythropoietin licorice (including some chewing tobacco)
Selected over-the-counter dietary supplements and medicines 

(e.g., ephedra, ma huang, bitter orange)

Associated conditions
Obesity
Excess alcohol intake

BP, blood pressure; NSAID, non-steroidal anti-inflammatory drug.

Hypertensive Crises
These include hypertensive emergencies and urgencies.

Hypertensive emergencies are characterized by severe elevations in BP
(�180/120 mmHg) complicated by evidence of impending or progressive
target organ dysfunction. They require immediate BP reduction (not necessarily
to normal level) to prevent or limit target organ damage [38]. Patients may
require hospitalization and parenteral drug therapy (Table 6.23). The initial goal
of therapy in hypertensive emergencies is to reduce mean arterial BP by no more
than 25% (within minutes to 1 hour), then if stable, to 160/100–110 mmHg
within the next 2–6 hours [38].

Hypertensive urgencies are those situations associated with severe elevations
in BP without progressive target organ dysfunction. Examples include upper
levels of stage 2 hypertension associated with severe headache, shortness of
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breath, epistaxis, or severe anxiety. The majority of these patients present as
non-compliant or inadequately treated hypertensive individuals, often with lit-
tle or no evidence of target organ damage [38]. The BP control can be lowered
by the oral agents. The initial goal of therapy should be archived a diastolic BP
of 100–110 mmHg in the several hours following admission. Normal BP can be
attained gradually over several days as tolerated by the individual patient.
Excessive or rapid decrease in BP should be avoided to minimize the risk of
cerebral hypoperfusion or coronary insufficiency.

Patients Undergoing Surgery
Uncontrolled HTN is associated with wider fluctuations of BP during induc-
tion of anesthesia and intubations, and may increase the risk for perioperative
ischemic events. BP levels of �180/110 mmHg should be controlled prior to
surgery. For elective surgery, effective BP control can be achieved over several
days to weeks of outpatient treatment. In urgent situations, rapidly acting par-
enteral agents, such as sodium nitroprusside, nicardipine, and labetalol, can
be utilized to attain effective control very rapidly. Surgical candidates with
controlled HTN should maintain their medications until the time of surgery,
and therapy should be reinstated as soon as possible postoperatively [38].

Hypertension in African-Americans
Hypertension is more prevalent and severe in African descendent populations
living outside of Africa than in any other populations. The racial difference is
even more remarkable for its most severe forms and complications. Excess mor-
bidity and mortality among African-Americans are more related to a multitude
of factors including late diagnosis, genetic, racial and biologic factors which all
work in concert with environmental factors (including smoking and “western”
lifestyle, diets and habits) and co-existing conditions including diabetes, obe-
sity, insulin resistance, sedentary lifestyles and metabolic syndrome. The preva-
lence of HTN in African-Americans is 37.5%. African-Americans with HTN
predominantly have a low serum/plasma renin and consequently a low
serum/plasma angiotensin II, conversely this is associated with a robust tissue
renin and angiotensin II levels, hence large doses of ACEI and ARBs required to
block these vasoactive substances [65,66]. The target BP for African-Americans
is 130/80 mmHg. For patients with diabetes and renal disease, it is
�130/80 mmHg; for patient with proteinuria (1 g/dL), it is �125/75 mmHg.

CLINICAL PEARLS

Treatment of hypertension in African-Americans Emphasis on the

importance of therapeutic lifestyle modification such as diet, weight loss

and exercise. Carefully controlled diet rich in fruits, vegetables, low fat

dairy products, low saturated fats, low in total fat, cholesterol, and low dietary

sodium � 2.4 g/day (100 mM/day), well supplemented in potassium � 90 mMol/day

produce reduction in BP. Aerobic exercise of moderate intensity is associated with

significant decrease in BP, decreased LV mass.



Follow-up
The JNC-7 guidelines recommend that most patients should return for follow-
up and adjustment of medications at approximately monthly intervals until
the BP goal is reached. More frequent visits will be necessary for patients with
stage 2 HTN or with complicating co-morbid conditions. Serum potassium and
creatinine should be monitored at least 1–2 times per year. After BP is at goal and
stable, follow-up visits can usually be at 3- to 6-month intervals [38].

Hypercholesterolemia

The Adult Treatment Panel III (ATP III) of the National Cholesterol Education
Program (NCEP) recommends that LDL cholesterol be the primary target of
therapy with LDL goals based on risk levels (Table 6.24) [24,70]. Risk calcula-
tors for these goals are available at www.nhlbi.nih.gov/guidelines/cholesterol.
The very high risk category includes patient with established CHD plus (1)
multiple major risk factors (especially diabetes), (2) severe and poorly controlled
risk factors (especially continued cigarette smoking), (3) multiple risk factors of
the metabolic syndrome (especially high triglycerides 200 mg/dL plus non-HDL
cholesterol 130 mg/dL with low-HDL cholesterol [40 mg/dL]) and (4) with
acute coronary syndromes (ACS) [70]. The clinical trials add further support for
the NCEP priority on high serum LDL cholesterol. Four trials; including Heart
Protection Study (HPS) [71], PROspective Study of Pravastatin in the Elderly
at Risk (PROSPER) [72], Angio-Scandinavian Cardiac Outcomes Trial–Lipid
Lowering Arm (ASCOT–LLA) [73], and Pravastatin or Atorvastatin Evaluation
and Infection Therapy–Thrombolysis in Myocardial Infarction 22 Investigators
(PROVE-IT-TIMI-22) [74] demonstrate that effective LDL cholesterol reduction
substantially reduces risk for CHD, whereas one trial, ALLHAT-LLT, [74b]
failed to produce a sizable differential in LDL cholesterol levels between treat-
ment and control groups and did not yield a significant risk reduction.

Although LDL cholesterol is the primary target of therapy, other lipid risk
factors besides elevated LDL affect CHD risk. Among these are low HDL cho-
lesterol, elevated triglyceride (especially very low-density lipoprotein (VLDL)
remnants), and possibly small LDL particles. This “lipid triad” has been called
atherogenic dyslipidemia. Therefore, the ATP III introduced a secondary target
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Response to ACEI and BB is blunted in African-Americans when used as

monotherapy, combination regimen including a diuretic narrows the response in this

racial divide. African-Americans exhibit the most profound response of lower BP to

diuretics, followed by CCB. Adequate BP control is common denominator in good

outcomes regardless of agents used [50,66,67].

Use of ACEI or ARBs in adequate doses with other classes of anti-hypertension

translates into improved renal and cardiac indices [66–68], and prevent or stem

progression of new onset diabetes [69]. CCB are not deleterious to cardiovascular

outcomes [50].



of therapy namely non-HDL cholesterol, in patients with elevated triglyc-
erides (�200 mg/dL). VLDL � LDL cholesterol, termed non-HDL cholesterol,
equals total cholesterol minus HDL cholesterol, which represents atherogenic
cholesterol. Relations among the different lipoprotein fractions are as follows:

1) Total cholesterol � LDL � VLDL � HDL
2) Total cholesterol � HDL � LDL � VLDL � non-HDL

The non-HDL cholesterol goal is 30 mg/dL higher than the LDL cholesterol
goal. Non-HDL cholesterol was added as a secondary target of therapy to take
into account the atherogenic potential associated with remnant lipoproteins
in patients with hypertriglyceridemia [24,70]. The CHD risk equivalents men-
tioned in Table 6.24 are clinical manifestations of noncoronary forms of athero-
sclerotic disease (transient ischemic attacks or stroke of carotid origin, �50%
obstruction of a carotid artery), diabetes, and 2 � risk factors with 10-year
risk �20% for hard CHD [24,70].
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Table 6.24 Categories of risk that modify low density lipoprotein cholesterol goals [70].

Risk category LDL goal (mg/dL)

Very high risk: high risk features (e.g. CHD � DM) Optional goal � 70
High risk: CHD and CHD risk equivalents; 10 year risk � 20% �100
Moderately high risk: 10 year risk 10–20% �130, optional goal � 100
Moderate risk: 2� risk factors; 10-year risk � 10% �130
Lower risk: 0–1 risk factors (�10% ten-year risk) �160

CHD, coronary heart disease; LDL, low density lipoprotein; DM, diabetes mellitus.

Lipid Lowering with Statin
The statin drugs are considered the agents of first choice for lowering LDL
cholesterol based on their efficacy and multiple studies across the risk spectrum
showing a reduction in cardiovascular morbidity and mortality with these
agents. Statin works by inhibiting the enzyme HMG-CoA reductase, thus
reducing the cholesterol content in the hepatocytes, and enhancing removal
cholesterol from the ciruculation. There are currently six statins on the US mar-
ket (Table 4.25). They differ in terms of efficacy, half-life and metabolism. The
statins work by inhibiting the enzyme that catalyzes the rate-limiting step in
cholesterol synthesis. This leads to clearance of LDL cholesterol particles from
the circulation by the liver. In addition, statins minimally raise HDL choles-
terol and lower triglyceride-containing particles. They all reduce levels of
high-sensitivity C-reactive protein and other inflammatory markers.

Primary Prevention
Two important primary prevention trials have shown that treatment with
statins can reduce cardiovascular events between 19–37%. Individuals with
multiple risk factors have a greater potential for benefit. The West of Scotland



Coronary Prevention (WOSCOP) study used pravastatin in a high-risk cohort
of middle-aged men with high cholesterol levels and showed that a 26%
reduction in LDL cholesterol resulted in a 31% relative reduction in risk of
non-fatal MI and death from CAD [75]. The Air Force/Texas Coronary
Atherosclerosis Prevention Study (AFCAPS/TexCAPS) evaluated whether
cholesterol lowering with statin therapy can benefit individuals with average
cholesterol levels but low HDL cholesterol levels. In this study, lovastatin
reduced the risk of a first major cardiac event by 37% [76]. However, should
the LDL cholesterol level be lowered further? Will there be further benefits?
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Evidence-based Medicine: The ASTEROID trial

In A Study to Evaluate the Effect of Rosuvastatin on Intravascular

Ultrasound (IVUS)-Derived Coronary Atheroma Burden trial, 349 patients

received intensive statin therapy with rosuvastatin, 40 mg/day and had

evaluable serial IVUS examinations. Two primary efficacy parameters were

prespecified: the change in plaque atheroma volume (PAV) and the change in nominal

atheroma volume in the 10-mm sub-segment with the greatest disease severity at

baseline. A secondary efficacy variable, change in normalized total atheroma volume

for the entire artery, was also prespecified. The results showed that the mean baseline

LDL cholesterol level of 130.4 mg/dL declined to 60.8 mg/dL, a mean reduction of

53.2% (P � 0.001). Mean HDL cholesterol level at baseline was 43.1 mg/dL, increasing

to 49.0 mg/dL, an increase of 14.7% (P � 0.001). The mean change in PAV for the

entire vessel was �0.98% (3.15%), with a median of �0.79% (97.5% CI, �1.21% to

�0.53%) (P � 0.001 vs. baseline). The mean (SD) change in atheroma volume in the

most diseased 10-mm subsegment was �6.1(10.1)mm3, with a median of �5.6 mm3

(97.5% CI, �6.8 to �4.0 mm3) (P � 0.001 vs. baseline). Change in total atheroma volume

showed a 6.8% median reduction; with a mean (SD) reduction of �14.7 (25.7) mm3,

with a median of �12.5 mm3 (95% CI, �15.1 to �10.5 mm3) (P � 0.001 vs. baseline).

Table 6.25 Available statins.

Statin (generic) Brands available Available LDL lowering
doses (mg) efficacy (%)

Lovastatin Lovastatin 10, 20, 40, 21–42
Mevacor (Merck) 60 SR (Altocor)
Altocor (Andrix)

Pravastatin Pravachol 10, 20, 40, 80 22–37
(Bristol-Myers

Squibb)
Fluvastatin Lescol (Novartis) 20, 40, 80 SR 22–36

Lescol XL
Simvastatin Zocor (Merck) 10, 20, 40, 80 26–47
Atorvastatin Lipitor (Pfizer) 10, 20, 40, 80 39–60
Rosuvastatin Crestor (AstraZeneca) 5, 10, 20, 40 40–60



Secondary Prevention
The use of statins in patients already diagnosed with CAD was studied in sec-
ondary prevention trials to determine if these agents would reduce subse-
quent cardiac events. The Scandinavian Simvastatin Survival Study (4S)
evaluated the effect of cholesterol lowering with simvastatin in 4444 patients
with angina or a previous MI, and reported a 30% reduction in risk of death
compared with the placebo group [78]. This was the first major study to show
that long-term treatment with simvastatin is safe and improves survival in
CHD patients. Additional studies such as the Cholesterol and Recurrent Events
(CARE) trial using pravastatin demonstrated similar results in individuals
with lower average cholesterol levels than the 4S study [79].

The Medical Research Council Heart Protection Study extended these find-
ings to CHD risk equivalent patients. This large collaborative study of over
20,000 individuals treated patients with CAD, other atherosclerotic disease
including carotid artery disease and PAD, or diabetes [71]. Patients were ran-
domized to simvastatin 40 mg/day or placebo. The treatmentgroup had a
24% reduction in major vascular events regardless of their disease category.
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Adverse events were infrequent and similar to other statin trials. Very high-intensity

statin therapy using rosuvastatin 40 mg/day achieved an average LDL cholesterol of

60.8 mg/dL and increased HDL cholesterol by 14.7%, resulting in significant regression

of atherosclerosis for all three prespecified IVUS measures of disease burden [77].

Evidence-based Medicine: Intensive vs standard therapy

A recent meta-analysis cardiovascular outcomes with high-dose statin

therapy vs standard dosing; from four randomized trials, including TNT

(Treating to New Targets), IDEAL (Incremental Decrease in End Points

Through Aggressive Lipid Lowering), PROVE-IT-TMI-22 and A–Z (Aggrastat-to-Zocor)

yielded a population of 27,548 patients with either stable CHD or ACSs showed a

significant 16% odds reduction in coronary death or myocardial infarction

(p � 0.00001), as well as a significant 16% odds reduction of coronary death or any

cardiovascular event (p � 0.00001) [79a]. These trials achieved final mean LDL

cholesterol levels of 62–81 mg/dL (1.6–2.1 mMol/L), which are well below the current

100 mg/dL (2.6 mMol/L) guideline target for patients at elevated cardiovascular risk [24].

No difference was observed in total or non-cardiovascular mortality, but a trend toward

decreased cardiovascular mortality (odds reduction 12%, p � 0.054) [79a]. Thus, it

appears that intensive therapy for LDL lowering does indeed provide additional clinical

cardiovascular benefit to ‘standard’ intervention with these statins. However, these

benefits are modest, and the potential for further benefits may be limited. A

prospective meta-analysis of data from 90,056 individuals in 14 randomised trials of

statins has shown that the relative risk of CHD or of any adverse vascular event during

statin treatment declined by about 20% for each 1 mMol/L (39 mg/dL) reduction in 

LDL cholesterol [80a]. In addition, for some patients, increased cost or emergence of

side-effects may limit the practicability of intensive statin therapy.
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Table 6.26 Monitoring parameters and follow-up schedule [24].

Drug Monitoring parameters Follow-up schedule

Bile acid Indigestion, bloating, constipation, Evaluate symptoms initially, and 
sequestrants abdominal pain, flatulence, at each follow-up visit. Also 

nausea check time of administration 
of other drugs

(Continued)

CLINICAL PEARLS

How to treat high cholesterolemia? The general strategy for initiation

and progression of drug therapy is outlined in Figure 6.3. Consideration of

drug therapy often occurs simultaneously with the decision to initiate

lifestyle change. Thus weight reduction and exercise may begin at the same time as

drug treatment.

After 6 weeks, the response to therapy should be assessed. If the LDL cholesterol

goal is still not achieved, further intensification of therapy should be considered, with

re-evaluation in another 6 weeks. Once the LDL cholesterol goal has been attained,

attention turns to other lipid risk factors when present.

If triglycerides are high (�200 mg/dL), the secondary target of treatment becomes

non-HDL cholesterol. If the LDL cholesterol goal has been attained but not the non-

HDL cholesterol goal, there are two alternative approaches: (1) the dose of the 

LDL-lowering drug can be increased to reduce both LDL and VLDL; or (2) consideration

can be given to adding a triglyceride-lowering drug (fibrate or nicotinic acid) to 

LDL-lowering therapy, which will mainly lower VLDL.

Once the patient has achieved the treatment goal(s), follow-up intervals may be

reduced to every 4–6 months (Figure 6.3). The primary focus of these visits is

encouragement of long-term compliance with therapy and side effects. Monitoring

parameters and follow-up schedule listed in the Table 6.26 [24].

Initiate
LDL-lowering
drug therapy

6 wks 6 wks
Q-4-6
mos

Start statin or bile
acid sequestrant
or nicotinic acid

Consider higher
dose of statin or
add bile acid
sequestrant or
nicotinic acid

If LDL goal
achieved, treat
other lipid risk
factors

If LDL goal
not achieved,

intensify
LDL-lowering

therapy

Monitor
response and
adherence to

therapy

If LDL goal
not achieved,

intensify
drug therapy
or refer to a

lipid specialist

Figure 6.3 Progression of drug therapy [24].
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Table 6.26 (Continued)

Drug Monitoring parameters Follow-up schedule

Nicotinic acid Flushing, itching, tingling, headache, Evaluate symptoms initially, 
nausea, gas, heartburn, fatigue, rash and at each follow-up visit

Peptic ulcer Evaluate symptoms initially, then 
as needed

Fasting blood sugar; uric acid Obtain an FBS and uric acid
initially, 6–8 weeks after
starting therapy, then annually
or more frequently if indicated 
to monitor for hyperglycemia 
and hyperuricemia

ALT and AST Obtain an ALT/AST initially,
6–8 weeks after reaching a
daily dose of 1500 mg, 6–8
weeks after reaching the maxi-
mum daily dose, then annually 
or more frequently if indicated

Statins Muscle soreness, tenderness Evaluate muscle symptoms and 
or pain CK initially. Evaluate muscle 

symptoms at each follow-up 
visit. Obtain a CK when 
persons have muscle 
soreness, tenderness, or pain

ALT, AST Evaluate ALT/AST initially,
approximately 12 weeks after 
starting, then annually or more
frequently if indicated

Fibrates Abdominal pain, dyspepsia, Evaluate symptoms initially,
headache, drowsiness and at each follow-up visit
Cholelithiasis Evaluate history and 

symptoms initially, and then
as needed

ALT, aspartate aminotransaminase; AST, alanine aminotransferase; CK, creatine kinase; FBS,
fasting blood sugar.

Combination Therapy
Statins are currently the most prescribed lipid-altering drugs because of their
efficacy in favorably altering blood lipid levels, safety and tolerability, and
proven benefits on reducing atherosclerotic CHD events. However, some
patients require combination lipid-altering treatment to achieve their LDL cho-
lesterol and non-HDL cholesterol goals. How to choose between the higher
dose statin monotherapy or combination of two different classes of drugs?
The lipid-altering agents most commonly used in combination with statins
include ezetimibe, bile acid sequestrants, peroxisome proliferator–activated
receptor (PPAR) agonists, fish oils, and niacin.
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Statin and Ezetimibe
Ezetimibe blocks the synthesis of a key protein in the intestinal villi, thus pre-
venting the absorption of dietary cholesterol. By itself, the drug has been
shown to modestly reduce the serum levels of LDL cholesterol, but it works
synergistically when combined with a statin. In the Ezetimibe Study with 628
patients diagnosed of primary hypercholesterolemia, ezetimibe plus 10 mg of
atorvastatin was more effective than atorvastatin 10 mg, 20 mg, or 40 mg in
lowering LDL cholesterol levels. In fact, the LDL cholesterol-lowering efficacy
of 10 mg of ezetimibe plus 10 mg of atorvastatin was similar to 80 mg of ator-
vastatin (the “formula” of “10 � 10 � 80”) [80]. Two other studies with a total
of 1555 participants, demonstrated ezetimibe/simvastatin to be more effective
in lowering LDL cholesterol levels than simvastatin monotherapy, with a mean
reduction of 51–53% compared with 37–39% with simvastatin alone [81,82].

CLINICAL PEARLS

When to combine drugs for hypercholesterolemia? Combination lipid-

altering drug therapy with statins is often indicated for the following

patients.

1 Patients who are unable to achieve recommended treatment LDL cholesterol and

non-HDL cholesterol goals with statin monotherapy.

2 Patients who may be at risk for intolerance, toxicity, or adverse drug interactions

with higher-dose statin monotherapy. Or

3 Patients who may benefit from the use of one or more lipid-altering drugs in

combination with statins resulting in complementary benefits towards further

reduction in CHD risk.

Evidence-based Medicine: The VYVA trial

In the Vytorin vs. Atorvastatin trial, 1902 patients with LDL cholesterol

above ATP III goal were randomized to atorvastatin (10 mg, 20 mg, 40 mg,

or 80 mg) or to ezetimibe/simvastatin (10/10 mg, 10/20 mg, 10/40 mg, or

10/80 mg). The results showed that at each milligram-equivalent statin dose

comparison, and averaged across doses, ezetimibe/simvastatin provided greater LDL

cholesterol reductions (47–59%) than atorvastatin (36–53%). Ezetimibe/simvastatin

10/40 mg and 10/80 mg also provided significantly greater HDL cholesterol increases

than atorvastatin 40 mg and 80 mg. Triglyceride reductions were similar for all

comparisons. More ezetimibe/simvastatin than atorvastatin patients with CHD or CHD

risk equivalents attained the ATP III LDL cholesterol goal of �100 mg/dL and the

optional LDL cholesterol target of �70 mg/dL. C-reactive protein reductions were

similar between treatment groups [83].

No studies of ezetimibe alone or the combination of ezetimibe and simvastatin have

examined cardiovascular morbidity or mortality or all-cause mortality.



Statin and Niacin
Several clinical trials supported the efficacy of nicotinic acid for reduction of
CHD risk, both when used alone [84] and in combination with statins [85].
The combination of a statin with nicotinic acid produces a marked reduction
of LDL cholesterol and a striking rise in HDL cholesterol (the ADvicor vs.
Other Cholesterol-Modulating Agents Trial Evaluation [ADVOCATE) [85].
Although the majority of patients can tolerate nicotinic acid therapy, a sizable
minority are intolerant because of a variety of side effects.

Statin and Fibrate
For the combination of fibrate and statin, although the evidence base to support
fibrate therapy is not as strong as that for statins, fibrates may have an adjunctive
role in the treatment of patients with high triglycerides/low HDL, especially in
combination with statins. Concern about development of myopathy with this
combination has been lessened somewhat by the recent finding that one fibrate,
fenofibrate, does not interfere with catabolism of statins and thus likely does not
substantially increase the risk for clinical myopathy in patients treated with
moderate doses of statins [86]. A statin plus fibrate can reduce both LDL choles-
terol and VLDL cholesterol (i.e., non-HDL cholesterol) in patients with elevated
triglycerides. Since the primary aim of cholesterol management is LDL reduc-
tion, statin therapy usually will be introduced before fibrates. In some patients
with high triglycerides, both LDL and non-HDL goals can be attained with
higher doses of statins or by an alternative approach with statin and fibrate [24].

Management of Specific Dyslipidemias

Familial Hypercholesterolemia, Very High LDL cholesterol
Severe forms of elevated LDL cholesterol are defined as those in which LDL
concentrations are persistently � 190 mg/dL after therapeutic lifestyle changes.
Most elevations of this degree have a strong genetic component. It is caused
by a mutation of the gene for the LDL receptor which is located on chromo-
some 19. In heterozygous familial hypercholesterolaemia (FH), one of the
LDL-receptor genes has a mutation; in homozygous FH both LDL-receptor
genes are affected. This mutation prevents the receptor from participating
efficiently in LDL uptake. In patients with FH, LDL remains in the circulation
for longer, from the average of 2.5 days to about 4.5 days in heterozygous FH,
to even longer in homozygous FH. By adulthood the serum cholesterol level
in heterozygous FH can be double what it would have been in the absence of
the mutation, and typically can be 9.0–14.0 mMol/L (360–560 mg/dL). In
homozygous FH, serum total cholesterol levels are almost always greater
than 15 mMol/L (600 mg/dL) and can be as high as 30 mMol/L (1200 mg/dL).
The symptoms of FH are tendon xanthomata, corneal arcus and xanthela-
mata. All of these symptoms tend to occur earlier in patients with homozy-
gous FH than in patients with heterozygous FH, and can even occur in
childhood. Patients with FH have increased risk of early-onset CVD. MI has
been recorded in patients with homozygous FH at 2 years of age, and life
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expectancy does not usually extend beyond the early twenties. The use of
statin therapy in patients with FH represents a major advancement in the
treatment of these patients [87]. Clinical features, clinical outcomes, and ther-
apeutic considerations are listed in Table 6.27 [24].

Table 6.27 Familial disorders that cause very high low density lipoprotein cholesterol levels
(�190 mg/dL) [24].

Clinical condition Clinical features Therapeutic considerations
and clinical outcomes

Heterozygous FH Due to mutated LDL receptor Begin LDL-lowering drugs
(half normal-expression) in young adulthood

Prevalence: 1/500 in US TLC indicated for all persons
LDL cholesterol levels: twice normal Statins: first line of therapy (start 

(e.g., 190–350 mg/dL) dietary therapy simultaneously)
Tendon xanthomas common BAS (if necessary in combination 
Premature CHD common with statins) If needed, 

consider triple-drug therapy 
(statins � BAS � nicotinic acid)

Homozygous FH Due to two mutated LDL receptors Dietary therapy not effective
Prevalence: 1/1,000,000 in US BAS not effective
LDL cholesterol levels: 4-fold  Nicotinic acid mildly effective

increase (e.g., 400–1000 mg/dL) Statins may be moderately
Xanthomas: tendinous, tuberous, effective in some persons

dermal Ileal exclusion operation not 
Widespread, atherosclerosis effective

(multiple arterial beds affected) Liver transplant effective, but
Very severe clinical atherosclerotic impractical

disease LDL-pheresis currently employed
Aortic valve disease therapy (in some persons, 

statin therapy may slow down 
rebound hypercholesterolemia)

FDB Due to mutated apo B-100 TLC indicated
(position 3500 A-G) All LDL-lowering drugs are 

Prevalence 1/700–1000 effective
LDL cholesterol levels: 1.5–2-fold Combined drug therapy required

increase (e.g., 160–300 mg/dL) less often than in 
Xanthomas: tendon heterozygous FH
Premature CHD
CHD 40–65 year common in men
Uncertain in women

Polygenic Due to multiple gene TLC indicated for all persons
hypercholesterolemia polymorphisms (often combined Consider for drug therapy (if

with dietary excesses) LDL cholesterol � 190 mg/dL  
Prevalence: 1/10–20 (depending after dietary therapy [all persons])

on age) All LDL-lowering drugs are
LDL cholesterol: � 190 mg/dL effective; if necessary to reach
Prevalence of CHD: 3–4-fold LDL cholesterol goals, consider 

increase (above average) combined drug therapy

BAS, bile acid sequestrants; CHD, coronary heart disease; FDB, familial defective apolipoprotein
B-100; FH, familial hypercholesterolemia; LDL, low density lipoprotein; TLC, therapeutic lifestyle
changes.



Elevated Triglycerides
Triglycerides are major lipids in chylomicrons and VLDL particles. Increased
triglyceride levels, especially in individuals with additional lipoprotein
abnormalities (mixed hyperlipidemia), predict higher cardiovascular risk.
Elevated triglyceride level is marker for the metabolic syndrome and predicts
the presence of small dense LDL particles. Small dense LDL particles are more
susceptible to oxidation which may increase their atherogenicity. Classification
and causes of elevated serum triglycerides are listed in Table 6.28 [24].
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Table 6.28 Classification and causes of elevated serum triglycerides [24].

Classification of serum triglycerides Causes of elevated serum triglycerides

Normal triglycerides (�150 mg/dL)

Borderline high triglycerides Acquired causes
(150–199 mg/dL) – Overweight and obesity

– Physical inactivity
– Cigarette smoking
– Excess alcohol intake
– High carbohydrate intake (�60% of total energy)
Secondary causes*
Genetic causes
– Various genetic polymorphism

High triglycerides (200–499 mg/dL) Acquired causes
– Same as for borderline high triglycerides (usually

combined with foregoing causes)
Secondary causes*
Genetic patterns
– Familial combined hyperlipidemia
– Familial hypertriglyceridemia
– Polygenic hypertriglyceridemia
– Familial dysbetalipoproteinemia

Very high triglycerides (�500 mg/dL) Usually combined causes
– Same as for high triglycerides
Familial lipoprotein lipase deficiency
Familial apolipoprotein C-II deficiency

*Secondary causes of elevated triglycerides: diabetes mellitus (see Diabetic dyslipidemia), chronic
renal failure, nephrotic syndrome, Cushing’s disease, lipodystrophy, pregnancy, and various drugs
(corticosteroids, �-blockers, retinoids, oral estrogens [not transcutaneous estrogen], tomoxifen,
protease inhibitors for AIDS).

Treatment of hypertriglyceridemia consists of both a lifestyle modification
program and pharmacological therapy. Table 6.29 gives a summary of a lifestyle
modification and drug therapy to reduce elevated triglyceride levels [24,88].

For many patients with mild increases in triglycerides a lifestyle program
alone will normalize the triglyceride levels. The limitation of the intake of
complex carbohydrates can be very beneficial in lowering triglyceride levels
[88]. When lifestyle modification cannot achieve the desired triglyceride goal,
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Table 6.29 Treatment considerations for elevated serum triglycerides.

Serum triglyceride category Special treatment considerations

Borderline high triglycerides Primary goal: achieve LDL cholesterol goal
(150–199 mg/dL) Life-habit changes: first-line therapy for borderline high

triglycerides
– Body weight control
– Regular physical activity
– Smoking cessation
– Restriction of alcohol use (when consumed in excess)
– Avoid high carbohydrate intakes (�60% of calories)
Drug therapy:
– Triglycerides in this range not a direct target of drug therapy

High triglycerides Primary goal: achieve LDL cholesterol goal
(200–499 mg/dL) Secondary goal: achieve non-HDL cholesterol goal: 30 mg/dL

higher than LDL cholesterol goal
First-line therapy for high triglycerides: TLC-emphasize weight
reduction and increased physical activity
Second-line therapy: drugs to achieve non-HDL cholesterol goal
– Statins: lowers both LDL cholesterol and VLDL cholesterol
– Fibrates: lowers VLDL-triglycerides and VLDL cholesterol
– Nicotinic acid: lowers VLDL-triglycerides and VLDL cholesterol
Alternate approaches to drug therapy for lowering
non-HDL cholesterol
– High doses of statins (lower both LDL cholesterol and

VLDL cholesterol)
– Moderate doses of statins and triglyceride-lowering drug

(fibrate or nicotinic acid):
Caution: increased frequency of myopathy with
statins � fibrates

Very high triglycerides Goals of therapy:
(�500 mg/dL) – Triglyceride lowering to prevent acute pancreatitis (first priority)

– Prevention of CHD (second priority)
Triglyceride lowering to prevent pancreatitis:
– Very low-fat diet when TG �1000 mg/dL (�15% of total

calories as fat)
– Medium-chain triglycerides when TG �1000 mg/dL (can

replace long-chain triglycerides in diet)
– Institude weight reduction/physical activity
– Fish oils (replace some long-chain triglycerides in diet)
– Triglyceride-lowering drugs (fibrate or nicotinic acid): most

effective
– Statins: not first-line agent for very high triglycerides (statins

not powerful triglyceride-lowering drugs)
– Bile acid sequestrants: contraindicated—tend to raise

triglycerides
Triglyceride lowering to prevent CHD:
– Efficacy of drug therapy to prevent CHD in persons with very

high triglycerides not demonstrated by clinical trials

CHD, coronary heart disease; HDL, high density lipoprotein; LDL, low density lipoprotein; TG,
triglyceride; TLC, therapeutic lifestyle changes; VLDL, very low-density lipoprotein.



pharmacological therapy will need to be considered. Triglyceride values greater
than 500 mg/dL usually require drug therapy. The fibric acid derivatives are
most commonly used for isolated hypertriglyceridemia although these agents
typically lower triglyceride levels only about 30%. Omega-3 fatty acids in the
form of dietary fish or fish oil supplements can help to lower triglyceride levels.
Prospective data and clinical trial evidence in secondary CHD prevention sug-
gest that higher intakes of n-3 fatty acids reduce risk for coronary events or coro-
nary mortality. ATP III supports the AHA recommendation that fish be included
as part of a CHD risk-reduction diet [24]. Doses of 4 g of omega-3 fish oils a day
may be needed to achieve about a 30% reduction in triglyceride levels [89].

Strategies for Raising HDL cholesterol
HDL cholesterol levels are inversely correlated with CHD risk. The AFCAPS/
TexCAPS trial suggested that a treatment strategy using statins to primarily
lower LDL cholesterol could achieve risk reduction in individuals with lower
than average HDL cholesterol values [76]. Strategies to raise HDL cholesterol
have also been studied. The fibrates are a class of medications that lower
triglyceride levels and mildly raise HDL cholesterol. They may lower LDL
cholesterol although if there is a substantial decrease in triglyceride levels, LDL
cholesterol may increase slightly in some patients. This increase in LDL cho-
lesterol may be due to an increase in size and thus cholesterol content of the
LDL particles and not an increase in absolute number of LDL particles. These
less dense LDL particles may be less atherogenic than small dense LDL. There
are currently four available fibrates (three in the US), although clofibrate is
rarely used because of potential gastrointestinal toxicity (Table 6.30).
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Table 6.30 Fibrates.

Fibrate (generic) Brands available Doses available (mg)

Gemfibrozil Lopid (Parke–Davis, NY) 600
Fenofibrate Tricor (Abbott, Abbott Park IL) 45, 160

Fenofibrate micronized 67, 134, 200
Bezafibrate (not in US) Bezalip (Roche, Manati PR), 200, 400

Bezalip SR and generic
Clofibrate (not widely Atromid-S (Wyeth,

available) Philadelphia PA) and generic 500

The Veterans Affairs High-Density Lipoprotein Cholesterol Intervention
Trial (VA-HIT) compared 1200 mg of gemfibrozil with placebo in over 2500 men
with CHD and low HDL cholesterol levels (40 mg/dL or less) [68,90]. HDL
cholesterol levels were increased by 6%, triglycerides lowered 31% and no
change was observed in LDL cholesterol levels with gemfibrozil therapy.
There was a 24% reduction in the combined endpoint of death from CAD,
non-fatal MI and stroke. This risk reduction is comparable to findings in
many of the statin trials.



Niacin therapy has the greatest potential to raise HDL cholesterol levels. Niacin
is available as a short-acting supplement or as a prolonged release preparation to
attempt to avoid cutaneous side effects such as flushing. Brands available in the
US include Niaspan (Kos Pharmaceutical Inc, Miami FL) and Slo-Niacin
(Upsher-Smith, Minneapolis MN). High doses of niacin can raise HDL choles-
terol greater than any other currently available therapy. There have been few
outcome studies, however, that document cardiovascular risk reduction with
niacin. The Coronary Drug Project conducted between 1966 and 1975 evaluated
the long-term efficacy of 3 g of niacin daily in a group of men who had previous
MI [91]. Mortality in the niacin group was 11% lower than in the placebo group
(52.0 versus 58.2%; p � 0.0004). No further studies with niacin have been per-
formed that clearly show risk reduction. Niacin is difficult to take and nearly
50% of individuals cannot tolerate the drug because of side effects. Niacin is
used in lower doses in combination with statins with the hope that a combined
effect of lowering LDL cholesterol with the statin and raising HDL cholesterol
with niacin will translate into further risk reduction. The product Advicor (Kos
Pharmaceutical Inc, Miami FL) combining lovastatin with extended-release
niacin can lower LDL cholesterol from 30–42% and raise HDL cholesterol up to
30% with currently available doses. Studies will need to be performed to deter-
mine if these favorable lipid changes bring about further event reduction.

Emerging therapies are being developed to increase HDL cholesterol since
HDL is an independent cardiovascular risk factor and high HDL cholesterol lev-
els appear to protect against the development of CAD. Investigators have tar-
geted cholesteryl ester transfer protein (CETP) for raising HDL. Individuals with
CETP deficiency have a marked increase in HDL levels. A number of CETP
inhibitors are in development. Torcetrapib has been studied in phase two multi-
dose trials and has resulted in HDL cholesterol increases from 16–91% from
baseline, LDL cholesterol decreased 21–42% [92]. Further studies will be carried
out to determine if these impressive changes in lipid values will lead to signifi-
cant cardiovascular risk reduction [93]. So, these effects of CETP inhibition
resemble those observed in partial CETP deficiency. This work serves as a prel-
ude to further studies in subjects with low HDL, or combinations of dyslipi-
demia, in assessing the role of CETP in atherosclerosis.

Diabetic Dyslipidemia
The term diabetic dyslipidemia essentially refers to atherogenic dyslipidemia
occurring in persons with type 2 diabetes. It is characterized by elevated
triglyceride-rich lipoproteins, small LDL particles, and low HDL cholesterol
concentrations. Diabetic dyslipidemia must be considered as one component
of the metabolic syndrome, which is exceedingly common in persons with
type 2 diabetes. Since diabetes falls into the category of CHD risk equivalent,
the goal for LDL cholesterol in persons with diabetes, particularly type 2 dia-
betes, is �100 mg/dL and optimally �70 mg/dL.

If the patient also has high triglycerides (�200 mg/dL), non-HDL cholesterol
will be a secondary target [24]. Simultaneous control of other risk factors is
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essential. For treatment, statins are first-line therapy for reducing LDL choles-
terol levels in persons with diabetes and they are generally well tolerated
[94–96]. They have the advantage of lowering VLDL cholesterol as well as LDL
cholesterol; thus they can assist in attaining the non-HDL cholesterol goal when
triglyceride levels are �200 mg/dL. Fibrates favorably modify diabetic dyslipi-
demia. They are well tolerated, and do not worsen hyperglycemia. The
Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) trial, has
shown that patients with type 2 diabetes, use of fenofibrate should be consid-
ered in the context of well-established statin therapy, where its main use is likely
to be in combination. It was demonstrated to be well tolerated, alone and in com-
bination with statin therapy [97]. However, we need to note that more answers
to questions about the safety and efficacy of combined use of fenofibrate and a
statin in diabetes patients should come from the ongoing Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial. Nicotinic acid also has a favor-
able effect on diabetic dyslipidemia. Unfortunately, nicotinic acid therapy can
increase insulin resistance and clinical experience has shown that in rare
instances, diabetic dyslipidemia is worsened with nicotinic acid therapy [98].

Dyslipidemia in Patients with Liver Disease
Biliary obstruction can lead to severe hypercholesterolemia that is resistant to
conventional cholesterol-lowering drugs. The only effective therapy is treatment
of the underlying liver or biliary tract disease [24]. In patients with borderline
elevation of liver enzyme, if the patient needs to be on medication, the patient
should be on statin with more frequent checks of liver enzyme. If there is per-
sistent and substantial elevation of liver enzyme, then statin should be dis-
continued [99].

CLINICAL PEARLS

Use of statin in patients with baseline elevation of liver enzyme

Measure baseline electrolyte, liver function, renal function and thyroid

stimulating hormone.

Look for non-drug causes of elevation of aminotransferase (ALT or AST) such as alcohol

use, non-immune hepatitis, infectious hepatitis, or non-alcoholic fatty liver disease.

Statin can be started if the ALT and AST level is not �3 times the upper limit of normal.

After starting statin, monitor ALT and AST every 6 and 12 weeks and after dose

increase.

If the level of AST and ALT is elevated �3 times of normal during monitoring: repeat

measurement in 1 week.

If level still high, decrease the dose or stop the medication if the patient has chronic

liver disease or chronic alcohol abuse.

If decrease the dose, repeat measurement in 2–4 weeks.

If level return to baseline, continue lower dose and monitor.

If statin is discontinued, consider rechallenge the same statin at lower dose or

another statin [99].



Dyslipidemia in HIV Patients Taking Protease Inhibitor
Dyslipidaemia associated with the treatment of HIV infection, particularly
with the use of protease inhibitors, can raise cholesterol and triglyceride lev-
els to the thresholds indicated for intervention. Diet and exercise should be
tried first. If there is no satisfactory result, the other options are to switch anti-
retroviral agents and to start lipid-lowering drugs. Selection of drug therapy
for lipid lowering depends on the type of predominating dyslipidemia and
the potential for drug interactions. The use of the statins is recommended for
the treatment of patients with elevated LDL cholesterol levels and gemfibrozil
or fenofibrate for patients with elevated triglycerides concentrations. Because
atorvastatin and some antiretroviral drugs are metabolized by the same
cytochrome C-450 isoenzyme CYP3A4, inhibition of the isoenzyme may
result in excessive high level of statin (raising the risk of rhabdomyolysis). So
simvastatin, lovastatin should be avoided, while atorvastatin should be used
at lower dose. Pravastatin can be used, however, its efficacy is questioned.
Rosuvastatin is a better choice for the patients receiving antiretroviral drugs,
because it may have slightly more CYP3A4 activity [100,101].

Metabolic Syndrome

The metabolic syndrome is a constellation of interrelated risk factors of meta-
bolic origin – metabolic risk factors – that appear to directly promote the devel-
opment of atherosclerotic CVD as well as increase the risk for developing type
2 diabetes. In patients with the metabolic syndrome, relative risk for CVD
ranges from 1.5–3.0 depending on the stage of progression [102]. When dia-
betes is not yet present, risk for progression to type 2 diabetes averages about
five-fold increase compared with those without the syndrome [103]. The ATP
III criteria required no single factor for diagnosis, but instead made the pres-
ence of three of five factors the basis for establishing the diagnosis. The AHA
and NHLBI recently reaffirmed the utility of ATP III criteria, with minor mod-
ification (Table 6.31) [104,105]. According to the new IDF definition for a per-
son to be defined as having the metabolic syndrome they must have central
obesity (defined by waist circumference in Table 6.9) plus any two of four
other factors of updated ATP III cut-points in Table 6.3 [31].

The pathogenesis of the metabolic syndrome is multifactorial. The major
underlying risk factors are obesity and insulin resistance. Risk associated with
obesity is best identified by increased waist circumference (abdominal obe-
sity). Insulin resistance can be secondary to obesity but can have genetic com-
ponents as well. Several factors further exacerbate the syndrome: physical
inactivity, advancing age, endocrine dysfunction, and genetic aberrations
affecting individual risk factors [106]. The increasing prevalence of metabolic
syndrome in the US and worldwide [107,108], however, seems to be driven
largely by more obesity exacerbated by sedentary lifestyles [109].

The primary goal of clinical management in individuals with the metabolic
syndrome is to reduce risk for clinical atherosclerotic disease. Even in people
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CLINICAL PEARLS

How to measure waist circumference? Locate top of right iliac crest.

Place a measuring tape in a horizontal plane around abdomen at level of

iliac crest. Before reading tape measure, ensure that tape is snug but does

not compress the skin and is parallel to floor. Measurement is made at the end of a

normal expiration.

Some US adults of non-Asian origin (e.g., White, Black, Hispanic) with marginally

increased waist circumference (e.g., 94–101 cm [37–39 inches] in men and 80–87 cm

[31–34 inches] in women) may have strong genetic contribution to insulin resistance

and should benefit from changes in lifestyle habits, similar to men with categorical

increases in waist circumference. Lower waist circumference cutpoint (e.g., 90 cm [35

inches] in men and 80 cm [31 inches] in women) appears to be appropriate for Asian

Americans. In other countries, IDF defined the waist circumference values according to

gender and ethnic group (see Table 6.9) [31,104].

with the metabolic syndrome, first-line therapy is directed toward the major
risk factors: LDL cholesterol above goal, hypertension, and diabetes.
Prevention of type 2 diabetes is another important goal when it is not present
in a person with the metabolic syndrome. For individuals with established
diabetes, risk factor management must be intensified to diminish their higher
risk for atherosclerotic CVD [104–106].

The metabolic syndrome itself is not a robust risk assessment tool for esti-
mating absolute 10-year risk; but its presence calls for more extensive short-
term risk assessment, either by risk-factor scoring or imaging for sub-clinical

Table 6.31 Criteria for clinical diagnosis of metabolic syndrome.

Any three of five constitute diagnosis of metabolic syndrome
Elevated waist circumference
102 cm (40 inches) in men
88 cm (35 inches) in women

Elevated triglycerides
150 mg/dL (1.7 mMol/L) or on drug treatment for elevated triglycerides

Reduced HDL cholesterol
�40 mg/dL (1.03 mMol/L) in men
�50 mg/dL (1.3 mMol/L) in women
or on drug treatment for reduced HDL cholesterol

Elevated blood pressure
130 mmHg systolic BP
or 85 mmHg diastolic BP
Or on antihypertensive drug treatment in a patient with a history of HTN

Elevated fasting glucose
100 mg/dL (5.6 mMol/L), or on drug treatment for elevated glucose

BP, blood pressure; HDL, high density lipoprotein; HTN, hypertension.



atherosclerosis. The primary intervention is lifestyle therapy, particularly
weight reduction and increased exercise. Many studies have shown the clini-
cal benefits of lifestyle change [110]. In people for whom lifestyle intervention
is not enough and who are considered to be a high risk for atherosclerotic
CVD, more aggressive drug therapy may be required to treat the metabolic
syndrome. Drug therapies should be based on global risk assessment and
should follow current treatment guidelines for each of the risk factors
[31,105]. Both the results of the Rimonabant in Obesity-Lipids (RIO-Lipids)
Study with the investigational cannabinoid receptor 1 (CB1) antagonist rimon-
abant, along with another trial, have shown that a combined drug/counseling
approach to obesity is better than either alone [111]. Rimonabant suppresses
endogenous activation of the endocannabinoid system. The drug causes a
5–10% weight loss up to 2 years and might have systemic actions that inde-
pendently reduce risk factors for the metabolic syndrome [112]. Dual PPAR
agonists combine PPAR-alpha and PPAR-gamma agonism in a single agent
and thus have favorable effects on several metabolic risk factors [113]. In spite
of promise, all of these drugs have outcome hurdles to mount before they can
be approved for routine use in patients with the metabolic syndrome. Until
now, there are no effective new drugs specifically for metabolic syndrome
available yet. Bariatric surgery may lead to improvement in patient with class
II/III obesity: significant weight loss (�44 kg), decreased SBP and DBP, total
cholesterol decreased by 45 mg/dL, LDL decreased by 40 mg/dL [114].

Primary Prevention of Diabetes

Normal fasting glucose is defined as glucose �100 mg/dL (5.6 mMol/L), and
IFG has been defined at levels between 100–126 mg/dL (5.6–6.9 mMol/L). A
fasting plasma glucose level �126 mg/dL (7.0 mMol/L) or a random plasma
glucose �200 mg/dL (11.1 mMol/L) meets the threshold for the diagnosis of
diabetes [48]. Hemoglobin A1c level �7% is defined as inadequate control of
hyperglycemia. The evolution of type 2 diabetes can be seen as a continuum,
from normal glucose tolerance, to IGT, to early and late stage type 2 diabetes.
A range of interventions, involving lifestyle modification and/or pharmaco-
logic therapy has been shown to positively influence the risk of developing
type 2 diabetes. Table 6.32 summarizes the results of key intervention studies in
patients with IGT or other cardiovascular risk factors. These studies suggest
that the development of strategies to prevent or delay the onset of type 2 dia-
betes is a realistic goal [115].

Multifactorial approaches with intensive treatments to control hyper-
glycemia, HTN, dyslipidemia, and microalbuminuria have demonstrated
reductions in the risk of cardiovascular events [119]. These intensive approaches
included behavioral measures and the use of a statin, ACEI, ARB, and
antiplatelet drug as appropriate. Intensive treatment of HTN in diabetics also
significantly reduced the risk of the combined end point of MI, sudden death,
stroke, and peripheral vascular disease by 34% (P � 0.019) [67]. Although
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Evidence-based Medicine: Which �-blocker decreases

microalbuminuria? The GEMINI trial

A pre-specified secondary end point of the Glycemic Effects in Diabetes

Mellitus Carvedilol-Metoprolol Comparison in Hypertensives trial was to

examine the effects of different �-blockers on changes in albuminuria in the presence

of renin-angiotensin system blockade. Participants with HTN and type 2 diabetes were

randomized to either metoprolol tartrate (n � 737) or carvedilol (n � 498) in blinded

fashion after a washout period of all antihypertensive agents except for ACEI or ARB.

Blinded medication was titrated to achieve target BP, with a 5-month follow-up period.

The results showed that a greater reduction in microalbuminuria was observed for

those randomized to carvedilol (�16.2% δ; 95% CI, �25.3, �5.9; P � 0.003). Of those

with normoalbuminuria at baseline, fewer progressed to microalbuminuria on carvedilol

vs. metoprolol (20 of 302 [6.6%] vs. 48 of 431 [11.1%], respectively; P � 0.03).

Microalbuminuria development was not related to differences in BP or achievement of

BP goal (68% carvedilol vs. 67%, metoprolol). Presence of metabolic syndrome at

Table 6.32 Diabetes prevention strategies and outcomes.

Intervention therapy Study Risk reduction (%)

Intensive lifestyle DPP [114b], FDP [115] 58*
Metformin DPP [114b] 31*
Acarbose STOP-NIDDM [116] 25*
Pravastatin WOSCOPS [75] 30*
Ramipril HOPE [67] 34*
Oestrogen/progesterone HERS [117] 35*
Intensive lifestyle � Orlistat XENDOS [118] 37†

*Versus standard lifestyle advice.
†Versus intensive lifestyle advice.
DPP, Diabetes Prevention Program; FDP, Finish Diabetes Prevention Study: STOP-NIDDM, Study
to Prevent: Non-Insulin Dependent Diabetes Mellitus Trial; WOSCOP, West of Scotland Coronary
Prevention; HOPE, Heart Outcomes Prevention Evaluation Study; HERS, The Heart and
Estrogen/Progestin Replacement Study; XENDOS, XENical in the prevention of Diabetes in Obese
Subjects.

most of these studies did not reach the goal BP of 130/80 mmHg, epidemi-
ological analyses suggest a continual reduction in cardiovascular events to a
BP of 120/80 mmHg [49]. Thiazide diuretics, BBs, ACEIs, and ARBs are bene-
ficial in reducing cardiovascular events and stroke incidence in patients with
diabetes [49,50,90,120] and are therefore preferred for the initial treatment of
HTN. ACEI- and ARB-based treatments have been shown to favorably affect
the progression of diabetic nephropathy and to reduce albuminuria, and
ARBs have been shown to reduce the progression to macroalbuminuria
[53,54,121].



The ADA now recommends that all patients with diabetes and hyperten-
sion should be treated with a regimen that includes either an ACEI or an ARB
[48]. Some studies have shown an excess of selected cardiac events in patients
treated with CCBs compared with ACEIs [123]. Glycemic control, shown to
reduce the occurrence of microvascular complications (nephropathy,
retinopathy, and peripheral neuropathy) in several clinical trials [124] is rec-
ommended in multiple guidelines of both primary and secondary prevention
of stroke and cardiovascular disease [48].
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baseline was the only independent predictor of worsening albuminuria throughout the

study (P � 0.004). �-blockers have differential effects on microalbuminuria in the

presence of renin-angiotensin system blockade. These differences cannot be

explained by effects on BP or 
 1-antagonism but may relate to antioxidant properties 

of carvedilol [122].

Evidence-based Medicine: ACEI or ARB for prevention of type 2

diabetes

A meta-analysis of 12 randomized controlled clinical trials of ACEIs or

ARBs to study the efficacy of these medications in diabetes prevention.

The results showed that ACEIs and ARBs were associated with reductions in the

incidence of newly diagnosed diabetes by 27% and 23%, respectively, and by 25% in

the pooled analysis. So ACE inhibitor or ARB should be given to patients with pre-

diabetic conditions such as metabolic syndrome, hypertension, IFG, family history of

diabetes, obesity, HF, or CAD [125].

In summary, the effectiveness of lifestyle intervention in delaying the onset
of diabetes indicates strongly that subjects with IGT or IFG should receive
lifestyle advice (Table 6.8). Pharmacological treatment can also be considered
when lifestyle intervention fails.

Primary Prevention for Chronic Kidney Disease

CKD is a worldwide public health problem. In the US there is an increasing
incidence and prevalence of renal failure with poor outcome and high costs
and an even higher prevalence of earlier stages of CKD (approximately 80
times greater than ESRD prevalence). Moreover, CKD is associated with ele-
vated cardiovascular morbidity and mortality. Therefore, strategies that are
aimed at identifying, preventing, and treating CKD and its related risk factors
are needed. The patients at risk for CKD include persons with diabetes,
hypertension, or close relatives with ESRD. The risks in these categories are
markedly amplified in African-American, Native American, and Hispanic
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groups. The tools for screening are cost-effective and include spot urine sam-
ples for protein-creatinine ratio (obviating the need for 24-hour urine collec-
tions) and a urine-free calculation of GFR requiring a serum creatinine
measurement and anthropometric measures of the patient [126]. The main
plan for prevention of CKD is to control hypertension, prevent diabetes, low
protein diet, exercise, lower cholesterol level.

The apparent advantage of ACEI over other agents includes a protective
effect on the kidney against the development of microalbuminuria, which is a
major risk factor for cardiovascular events and death in this population. Not
only cardiologists but nephrologists and diabetologists now have a new goal:
to prevent patients with diabetes from progressing to nephropathy, the final
aim being to limit cardiovascular events and death [127].

Influenza Vaccination and Prevention for CVD

Influenza-related death is more common among individuals with CVD than
among patients with any other chronic condition. Influenza can exacerbate
underlying medical conditions, including CVD and diabetes, and can also
lead to viral pneumonia, secondary bacterial pneumonia, or a coinfection
with other viruses or bacteria [128,129]. Clinical trials and observational stud-
ies have demonstrated that vaccination against influenza is associated with
significantly reduced risk of cardiovascular death and nonfatal events, or

Evidence-based Medicine: ACEI for prevention of the onset of

microalbuminuria: The BENEDICT Trial

The Bergamo Nephrologic Diabetes Complication Trial was a prospective,

randomized, double-blind, parallel-group study that was organized in two

phases. Phase A included 1204 patients and was aimed at assessing the efficacy 

of the ACEI (trandolapril), the non-dihydropyridine CCB (verapamil), and the

trandolapril plus verapamil combination as compared with placebo in prevention 

of microalbuminuria in hypertensive patients with type 2 diabetes and normal urinary

albumin excretion rate. Phase B was aimed at assessing the efficacy of the

combination as compared with trandolapril alone in prevention of macroalbuminuria 

in patients with microalbuminuria. The BENEDICT Phase A study showed

microalbuminuria developed in 17 (5.7%) of 300 patients in the group that received

verapamil SR plus trandolapril and in 30 (10%) of 300 patients in the placebo group.

The onset of microalbuminuria was significantly delayed by a factor of 2.6 (P � 0.02).

Microalbuminuria developed in 18 (6.0%) of 301 patients who were taking trandolapril

alone and in 36 (11.9%) of 303 patients who were taking verapamil P � 0.001.

Verapamil SR alone (11.9%) was compared with placebo (10.0%) P � 0.54. These

findings suggest that in hypertensive patients with type 2 diabetes and normal renal

function, an ACEI may be the medication of choice for controlling BP [127].
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unplanned angioplasty and stenting (presented at the American Heart
Association 2006 Scientific Sessions in Chicago).

However, despite accumulating evidence of the benefits of LDL and BP
lowering over the past two decades, initiation of treatment and long-term
compliance to therapy remain far from optimal. Lack of compliance is causing
individuals to miss the risk-reducing benefit of treatment, and is creating
enormous costs in the health system to treat cardiovascular events that could
have been prevented [24]. Therefore, effective strategies for compliance are
needed for the success in prevention of CVD.

Evidence-based Medicine: FLUVACS trial

The strongest evidence for a protective effect comes from a randomized,

controlled trial of influenza vaccination (FLU Vaccination in Acute Coronary

Syndromes [FLUVACS]) in which 301 patients hospitalized for either

myocardial infarction (MI) or planned angioplasty/stenting were randomly assigned to

receive influenza vaccination or remain unvaccinated [130–131]. At 1 year, the relative

risk of cardiovascular mortality in the vaccinated group was 0.25 (95% CI 0.07 to 0.86)

compared with the unvaccinated group (overall rates 2% versus 8%), and the relative

risk of a composite end point (cardiovascular death, nonfatal MI, or severe ischemia)

was 0.59 (95% CI 0.30 to 0.86; 11% versus 23%) [130]. At 2 years, although risk

reductions of similar magnitude were measured, the remaining sample size after loss to

follow-up was too small to find statistical significance [131]. Of note, the FLUVACS trial

was conducted without financial support from the influenza vaccine industry [131]. No

study has indicated higher rates of cardiovascular events for individuals who receive

influenza vaccination [128].

According to the US Centers for Disease Control and Prevention, and the AHA and

ACC, vaccination with inactivated influenza vaccine is recommended for individuals

who have chronic disorders of the cardiovascular system [128].

Take Home Message

Medical therapy designed to lower BP, HbA1c, cholesterol levels and reduce
proteinuria is the main strategy in prevention of CVD. All we need are to
achieve the goals set as:
Fasting plasma glucose �100 mg/dL
Hemglobin A1c �7%
Blood pressure �140/90 mmHg (optimal �130/80 mmHg)
LDL-cholesterol �100 mg/dL (optimal �70 mg/dL)
HDL-cholesterol �40 mg/dL
Total cholesterol �200 mg/dL
Triglycerides �150 mg/dL
Ideal BMI, waist circumference
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If a person has normal BP at rest and with exercise, no DM, no metabolic
syndrome, exercises well and has good diet, then this is an excellent gift for
him-or herself, his/her family and a great contribution to society: that person
would use less health care resources. To achieve these goals is a noble contri-
bution of the cardiology community to the society. It is do-able and achiev-
able. What are we waiting for?
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Introduction

Pulmonary hypertension (PH) is a hemodynamic term which refers to pul-
monary arterial pressure exceeding the normal range. Among otherwise normal
individuals, the average mean pulmonary artery pressure (mPAP) is 15 mmHg.
However, clinically significant PH is generally accepted as an mPAP greater



than 25 mmHg at rest, with a pulmonary vascular resistance greater than 3
Wood units [1]. Pulmonary arterial hypertension (PAH) is a clinical term
referring to a constellation of disorders which exhibit PH, and which, though
different in many ways, have certain characteristics in common including 
key pulmonary vascular pathologic features, pathobiologic mechanisms, and
responses to pharmacologic intervention.

Definition of Pulmonary Arterial Hypertension
The definition of PAH was refined at the Third World Symposium on Pul-
monary Arterial Hypertension in 2003. PAH is synonymous with the Group 1
category shown in Table 7.1. This chapter will focus specifically on the diag-
nosis, treatment and management problems of patients with PAH.
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Table 7.1 Third World Symposium classification of Pulmonary Hypertension [1].

1. Pulmonary arterial hypertension
1.1 Idiopathic (IPAH)
1.2 Familial (FPAH)
1.3 Associated with (APAH)

1.3.1 Collagen vascular disease
1.3.2 Congenital systemic-to-pulmonary shunts
1.3.3 Portal hypertension
1.3.4 HIV infection
1.3.5 Drugs and toxins
1.3.6 Other (thyroid disorders, glycogen storage disease, Gaucher’s disease, hereditary

hemorrhagic telangiectasia, hemoglobinopathies, chronic myeloproliferative
disorders, splenectomy)

1.4 Associated with significant venous or capillary involvement
1.4.1 Pulmonary veno-occlusive disease (PVOD)
1.4.2 Pulmonary capillary hemangiomatosis (PCH)

1.5 Persistent pulmonary hypertension of the newborn
2. Pulmonary hypertension with left heart disease

2.1 Left-sided atrial or ventricular heart disease
2.2 Left-sided valvular heart disease

3. Pulmonary hypertension associated with lung diseases and/or hypoxemia
3.1 Chronic obstructive pulmonary disease
3.2 Interstitial lung disease
3.3 Sleep-disordered breathing
3.4 Alveolar hypoventilation disorders
3.5 Chronic exposure to high altitude
3.6 Developmental abnormalities

4. Pulmonary hypertension due to chronic thrombotic and/or embolic disease (CTEPH)
4.1 Thromboembolic obstruction of proximal pulmonary arteries
4.2 Thromboembolic obstruction of distal pulmonary arteries
4.3 Non-thrombotic pulmonary embolism (tumor, parasites, foreign material)

5. Miscellaneous
Sarcoidosis, histiocytosis X, lymphangiomatosis, compression of pulmonary vessels
(adenopathy, tumor, fibrosing mediastinitis)



Pathophysiology of Pulmonary Arterial Hypertension
The occurrence of PAH can often be traced to one predominant predisposing
factor, such as a left-to-right intracardiac shunt caused by a congenital cardiac
defect. In most cases, “risk” factors do not inevitably lead to clinical PAH; the
presence of a second triggering factor is thought to be required [1]. The pres-
ence of two (or more) initiating components, such as a genetic substrate and an
environmental condition, may precipitate vascular constriction, cellular pro-
liferation and a prothrombotic state which set the stage for the development
of PAH. Recognition of underlying permissive and provocative factors, and
the cellular and molecular mechanisms of disease that ensue, has permitted
insights into preventive, early detection and aggressive treatment strategies.

Genetics of Pulmonary Arterial Hypertension
Although PAH has been recognized to be a heritable condition based on fam-
ily studies and the observation that 6% of patients in a national registry had
first degree relatives with PAH [1], the genetic basis for at least some familial
transmission was first recognized in 2000, when mutations of the gene on
chromosome 2 encoding for bone morphogenetic protein receptor type-2
(BMPR2) were found to be associated with familial PAH (FPAH) [1]. BMPR2
is part of the receptor on the vascular smooth muscle cell membrane which is
one of the superfamily of transforming growth factor-� (TGF�) receptors. A
mutation in the BMPR2 receptor protein results in interrupted signal trans-
duction in the pulmonary vascular smooth muscle cell which appears to
reduce the process of apoptosis and consequently promotes cellular prolifera-
tion. Up to 65% of families with FPAH have exonic or intronic mutations in
BMPR2 which are transmitted in an autosomal dominant fashion, and
approximately 10% of apparently sporadic cases of idiopathic PAH (IPAH)
have isolated exonic mutations [2]. Whether these latter cases represent a
spontaneous new mutation or occur in families without a phenotypic presen-
tation of PAH remains unclear. The penetrance of the mutation is low (only
20%, but variable between families) [2], meaning that only one in five people
with BMPR2 mutation exhibit features of PAH.

Activin-like kinase type-1 (ALK-1) is another TGF� receptor, encoded by a
gene on chromosome 12, which is located on endothelial cells. Mutations in
this receptor have been identified in some families with hereditary hemor-
rhagic telangiectasia (HHT) and PAH [2]. Although ALK-1 mutations are
most commonly associated with HHT and PAH, mutations in another TGF
receptor gene (on chromosome 9), endoglin, have also been identified in some
patients [2].

5-hydroxytryptamine (serotonin) transporter (5-HTT) activity is associated
with pulmonary artery smooth muscle cell proliferation. The L-allelic variant
of the 5-HTT gene promoter, which is associated with increased expression of
5-HTT [2], is present in homozygous form in 65% of patients with IPAH com-
pared to 27% of controls [2].
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The observation of genetic mutations and polymorphisms which may iden-
tify a population at risk of developing PAH raises the possibility of early or
preventive management in these patients.

Molecular and Cellular Mechanisms of Pulmonary Arterial
Hypertension
Regardless of underlying cause or associations, several inter-related mecha-
nisms play a role in the development and maintenance of PAH. These mecha-
nisms are mediated by one or more molecular and cellular processes, including
reduced prostacyclin availability due to diminished endothelial cell prostacyclin
synthase activity, elevated endothelin levels resulting from enhanced production
and reduced pulmonary clearance, decreased nitric oxide synthase expression,
elevated plasma and low platelet 5-HTT levels, down-regulation of voltage
dependent potassium (Kv1.5) channels of pulmonary vascular smooth muscle
cells, activity of autoantibodies and pro-inflammatory cytokines, and prothrom-
botic states arising from endothelial, coagulation and fibrinolytic cascade and
platelet dysfunction [2].

The result of these abnormalities gives rise to a predisposition of vasocon-
striction over vasodilation of the pulmonary vasculature, to excess cellular
proliferation which outpaces apoptosis and to a thrombotic diathesis. The
occurrence of dynamic increase of pulmonary vascular resistance appears to
be an early substrate of PAH, with intimal hyperplasia due to endothelial cell
proliferation, medial thickening due to vascular smooth muscle cell prolifera-
tion, development of plexiform lesions caused by disordered endothelial pro-
liferation, and thrombosis in situ becoming more prominent during the clinically
apparent stages of the disease.

Appreciation of the underlying mechanisms of disease points to the
means by which pharmacologic treatment can be utilized to counteract their
consequences.

Diagnosis
The management of patients with PAH consists of first identifying the pres-
ence of PH and then defining the precise clinical context of the abnormal
hemodynamic state, including the severity of problem, the associated or causal
conditions, the functional implications, and the prognosis. This information is
required in order to design the optimal therapeutic approach. The basic diag-
nostic strategy, therefore, is to screen for PH in symptomatic or high-risk
patients, then to systematically examine potential underlying conditions with
appropriate tests, delineate predictive factors, perform functional assessment,
and to confirm the hemodynamic profile by invasive testing. Symptoms
which require consideration of PH are shown in Table 7.2. Findings on physi-
cal examination which are important for detecting PH and guiding further
evaluation are shown in Table 7.3. The algorithm for complete assessment is
depicted in Figure 7.1.

194 Chapter 7



Pulmonary hypertension 195

Table 7.2 Symptoms requiring consideration of pulmonary hypertension in the differential
diagnosis (from [3]).

Symptom Cause

Dyspnea Decreased oxygen transport
Hypoxemia
Low cardiac output

Low DLCO
Low mixed venous oxygen saturation
Increased work of breathing

Angina Increased myocardial oxygen demand
Elevated right ventricular wall stress (volume, pressure)

Inadequate oxygen delivery
Reduced aorta-to-right-ventricular systolic gradient

Left main coronary artery compression

Syncope Hemodynamic
Systemic vasodilation (exertion, orthostatic, vasodepressor) and
low fixed cardiac output due to high pulmonary resistance

Arrhythmic
“Benign” arrhythmias (atrial fibrillation) result in loss of atrial
contribution to cardiac output

Malignant arrhythmias provoked by wall stretch, ischemia

Edema Right ventricular failure
Tricuspid regurgitation
Sedentary lifestyle
Chronic deep venous insufficiency

DLCO, Carbon Monoxide Diffusing Capacity

Table 7.3 Physical findings pertinent to pulmonary hypertension and their significance
(from [4]).

Sign Implication

Physical signs that indicate PH

Accentuated pulmonary component of S2 High pulmonary pressure increases
(audible at apex in over 90%) force of pulmonary valve closure

Early systolic click Sudden interruption of opening of pul-
monary valve into high-pressure artery

Midsystolic ejection murmur Turbulent transvalvular pulmonary
outflow

Left parasternal lift High right ventricular pressure and
hypertrophy present

Right ventricular S4 (in 38%) High right ventricular pressure and
hypertrophy present

Increased jugular “a” wave High right ventricular filling pressure
(Continued)
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Table 7.3 (Continued)

Sign Implication

Physical signs that indicate severity of PH

Moderate to severe PH

Holosystolic murmur that increases with inspiration
Increased jugular v waves Tricuspid regurgitation

Pulsatile liver

Diastolic murmur Pulmonary regurgitation

Hepatojugular reflux High central venous pressure

Advanced pulmonary hypertension with right
ventricular failure

Right ventricular S3 (in 23%) Right ventricular dysfunction

Marked distention of jugular veins Right ventricular dysfunction or tricuspid
regurgitation or both

Hepatomegaly Right ventricular dysfunction or tricuspid
regurgitation or both

Peripheral edema (in 32%)

Ascites

Low blood pressure, diminished pulse Reduced cardiac output, peripheral
pressure, cool extremities vasoconstriction

Physical signs that detect possible underlying
cause or associations of PH

Central cyanosis Hypoxemia, right-to-left shunt

Clubbing Congenital heart disease, pulmonary
venopathy

Cardiac auscultatory findings, including systolic Congenital or acquired heart or valvular
murmurs, diastolic murmurs, opening snap, disease
and gallop

Rales, dullness, or decreased breath sounds Pulmonary congestion or effusion 
or both

Fine rales, accessory muscle use, wheezing, Pulmonary parenchymal disease
protracted expiration, productive cough

Obesity, kyphoscoliosis, enlarged tonsils Possible substrate for disordered 
ventilation

Sclerodactyly, arthritis, rash Connective tissue disorder

Peripheral venous insufficiency or obstruction Possible venous thrombosis

PH, pulmonary hypertension.



Goals of Treatment
Although no current treatment of PAH can be considered curative, realistic goals
of treatment are to reduce pulmonary vascular resistance and pressure, dimin-
ish symptoms and promote activity tolerance, and prolong longevity.

Available Treatment
Prior to 1996, treatment of most patients with PAH could be at best considered
supportive. Supportive or adjunctive strategies remain relevant even now, when
more targeted vascular treatment modalities are available. These strategies
are intended to alleviate the consequences of the pulmonary hypertensive state,
such as right ventricular failure with volume overload and hypoxemia.
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Figure 7.1 The basic diagnostic strategy for PH consists of utilizing appropriate procedures to
diagnose or exclude associated underlying diseases (from [3]).

CLINICAL PEARLS

Clinical clues for diagnosis – Dyspnea, chest pain, edema and syncope

are non-specific symptoms. If any are present in young or middle-aged

females, however, the possibility of PAH should be high on the differential

diagnosis – and definitely above alternative diagnoses such as deconditioning or

anxiety. Further screening with Doppler-echocardiography is warranted in these

patients, even if physical examination is apparently unremarkable.



Adjunctive Treatment
Hypoxemia results from a constellation of factors including low diffusing
capacity; right-to-left shunting due to congenital heart disease (CHD), patent
foramen ovale, ventilation–perfusion mismatching or frank intrapulmonary
shunting; and low cardiac output resulting in low mixed venous oxygen satu-
ration. Although supplemental oxygen administration may not totally correct
low arterial oxygen saturation in all patients, it can produce sufficient improve-
ment in many to yield a substantial functional benefit, and therefore should
not be overlooked. Moreover, oxygen is a pulmonary vasodilator and may con-
tribute to reduce pulmonary vascular resistance, though this has not been
shown to be of definite long-term benefit.

Mortality related to PAH is frequently due to right ventricular failure or
arrhythmias presumably related to high right ventricular wall stress. Once right
ventricular failure intervenes, aggressive management is required. Sodium
restriction is mandatory. Loop diuretics, supplemented by metolazone, and
potassium-sparing agents are necessary in many patients but must be used
judiciously in order to balance reduced intravascular volume and control of
edema and ascites with adequate preload to maintain systemic arterial pres-
sure and cardiac output. Inotropic support with digoxin, though not system-
atically evaluated in PAH and not recommended by all authorities, is reasonable
to consider. Advanced right ventricular decompensation may require in-patient
management with intravenous inotropic support using dopamine or milrinone.

Some adjunctive measures can be considered preventive or precautionary
in nature. Pregnancy poses extremely high risks for the patient and fetus and
should be prevented at all costs, including consideration of sterilization or
dual-contraceptive measures. Oral contraceptives reportedly may provoke a
prothrombotic state, but have not been unequivocally demonstrated to exac-
erbate the risks of thrombosis in patients with PAH, particularly when antico-
agulation is used. Travel to high altitudes or air travel should be avoided for
hypoxemic patients, at least unless there is near normalization of arterial oxy-
gen saturation with supplemental oxygen. Air travel with oxygen often
requires prior arrangements with the airline. While activity is encouraged to
maintain fitness, attempting aggressive exercise or weight-resistance activi-
ties is inadvisable. Avoidance of pulmonary infections by influenza and pneu-
mococcal vaccinations should be undertaken. Early antibiotic treatment of
upper respiratory infections is warranted. Vasoconstrictive medications (decon-
gestants) should be avoided.

Warfarin
Warfarin has been recommended and widely used in patients with PAH. The
rationale is multifactorial: PAH patients have a prothrombotic profile, as noted
above; histopathologic examination of post-mortem lungs and lungs explanted
during transplantation has disclosed a high prevalence of thrombosis in situ;
and two retrospective studies suggest a survival benefit for anticoagulated
patients (Figure 7.2) [5]. An international normalized ratio (INR) of 2.0–2.5 is
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the goal in patients with IPAH or associated PAH unless there is a bleeding
risk or other contraindications.

Calcium Channel Blockers
Before the availability of the current armamentarium of therapeutic agents,
numerous vasodilator agents were tried as treatment for pulmonary hyperten-
sive conditions. Although anecdotal reports supported medications such as
phentolamine, hydralazine, nitrates, prasozin and angiotensin-converting
enzyme inhibitors, systematic scrutiny and widespread use revealed that the suc-
cess rate was extremely low and compromised by adverse effects, especially
systemic hypotension and reduced cardiac output. An exception was the use of
calcium channel blockers, particularly nifedipine or diltiazem at high doses. An
early report indicated that among patients who exhibited the ability to vasodilate
in response to short-acting agents such as adenosine, the use of calcium channel
blockers provided a substantial survival benefit (Figure 7.3) [7]. Unfortunately,
only about 26% of patients (17 out of 64) exhibited a vasodilator response.
Subsequently, acute vasodilator testing at the time of right heart catheterization
has been performed to identify patients who might be adequately treated with
calcium channel blockers alone (Table 7.4). However, a retrospective analysis has
been recently reported of 557 IPAH patients in whom only 12.8% displayed
vasoreactivity using a criteria of a �20% decrease in both mPAP and pulmonary
vascular resistance [7]; of these only about half (6.8%) benefited from treatment
with long-term calcium channel blockers. Those who benefited were those who
tended to have a more profound acute response during invasive testing. Conse-
quently, only patients who demonstrate a decline in mPAP of � 10 mmHg, to
an mPAP � 40 mmHg while maintaining or improving cardiac output during
acute testing should be treated with nifedipine, diltiazem or amlodipine.
Verapamil is contraindicated because of its negatively inotropic effect.
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Figure 7.2 Probability of survival of patients on anticoagulation with warfarin (A/C) compared to
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Prostacyclin Analogues
The era of therapy targeted specifically to the correction of mechanistic aber-
rations underlying PAH began with FDA approval of epoprostenol sodium in
1995, and its commercial availability in 1996 for treatment of WHO III or IV
patients with IPAH or PAH associated with scleroderma. The objective of
treatment with epoprostenol or any of the prostacyclin analogues is to com-
pensate for the deficiency of endogenous prostacyclin in patients with PAH.
In view of its short half-life and not being absorbed through the gastrointesti-
nal tract, epoprostenol requires continuous intravenous administration. A
randomized (but open label) 12-week study of 81 IPAH patients with WHO
functional class III and IV symptoms demonstrated improved six-minute
walk distance (113 m compared to untreated) and pulmonary hemodynamics
in treated patients, and suggested a survival benefit [7]. Subsequent clinical
trials confirmed prolonged survival (with respect to historical controls in the
NIH Registry) using intravenous epoprostenol [7]. Approved medical thera-
pies for PAH are described in Table 7.5.
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Table 7.4 Short-acting pulmonary vasodilators used to assess acute vasodilation during
right heart catheterization (from [3]).

Epoprostenol Adenosine Nitric oxide

Route of administration Intravenous Intravenous Inhaled
Dose range 2–10 ng/kg/min 50–250 �g/kg/min 10–80 ppm
Dosing increments 2 ng/kg/min every 50 �g/kg/min every 10–80 ppm for 

15 min 2 min 5 min
Common side effects Headache, flushing, Chest tightness, None

nausea dyspnea

Treated responders (17)

Untreated nonresponders (47)

NIH registry (187)
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Figure 7.3 Survival of IPAH patients who exhibited a vasodilator response to adenosine and
were treated with calcium channel blockers compared to untreated nonresponders and to
patients in the NIH Registry (Adapted from [6]).



Table 7.5 Approved medical therapies for pulmonary arterial hypertension.

Drug class Drug Indications Dosing Main adverse effects Major drug interactions

Calcium Nifedipine PAH Positive acute 30–270 mg daily p.o. Edema Palpitations Flushing Amiodarone Atazanavir
channel vasodilator Headache Hypotension Clarithromycin Fentanyl
blockers response

Amlodipine 5–20 mg daily p.o. Amiodarone Atazanavir Droperidol
Fentanyl

Diltiazem 180–480 mg daily p.o. AV block Bradycardia CHF Amiodarone Aprepitant Atazanavir
Edema Headache Hypotension Cisapride (not available in US) 

Droperidol Erythromycin Fentanyl

Prostacyclin Epoprostenol IPAH or PAH with Begin at 2 ng/kg/min i.v. and Headache Jaw pain Flushing Antihypertensives may promote
analogues sclero-derma spectrum increase by 2 ng/kg/min to Skin rash Nausea Diarrhea hypotension when used in 

of CTD WHO class target dose of 20–50 ng/kg/min Musculoskeletal pain Catheter combination Antiplatelet agents
III or IV after 6–12 months or until infection Rebound PH if may promote bleeding when

prohibitive side effects interrupted used in combination

Treprostinil (s.c) PAH WHO class II, Begin at 1–2 ng/kg/min Injection site pain Headache 
III, or IV and increase as tolerated to Diarrhea Rash Nausea

target of 40–80 ng/kg/min

Treprostinil (i.v.) PAH WHO class II, Begin at 1–2 ng/kg/min Headache Diarrhea Rash
III, IV s.c. drug not and increase as tolerated to Nausea Catheter infection
tolerated target of 40–80 ng/kg/min

Iloprost PAH WHO class III First dose 2.5 �g, then 5 �g Cough Headache Flushing 
or IV 6–9 times daily inhaled Jaw pain

Endothelin Bosentan PAH WHO class III 62.5 mg twice daily Liver toxicity Headache Cyclosporine Glyburide 
receptor or IV for one month, then Flushing Leg edema Ketoconazole Oral contra
antagonist 125 mg twice daily p.o Anemia Teratogenicity ceptives Tracolimus (animal)

studies only) Simvastatin Warfarin

Phospho- Sildenafil PAH 20 mg three times daily p.o. Headache Flushing Dyspepsia Nitrates Atazanavir 
diesterase Epistaxis Abnormal vision Dihydrocodeine Ritonavir
inhibitor Nasal congestion

CHF, congestive heart failure; CTD, connective tissue disease; IPAH, idiopathic PAH; PAH, pulmonary arterial hypertension; PH, Pulmonary hypertension.



Among patients with predominantly scleroderma-associated PAH, intravenous
epoprostenol significantly improved six-minute walk distance and pulmonary
hemodynamics during 12 weeks of therapy, though a survival effect in this
short time frame was not demonstrated [6]. Additional uncontrolled reports
have indicated similarly salutary outcomes of intravenous epoprostenol in
APAH related to connective tissue disease, congenital heart disease, HIV
infection, and portopulmonary hypertension [8].

Administration of intravenous epoprostenol is complex, requiring that patients
take an active role in their own management, including aseptic management
of their indwelling central venous catheter, daily sterile preparation of the
drug, use of the ambulatory infusion pump, and awareness of trouble-shooting
techniques in the event of problems. Most patients experience optimal benefit at
a dose of 25–40 ng/kg/min after gradual incrementation of the dose over 6–12
months following initiation at 2–6 ng/kg/min. Some patients require doses out-
side of this spectrum depending on level of symptomatic benefit or occurrence
of adverse effects, such as flushing, rash, jaw pain, leg discomfort, loose stools or
headache. Excessive dosing can produce fatigue and high output cardiac failure
[8]. Additional concerns include infection of the central venous catheter, sepsis
or sudden cessation of the infusion causing rebound PH and possible death.

Treprostinil
A more stable prostacyclin analogue, treprostinil has a half life of 4 hours and
can be administered subcutaneously (FDA approved in 2002) or intravenously
(approved in 2004). A randomized, placebo controlled study of subcutaneous
treprostinil in 470 WHO class III or IV patients with IPAH, or PAH associated
with connective tissue disease, or CHD demonstrated a dose-related improve-
ment in six-minute walk distance of 16 meters in the whole treated group, and
38 meters in the quartile of patients receiving the highest dose [8]. Not all
patients could be dose-increased to a high level because of pain at the infusion
site in the majority, as well aside effects of headache, diarrhea, rash, and nausea.
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Evidence-based Medicine: Epoprostenol for pulmonary arterial

hypertension

178 patients with PPH in New York Heart Association (NYHA) functional class

III or IV were treated with epoprostenol. The 6-minute walk test (WT) and right-

sided heart catheterization were performed at baseline, after three months on

epoprostenol and thereafter once a year. The results showed that the overall survival rates

at one, two, three, and five years were 85%, 70%, 63%, and 55%, respectively. On

univariate analysis, the baseline variables associated with a poor outcome were a history

of right-sided heart failure, NYHA functional class IV, 6-minute WT �250 m (median value),

right atrial pressure �12 mmHg, and mean pulmonary artery pressure �65 mmHg. On

multivariate analysis, including both baseline variables and those measured after three

months on epoprostenol, a history of right-sided heart failure, persistence of NYHA

functional class III or IV at three months, and the absence of a fall in total pulmonary

resistance of �30%, relative to baseline, were associated with poor survival.



The potential advantages of intravenous treprostinil are the absence of site
pain, as well as easier preparation and administration and less rebound com-
pared to epoprostenol. An open label study of intravenous treprostinil in 16
symptomatic PAH patients showed an 82 meter increase in six-minute walk dis-
tance after 12 weeks, and improved pulmonary hemodynamics [9]. Most patients
originally treated with epoprostenol can be switched over to intravenous tre-
prostinil with maintenance of six-minute walk distance, though at a larger dose
[10]. Studies of inhaled and oral administration of treprostinil are underway.

Iloprost
The prostacyclin analogue iloprost is an inhaled aerosol approved for use in
2004. In a randomized, placebo-controlled 12 week study, iloprost produced a
placebo-corrected improvement in six-minute walk distance by 36 meters in
207 patients with symptomatic IPAH, PAH associated with connective tissue
disease or appetite suppressants, or PH related to inoperable chronic throm-
boembolic disease [11]. Long-term maintenance of beneficial effects of exer-
cise capacity and hemodynamics have been observed [11]. Iloprost may cause
side effects common to prostacyclin analogues including headache, flushing,
and jaw pain, and also may cause cough.

Endothelin Receptor Antagonism
The objective of treatment with an endothelin receptor antagonist is to mini-
mize the impact of excessive endothelin effects in the pulmonary vasculature
in patients with PAH (see Table 7.5). Bosentan is a non-selective, or dual, A and
B-endothelin receptor antagonist available in oral form. Placebo-controlled
randomized drug trials have shown a relative improvement in six-minute walk
distance ranging from 36 to 76 meters, an improvement in pulmonary hemo-
dynamics, and a delay in clinical worsening, defined as any occurrence of
death, initiation of intravenous epoprostenol, hospitalization for worsening
PAH, lung transplantation, or atrial septostomy [11]. Survival of patients with
IPAH treated with bosentan is prolonged compared to expected survival based
on historical controls [11].
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Evidence-based Medicine: Bosentan for pulmonary arterial

hypertension

In a double-blind, placebo-controlled study, 213 patients with pulmonary

arterial hypertension (primary or associated with connective-tissue disease)

randomly assigned to receive placebo or 62.5 mg of bosentan twice daily for 4 weeks,

followed by either of two doses of bosentan (125 mg or 250 mg twice daily) for a

minimum of 12 weeks. The primary end point was the degree of change in exercise

capacity. Secondary end points included the change in the Borg dyspnea index, the

change in the WHO functional class, and the time to clinical worsening. The results

showed that at week 16, patients treated with bosentan had an improved six-minute

walking distance; the mean difference between the placebo group and the combined

bosentan groups was 44 m (95% CI 21–67; P � 0.001). Bosentan also improved the Borg

dyspnea index and WHO functional class and increased the time to clinical worsening.



Increases in hepatic enzymes to greater than three times the upper limit of
normal have been observed in approximately 11% of patients treated with
bosentan in clinical trials. Other side effects include headache, flushing, lower
extremity edema, and rarely anemia. Bosentan is teratogenic. Bosentan has
been approved by the FDA for treatment of WHO functional class III and IV
PAH. Careful monitoring of therapy is required with liver function tests on a
monthly basis, hemoglobin/hematocrit on a quarterly basis, and pregnancy
test in women of child bearing potential on a monthly basis. Patients and pre-
scribing physicians should be aware of the potential side effect of lower extremity
edema, particularly within the first several weeks after initiation of therapy, and
be prepared to adjust diuretics as needed. Ongoing investigational trials with
bosentan include studies in patients with WHO functional class II symptoms,
sickle cell disease, and chronic thrombotic and/or embolic diseases (CTEPH).

Phosphodiesterase-5 Inhibition
The rationale for treatment of PAH with phosphodiesterase-5 inhibition is to
compensate for the relative deficiency of nitric oxide production, by preventing
the metabolism of cyclic guanasine 3�,5� monophosphate (cGMP) and there-
fore promoting the availability of this second messenger in the pathway lead-
ing to vasodilation and control of cellular proliferation. Sildenafil, which was
approved for use in 2005, has been shown to improve six-minute walk distance
by 45 meters compared to control when a dose of 20 mg three times daily was
used in a study of patients with IPAH or PAH associated with connective tis-
sue disease or surgically corrected congenital heart disease [12] (see Table 7.5).
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Evidence-based Medicine: Phosphodiesterase-5 inhibition for

pulmonary arterial hypertension

In a double-blind, placebo-controlled study, 278 patients with

symptomatic PAH (either idiopathic or associated with connective-tissue

disease or with repaired congenital systemic-to-pulmonary shunts) were randomized to

placebo or sildenafil (20 mg, 40 mg, or 80 mg) orally three times daily for 12 weeks. The

primary end point was the change from baseline to week 12 in the distance walked in

six minutes. The change in mean pulmonary-artery pressure and WHO functional class

and the incidence of clinical worsening were also assessed, but the study was not

powered to assess mortality. Patients completing the 12-week randomized study could

enter a long-term extension study. The results showed that the distance walked in six

minutes increased from baseline in all sildenafil groups; the mean placebo-corrected

treatment effects were 45 m (�13.0%), 46 m (�13.3%), and 50 m (�14.7%) for 20 mg,

40 mg, and 80 mg of sildenafil, respectively (P � 0.001 for all comparisons). All sildenafil

doses reduced the mean pulmonary-artery pressure (P � 0.04, P � 0.01, and P � 0.001,

respectively), improved the WHO functional class (P � 0.003, P � 0.001, and P � 0.001,

respectively), and were associated with side effects such as flushing, dyspepsia, and

diarrhea. The incidence of clinical worsening did not differ significantly between the

patients treated with sildenafil and those treated with placebo. Among the 222 patients

completing one year of treatment with sildenafil monotherapy, the improvement from

baseline at one year in the distance walked in six minutes was 51 m.
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Acute vasoreactivity testing

General care
Oral anticoagulants 	 diuretics 	 oxygen 	 digoxin

Oral CCB

Continue
CCB

Higher risk

1. ETRA’s or PDE-5 inhibitors (oral)
2. Iloprost (inhaled)
3. Epoprostenol or treprostinil (i.v.)
4. Treprostinil (s.c.)

Sustained
response

Positive
Negative

Lower risk 

Atrioseptostomy
lung transplantation

Yes

No

Investigational protocols
combination regimens

1. Epoprostenol or treprostinil (i.v.)
2. Iloprost (inhaled)
3. ETRA’s or PDE-5 inhibitors (oral)
4. Treprostinil (s.c.)

Clinical reassessment: Consider additional
therapy if treatment goals are not met

Lower Determinants of risk Higher

No Clinical evidence of RV
failure

Yes

Gradual Progression Rapid

II, III WHO class IV
Longer (�400 m) 6 Minute walk distance Shorter (�300 m) 

Minimally elevated BNP Very elevated
Minimal RV dysfunction Echocardiographic

findings
Pericardial effusion

Significant RV dysfunction 
Normal/Near normal  RAP

and CI
Hemodynamics High RAP, Low CI 

Figure 7.4 Suggested algorithm for determining treatment approach based on parameters of
severity of disease. Acute vasoreactivity testing is conducted at the time of right heart
catheterization using a short acting pulmonary vasodilator (epoprostenol or nitric oxide). A
positive response is considered to be a decrease in mean pulmonary artery pressure of at least
10 mmHg to a value of less than 40 mmHg without a reduction in cardiac output (from [3]). RAP,
right atrial pressure; CI, cardiac index.

Treatment Algorithm

The selection of appropriate treatment for patients with PAH is hampered by the
absence of head-to-head trials of different agents among various patient cate-
gories based on severity of PH, specific type of PAH, exercise capacity, 
or symptomatic status. In general, most experienced investigators and clinicians
agree that more advanced PAH should be treated initially with parenteral
prostacyclin analogues, especially in the setting of right ventricular failure.
Figure 7.4 depicts a suggested algorithm utilizing assessment of disease severity.



Future Potential Treatment

Some experts hypothesize that the beneficial effect of endothelin receptor antago-
nists are predominantly mediated via the endothelin A receptor. Two endothe-
lin receptor antagonists with more A-receptor selectivity have been studied
(sitaxsentan) or are under investigation (ambrisentan). Two studies of sitaxsentan
[10] in patients with IPAH or PAH associated with CHD or connective tissue dis-
ease and WHO class II–IV symptoms have shown an improvement in six-minute
walk distance of 31–34 meters compared to placebo (but not in cardiopulmonary
exercise test parameters) and in pulmonary hemodynamics. Adverse effects
included headache, edema, nausea, nasal congestion, dizziness, potentiation of
the anticoagulant effect of warfarin, and elevation of hepatic enzymes in 5%
patients using a dose of 100 mg daily (and in 21% of patients on 300 mg daily).

Early investigational results of ambrisentan demonstrate improved six-minute
walk distance (36 meters compared to baseline) and pulmonary hemodynamics
in patients with IPAH or PAH associated with connective tissue disease, diet
pill use, or HIV infection [13]. The occurrence of hepatic transaminase elevation
greater than three times the upper limit of normal was 3.1%. Randomized
placebo-controlled trials are underway.

Difficult Situations and Suggested Solutions

Although diagnostic and treatment algorithms are useful for guiding a general
approach to the management of PAH, the clinician is more often confronted
by deviations from the norm than by patients who present with typical findings
and responses to therapy. Unfortunately, there are seldom clear-cut evidence-
based strategies to provide guidance under these circumstances. Nevertheless
accrued experience, consensus opinion, and sound reasoning can often yield a
rational course of action. Below issues which should be considered in prob-
lematic situations of PAH management are discussed.

Real World Question Do We Need Diagnostic Consistency in
Long-term Monitoring?
An important benchmark of therapeutic success is the degree to which an
indicator of disease severity changes over time. Among clinical trial populations,
a beneficial drug effect has often been identified on the basis of an improve-
ment in six-minute walk distance in the range of 16–50 meters compared to
placebo or historical controls, or to baseline walk distance. However, in an
individual patient, does an improvement of 20 meters in six-minute walk dis-
tance after 3 months of treatment constitute a positive outcome? The answer
depends on several factors, including: (1) whether this change exceeds random
variation of distance walked during multiple tests; (2) whether the change
corresponds with changes in other parameters of disease severity; (3) whether
the patient perceives a functional benefit of that degree to have value;
(4) whether the change proves ultimately to be part of a longer-term trend in
a consistent direction; and (5) whether factors unrelated to disease severity
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are having an impact on six-minute walk distance, such as orthopedic limita-
tions. While no specific cut-off for a clinically significant change in individual
walk distance can be specified, it is important for the clinician to recognize
these ambiguities when assessing treatment outcome.

Periodic non-invasive or invasive hemodynamic studies are generally per-
formed as part of the ongoing evaluation of treatment effectiveness in PAH
patients. Although Doppler-echocardiographically estimated pulmonary artery
systolic pressure (PASP) correlates closely with simultaneous direct catheter
measurements [14], the difference between the two techniques may be substantial
for an individual patient. Thus, how much difference in Doppler-echocardio-
graphic measurements before and after treatment can be reliably attributed to the
intervention? Areliable value of PASP determined by Doppler-echocardiography
requires a suitable tricuspid regurgitant flow velocity signal, careful measure-
ment and an accurate estimation of right atrial pressure. As a rule, a reported
value of PASP should be interpreted as having a “confidence range” of plus or
minus 5 mmHg. Thus measurements on two occasions that are no more than
10 mmHg different may not represent any actual change whatsoever. Similarly,
misapplication of right atrial pressure estimation may affect whether a patient is
felt to have pulmonary hypertension or not. For example, a tricuspid regurgitant
velocity of 2.9 m/sec in a patient with a right atrial pressure of 5 mmHg reflects
an estimated PASP of 38 mmHg – a value that suggests minimal, if any, PH.
However, if the right atrial pressure was assumed to be 20 mmHg, the resulting
PASP estimate would be 53 mmHg, a value which would “confidently” but erro-
neously suggest PH in a moderate range. Finally, the presence of coexisting
pulmonic valve stenosis renders the right ventricular systolic pressure inaccu-
rate in estimating PASP unless the valvular gradient is taken into account.

Although right heart catheterization is considered to be the definitive mea-
surement of pulmonary hemodynamics, it too must be interpreted with some
caution. Even during short-term continuous monitoring, catheter-measured
pulmonary artery pressure can vary significantly in the absence of any inter-
ventions [14]. Thus, brief repeat measurements at intervals of months to years
risk superimposing spontaneous variation (plus effects of hydration status,
anxiety, etc) on any changes due to either progression of disease or response to
therapy. Inaccuracy can be further compounded by errors in technique: impre-
cise pulmonary capillary wedge pressures due to failure to confirm position
with a wedged blood saturation, or relying on thermodilution cardiac output
measurement in the setting of tricuspid regurgitation or intracardiac shunt.

The problems caused by inaccuracy and “random sampling” during follow-
up has led to the concept that continuous ambulatory hemodynamic monitor-
ing may provide more reliable data about trends and responses of pulmonary
hemodynamics over time, and may identify more precise predictors of outcome.
In the meantime, judgments about disease progression must incorporate all
information about a patient’s status, rather than a single set of numbers about
hemodynamics, even if obtained invasively. This body of information should
include (but not be limited to) symptomatic status, physical examination, 
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formal functional assessment, morphology and function of the right ventricle,
and brain natriuretic peptide level.

Real World Question Do All Patients with Mild Pulmonary
Hypertension have Pulmonary Arterial Hypertension?
A policy of screening high risk populations, such as members of a family with
known familial PAH or patients with limited scleroderma, or of obtaining
Doppler-echocardiographic studies in patients with any symptoms or findings
that may have a cardiac basis, results in numerous patients identified with an
estimated PASP above the standard upper limit of normal. The question then
arises about how much significance to attach to this finding. A number of issues
impact on the answer for any given patient, and should be systematically
addressed (discussed below).

Real World Question What are the Presenting Symptoms?
Symptoms of dyspnea or fatigue presumably raise the probability that PH
may be a valid cause, though this does not constitute a confirmation since
such symptoms are highly non-specific. Perhaps more importantly, atypical
symptoms should raise wariness that either the measurement is erroneous, or
even if accurate does not explain the symptoms which therefore may need
further evaluation in any event.

Real World Question Are There Other Problems Which are More
Likely to Explain the Symptoms?
The preliminary observation of possible mild PH should not distract the cli-
nician from an appropriate search for more likely substrates. Dyspnea, for
example, in a 68 year-old man with a smoking history and hyperlipidemia, is
more likely to be an anginal equivalent suggestive of coronary artery disease
than due to the finding of an estimated right ventricular systolic pressure of
41 mmHg on Doppler-echocardiographic study.

Real World Question What is the Reliability of the
Echocardiography Laboratory and Sonographer?
Clearly the skills and interpretive ability of the echocardiographer determine
to some extent the degree to which a particular value of right ventricular sys-
tolic pressure should be accepted at face value, since visualization of a distinct
tricuspid regurgitant velocity signal is operator dependent. In addition, the
more technically difficult the examination, either due to body habitus or to
coexisting factors such as lung disease, the more suspect the results may be.

Real World Question What is the Expected Normal Pulmonary
Arterial Systolic Pressure for the Patient?
It is incorrect to assume that a single value represents the cut-off between nor-
mal and abnormal pulmonary pressures. Firstly, the commonly used point of
reference (PASP � 35 mmHg) is based on a combination of a population average
and expert consensus; unlike systemic hypertension, pulmonary measures
have not been subjected to long-term outcome studies to determine which
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values in otherwise asymptomatic patients are related to worse outcomes.
Secondly, older or more overweight individuals tend to have higher estimated
PASP’s on echocardiographic assessment (Figure 7.5) [15] and the clinical or
predictive significance is unknown.
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Figure 7.5 Pulmonary arterial systolic pressure in otherwise normal echocardiograms from
people without clinical evidence of PH [18].
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Real World Question Do Other Findings Corroborate a Finding of
Pulmonary Hypertension of Any Degree?
The presence of right cardiac chamber enlargement, right ventricular dys-
function, physical findings, right axis deviation or right ventricular hypertro-
phy on electrocardiogram, or prominent hilar vessels on chest X-ray increases
the probability that an elevated estimated pulmonary artery pressure is valid.
However, the absence of these findings does not exclude the possibility of
mild or early pulmonary vascular disease.

The approach to the discovery of potential mild PH depends upon the con-
text. In symptomatic patients in whom no other explanation is apparent,
exploration to identify a cause of PH is warranted, and verification and char-
acterization with right heart catheterization is required. Coupling the right
heart catheterization with exercise is advisable if resting pressures are near
normal. Conversely, if the finding of mild PH occurs in a low risk patient
without symptoms, a more conservative approach is appropriate and
includes repeating a directed echocardiographic study in three months to
determine if the result is consistent. If it is, then a search for a treatable under-
lying cause is justified. However, even if mild asymptomatic or minimally
symptomatic PH is confirmed by right heart catheterization, none of the cur-
rently available therapies have been shown to have a favorable risk- or cost-
to-benefit outcome in this population.

Real World Question How to Make a Diagnosis of Pulmonary
Hypertension in the Setting of Comorbidities?
PH is often recognized in the setting of other factors which technically disal-
low the diagnosis of PAH, but do not in themselves explain the presence of PH
or symptoms. Examples are mild to moderate left ventricular diastolic dys-
function, systemic hypertension, mild to moderate left sided valvular heart
disease, obstructive sleep apnea, mild to moderate chronic obstructive pul-
monary disease, or mild to moderate pulmonary fibrosis. Since these condi-
tions usually excluded patients from clinical drug studies, evidence-based
treatment recommendations do not exist, and pulmonary vascular targeted
medications are not labeled for use in any of these populations. Consequently,
health plans often do not provide medical coverage for treatment of these con-
ditions with expensive medications labeled for PAH. Nevertheless, pending
initiation and completion of studies of these disease categories, treatment of
patients whose symptoms or longevity are related to PH is clearly warranted.

The initial step in treatment is to treat any contributing causes such as after-
load reduction, volume management with diuretics and sodium restriction
for control of elevated left sided filling pressures, aggressive control of sys-
temic hypertension, polysomnography in suspected sleep apnea and consid-
eration of continuous positive airway pressure nocturnal breathing assistance
if appropriate, or bronchodilators and oxygen in reactive airways disease.

Only after such factors have been addressed should treatment with targeted
pulmonary vascular therapy be considered. Empiric treatment, however,



requires a careful treatment plan and a commitment to reassess to determine
whether treatment goals have been achieved and whether adverse effects
may be occurring. It is especially important to make sure that there are not
contraindications to using any of the available medications. For example,
epoprostenol administered to patients with pulmonary venous hypertension
due to high left heart filling pressures, mitral stenosis, or pulmonary vein
obstruction can result in pulmonary edema; the same may be true for other
drugs with pulmonary vasodilating capabilities.

Both physicians and patients must understand that unless symptoms are
predominantly occurring from the pulmonary hypertension and right heart
dysfunction, rather than from the comorbid condition, even aggressive vascu-
larly directed treatment will be unlikely to produce subjective benefit.

Real World Question How to Assess the Treatment Goals?
The intention of treatment is to reduce symptoms, increase six-minute walk
distance and improve pulmonary hemodynamics. Reasonable specific bench-
marks are an improvement in WHO functional status by 1 class, extension of
six-minute walk distance by 10% or more, and/or reduction of mean pulmonary
artery pressure by at least 10 mmHg to less than 40 mmHg while maintaining
or increasing pulmonary blood flow. These goals should be considered guide-
lines, but do provide a means by which to determine whether a given treatment
strategy can be considered effective. In evaluating outcomes, one must keep
in mind the potential inaccuracies and variations in outcome measurements
outlined above. Seldom can an effective approach be documented immediately;
a period of dose optimization and allowance for the effects of reverse vascular
remodeling is necessary before a therapy is deemed unsuccessful. A minimum
of three months of treatment in a reasonably stable patient should be under-
taken before re-evaluation, and in many patients a duration of one year or
more may be needed to see appreciable benefit.

Real World Question Which is Better? Monotherapy vs.
Combination Therapy
Only single drug regimens have been formally evaluated in appropriately
designed studies. Many patients, however, fail to achieve treatment objectives
on monotherapy. Consequently, various combinations and sequences of drugs
are currently under evaluation, and experience is also accruing with the
empiric use of dual or triple therapy. From a theoretical standpoint, multidrug
approaches are attractive since the three major classes of medications exert their
effects by different mechanisms which may be additive or complementary. Thus,
two or more drugs may have an augmented effect, or may allow for dosing
below the level of side effects. However, at present this supposition has not been
rigorously confirmed, so again careful ongoing re-assessment is mandated.

For stable WHO class III patients who have been started on an oral agent
(sildenafil or bosentan) and failed to improve, addition of the other oral agent
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may be explored. If the patient deteriorates despite use of one oral agent, 
consideration should be given to transitioning to or adding a prostacyclin
analogue (epoprostenol, treprostinil or iloprost).

Patients who are unstable or have WHO class IV symptoms should be started
on a prostacyclin analogue, preferably epoprostenol. If improvement does not
occur in 3 months or less (depending on level of urgency), one of the oral
agents can be added. Once improvement and stability is achieved, simplifica-
tion of the regimen can be done by transitioning to oral agents alone or in
combination with a more tolerable form of prostacyclin, such as iloprost.

The importance of monitoring cannot be over-emphasized. The need for sys-
tematic re-evaluation of patients using a reproducible protocol is a compelling
argument for managing these patients in a higher volume referral center with
expert physician and nursing staff.

Real World Question When Does the Patient Need Surgical
Intervention?
Failure of medical treatment should lead to consideration of possible surgical
intervention, either lung transplantation or balloon atrial septostomy. Patients
should be evaluated for transplant candidacy at the time they are started on
an intravenous prostacyclin analogue, even before their response to medica-
tions is established, because of the expected waiting period before a donor
organ is available after the patient is listed.

Patients with advanced right ventricular failure who have failed medical
treatment and who have arterial oxygen saturations within an acceptable range
should be considered for percutaneous balloon atrial septostomy at experienced
centers [16].

Real World Question How to Treat Angina in Patients with
Pulmonary Arterial Hypertension?
Symptoms of angina occur in up to one-third of patients with PAH. The cause
is most often attributable to increased right ventricular myocardial oxygen
demand due to high wall stress, coupled with a decreased aortic-to-right-
ventricular endocardial gradient leading to decreased coronary blood flow.
Treatment directed to improvement of pulmonary vascular hemodynamics
would be expected to benefit both sides of the coronary blood flow/myocar-
dial oxygen demand imbalance. Among patients who fail to improve, alterna-
tive explanations should be sought. Atherosclerotic coronary artery disease can
coexist with PAH, though the typical IPAH population usually has a low risk
profile for coronary artery disease. A greater concern, which is being increas-
ingly recognized as a cause of angina or asymptomatic ischemia in patients with
severe PAH, is compression of the left main coronary artery by the dilated left
main pulmonary artery. A low threshold for performing coronary angiogra-
phy should be maintained; successful stenting of a compressed left main coro-
nary artery under these circumstances has been reported [17].
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Take Home Message

PAH, while not curable, is clearly treatable. Effective treatment improves symp-
toms, functional status, exercise tolerance, pulmonary hemodynamics and
survival. Optimal management requires timely and accurate diagnosis with
appropriately tailored therapy.

Diagnostic suspicion of PAH is raised by symptoms of fatigue, dyspnea,
chest pain, syncope or edema. Suspicion is heightened in patients with associ-
ated risks or conditions such as connective tissue disease, HIV infection, prior
exposure to known toxins, cirrhotic liver disease with portal hypertension,
congenital heart disease, or family history of PAH. Symptoms in a patient in
whom other causes are less likely (such as middle-aged women) or have been
ruled-out (such as obstructive pulmonary disease, heart failure or ischemic
heart disease) raise further warning signs.

A basic cardiovascular physical examination and screening laboratory assess-
ment will direct further evaluation if any of these indicators are present: loud
P2, right ventricular lift, right ventricular hypertrophy on ECG, and/or central
pulmonary artery prominence on chest x-ray. The Doppler – echocardiographic
examination can be confirmatory if a high right ventricular systolic pressure is
detected, especially if coupled with right ventricular enlargement or dysfunc-
tion, and can suggest underlying substrates. Hemodynamic catheterization is
required to fully characterize pulmonary arterial hemodynamics, including
response to vasoactive agents (nitric oxide or epoprostenol).

Treatment is typically complex and intense, requiring careful monitoring
and follow-up, preferably in a dedicated facility with expert nursing and physi-
cian staff with access to multidisciplinary consultation and participation in
clinical studies. Currently treatment utilizes prostacyclin derivatives, endothelin
receptor antagonism, or phosphodiesterase-5 inhibition. Although these agents
have potent vasodilatory characteristics, their main mode of action may be
through vascular remodeling mechanisms. Consequently, clinical effects may
be gradual and progressive.
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Introduction

Heart failure (HF) is a common clinical syndrome resulting from any structural
and functional cardiac disorders that impairs the capacity of the ventricle to fill
or to eject the appropriate amount of blood [1]. The most common causes of
HF are coronary artery disease (CAD), long standing uncontrolled hypertension
(HTN), dilated cardiomyopathy, valvular heart disease and diastolic dysfunc-
tion due to age, etc. In the examination of a patient at high risk for HF or with
HF, it is important to investigate by echocardiography, stress testing, coronary
angiography or blood test for any possible treatable underlying causes. Many
details in the family history could point toward a genetic predisposition such as
family history of sudden cardiac death (SCD), CAD, dilated or hypertrophic
cardiomyopathy, skeletal myopathies, etc. The list of predisposing causes of
HF is shown in Table 8.1.
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Table 8.1 Predisposing causes of heart failure.

1. Hypertension
2. Diabetes mellitus
3. Dyslipidemia
4. Valvular heart disease
5. CAD
6. Myopathy
7. Rheumatic fever
8. Mediastinal radiation
9. Sleep apnea disorders
10. Exposure to cardiotoxin agents
11. Alcohol abuse
12. Smoking
13. Collagen vascular disease
14. Thyroid disorder
15. Pheochromocytoma
16. Old age
17. Metabolic syndrome

CAD, coronary artery disease.

Target Patient Populations
According to the new ACC/AHA classification, in stage AHF, the patient is
totally asymptomatic without structural abnormality. In stage B, the patient



Management Strategies
In principle, every management plan for HF would include treatment and pre-
vention of risk factors, administration of outcome-proven medications and pre-
vention of clinical deterioration. The main strategies are outlined in Table 8.3.
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Table 8.2 Classification of Heart Failure patients.

1. Stage A Patient with high risks for HF
2. Stage B Asymptomatic patients with LV dysfunction
3. Well compensated Stage C Patients with minimal symptom treated as outpatient

in office
4. Early decompensated Stage C Patient with first hospitalization because of 

decompensated HF
5. Recurrent decompensated Stage C Patients with recurrent hospitalizations because of 

frequent relapse of decompensated HF
6. Stable very low EF, Stage C Patients with multiple previous hospitalizations now 

followed-up at a dedicated HF clinic

HF, heart failure; LV, left ventricle.

has left ventricle (LV) remodeling without symptom or sign of HF.
In stage C, the patient had or has the conventional symptoms and signs of HF.
At stage D, the patients have refractory end-stage HF [1]. However, in clinical
practice, patients with HF can present with an ejection fraction (EF) ranging
from 20% to 65%, level of congestion ranging from dry to wet or nearly
drowned from pulmonary edema, and prognosis from excellent to dying. So
they are to be classified under separate subsets requiring different strategies
according to various phases or stages of HF (Table 8.2).

Table 8.3 Main strategies for patients with heart failure.

1. Lifestyle modification
2. Prevent precipitating and aggravating factors
3. Essential pharmacologic management with BB, ACEI/ARB
4. Complimentary treatment with diuretics or vasodilators
5. Reverse structural abnormalities (remodeling with hypertrophy or dilation)
6. Device therapy including implantable cardioverter defibrillators, bi-ventricular pacing

ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin II receptor blockers;
BB, �-blockers.

The prevention of risk factors and lifestyle modifications are the cornerstones
in any management plan. They are the main treatment for early stages HF (A
and B), while at the late stages (C and D), prevention is secondary because the
main focus is to urgently control the severely symptomatic manisfestations and
complications of decompensated HF. All medications or situations which can
precipitate or aggravate HF should be clearly identified so they can be effectively



prevented. Between all medications, �-blockers (BB), angiotensin converting
enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARB) are the
absolutely essential medications. Without them, the patient does not yet
receive basic treatment for HF. The complimentary medications include diuret-
ics, digoxin, aldosterone antagonists, and vasodilators (hydralazine and isosor-
bide). These medications are optional for patients who have fluid retention or
remain symptomatic despite maximal medical therapy with BB and ACEI/ARB.
As the disease progresses, more diuretics are used if the patients have more
relapses of excessive fluid retention. Then BB and ACEI/ARB are given more
frequently, even for patients with relative contra-indications, and at higher
doses in an effort to control more severe HF. More comorbidities and side-
effects, e.g. renal insufficiency, liver dysfunction or orthostatic hypotension
occur, so BB, ACEI or ARB and all medications are more likely to be challenged
for dosage decrease or discontinuation. At this stage, the device therapy
includes implantable cardioverter defibrillator (ICD) and chronic resynchro-
nization therapy (CRT). Finally, in the long term strategic plan, any modality 
of treatment that can reverse the cardiac structural abnormality should be 
pursued aggressively at the earliest.
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CLINICAL PEARLS

What to focus on in the management of HF? In stage A, it is prevention

and treatment of risk factors. In stage B, it is the same: prevention of

clinical deterioration (advance to stage C) and treatment of risk factors.

In stage C, the main and most frequent cause of multiple relapses of acute

decompensation is fluid overload. Fluid restriction and diuretics are the main treatment,

they do not prolong life: they cause complications. However, without them, without

judicious use of diuretics, and without intelligent and disciplined fluid restriction

regimen, all patients with HF stage C will have frequent relapses. Low cardiac output 

is a big problem, but it is not so prominent until near the end of HF (end of stage C 

and stage D).

In general, all preventive and therapeutic modalities of treatment for HF
mentioned above are applied to all patients however at various extent because
each stage requires different level of intensive or preventive care.

Stage A: High Risk for HF Without Structural Abnormality

At this stage, the patients are healthy without any cardiovascular structural
abnormalities. The only problem is that they are at high risk of developing HF.
The main management is to screening asymptomatic patients at high risk for
ventricular remodeling, to treating any underlying clinical diseases (hyper-
tention, diabetes, hypercholesterolemia, alcohol abuse, tobacco addiction,
obesity, etc.), while applying all generic preventive measures (lifestyle change,



low sodium, low cholesterol diet, exercise and education). The end goal of
treatment in this stage is to prevent the LV remodeling and forestall the rise of
symptoms of HF.

The pathologic targets of the prevention for heart disease in patients at
stage A are to prevent the occurrence of any atrial or ventricular hypertrophy
or dilation or diastolic dysfunction. The ultimate goal is to protect the LV and
to prevent any remodeling of any cardiac chamber or of the LV which is the
most important and clinically relevant end result of any cardiac injury. The
strategy is to prevent any remodeling in the right and left atrium, right ventri-
cle, the pulmonary vasculature and flow and the systemic flow. The reason is
because that the LV systolic and diastolic function is directly influenced by
any persistently abnormal decrease or increase flow or pressure from the sys-
temic circulation or the pulmonary system or the left or right side chambers.
By that understanding, is mitral regurgitation (MR), a very common finding
in routine echocardiography, or left bundle branch block (LBBB), a structural
abnormality? Technically, the answer is yes. By that, all patients with MR are
considered stage B HF. Any entity which can lead to the end result of LV remod-
eling and its preventive or corrective measures are listed in Table 8.4.

Table 8.4 shows that the general measures in the management of stage A
include the lifestyle change and treatment of any clinical entities which lead
to LV remodeling. Detailed instructions on diet, control of blood pressure
(BP), high cholesterol level, prevention of diabetes or CKD, are discussed in
chapter 6: Integrated prevention of cardiovascular disease.
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Table 8.4 Entities Leading to Ventricular Remodeling and Preventive Measures.

Clinical entity Pathology Preventive measure

Diabetes Dilated cardiomyopathy Diet
Uncontrolled HTN LV hypertrophy, dilation Drug
CKD LV hypertrophy, dilation Diet
CAD Ischemic cardiomyopathy Drug

Valvular stenosis
Mitral stenosis Pulmonary HTN, right HF Valvuloplasty
Aortic stenosis LV hypertrophy Valve change

Valvular insufficiency
Aortic insufficiency LV dilation Medicine and Surgery
Mitral regurgitation Left atrial and LV dilation Surgery
Toxin (ETOH, drugs) Dilated cardiomyopathy Treat cause
Aging Diastolic dysfunction Diet?
Viral infection Dilated cardiomyopathy ?
Obesity Diastolic dysfunction Weight loss
Post partum cardiomyopathy Dilated cardiomyopathy ?
Uncontrolled arrhythmias Dilated cardiomyopathy Treat cause

CAD, coronary artery disease; CKD, chronic kidney disease; ETOH, alcohol; HF, heart failure;
HTN, hypertension; LV, left ventricle.



Stage B: Asymptomatic Left Ventricular Remodeling

In stage B, the patient has low EF (�50%) while being asymptomatic. It is not
rare to see asymptomatic patient with prior myocardial damage and low EF.
More patients with acute myocardial infarction (MI) aborted by expedite per-
cutaneous coronary interventions (PCI) or having CAD lesion opened by drug-
eluting stent (DES), these patients with low EF can still enjoy a highly active
lifestyle. Because the patients are asymptomatic, the management strategies are
for: (1) prevention of clinical worsening; (2) reduction of morbidity and mortal-
ity; and (3) reversal of ventricular remodeling (Table 8.5).
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Table 8.5 Management strategies for asymptomatic heart failure stage B patients.

1. Detect and treat the causes of HF
2. Maintain asymptomatic status by diet, exercise and medications
3. Prevent and treat precipitating and exacerbating factors
4. Prevent progression of HF at the cellular level
5. Prevent SCD with ICD
6. Reverse ventricular remodeling by diet, exercise and medications

HF, heart failure; ICD, implantable cardioverter defibrillator;
SCD, sudden cardiac death.

Initial Evaluation
In the first visit, the patient with HF is evaluated for causes, extent of LV dys-
function, risk of severe arrhythmias and sudden death or chance for relapse
(Table 8.6). In developed countries, especially in the US and Europe, the most
common cause of HF is CAD, while in developing countries, it can be long
standing uncontrolled HTN, infection (Chaga’s disease) or rheumatice fever,
etc. [2]. This is why the US or European patients should undergo stress test to
find out whether they have CAD. If the patients have reversible ischemia, an
angiogram should be done and revascularization performed if indicated [2].

Table 8.6 Initial evaluation of patients with heart failure.

1. Assess clinical severity of HF by history and physical examination
2. Assess cardiac structure and function
3. Determine the etiology of HF
4. Evaluate for coronary disease and myocardial ischemia
5. Evaluate the risk of life-threatening arrhythmia
6. Identify any exacerbating factors for HF
7. Identify comorbidities which influence therapy
8. Identify barriers to adherence and compliance

HF, heart failure.
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Table 8.7 Instructions for patients with heart failure.

1. Rationale and practical tips for compliance with low sodium, low cholesterol diet
2. Rationale and practical tips for compliance of fluid restriction
3. Rationale and practical tips for compliance with medication, office visit and blood testing
4. Rationale and practical tips for low calorie diet and losing weight
5. Rationale and practical tips for regular exercise
6. Keep a daily log of blood pressure and weight
7. Explanation of signs and symptoms of HF and change due to worsening HF

HF, heart failure.

Pharmacologic Therapy
ACEI and BB are the main treatment and should be given to patients with
asymptomatic LV dilation or hypertrophy, especially in patients with prior MI
even with normal EF. ACEI and BB are to reduce mortality, prevent, delay or
reverse LV remodeling. With appropriate treatment against congestion and low
cardiac output, the HF patient can be asymptomatic and function normally for
a long time, especially the patients who did exercise well and regularly before
the onset of cardiomyopathy. The benefits of ACEI were proved by the SOLV
trial detailed below.

So the ACEI enalapril significantly reduced the incidence of HF and the rate
of related hospitalizations, as compared with the rates in the group given
placebo, among patients with asymptomatic LV dysfunction [3]. Besides ACEI
or on top of a background of ACE inhibition, BB is also the second most
important drug for HF. The evidence which proved the benefits of BB on HF
stage B was in the Carvedilol US Heart Failure trial which randomized a large
group of patients with mild, moderate and severe HF.

Evidence-based Medicine: The SOLV trial

At the beginning of the nineties, it was not known whether the treatment of

patients with asymptomatic LV dysfunction with ACEI reduces mortality and

morbidity. 4228 patients with EF of 0.35 or less who were not receiving drug

treatment for HF, were randomly assigned to receive either placebo (n � 2117) or

enalapril (n � 2111) at doses of 2.5–20 mg/day in a double-blind fashion. After a 

Life-Style Change and Education
The first step in the treatment plan for asymptomatic HF patients is life-style
change: low sodium, low cholesterol diet, fluid restriction (�2000 cc/day), 
no smoking and exercise. Because the patient is asymptomatic, the main 
focus is prevention and education of the patient about the disease, disease
process, worsening of symptoms and signs. The instructions for HF are listed
in Table 8.7.
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Evidence-based Medicine: The US carvedilol heart failure trial

1094 patients with mild, moderate, or severe heart failure and an

EF � 0.35 were enrolled. The mild patients are the patients of today stage

B HF. They were randomly assigned to receive either placebo (n � 398) or

carvedilol (n � 696) on a background therapy with digoxin, diuretics, and an ACEI.

After 12 months observation (for the group with mild heart failure), the overall mortality

rate was 7.8% in the placebo group and 3.2% in the carvedilol group; the reduction in

risk attributable to carvedilol was 65% (95% CI, 39–80%; P � 0.001). In addition, as

compared with placebo, carvedilol therapy was accompanied by a 27% reduction in

the risk of hospitalization for cardiovascular causes (19.6% vs. 14.1%, P � 0.036), as

well as a 38% reduction in the combined risk of hospitalization or death (24.6% vs.

15.8%, P � 0.001) [4].

With evidence from the trial above, BB therapy is recommended even if
there is concomitant diabetes, chronic obstructive lung disease, or peripheral
vascular disease. BB therapy should be used with caution in patients with
asthma, resting limb ischemia or diabetes with recurrent hypoglycemia.
Considerable caution should be exercised if BBs are initiated in patients with
marked bradycardia (�55 beats/min) or marked hypotension (systolic blood
pressure �80 mmHg). BBs are not recommended in patients with asthma
with active bronchospasm [4].

Diuretics are not the first line drug treatment in stage B because the patient
has no sign of fluid retention. If fluid overload is to be prevented, low sodium
diet and fluid restriction is the first line of therapy. Low dose diuretics can be
used intermittently or as needed. Digoxin is not indicated either unless there 
are atrial arrhythmias. As the benefits of BB or ACEI are supported by reduc-
tion of mortality and morbidity from randomized clinical trials (RCT), the
patients should be given the same dosage at which the benefits were proven
(Table 8.8).

follow-up at an average of 37.4 months, there were 334 deaths in the placebo group, as

compared with 313 in the enalapril group (reduction in risk, 8%, P � 0.30). The 

reduction in mortality from cardiovascular causes was larger but was not statistically

significant (298 deaths in the placebo group vs. 265 in the enalapril group; risk 

reduction, 12%; P � 0.12). When the numbers of patients in whom HF developed and

those who died were combined, the total number of deaths and cases of HF was 

lower in the enalapril group than in the placebo group (630 vs. 818; risk reduction, 

29%; P � 0.001). In addition, fewer patients given enalapril died or were hospitalized 

for HF (434 in the enalapril group; vs. 518 in the placebo group; risk reduction, 20%; 

P � 0.001) [3].
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CLINICAL PEARLS

Which test is best for detecting myocardial viability? There are

three ways to test the viability of myocardium: Myocardial contrast

echocardiography (MCE), dobutamine echocardiography (DE) and thallium

scintigraphy (T1-201). The best concordance was found with MCE and Tl-201; for

detecting myocardial hibernation, both methods had similar high sensitivity but a low

specificity for predicting recovery of function [14]. Importantly, the three techniques

identified all patients who had significant improvement in global ventricular function.

Using a biphasic response during DE, concordance between Tl-201 scintigraphy

and DE was 56%, and between MCE and DE 67%. While any improvement during

dobutamine infusion was considered an indicator of viability, concordance increased

between DE and both Tl-201 scintigraphy and MCE (66% and 72%, respectively) [15].

Recently, separate studies reported that assessing end-diastolic wall thickness (EDWT)

via DE can be useful in predicting recovery. If a patient had EDWT �5–6 mm [16], the

chance of recovering function is minimal; conversely, if wall thickness is assessed

to be greater or equal to 5–6 mm, there is a 50% or greater chance of wall motion

improvement after CABG [17].

Revascularization for Heart Failure Patients

CAD is manifested as localized wall motion abnormalities on echocardiogra-
phy. Dysfunctional segments with normal perfusion and normal glucose uti-
lization are considered to be stunned, and dysfunctional segments with
reduced perfusion and preserved glucose utilization are considered to be
hibernated. Patients with LV dysfunction have higher mortality during open
heart surgery (coronary artery bypass grafting, CABG), therefore, there is a
need to assess myocardial perfusion, myocardial viability in order to select

Table 8.8 Dosage of medications in clinical trials of heart failure.

Medication Starting dose Target dose Clinical trial

Captopril 6.25–12.5 mg TID 50 mg TID SAVE [5]
Enalapril 2.5–5 mg BID 10–20 mg BID SOLV [3]
Ramipril 2.5 mg BID 5 mg BID AIRE [6]
Trandolapril 1 mg/day 4 mg/day TRACE [7]
Carvedilol 3.125 mg BID 25 mg BID Carvedilol HF [4]

50 mg BID for �187 lbs
Metoprolol succinct 12.5–25 mg/day 200 mg/day MERIT-HF [8]
Candesartan 4–8 mg/day 32 mg/day RESOLVD [9]
Losartan 12.5 mg/day 50 mg/day ELITE [10]
Valsartan 20 mg/day 160 mg BID CHARM [11]
Spirinolactone 25 mg QD RALES [12]
Isosorbide 120 mg Aheft [13]
Hydralazine 225 mg Aheft [13]



the patients who would survive, have the function of the myocardium recov-
ered so to benefit from CABG.

Overall, there is a strong association between myocardial viability on non-
invasive testing and improved survival after revascularization in patients
with chronic CAD and LV dysfunction. For patients with defined myocardial
viability, annual mortality was 16% in medically treated patients versus only
3.2% for revascularized patients (P � 0.0001). This represents a 79.6% relative
reduction in risk of death associated with revascularization. For patients without
viability, annual mortality was not significantly different according to treatment
method: 7.7% with revascularization vs. 6.2% for medical therapy (P � ns) [17].
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CRITICAL THINKING

Revascularization for patients with severe HF. 765 consecutive patients

(age 64 	 11 years, 80% men) with advanced LV dysfunction (EF �35%)

and without significant valvular heart disease who underwent PET/FDG

study at the Cleveland Clinic between 1997 and 2002 were followed-up. Early

intervention was defined as any cardiac intervention (surgical or percutaneous) within

the first 6 months of the PET/FDG study. In the entire cohort, 230 patients (30%)

underwent early intervention (188 [25%] had open heart surgery, most commonly

coronary artery bypass grafting, and 42 [5%] had percutaneous revascularization); 535

(70%) were treated medically. Using 39 demographic, clinical and PET/FDG variables,

it was possible to propensity-match 153 of the 230 patients with 153 patients who did

not undergo early intervention. Among the propensity-matched group, there were 84

deaths during a median of 3 years follow-up. Early intervention was associated with a

markedly lower risk of death (3-year mortality rate of 15% versus 35%, propensity

adjusted hazard ratio 0.52, 95%CI 0.33–0.81, P � 0.0004) [18].

While revascularization can potentially reverse LV function, it has been less
clear if this outweighs the perioperative risks and whether the long-term out-
comes actually improve [2,18]. Besides improving the symptoms and prevent
clinical deterioration, another problem facing the HF stage B patients is severe
or possibly fatal arrhythmias. What we can do to solve the problem?

Primary Prevention of Sudden Cardiac Death in Ischemic
Cardiomyopathy
At first, for patients with recent MI and CABG, findings from the Defibrillator
in Acute Myocardial Infarction Trial (DINAMIT) [19] and the Coronary Artery
Bypass Graft Patch (CABG-Patch) [20] trial did not find statistically significant
benefits of ICDs on survival of these patients. However, in the MADITT 2 trial,
benefits were found in patient with low EF, more than one month after the
index MI.

So, in patients with a prior MI and advanced LV dysfunction, prophylactic
implantation of an ICD improves survival [21]. The number needed to treat
(NNT) to avoid one death was 18. Patients with MI within 1 month of enrollment
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Evidence-based Medicine: The SCD-HeFT trial

In the Sudden Cardiac Death-Heart Failure trial, 2521 patients with NYHA

class II or III and a LVEF of 35% or less were randomized to conventional

therapy for CHF plus placebo (847 patients), conventional therapy plus

amiodarone (845 patients), or conventional therapy plus a conservatively programmed,

shock-only, single-lead ICD (829 patients) (no pacing for bradycardia). The primary end

point was death from any cause. The cause of cardiomyopathy was ischemic in 52%

and non-ischemic in 48%. The median follow-up was 45.5 months. The results showed

that there were 29% mortality in the placebo group, 28% in the amiodarone group, and

22% in the ICD group. The NNT to prevent one death was 14. The results did not vary

according to either ischemic or non-ischemic causes however, the benefits of ICD were

more marked (and significant only) among patients in NYHA FC II, with an absolute

reduction in mortality of 11.9% (NNT � 8) [22].

Evidence-based Medicine: The MADITT II trial

Over the course of four years, 1232 patients with a prior MI and a left

ventricular ejection fraction (LVEF) of 0.30 or less were randomly assigned

in a 3:2 ratio to receive an ICD or conventional medical therapy. Death

from any cause was the end point. The results showed after an average follow-up of 

20 months, the mortality rates were 19.8% in the conventional-therapy group and

14.2% in the ICD group (P � 0.016). The effect of ICD therapy on survival was similar

in subgroup analyses stratified according to age, sex, EF, NYHA class, and the QRS

interval [21].

or with coronary revascularization within the prior 3 months were excluded
because the negative results of the DANAMIT and CABG-Patch trials. The
findings in the MADITT 3 trial suggested that abolition of malignant ventric-
ular arrhythmias by ICD reduced mortality and prevent further worsening of
HF. However, recurrent ICD discharge might contribute to the higher rate of
rehospitalization [21]. Does ICD prevent SCD in stage B HF patients with
non-ischemic dilated cardiomyopathy?

Primary Prevention of Sudden Death in Non-Ischemic
Cardiomyopathy
The evidence of prevention of SCD in non-ischemic HF patients is seen in the
SCD-HeFT trial, detailed below [22].

Guidelines
For stage B HF patients, because they are asymptomatic, so the goal of ICD is to
prevent SCD (primary prevention). ICD is indicated in patients with ischemic
cardiomyopathy, at least 40 days post-MI, with EF of 30% or less, NYHA FC
class I on chronic optimal medical therapy (OMT). (Class IIa recommendation;
B level evidence) ICD might be considered in patients who have nonischemic
cardiomyopathy and an EF of 30% or less, in NYHA FC I with OMT (Class IIb



recommendation; C level evidence) [1]. Even the patient is asymptomatic and
stable, even at low EF, the patients are under tremendous pressure and risk of
clinical deterioration or decompensation when any precipitating factor strucks.

Prevention and Treatment of Precipitating Factors
The compensated condition in stage B or C can change quickly when any pre-
cipitating factor tips over the precarious clinical balance (Table 8.9). This is
why prevention of any precipitating or aggravating factor is the second most
important strategy in this group of asymptomatic patients. The goal is to keep
the patient asymptomatic as long as possible and it is an achievable goal.

230 Chapter 8

Evidence-based Medicine: The REVERT trial

In the Reversal of Ventricular Remodeling With Toprol-XL trial,

asymptomatic patients with LV systolic dysfunction were randomized to

metoprolol 25 mg titrated over 2 months to a target dose of 50 mg or

200 mg or to placebo. With treatment, metoprolol succinate produced dose-dependent

decrease in heart rate but no consistent changes in systolic blood pressure. At 

12 months, the results showed that the mean change (mL/m2) of the LV end-systolic

volume index was –14.5% and LV EF � 6% from baseline. They were dose-dependent

and greatest with 200 mg metoprolol [23].

Reversal of Cardiac Structural Abnormalities
It is important to correct the underlying disease which causes ventricular
remodeling such as CAD, arrhythmias, ETOH, etc, because the LV remodeling
could be reversed and the disease progression stopped. The evidence that treat-
ment with BB reversed the LV remodeling is shown in the REVERT trial [23].
Can cardiac resynchronization therapy (CRT) delay the progression of HF?

Table 8.9 Precipitating factors of heart failure.

1. Infection
2. Brady- or tachyarrhythmia
3. Myocardial ischemia or MI
4. Physical or emotional stress
5. Pulmonary embolism
6. High-output states such as anemia, thyrotoxicosis, Paget’s disease,

pregnancy, Beriberi and arteriovenous fistula
7. Cardiac infection and inflammation (myocarditis, infective endocarditis)
8. Comorbidities (renal, liver, thyroid, respiratory insufficiency)
9. Cardiac toxin (chemotherapy, cocaine, alcohol etc.)

MI, myocardial infarction.

LV remodeling (dilation or hypertrophy) is considered detrimental; this is
why reversal of LV dilation is an ideal goal and concrete evidence of treatment
success. The LV dilation can be transient or disappears after a few months. The
list of conditions in which remodeling can be reversed is in Table 8.10.



Stage C: Patient With Symptomatic Heart Failure

In this stage C, patients had or have clinical symptoms and signs of HF. The goal
of management is to ameliorating the symptoms, preventing deterioration and
reducing mortality by treating underlying diseases, and eliminating any exacer-
bation factors. The patients in stage C can be: (1) an minimally symptomatic, well
compensated HF patient who is being followed up at the office; (2) a hospitalized
patient with a first acute decompensated HF (ADHF); (3) a patient with frequent
relapses of decompensated HF (acute on chronic HF); or (4) a patient with
chronic compensated HF and very low EF in the outpatient setting of a dedi-
cated HF clinic (see Table 8.2).

Management of Stage C Well Compensated Heart Failure
Patients in Office

In the history and physical examination, the symptoms and signs of HF are
observed to be clustered into two groups due to: (1) fluid retention; or (2) low
cardiac output (hypoperfusion). Fluid retention is frequently the earliest sign or
symptom of HF prompting the patient to seek medical attention. Fluid retention
in different organs gives out different signs and symptoms such as shortness
of breath (lungs congestion and edema), fullness or pain in the right upper
quadrant, no energy (liver congestion), fullness or pain in the left upper quad-
rant (spleen congestion), bloating sensation (mesenteric edema), easy fullness
after a small meal (edema in the stomach), heaviness in the abdomen area
(thickening of the abdominal wall due to fluid infiltration), etc.

Inappropriate low cardiac output or hypoperfusion would present as
decreased exercise tolerance, easy fatigue, sleepiness, lack of energy (no pep)
or poor sense of well-being (don’t feel good) due to generalized hypoperfusion.
Hypoperfusion can aggravate angina (due to myocardial hypoperfusion) or
cause syncope, presyncope, or lightheadness due to cerebral hypoperfusion.
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Table 8.10 Conditions in which ventricular remodeling could be reversed.

1. Viral cardiomyopathy
2. Post partum cardiomyopathy
3. Atrial fibrillation induced cardiomyopathy
4. Aortic stenosis with LV hypertrophy
5. Mitral regurgitation with dilated left ventricle
6. ETOH induced dilated cardiomyopathy
7. Dilated left ventricle from metabolic syndrome
8. LV hypertrophy after long standing uncontrolled HTN
9. Stress-induced cardiomyopathy

10. Tachycardia mediated-cardiomyopathy
11. Nutritional deficiency: beriberi, selenium deficiency
12. Metabolic causes: hypocalcemia, hypophosphate
13. Endocrine disorders: hypo- and hyperthyroidism

ETOH, alcohol; HTN, hypertension; LV, left ventricular.



There is another set of symptoms due to embolic events in the presence of 
ventricular thrombus.

In the early stage of HF, the signs and symptoms of fluid retention are pre-
dominant, while at the later stage, the signs and symptoms of low cardiac out-
put or hypoperfusion are more prominent, especially in patients who are well
treated and had no excessive fluid retention.

The management of an asymptomatic or mildly symptomatic, well com-
pensated, first time diagnosed HF patient while being followed up at the doc-
tor’s office consists of life style change, reinforcement of patient instruction
and medications (Table 8.12).

At this stage the patient needs to understand the importance and priority
rank of each modality of treatment or medications, to understand the signs
and symptoms of worsening or improving HF and to be able to modify the
components of the treatment regimen accordingly. Many patients with the first
occurrence of HF have to decrease their level of activities, do not realize the
severity of their HF or due to psychological denial, could rebel against med-
ical advices and stop some or all medications. So the focus of this stage is to
educate the patient on the cause and treatment of HF, start lifestyle change,
treat risk factors and reinforce medical treatment regimen.
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How to detect fluid retention in patients without rales or leg edema?

In a well managed patient with HF or in patient with HF at early stage, it is

rare to see the conventional signs of HF: rales in lungs and leg edema. The

earliest sign predicting decompensated HF is the increase of international normalized

ratio (INR) in a patient on maintenance dose of coumadin. It can happen in 2–3 days

while the patient is totally asymptomatic, before the development of ADHF requiring

hospitalization. Then the patient needs to retain 5 liters of fluid in the abdominal cavity

or wall before the development of ankle edema. At that time, the abdominal wall is

thicker and harder because it is infiltrated with fluid. At any phase of HF, there is a 

need evaluate the status of fluid congestion in different organs or areas in order to

assess the extent of fluid retention or the success of fluid removal following treatment 

(Table 8.11).

Table 8.11 Earliest symptoms of fluid retention.

Is the appetite bad?
If it is bad, then there is enough liver congestion (differential diagnoses: prerenal azotemia,

renal failure, etc.)
Does the patient feel bloated or full quickly after a small meal?
Mesenteric edema with poor absorption of foods and medication

Does the patient feel lack of energy?
Liver congestion (differential diagnoses: renal failure, hypothyroidism, low cardiac output,

mental depression)
Is the patient aware that he or she has to make an effort to breathe?
The lungs are stiffer because they begins to be filled with fluid
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Table 8.12 Management of patients with heart failure (Stage C).

1. Treat underlying etiologies
Treat underlying disease: HTN, DM, CAD, cardiomyopathy
Eliminate exacerbating factors: ETOH, smoking, salty foods, high fluid intake, uncontrolled
atrial or ventricular arrhythmias
Lifestyle change: No alcohol, no cigarette, exercise, low sodium, low cholesterol diet, fluid
restriction, weight loss program

2. Medications to prevent functional deterioration
ACEI, BB

3. Medications to reduce mortality
ACEI, BB, ARB, hydralazine-ISDN, aldosterone antagonists

4. Medications to control symptoms
ACEI, BB, ARB, digoxin, diuretics

5. Medications to avoid
Most antiarrhythmic drugs, most calcium channel blocker, thiazolidinediones, non-steroidal
anti-inflammatory drug, tri-cyclic antidepressant, antihistamines, herbal medicine (ephedrine,
Ma huang)

ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin II receptor blockers; BB, �-
blockers; CAD, coronary artery disease; DM, diabetes mellitus; ETOH, alcohol; HTN, hypertension;
ISDN, isosorbide dinitrate.

Table 8.13 Performance indicators of comprehensive care in the office setting.

1. LV systolic function assessment and documentation in chart
2. Change of body weight at each visit
3. Blood pressure measurement at each visit
4. Completion of a physical examination pertaining to volume status
5. Assessment of functional capacity and activity level
6. Presence or absence of exacerbating factor: unstable CAD, uncontrolled HTN, new

or worsening valvular disease
7. Patient understanding of and compliance with sodium restriction
8. Patient understanding of and compliance with medical regimen
9. History of arrhythmia, syncope, presyncope, or palpitation

10. �-blockers
11. ACEI or ARB
12. Implantable cardiovert defibrillator if EF �35% or indicated when symptomatic
13. CRT in patient with ventricular dysynchrony
14. Warfarin for atrial fibrillation

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD,
coronary artery disease; CRT, cardiac resynchronization therapy; EF, ejection fraction;
HTN, hypertension; LV, left ventricular.

Performance Assessment
As HF is the manifestation of a long and complex process, the management of
these patients needs also to be comprehensive. In order to guarantee the best
care for these HF patients, the ACC and the Heart Failure Society of America
(HFSA) guidelines suggested a check list of essential steps assuring the com-
pleteness of treatment. It is shown in Table 8.13 [24].



Management of Stage C Heart Failure Patients in the First
Few Hospitalizations

Any patients with HF for whom the symptoms or signs could not be corrected
safely in an outpatient setting, and monitored on the phone, should be hospi-
talized. Once the patient is admitted, besides the mandatory investigation of
precipitating events, the patients with high mortality risk should be identified
so the management could be more focused on these patients for better reduc-
tion in morbidity and mortality.
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The reason for high mortality in patients with high BUN and creatinine is
probably because the compensatory mechanism of the cardiovascular system
in maintaining a balanced fluid status is overwhelmed. This failure is mani-
fested as clinical decompensation (reason for hospitalization) at the expense
of decreased renal function even on maximal dose of diuretics. This increased
BUN and creatinine is also a sign of severe or advanced HF.

Urgent Therapy
As the patient is admitted to the emergency room or the intermediate cardiac
care unit due to ADHF, early edema or frank pulmonary edema, the patients
should be given intravenous (IV) diuretics to relieve the lung congestion and
shortness of breath (SOB). If the patient does not respond quickly and com-
pletely to IV diuretics, then IV nesiritide would help to decrease the pulmonary
artery pressure and relieve the SOB within a few hours of infusion.

CRITICAL THINKING

Identification of the high mortality patient by the ADHERE registry.

The Acute Decompensated Heart Failure National Registry analyzed data

of patients hospitalized with ADHF. The first 33,046 hospitalizations

(derivation cohort) were analyzed to develop the model and then the validity of the

model was prospectively tested using data from 32,229 subsequent hospitalizations

(validation cohort). The main outcome measures are variables predicting mortality in

ADHF. The results indicated that the best single predictor for mortality was high

admission levels of blood urea nitrogen (BUN) (�43 mg/dL) followed by low admission

systolic BP (�115 mmHg) and then by high levels of serum creatinine (�2.75 mg/dL). 

A simple risk tree identified patient groups with mortality ranging from 2.1% to 21.9% [25].

CRITICAL THINKING

The VMAC trial. The Vasodilation in the Management of Acute CHF trial

is a multicenter, randomized, controlled evaluation of nesiritide in 489

hospitalized patients with ADHF. Patients were randomized to one of three

treatment groups (placebo, nesiritide, nitroglycerin). The primary end points included

pulmonary capillary wedge pressure and dyspnea evaluation at 3 hours. Patients

receiving nesiritide, but not IV nitroglycerin, had significantly reduced pulmonary

capillary wedge pressure vs. placebo at 3 hours regardless of �-blocker use [26].



Guidelines of the Heart Failure Society of America About Short Term
Vasodilator
In the absence symptomatic hypotension, IV nitroglycerin, nitroprusside, or
nesiritide may be considered as an addition to diuretic therapy for rapid
improvement of congestive symptoms in patients admitted with ADHF.
Frequent blood pressure monitoring is recommended with these agents
(strength of evidence: B).

These agents should be decreased in dosage on discontinued if symptomatic
hypotension develops (strength of evidence: B). Reintroduction in increasing
doses may be considered once symptomatic hypotension is resolved (strength
of evidence: C).

Intravenous vasodilators (nitroprusside, nitroglycerin, or nesiritide) may be
considered in patients with ADHF and advanced HF who have persistent severe
HF despite aggressive treatment with diuretics and standard oral therapies
(strength of evidence: C) [24].
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CRITICAL THINKING

A pooled analysis of RCTs on Nesiritide. This is a retrospective meta-

analysis of data collected from primary reports of completed clinical 

trials obtained from the US Food and Drug Administration (FDA), the 

study sponsor (Scios Inc), a PubMed literature search using the terms nesiritide,

clinical trials, and humans, and a manual search of the data presented at the annual

meetings of 3 heart associations. Of 12 randomized controlled trials evaluating

nesiritide, three were selected because they met all inclusion criteria of this review:

randomized double-blind study of patients with acutely decompensated HF, therapy

administered as single infusion (�6 hours), inotrope not mandated as control, and

reported 30-day mortality. In these three trials, 485 patients were randomized to

nesiritide and 377 to control therapy. Death within 30 days tended to occur more often

among patients randomized to nesiritide therapy (35 [7.2%] of 485 vs. 15 [4.0%] of 

377 patients; risk ratio from meta-analysis, 1.74; 95%CI, 0.97–3.12; P � 0.059; and

hazard ratio after adjusting for study, 1.80; 95%CI, 0.98–3.31; P � 0.057). The

conclusions speculated that nesiritide may be associated with an increased risk of

death after treatment for acutely decompensated heart failure when compared with

noninotrope-based control therapy [27].

The lead author reviewed the paper and is not convinced about the methodol-
ogy of the study outlined above (Sackner-Bernstein et al. 2005 [27]). It is a retro-
spective meta-analysis. Out of 12 trials, three were selected. Out of many
thousands of patients in the 12 randomized trials, 485 patients were selected
to represent the nesiritide group and 377 to represent the placebo patients.
Just by these selective representations, there was a sense of data bias and
manipulation. The selected patients represented a minority of patients of all the
RCTs. The analyzed data were not clean data. This author is not convinced of the



methodology and so the results of the meta-analysis. All the meta-analyses
quoted in this book have more than 10,000 patients each and they are repre-
sented as “Emerging trend” boxes. Sackner-Bernstein et al. 2005 showed the
trend but they are not considered as evidence-based medicine from rigorously
controlled randomized trials. The management of acute myocardial infarction
(AMI) or acute coronary syndrome (ACS) is not based on a single small trial or
a retrospective meta-analysis. The data about AMI and ACS were so much con-
vincing because the data came from both sides of the Atlantic, from both sides
of the Pacific, from both north and south parts of the American continent,
from small and large hospitals, from academic and community hospitals,
from believers and their critics. This author does not believe on data from one
source, one RCT and from small retrospective meta-analysis. This is why this
author agrees with and congratulates the authors of the meta-analysis for
their provocative idea (even I appreciate provocative ideas: however, we have
to look at them or at any data, with a critical eye) that the possibility of an
increased risk of death should be investigated in a large-scale, adequately
powered, controlled trial. This author believes the data of the meta-analysis
were not convincing to the authors themselves, (as to everybody who read
any retrospective meta-analysis or subset analysis with small number of sub-
jects), this is why the authors of the meta-analysis asked (and all of us too) for
a new larger randomized trial.

Management in the First 24 Hours
Within a few hours of admission and after symptomatic improvement, ACEI
or BB could be restarted, if the patient is barely congested and if the blood
pressure is high enough (�100 mmHg). Other measures include bed rest on
the day of admission and ambulation with the cardiac rehabilitation team 
on the following day, instruction on low sodium diet, fluid restriction and
exercise, daily weight, daily check of electrolytes, BUN, creatinine, preven-
tion of deep vein thrombosis and strict documentation of intake and output
for a goal of negative fluid balance. After 24 hours of hospitalization, if the
patient has symptomatic improvement, continuing excellent urine output and
negative fluid balance, the IV diuretic is changed to oral form and the patient
is prepared for long term chronic HF treatment with discharge planned in the
next 48 hours. The average length of stay in 2005 for an American patient hos-
pitalized with HF is 4.9 days (data from the Center of Medicare and Medicaid
Services).

The benefits from BB, ACEI, ARB are evidenced from large RCTs. In a meta-
analysis of ACEI for HF, mortality was lower with ACEI than with place-
bo (23.4% vs. 29.1%), as were the rates of readmission for HF (11.9% vs. 15.5%),
reinfarction (10.8% vs. 13.2%). These benefits were observed early after the start
of therapy and persisted long after. The benefits of treatment on all outcomes
were independent of age, sex, and baseline use of diuretics, aspirin, and BBs
[30]. On top of ACEI, BB was tried successfully in patients with NYHA FC 1 or
2, then BB was given again to patients with NYHA FC 3 and 4.
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In this study of patients with symptomatic HF, metoprolol CR/XL
improved survival, reduced the need for hospitalizations due to worsening
HF, improved NYHA functional class, and had beneficial effects on patient
well-being [8]. These patients were at optimal medical therapy which
includes ACEI. It is recommended that BB therapy be continued in most
patients experiencing a symptomatic exacerbation of HF during chronic
maintenance treatment [24].

However, a substantial proportion of patients experienced intolerance or
side-effect with ACE inhibitors. The most common causes were cough (72%),
symptomatic hypotension (13%) and renal dysfunction (12%), so ARB were
tried on these patients with side-effect on ACEI.

So candesartan was generally well tolerated and reduced cardiovascular
mortality and morbidity in patients with symptomatic chronic HF and intol-
erance to ACE inhibitors [29].
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Evidence-based Medicine: The MERIT-HF trial

3391 patients with chronic HF, NYHA FC II to IV, and EF of 0.40 or less

who were stabilized with optimal standard therapy. Then the patients were

randomized to metoprolol CR/XL, 25 mg once per day (NYHA class II),

or 12.5 mg once per day (NYHA class III or IV), titrated for 6–8 weeks up to a target

dosage of 200 mg once per day (n � 1990); or matching placebo (n � 2001). After a

mean follow up of one year, the incidence of all predefined end points was lower in 

the metoprolol CR/XL group than in the placebo group, including total mortality or 

all-cause hospitalizations (risk reduction, 19%; 95%CI 10–27%; P � 0.001); total

mortality or hospitalizations due to worsening HF (risk reduction, 31%; 95%CI,

20–40%; P � 0.001), number of hospitalizations due to worsening HF ( 317 vs. 451;

P � 0.001); and number of days in hospital due to worsening HF (3401 vs. 5303 days;

P � 0.001). NYHA functional class, improved in the metoprolol CR/XL group compared

with the placebo group (P � 0.003) [8].

Evidence-based Medicine: The CHARM-alternative trial

In the Candesartan in Heart Failure-Assessment of Reduction in 

Mortality and Morbidity-Alternative trial, 2028 patients with sympto-

matic HF and LVEF 40% or less who were not receiving ACEI because

of previous intolerance, were randomly assigned candesartan (target dose 32 mg

once daily) or matching placebo. After 2 years, the results showed that 33%

patients in the candesartan group and 40% in the placebo group had cardio-

vascular death or hospital admission for HF (unadjusted hazard ratio 0.77 [95%

CI, 0.67–0.89], P � 0.0004). Each component of the primary outcome was

reduced, as was the total number of hospital admissions for HF. Study-drug

discontinuation rates were similar in the candesartan (30%) and placebo (29%)

groups [29].



The Second Day of Hospitalization
On the second day of hospitalization for HF, the management is focused on titra-
tion of oral medications to its optimal dose while the patient is being watched
for side effects of medications and monitored for anticipated recovery.

238 Chapter 8

CLINICAL PEARLS

Maximize or optimize medical treatment

• ACEIs are started at low dose and titrated upwards in order to avoid

hypotension, especially in patient with hyponatremia. ARBs can be

used if patients can not tolerate ACEI.

• BBs should be started slowly, (e.g. metoprolol 12.5 mg BID) while watching for short

term possible worsening of HF, fatigue, hypotension or bradycardia.

• Diuretic is used to remove excess fluid, relieve the symptoms of congestion and is

monitored for continuing excellent negative fluid balance on optimal oral dosage. Low

dose aldosterone antagonist (aldactone 25 mg QD) is indicated for remodeling reversal

in severe HF while high dose of aldosterone antagonist (Aldactone 25 mg TID) is used

to remove ascitic fluid due to excessive aldosterone production by the liver.

• Digitalis is best when patient has atrial arrhythmia, fibrillation or flutter with rapid

ventricular response.

• African-American patients could benefit from a combination of hydralazine and

nitrates for symptom improvement and mortality reduction.

However, some patients with maximal dose of medical therapy do not
improve maximally or revert to NYHA FC 2. Is there any other way to improve
the symptoms of these patients so they can have a normal life? If they have
EF �35%, bundle branch block then there is another option as described below.

Device Therapy for Symptom Improvement and Reduction of
Mortality
LV failure can occur when the right and left ventricles fail to contract in a timely
physiologic concordance due to conduction delays in the electrical activation
of the ventricle (ventricular dyssynchrony). It happens in 15–30% of HF
patients with dilated cardiomyopathy and bundle branch block [30].

In order to correct the dyssynchrony between the two ventricles, CRT by
biventricular pacing was tried in these patients. At first, the COMPANION
study randomized the HF patients for a CRT device with a defibrillator (CRT-D)
or a device with CRT pacing capabilities only (CRT-P). The results showed that
CRT-D reduced risk of mortality by 36% (P � 0.003), while CRT-P reduced
risk of death from any cause by 24% (P � 0.059) which was not statistically
significant [31]. However, the CARE-HF trial proved that CRT reduced mor-
tality and improved morbidities by reducing the interventricular mechanical
delay, the end-systolic volume index, the area of the mitral regurgitant jet;
increased the LVEF; and improved symptoms and the quality of life [32].
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Evidence-based Medicine: The CARE-HF trial

813 patients with NYHA class III or IV HF due to LV systolic dysfunction and

cardiac dyssynchrony who were receiving standard pharmacologic therapy

were randomly assigned to receive medical therapy alone or with cardiac

resynchronization. The primary end point was the time to death from any cause or an

unplanned hospitalization for a major cardiovascular event. The principal secondary end

point was death from any cause. The patients were followed for a mean of 29.4 months.

The primary end point was reached by 39% of patients in the cardiac-resynchronization

group, as compared with 55% of patients in the medical-therapy group (HR: 0.63; 95% CI,

0.51–0.77; P � 0.001). There were 20% deaths in the CRT group, as compared with 30%

in the medical-therapy group (HR: 0.64; 95% CI, 0.48–0.85; P � 0.002). Moreover, there

was a dramatic improvement at 18 months in plasma levels of N-terminal pro-brain

natriuretic peptide (NT pro-BNP), a marker of HF disease severity in the CRT group [32].

Since then, the recommendations of the ACC/AHA guidelines for device
therapy are listed in Table 8.14. ICD placement is not recommended in chronic,
severe refractory HF when there is no reasonable expectation for improvement.
Biventricular pacing therapy is not recommended in patients who are asympto-
matic or have mild HF symptoms [24].

Table 8.14 Indications for cardiac resynchronisation and implanted cardioverter
defibrillators.

1. CRT is for patients with LVEF of 35% or less, sinus rhythm, and NYHA functional class III or
ambulatory class IV symptoms despite OMT and who have cardiac dyssynchrony, which is
currently defined as a QRS duration �120 ms (Class I recommendation; level of evidence: A) [1]

2. ICD is indicated in patients with reduced EF who had a history of cardiac arrest, ventricular
fibrillation, or hemodynamically destabilizing VT (Class I recommendation; level of evidence: A).
It is a secondary prevention

3. ICD is also indicated in patients with ischemic cardiomyopathy, at least 40 days post-MI, with
EF of 30% or less, NYHA FC class II or III on chronic OMT (Class I recommendation; level of
evidence: A). ICD is also indicated in patients who have non-ischemic cardiomyopathy and
an EF of 30% or less, in NYHA FC II or III with OMT (Class I recommendation; level of
evidence: B) These indications are for primary prevention [1]

CRT, cardiac resynchronisation therapy; EF, ejection fraction; ICD, implanted cardioverter defibril-
lators; LVEF, left ventricular ejection fraction; MI, myocardial infarction; OMT, optimal medical
therapy.

The Third Day of Hospitalization

The preparations for discharge require thorough review of the chart with
emphasis on all the laboratory results, medications and level of exercise. Then
the patient, patient’s caregivers and family members should be prepared and
instructed on medications, diet, exercise, symptoms and signs of deterioration
of HF and preventive measure for relapse.



The Day of Discharge

On this important day, the HF patients are checked for the last time before dis-
charge (Table 8.15).
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Table 8.15 Checklist before discharge.

1. All exacerbating factors have been addressed
2. Near optimal volume status
3. Oral medication regimen stable for 24 hours
4. Ambulation acceptable for NYHA FC 2
5. Patient and family instruction completed
6. Follow-up office visit scheduled
7. Home health set up and ready (scale at home, visiting nurse follow-up arranged)

Table 8.16 Performance indicators for hospitalized heart failure patients.

Indicator Benchmark for 2005

1. EF documented in chart 55.42%
2. ACEI and BB given at discharge 81.81%
3. Smoking cessation teaching 79.19%
4. Anticoagulant if the patient has AF 80.00%
5. Comprehensive discharge instruction 55.42%

ACEI, ACE inhibitors, AF, atrial fibrillation; BB, �-blockers; EF, ejection fraction.

Performance Assessment
In order to ensure that the patient received comprehensive therapy for HF, the
American College of Cardiology issued a checklist of performance indicators
for HF before being discharged. These local results are compared with the
national level which serves as benchmark set by the Center of Medicare and
Medicaid Service (Table 8.16). The complete instructions in item 5 of Table 8.16
include activity level, diet, discharge medications, follow-up appointment,
weight monitoring, and what to do if symptoms worsen [1].

Management of Stage C Heart Failure With Recurrent
Hospitalization

In this stage C, patients had or are having frequent relapses of HF requiring
hospitalization. The typical patient at this stage is an elderly patient with
severe low EF, with multiple co-morbidities (chronic obstructed pulmonary
disease (COPD), chronic kidney disease (CKD), diabetes type 2, HTN, hyper-
cholesterolemia); or a middle-aged (frequently female) patient with severely
low EF, limited education, and limited emotional or social support at home.
The common causes of relapse are listed in Table 8.17.



Lifestyle Change
The patient at this stage C HF used to live alone or with an equally elderly and
sick partner (spouse, roommate, friend). Despites many health problems, the
patient has to stay mentally sharp and fit in order to balance the budget (on fixed
income from a social security check), pay the bills on time at the end of the
month (if not the basic services: telephone, electricity, heating etc. could be cut),
buy the groceries (so the patient needs to be able to drive a car to the supermar-
ket), prepare the meals for one or two people, and do the house chores (includ-
ing cleaning, dusting, cutting grass, or shoveling the snow during winter). If the
patient relies on meal prepared by others (meal-on-wheel program) then it is dif-
ficult to maintain a low salt low cholesterol diet. The patient eats what is deliv-
ered. Some patients cannot tolerate or do not purposely maintain a low salt diet
or fluid restriction, so the diet and fluid restriction becomes a major problem
(what else an elderly patient enjoys in this stage of life? Is it a favorite meal with
egg, bacon and Polish sausage? or a puff of a cigarette?). As the patients become
older, many become forgetful, do not take medication at all or on time, do not
follow a diet. Slowly, the patients could not do all of the housework or chores
which can make the HF worse. The patients could move to live with a son or
daughter if they have one, or at least the patient could move into a supervised
independent adult environment. However, these ideal solutions are the
exceptions rather then the rules. So a nursing home becomes the last station of
many elderly patients with HF.

Physical Examination
During these hospitalizations, the patient is examined daily to assess the
extent of fluid retention and the disappearance of these fluids upon treatment.
How to evaluate the extent of fluid retention is discussed below.
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Table 8.17 Causes of recurrent heart failure and hospitalization.

1. Non compliance of fluid restriction and insufficient dose of diuretics
2. Sub-optimal dose of BB and ACEI
3. Intolerance to medications
4. Severity of co-morbidities
5. Progression to end stage disease

ACEI, ACE inhibitors; BB, �-blockers.

CLINICAL PEARLS

Search for fluid retention In patients with severely low EF, the physical

examination could show no leg edema. Where is the fluid?

1 Ascite: the patient retains 5 L of fluid before having leg edema.

2 Abdominal wall: with fluid retention, the abdominal wall is thickened with fluid. It can

shift with position. With treatment, it disappears slowly.



Pharmacologic Treatment
As the patients live longer with BB, ACEI and CRT, many patients come with
severe progressing end stage HF. The first treatment in this stage is removal of
fluid excess with IV diuretic and fluid restriction. Frequent checks of K level,
BUN and creatinine are needed. IV vasodilators (nitroprusside, nitroglycerin,
or nesiritide) may be considered in patients with ADHF and advanced HF
who have persistent severe HF despite aggressive treatment with diuretics
and standard oral therapies (Strength of evidence � C) [24].

Digoxin is indicated especially if there is atrial arrhythmia, however, these
patients carry higher risk for toxicity. The complete inpatient management of
these patients is listed in Table 8.18.

As patients are older and sicker, they need more medications and at higher
dose. They need new medications including the aldosterone antagonists or
vasodilators (isosorbide and hydralazine). Then they are subjected to more
complications or side effects, such as orthostatic hypotention, elevation of
BUN or creatinine. So the two strategies in this phase are to give more med-
ications or to optimize the dose of existing ones while at the same time ward off
more frequent and severe side-effects.

During the daily visit, besides the daily weight, edema should be looked for
diligently in the ankle, calf, thigh, presacral area, abdominal cavity (ascites),
abdominal wall and back of arms. The other signs of fluid overload are liver
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3 Presacral area: it is a major source of fluid retention especially after a long night

sleep.

4 Thigh: it is a major area of fluid retention.

5 Ankle: this is the last and latest part of fluid retention.

6 Genital area: scrotal edema in men and labial edema in women.

7 Pleural effusion.

8 Arm: the backs of both arms can be filled with fluid especially in patients who are in

bed for a long time.

Table 8.18 Management of severe and recurrent heart failure.

1. Elimination of all medications which can aggravate HF (with emphasis on NSAID,
thiazolidinediones, etc)

2. IV diuretics with daily electrolytes, BUN, creatinine level
3. IV vasodilator including nitroglycerin or nesiritide
4. Exercise (restart slowly)
5. New medications on top of BB, ACEI, CRT: hydralazine-ISDN, aldosterone antagonists
6. Enrollment in a HF clinic for daily follow-up after discharge
7. Nursing home care
8. Referral to cardiac transplant program
9. Ultrafiltration (investigational)

ACEI, ACE inhibitors; BB, �-blockers; BUN, blood urea nitrogen; CRT, cardiac resynchro-
nisation therapy; HF, heart failure; ISDN, isosorbide dinitrate; IV, intravenous; NSAID, non-
steroidal anti inflammatory drug.



and spleen enlargement, hepato-jugular refux, jugular vein distention, and
rale in the lungs.

Aldosterone Antagonist
Plasma aldosterone levels may be elevated 20-fold in patients with HF. This
effect is due to increased production by the adrenal glands, which are stimulated
by high plasma angiotensin concentrations, and to decreased hepatic aldo-
sterone clearance secondary to hepatic hypoperfusion.
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CLINICAL PEARLS

Diuretic efficacy At first, in the urgent setting of inpatient care, IV diuretic

should be given. If the effect is not optimal, with less than maximal

diuresis, IV diuretics can be increased to twice or three times per day for

more diuresis and less physiologic perturbation than larger single doses. Changing the

usual furosemide to torsemide may be considered in patients in whom poor absorption

of oral medication or erratic diuretic effect may be present, particularly those with right-

sided HF and refractory fluid retention despite high doses of other loop diuretics.

Addition of chlorothiazides or metolazone, once or twice daily, should be considered

in patients with persistent fluid retention. Metolazone is more potent and lasts much

longer in patients with renal insufficiency; therefore, the dosage and the interval

between doses should be adjusted accordingly [24].

If the patient can rest supine for a few hours after ingestion of diuretics, the urine

output will increase. If there is slow response from diuretics, this author’s experience

with nesiritide IV would improve the diuresis without causing too much elevation of

BUN and creatinine, while clearly improve the congestion symptoms of patients.

Evidence-based Medicine: The RALES trial

1663 patients with severe HF and a LVEF �35% and who were being

treated with an ACEI, a loop diuretic, and in most cases digoxin were

randomly assigned to receive 25 mg of spironolactone daily, or to receive

placebo. After a mean follow-up period of 24 months, there were 46% deaths in the

placebo group and 35% in the spironolactone group (relative risk of death, 0.70; 95% CI,

0.60–0.82; P � 0.001). This 30% reduction in the risk of death among patients in the

spironolactone group was attributed to a lower risk of both death from progressive HF

and sudden death from cardiac causes. The frequency of hospitalization for worsening

HF was 35% lower in the spironolactone group than in the placebo group (P � 0.001).

In addition, patients who received spironolactone had a significant improvement in the

symptoms of heart failure, as assessed on the basis of the NYHA FC (P � 0.001) [12].

Blockade of aldosterone receptors by spironolactone, in addition to standard
therapy, substantially reduces the risk of both morbidity and death among
patients with severe HF. The dosage for HF is low: 25 mg/daily, while the
diuretic dosage in patients with ascites is higher at 25–50 mg TID. According to
the HFSA, aldosterone antagonist is recommended for patients with NYHA



class IV or class III, previously class IV, HF from LV systolic dysfunction
(LVEF � 35%) while receiving standard therapy, including diuretics. It should be
considered in patients after acute MI, with clinical HF signs and symptoms and
an LVEF �40%. Patients should be on standard therapy, including an ACEI (or
ARB) and a �-blocker. It is not recommended when creatinine is �2.5 mg/dL
(or creatinine clearance is �30 mL/min), or serum potassium is �5.0 mMol/L or
in conjunction with other potassium-sparing diuretics. Serum potassium con-
centration should be monitored frequently following initiation or change in an
aldosterone antagonist [24]. For African-Americans, there is another option:
they may benefit from a combination of venous and arterial dilators.
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Evidence-based Medicine: The A-HeFT trial

The African-American Heart Failure Trial evaluated the effects of isosorbide

dinitrate (ISDN) plus hydralazine at a total daily dose of up to 120 mg ISDN

and 225 mg hydralazine compared with placebo in 1050 African-American

patients with NYHA functional class II–IV HF (mean age �57 years; mean LVEF �24%).

Diuretics were given in �90% of patients, ACE inhibitors in �70%, BBs in �74%,

carvedilol in �55%, and digoxin in �59%. The results showed a significantly lower

mortality rate in patients randomized to ISDN-hydralazine (6.2%) compared with

placebo (10.2%; P � 0.02), (P � 0.001), and a statistically significant improvement of

quality of life in response to the Minnesota Living with Heart Failure questionnaire [13].

With the results of the A-HeFT trial, the ACC and AHA guidelines sug-
gested to use ISDN plus hydralazine in African-Americans patients and non-
African-American who remain symptomatic despites maximal therapy with
BB and ACEI.

Complications in the Treatment of Patients With Severe 
Heart Failure
At this stage, a patient with HF takes an average of nine medications a day: BB,
ACEI, diuretic, digoxin, ASA, nitroglycerin, statin, aldosterone antagonist, and
for African-American patients, hydralazine-ISDN, etc. (besides K, medication
of diabetes, COPD etc.). The occurrence of side effects or the non-compliance
are due to multiple medications, complex multiple daily dosing, and need of
frequent adjustment with titration or holding one drug at a time. What the
problems are and how to handle them is discussed in Table 8.19.

Table 8.19 Complication of treatment in patients with heart failure Stage C.

1. Increased BUN and creatinine
2. Hypotension
3. Dizziness
4. Polypharmacy
5. Destabilizing co-morbidities

BUN, blood urea nitrogen.



Increased BUN and Creatinine
As more patients survive into advanced stages of HF, it is increasingly difficult
to maintain optimal fluid balance with high dose of diuretics while preserving
renal function. Usually creatinine increased 0.3 mg/dL or proportional rises of
25% following diuresis in more than 20% of HF hospitalisations [33]. Worsening
renal function limits symptomatic and neuro-hormonal therapy, lead to longer
hospital stay, and predict higher rate of early rehospitalization and death. At this
late stage of HF, the problem is multiple hospitalizations for congestion, with
diuresis interrupted each time because of increasing levels of creatinine. The
present treatment of increased BUN and creatinine continues to be decreasing
dose or discontinuation of diuretics on top of more liberal fluid intake.
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How to manage elevation of BUN and creatinine? In many instances,

the HF patients can stay asymptomatic with a baseline level of BUN and

creatinine in the high-normal or a little higher level. This is also the way to

be sure the patient is dry enough or the patient benefits the most from optimal dosage

of diuretics: the BUN and creatinine level is at its high-normal or a little above that

level. Once the BUN and creatinine increases higher, the first therapeutic strategy is

to hold diuretics, if the ratio of BUN/creatinine increases �50% and the patient is not

congested. Cut the dose of ACEI in half if the BUN/creatinine ratio increases more than

50%. Stop ACEI if the ratio increases more than 100%. If the problem persists, change

ACEI to ARB. In the experience of this author, the patient could have good diuresis

without increasing BUN and creatinine when the patient is receiving diuretics under

coverage of nesitiride.

It is very comforting to see the patients improving symptomatically and clini-
cally. The increased BUN and creatinine, which requires discontinuation of
diuretics and liberal fluid intake, is a contradiction in the treatment of patient
with fluid retention. It also prolongs the length of stay. So with nesiritide cover-
age, diuresis can be better. Without the headache of increasing BUN and creati-
nine, is there another way to remove fluid quickly without causing problems?

CRITICAL THINKING

Ultrafiltration for higher urine output without Increasing BUN and

creatinine. Some patients with ADHF manifested by volume overload, with

clinical evidence of renal insufficiency or somewhat loosely defined diuretic

resistance, underwent ultrafiltration (UF) and improved with euvolemia and early

discharge (�3 days) without adverse effects. UF was continued until the patients

achieved relief of their presenting symptoms of congestion. The removal of fluid was

aggressive, with an average fluid removal of 8.6 	 4.2 L and a mean decrease in weight

of approximately 6 kg at discharge. As expected with the removal of fluid and solute,

clinical signs and symptoms and laboratory indices of hypervolemia improved by



Destabilizing Co-morbidities
As a patient lives longer, other co-morbidities can appear or become more
severe or prominent. The list of co-morbidities and their problems is shown 
in Table 8.20. Once the co-morbidities are under control, then the HF
symptoms can also be kept under control. However, if the problems 
with co-morbidities are not resolved, a stable HF can become decompensated.
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discharge. Another important effect of UF is a decrease in neurohormonal activity,

manifested by declining levels of renin, norepinephrine, and aldosterone, as opposed to

the effects seen with diuretic therapy [34].

Table 8.20 Co-morbidities and differential diagnoses in patients with heart failure.

Myocardial ischemia Depression
Venous stasis Hypoalbuminemia
Malnutrition Renal failure
Obesity Deconditioning
Hepatic failure Anemia
Anxiety and hyperventilation syndromes
Pulmonary disease (pneumonia, asthma, chronic obstructive
pulmonary disease, pulmonary embolus, primary pulmonary
hypertension, sleep-disordered breathing).

CLINICAL PEARLS

Controlling co-morbidities In patients with DM, DM should be well

controlled: HbA1c should be less than 7%, no thiazolidinediones if there is

sign of congestion, body weight within 15% of ideal, no hypo- or

hyperthyroidism.

• In patients with HF and COPD, the patient should stop smoking, live in a smoke-free

environment, have influenza/pneumonia vaccine, aggressive prevention of flu and

early treatment of upper respiratory infection, have any sleep apnea checked and

treated, bronchodilator and 24-hour oxygen use if needed.

• For patients with arthritis, the patients should avoid use of NSAIDs, keep weight

15% of ideal and exercise regularly. Control BP well. Uncontrolled BP could

aggravate the HF symptoms.

• Some patients came because of new onset of AF or recurrent PAF, then the

ventricular response of AF has to be controlled. In other way, AF should be

converted to regular sinus rhythm, if it can be done.

CLINICAL PEARLS

How to differentiate SOB from severe COPD and SOB from HF? At

this stage, many HF patients also have severe COPD. The patient  arrives

to the hospital with increased SOB, even on oxygen 24  hours a day. The

questions to ask are about fatigue and SOB (Table 8.21).



Maximize Medical Therapy
Once the patient is given BB or ACEI/ARB, the question is how much medica-
tion is enough. For the purist, the way is to use the same dosage as in the CRT;
however, for others, if the BP is decreased to a little above 100 mmHg or the
heart rate to the 60 bpm, then the patient has enough BB or ACEI. At this BP,
some patients complain of feeling dizzy. How should one handle the problem?
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Table 8.21 Differential diagnosis of SOB from heart failure
or cronic obstructed pulmonary disease.

Symptom HF COPD

Fatigue at low level of activity �� (�)
Fatigue at rest (���) (�)
Fatigue first with activity (�) (�)
Shortness of breath first with activity (�) (�)

CLINICAL PEARLS

Titration of medication in patients with hypotension The first thing to

do is to confirm orthostatic hypotension (decrease of �15 mmHg) after

standing for 2 minutes. Then diuretics can be discontinued if congestion is

under control. The time of taking BB or ACEI should be at least 2 hours from each

other; or long-acting BB (Toprol XL) can be given before going to sleep while ACEI is

given in the morning. Every effort has to be made so that BB and ACEI should not be

discontinued. ACEI can cause significant hypotension in patients with low sodium.

There are other options including: CRT, treatment of anemia, or statins, and
avoidance of any situation or drug which can aggravate HF.

CRITICAL THINKING

Statin for Heart Failure. 54960 Medicare beneficiaries who were

hospitalized with a primary discharge diagnosis of HF were evaluated.

16.7% of these patients received statins on discharge. In a Cox

proportional-hazards model that took into account demographic, clinical

characteristics, treatments, physician specialty, and hospital characteristics; discharge

statin therapy was associated with significant improvements in 1- and 3-year mortality

(hazard ratio 0.80; 95% CI, 0.76–0.84; and hazard ratio, 0.82; 95% CI, 0.79–0.85,

respectively). Regardless of total cholesterol level or coronary artery disease status,

statin therapy was associated with significant differences in mortality [35].

Discharge Planning
In the treatment of severe HF, the main strategy during follow-up for patients
stable enough to be discharged and followed-up closely at home is to keep
this status quo condition, by having daily monitoring and earliest prevention
of any precipitating factor. The patient is to be kept on maximal dose of BB,



ACEI/ARB if tolerated. The patient is followed-up daily at a HF clinic run by
a nurse. Every day, the patient should be monitored by telephone with ques-
tions shown in Table 8.22.
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Table 8.22 Telemedicine: how to detect at earliest worsening heart failure?

Reminder questions
Did you weigh yourself today?
What is your current daily weight?
Have you taken your medications?

Evaluation questions
Do you have any chest discomfort?
Are you more short of breath?
Does your abdomen feel bloated?
Are you urinating less than usual? Or the same amount?
Are you more tired than usual?
Do you feel dizzy or light-headed?
If there are many “Yes” in the evaluation question set then the patient has signs of possible early
deterioration. Prompt intervention is needed with pre-emptive measures:
Withhold diuretics if vomiting or diarrhea
Relax fluid restriction regimen when patient has vomiting or diarrhea
Hold ACEI or BB if dizziness or low BP. Call again from the office in the afternoon if worse
Take extra dose of diuretic if gain more than 2 lbs. Call again from the office if urine output no higher

ACEI, ACE inhibitors; BB, �-blockers; BP, blood pressure.

Life at Home Alone
Once the patient is stable, if the patient is mentally capable of understanding and
be compliant with medical treatment, diet, fluid restriction, exercise (activity
restriction), then the chance for being asymptomatic for a long time is high. Once
the patient arrives home, the patient needs a lot of social and physical support to
recuperate at home. The social support from the family is critical to set up the
routine program for medication, exercise, meals, bowel movement, personal
hygiene, etc. The problem with depression should be addressed because it can
cause non-compliance with medication and diet. Anxiety attacks in patients liv-
ing alone is also a common reason for decompensation and hospitalization.
Without support of a family, the patient will return to the hospital and end up in
a nursing home, which could be a blessing because now the patient is forced to
be on a low sodium diet with fluid restriction and no heavy house-chores.

REAL WORLD QUESTION: What To Do When the Patient Does Not
Do Well Even with Optimal Medical Treatment?
In the US and throughout the world, millions of patients suffer from myocar-
dial infarction and many succumb to the morbidity and mortality of the ensuing
cardiac failure, a protracted condition in need of healing. Despite improvements
in the understanding and therapy of many stages of cardiovascular disease,
there has been little progress in treating HF. While pharmacological agents
have been the mainstay intervention that ameliorates cardiac failure through
increased contractility or reduction of cardiac workload, these agents do not
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inherently heal the wounds inflicted by poor perfusion of the affected cardiac
tissue. The ischemically injured failing heart lacks contractile myocardium,
functional vasculature, and electrical integrity, which has made treatment of
the underlying injury untenable in the past. Restoring all of these components
at once seems to be an overwhelming challenge. Current options are cell ther-
apy, cardiac transplantation and long term mechanical support. Cell therapy,
however, holds the promise of repleting the damaged heart with new contrac-
tile cells that can be engineered to secrete concoctions that promote healing by
recruiting new blood vessel development or angiogenesis.

Human Myoblast Genome Therapy
Human Myoblast Genome Therapy (HMGT) is a platform technology of cell
transplantation, nuclear transfer, and tissue engineering. Unlike stem cells,
myoblasts are differentiated, immature cells destined to become muscles.
Myoblasts cultured from satellite cells of adult muscle biopsies survive, develop,
and function to revitalize degenerative muscles upon transplantation. Injection
injury activates regeneration of host myofibers that fuse with the engrafted
myoblasts, sharing their nuclei in a common gene pool of the syncytium. Thus,
through nuclear transfer and complementation, the normal human genome can
be transferred into muscles of genetically ill patients to achieve phenotype repair
or disease prevention. Myoblasts are safe and efficient gene transfer vehicles
endogenous to muscles that constitute 50% of body weight.

The results of the phase II, first randomized, placebo-controlled trial
Myoblast Autologous Grafting in Ischemic Cardiomyopathy (MAGIC) pre-
sented at the 2006 American Heart Association Scientific Sessions in Chicago,
showed that partly reversed remodeling (heart enlargement) happened in the
high-dose treatment group, (about 800 million myoblasts via 30 injections in
and around the infarct area). The results failed to show a significant increase
in ejection fraction or regional wall motion, however a significant decrease
(by 12%–13% from baseline preoperative values) of LV volumes in patients
receiving the high dose of cells was documented whereas there were no sig-
nificant changes in the placebo group. Because LV volumes are predictors of
outcomes, this finding might be clinically relevant. Furthermore, ejection
fraction was also measured by nuclear angiography in a subgroup of 48
patients and was then found to be significantly increased in those that had
received the high dose of myoblasts compared with the placebo group.

Left Ventricular Assist Device Destination Therapy
As the HF patients journey to their end, it is difficult for the cardiologists to
reverse, correct the endstage pathological changes of HF. It is also a struggle
just to keep the patient comfortable and functionally independent. In this
hopeless situation, the Left Ventricular Assist Device (LVAD) Destination
Therapy (DT) becomes a viable option since the complication rate decreases
significantly compared with the REMATCH study. The rate of sepsis was 8%,
and the mechanical failure from the device (LVAD) was only 15%. It is a big
jump compared with the REMATCH data thank to many changes in the design
of the LVAD and guidelines for infection prevention and treatment [39–41].
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Take Home Message

For the stage A HF patient: the main message is to change lifestyle and treatment
of risk factors in order to prevent ventricular remodeling.

For the asymptomatic stage B HF patient: the main treatments of stage B
asymptomatic HF patients with abnormal structural changes emphasize prima-
rily on prevention with healthy lifestyle change (low salt, low cholesterol diet,
fluid restriction, exercise and medications (BB and ACEI). Revascularization
is indicated if there is reversible ischemia. Avoidance of all precipitating or
aggravating factors is very important to prevent any clinical deterioration. ICD
implantation is indicated if the EF is still �35% after a few months of optimal
medical treatment (including BB and ACEI). CRT is not indicated because the
patient is asymptomatic. Medications or any treatment to reverse the structural
abnormality (LVH or dilation) are to be pursued aggressively.

For the stage C HF patient after being symptomatic: because the patient is
symptomatic for the first time, mainly due to fluid retention, so the shot term
treatment is focused on effective diuresis. The patient should have oral diuretic
with potassium replacement. Frequent blood tests to check the sodium and 
K level with BUN and creatinine is suggested. Fluid restriction has to be enforced,
because diuretics will not work if the patient does not decrease oral intake. BB
and ACEI/ARB are the main pharmacologic treatment for long term stabilization,
and delay of disease progression. Eventually as fluid retention is controlled,
diuretics can be discontinued or given intermittently or as needed. ICD is indi-
cated if the EF is still �35% after a few months of optimal medical treatment
(including BB and ACEI).

For the severe HF patients with multiple relapses: the two criteria for suc-
cess in the treatment of HF with multiple relapse are: maximal medical therapy
especially diuretics; and prevention of complications. During hospitalization
while receiving intensive treatment, the patient needs to have the medications
maximized (BB, ACEI/ARB, aldosterone blockers, IDSN/hydralazine, CRT
and ICD, as needed). The complications need to be addressed include hypoten-
sion, dizziness, increasing BUN and creatinine. On the second day of hospital-
ization, the patient is encouraged to exercise with help. Then on the third or
fourth day, instructions are given to patients and family on low salt diet, fluid
restriction, exercise, (including avoidance of heavy activities), compliance with
medications and office visit. Ideally, the patient is arranged to be follow up
daily with a nurse through a dedicated HF clinic.

These are very exciting times in the development of mechanical circulatory sup-
port for patients with advanced or end-stage HF. As there continue to be
improvements indevice design, patient selection, and patient management, new
devices, and increased awareness of LVADs as treatment option, it is apparent
that many patients with advanced HF will have improved survival and quality
of life [42].
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Introduction

Ventricular tachycardia (VT) is an arrhythmia that originates in the ventricles
and presents with wide QRS complexes and a rate greater than 120 bpm. The
rhythm may be regular or irregular. The QRS complexes during tachycardia
are identical to each other in the case of monomorphic VT, and are varying in the
case of polymorphic VT. Episodes of VT that terminate spontaneously within 
30 seconds of their onset are said to be non-sustained (NSVT), and the term sus-
tained is applied to episodes that last longer than 30 seconds or require therapy
for termination. Ventricular fibrillation (VF) is an arrhythmia in which distinct
beats are not discernible in the surface electrocardiogram (ECG).

VT can be lethal in one patient and benign in another. The consultant must
seek to prevent death from lethal forms of VT without over-treating patients
who have relatively benign forms of ventricular arrhythmias. To this end the
consultant must assess the present and likely future impact of VT on the patient
and weigh the therapeutic options with their risks and benefits (Table 9.1).
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Table 9.1 Management strategies for patients with ventricular tachycardia.

1. Make a diagnosis of VT or supraventricular tachycardia on the basis of a 12 lead ECG. If in
doubt, treat as VT until proven otherwise

2. Treat VT and its causes on an emergency basis
3. Once VT is controlled, plan for long term treatment and prevention of recurrences

VT, ventricular tachycardia.

Table 9.2 Electrocardiographic criteria suggestive of ventricular tachycardia.

1. Atrioventricular dissociation
2. Absence of RS complex in any precordial lead
3. If there is an RS complex in at least one precordial lead, the interval from the onset of the 

R-wave to the nadir of the S-wave is �100 msec
4. If bundle branch block is present during sinus rhythm, the QRS morphology during

tachycardia is different from the QRS morphology during sinus rhythm

However, not all wide complex tachycardias are VT and some can occur at a
rate slower then described, particularly in patients who are on anti-arrhythmic
therapies. Supraventricular tachycardia (SVT) can mimic VT whenever either
bundle branch block or ventricular pre-excitation is also present. It is especially
important for the consultant to differentiate SVT from VT because SVT usually
carries a more benign prognosis than VT, and because therapeutic options are
different for SVT and VT. Table 9.2 lists criteria that have been identified as sup-
porting the diagnosis of VT in a 12 lead ECG of wide complex tachycardia.

Etiologies
VTs are caused by a variety of mechanisms. Monomorphic VT in a patient with
a healed myocardial infarction (MI) is usually due to re-entry near the border
of the scar [1]. The VT arising in the setting of digitalis toxicity is probably due
to triggered automaticity arising from late afterdepolarizations [2]. Patients



with dilated cardiomyopathy are subject to a type of monomorphic VT, usually
with a left bundle branch block (LBBB) morphology, that is due to macroreentry
with a wavefront that travels down the right bundle branch (RBB), across the
interventricular septum, up the left bundle branch, and into the His bundle
before starting another circuit [3]. Torsades de pointes (TdP), a polymorphic
VT that arises in various settings, may be initiated by triggered automatically
due to early afterdepolarizations [4]. The early afterdepolarizations are in turn
caused by disorders of potassium or sodium channels. A catecholamine-
dependent VT, which typically originates from the right ventricular (RV) out-
flow tract of patients with structurally normal hearts, may be due to cyclic
adenosine monophosphate (cAMP)-mediated triggered activity [5]. The same
mechanism may underlie repetitive monomorphic VT, which occurs at rest
and usually originates from the right or left ventricular (LV) outflow tract [6].
A verapamil-sensitive VT, which typically originates in the region of the left
posterior fascicle in patients with structurally normal hearts, may be caused by
re-entry [7]. VF is probably caused by multiple simultaneous re-entrant wave-
fronts, which might migrate through the ventricles.

Evaluation

All patients with heart disease should be evaluated for the presence of char-
acteristics that reveal a significant risk for lethal ventricular arrhythmias
(Table 9.3).
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Table 9.3 Characteristics that indicate increased risk of lethal ventricular tachyarrhythmias.

1. LV dysfunction (EF �30 or 35%)
2. Symptomatic congestive heart failure
3. Unrevascularized CAD with myocardial ischemia
4. Hypertrophic cardiomyopathy with any of the following:

(a) History of syncope
(b) History of non-sustained or sustained VT
(c) Markedly thickened septum, greater than 25 mm
(d) Genetic markers of mutations that are high risk for VT
(e) Family history of SCD

5. Familial disorders of VT
(a) Long QT syndrome
(b) Arrhythmogenic RV dysplasia
(c) Brugada syndrome

CAD, coronary artery disease; EF, ejection fraction; LV, left ventricular; RV, right ventricular; 
SCD, sudden cardiac death; VT, ventricular tachycardia.

History
Special attention is paid to eliciting information about the frequency and sever-
ity of symptoms, as more aggressive therapy is indicated when the symptoms
are more severe. On the other hand, an implantable cardioverter-defibrillator



(ICD) might not be indicated as the only therapy for a patient with frequent
episodes of VT, because patients tolerate frequent shocks poorly. Other impor-
tant historical information includes any clues as to the possible presence of pre-
vious MI, ongoing ischemia, LV dysfunction, valvular abnormalities, and
family history of VT, syncope, or premature sudden cardiac death (SCD). One
must identify any causative factors such as ischemia, drug use (illicit or pre-
scribed), electrolyte disturbances, or excessive catecholaminergic tone imbal-
ance. The consultant must identify what therapies might have already been
used for the patient, and with what degree of success they were met.

Other diagnostic measures in patients known to have VT include physical
examination, 12-lead ECGs during tachycardia and during sinus rhythm,
echocardiogram, stress testing, and cardiac catheterization. Depending on the
type of presentation of VT or VF, acute MI might have to be ruled out by serial
cardiac enzymes and ECGs.

ECG
The 12-lead ECG during VT is invaluable. It heightens the ability of the consult-
ant to differentiate between VT and SVT with aberrant conduction. It also aids
the consultant in determining if a type of VT might be present, such as idiopathic
VT arising from the RV or LV outflow tracts, idiopathic VT arising from the
inferoseptal left ventricle, or bundle branch re-entry, which might be treated
with ablation. Furthermore, the 12-lead ECG during VT can be compared with
ECGs obtained during electrophysiologic (EP) studies to determine if VT that is
induced during the study is the same as what that the patient had outside the
laboratory. In a patient who has had wide QRS tachycardia, the ECG obtained
during sinus rhythm should be examined for evidence of bundle-branch  block
or ventricular pre-excitation (i.e. presence of a delta wave) that would indicate a
susceptibility to SVT with aberrant conduction. In a patient with VT, the ECG
during sinus rhythm might provide clues of the cause of VT, such as evidence of
an acute old myocardial infarction, long QT syndrome, arrhythmogenic right
ventricular dysplasia, or Brugada syndrome. Echocardiograms, stress tests, and
cardiac catheterization may permit the identification of correctible causes of VT
in the particular patient.

Ejection Fraction
Measurement of LV function is particularly important. Good LV function is
associated with good prognosis even in patients with non-sustained VT, as
long as there are no other markers of high risk. The presence of severe LV dys-
function alone is evidence of high risk for developing lethal VT and can be 
an indication for placement of an ICD. The Multicenter Automatic
Defibrillator Implantation Trial (MADIT)-II and the Sudden Cardiac Death-
Heart Failure trial (SCD-HeFT) studies showed that ICDs improve the chances
for survival in patients with persistent severe LV dysfunction (LVEF �0.30 or
0.35, respectively) [8,9]. The Comparison of Medical Therapy, Pacing, and
Defibrillation in Heart Failure (COMPANION) trial revealed that biventricular
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pacing defibrillators improve the chances for survival in patients with persist-
ent severe left dysfunction and LBBB [10].
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CRITICAL THINKING

Why did the outcomes not improve after implantable cardioverter

defibrillator? There have been two studies in which ICDs were not found to

help survival of patients with LV dysfunction. In trial CABG-Patch, the patients

with LV dysfunction who were undergoing coronary artery bypass were randomized to

receive or to not receive an ICD at the time of surgery [11]. In DINAMIT, patients who had LV

dysfunction in the setting of recent acute myocardial infarction (AMI) were randomized to

receive or to not receive an ICD [12]. ICDs did not improve survival in either of these

studies. It is thought that LV function improved sufficiently in enough subjects in these trials

to reduce the benefit that ICDs might provide in patients with persistent LV dysfunction.

ECG Monitoring
Patients with unexplained palpitations, near-syncope or syncope should be
evaluated to find out if VT is the cause of any of their symptoms. Evaluation of
these patients includes electrocardiographic monitoring and provocative test-
ing. Monitoring can be performed in the hospital, or on an outpatient basis
with ambulatory electrocardiographic recording, transtelephonic arrhythmia
monitor, implantable event recorder, or continuous outpatient telemetry.

Patients with regular tachycardia with wide QRS complex are evaluated in
order to determine whether the tachycardia is caused by supraventricular tachy-
cardia with aberrant conduction or by VT. The ECGs obtained during sinus
rhythm and during tachycardia are inspected and compared. The diagnosis of
VT is made with certainty if atrioventricular dissociation is present during
tachycardia, but this finding is apparent in only 21% of ECGs obtained during
ventricular tachycardia. Other electrocardiographic criteria have also been
found to be very helpful.

Provocative testing might include exercise stress testing, epinephrine infu-
sion to test for long QT syndrome, procainamide infusion to test for the
Brugada syndrome, and EP testing.

Genetic testing is available to be used in highly selected patients for the
purpose of detecting the presence of a mutation that causes the long QT syn-
drome or another of the inherited arrhythmia syndromes. When a diagnosis
cannot be reached with certainty using the ECGs, EP testing can be definitive,
as long as the clinical tachycardia can be induced in the laboratory.

Electrophysiological Studies
An EP study is performed in a specialized cardiac catheterization laboratory
that is equipped with a programmable stimulator, EP amplifiers, and recording
equipment. These devices are connected to multipolar electrode catheters that
are advanced to various intracardiac positions such as the high right atrium, the
His bundle position, and the RV apex. The timing of local activation during 



different cardiac rhythms can be measured from bipolar recordings that are
made through closely spaced electrodes on the catheters. Different rhythms
may be induced in susceptible patients by provocative stimulation protocols
that are delivered through the catheters from the programmable stimulator. The
electrophysiologist can then determine if a particular rhythm is VT or SVT with
aberrant conduction. Another reason to perform an EP study is to see if a
patient has inducible VT. In certain situations, the presence of inducible VT
indicates that the patient has an increased risk of developing spontaneous VT,
and the absence of inducible VT implies a more benign prognosis.

Strength and Weakness
The predictive accuracy of EP testing varies greatly according to the type of
VT that is being investigated and the nature of the heart disease that is present.
For example, polymorphic VT can be induced by aggressive provocative
stimulation protocols even in patients who are known to be at minimal risk
for developing spontaneous VT or VF. Thus, induced polymorphic VT is a
non-specific finding of EP studies, particularly when closely spaced triple
premature beats are required for induction. The induction of monomorphic
VT is usually taken to be a meaningful finding, but induction of very rapid
monomorphic VT (in the range of 300 or more bpm) has less specificity than
induction of slower monomorphic VTs. The sensitivity of EP for detecting
susceptibility to VT is high in patients with LV dysfunction due to coronary
disease, and relatively low in patients with non-ischemic cardiomyopathy.

Indications
EP studies can be helpful in defining the level of risk for lethal VT in patients,
especially when there might be uncertainty concerning whether an implantable
defibrillator might be helpful. In a patient with persistent severe LV dysfunction
with EF of less than 35%, an EP study isn’t necessary to determine if an ICD is
indicated. However, a study of patients with history of MI, non-sustained VT,
and EF less than 40%, found that patients with inducible VT have improved sur-
vival with ICDs. This suggests that EP testing should be considered in patients
with non-sustained VT, history of MI, and EF of 35–40%. On the other hand, EP
studies have such a low sensitivity in the presence of nonischemic cardiomyopa-
thy that they are generally not performed in these patients unless syncope, near
syncope, or a sustained wide complex tachycardia have occurred. Patients with
non-ischemic cardiomyopathy might be better screened for the presence or
absence of T wave alternant [13].

Another indication for EP testing is to evaluate the patient for possible cure of
the arrhythmia by catheter ablation (discussed below). Candidates for catheter
ablation first undergo EP evaluation to determine if VT can be induced in the
laboratory and to see if the induced VT is similar or identical to the VT that 
the patient has had in the past. The hemodynamic status of the patient during
the induced VT is evaluated to determine if the patient is stable enough during
VT to undergo possibly prolonged efforts to locate the site in the ventricles
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where a small lesion might eradicate the VT. Testing is performed to see if the
patient has multiple forms of VT, which, if present, might render attempts at
catheter ablation futile.

EP testing is relatively safe. The chief risks are vessel damage, throm-
bophlebitis, and perforation of a vessel or the heart. The patient may require
electrical defibrillation during the study. The risk of death as a complication of
an EP study is approximately one in 10,000. If the EP study leads to catheter
ablation, then other risks may be encountered. These risks are discussed below.
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General Principle
Ventricular tachyarrhythmias do not respond uniformly well to a single kind
of therapy. Therefore, the consultant must be acquainted with indications for
different therapies including anti-arrhythmic drugs, anti-tachycardia pacing,
electrical cardioversion and defibrillation, catheter ablation, anti-arrhythmic
surgery, and implantation of anti-tachycardia devices.

If the patient is hemodynamically stable, a 12-lead ECG and rhythm strip
should be obtained and the diagnosis of VT confirmed from among the other
causes of a wide QRS complex tachycardia. The conscious patient with VT
does not need to be electrically cardioverted on an emergent basis, but prepa-
rations can be made for elective synchronized cardioversion. Intravenous (IV)
amiodarone, lidocaine, or procainamide can be administered. Rarely, the con-
sultant may have the option of pace-terminating the episode of VT (e.g., in
patients who have temporary ventricular pacing leads in place).

Once an episode of VT has been terminated, the consultant must turn his or
her attention to preventing recurrences. Efforts should be made to identify
and treat any of the causes of VT. Careful attention should be paid to the most
common precipitants of ventricular ectopy, including electrolyte distur-
bances, hypoxemia, cardiac ischemia, intracardiac catheters, and drugs such
as digoxin, aminophylline, and adrenergic agents. To prevent recurrences of

CLINICAL PEARLS

Work-up for patients with ventricular tachycardia A systematic

approach to the evaluation of patients presenting with VT includes a 2D

echocardiography for evaluation of the EF and an evaluation for ischemia,

either with a form of stress test, or cardiac catheterization.

1 After revascularization is performed, if indicated, measurement of the post

revascularization EF (which hopefully improves) is taken to see whether the patient still

needs an ICD.

2 For patients who need an EP study, the results are most reliable in the setting of

ischemic cardiomyopathy. They have less sensitivity and specificity, or prognostic value

for patients with non-ischemic dilated cardiomyopathy who might be better screened

for the presence or absence of T wave alternans.



VT, an infusion of an anti-arrhythmic drug can be administered. Typically, the
selected drug is the one which successfully terminated the initial episode of
VT. The infusion may be necessary for up to 24–48 hours until the cause of the
VT has been fully evaluated and managed. Lidocaine is the most commonly
used agent in this setting, although it may be replaced by amiodarone or pro-
cainamide [14].
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What to do when ventricular tachycardia recurs despite standard IV

anti-arrhythmic drugs? Occasionally, VT immediately recurs despite the

administration of standard anti-arrhythmic agents. In these situations,

several options exist.

• High-dose IV magnesium sulfate (eg, 5 g over 4 hours) has been effective in both

hypomagnesemic and normomagnesemic patients with intractable VT, in patients

with TdP, and in patients with digitalis intoxication [15].

• In patients without digitalis intoxication, this regimen of magnesium administration

may produce hypokalemia, necessitating concomitant potassium administration.

Contraindications to continued administration include renal failure, a loss of deep

tendon reflexes, rise in serum magnesium above 5 mEq/L, fall in systolic blood

pressure below 80 mmHg, or pulse below 60 bpm.

• If the underlying cause is ischemia, then coronary angiogram with intervention if

indicated would control the ventricular arrhythmias. Intra-aortic balloon pumping can

provide dramatic improvement in arrhythmia control, especially in cases where

cardiac ischemia underlies refractory VT.

• VT in the setting of slow intrinsic heart rates (sinus bradycardia or AV block) may

respond to measures to increase the heart rate such as atropine, isoproterenol, 

or pacing.

Many patients with VT do not have an easily identifiable or correctable
cause of their arrhythmia. Effective anti-arrhythmic therapy for each patient
must be identified prior to discharge from a monitored setting. The consultant
should not take false encouragement from an absence of VT during monitor-
ing after conversion of an episode of sustained VT; it is the nature of some
cases of sustained VT to recur after long periods of remission. As described
previously in this chapter, EP testing is often used at this point to confirm that
the patient is susceptible to VT and not SVT with aberrant conduction. 
EP testing is more useful for patients who have had VT or a sustained wide
complex tachycardia than it is for patients who have had VF [16]. In the for-
mer group of patients, EP testing can identify which patients are suitable can-
didates for catheter ablation. These include patients with bundle branch
re-entry and patients with a single inducible VT that is hemodynamically sta-
ble enough to permit careful mapping. Also, ablation therapy is a very rea-
sonable option for patients with idiopathic monomorphic VT.



For patients who are not candidates for ablation therapy, treatment options
include chronic oral anti-arrhythmic drug therapy or implantation of an ICD.
ICDs have been found to improve survival rates compared to anti-arrhythmic
drug therapy in patients with a history of sustained VT or VF [17]. Anti-
arrhythmic drugs may be used in combination with ICD therapy in patients
with frequent recurrences of VT or VF, to reduce the frequency of shocks from
the device [18]. Also, anti-arrhythmic drugs (usually �-blockers, amiodarone,
or sotalol) are used as solo therapy in patients with symptomatic non-
sustained VT if the patient does not appear to be susceptible to sustained VT.

Anti-arrhythmic Drugs

Anti-arrhythmic drugs are often classified according to their presumed mech-
anism of action. The chief merit of this classification scheme is to provide a
framework for discussing anti-arrhythmic drugs. This scheme, however, has
important limitations [19]. For example, a patient may respond well to one
anti-arrhythmic drug but not to other drugs from the same class or subclass
[20,21]. Also, some drugs do not fit neatly into one class: for instance, amio-
darone has characteristics that could place it in Classes IA, II, III, and IV.
Quinidine, procainamide, and disopyramide have Class III properties as well
as Class IA properties.
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Myths and realities of anti-arrhythmic drugs Even when a drug is said

to be effective against an arrhythmia, it does not mean that the drug will

always suppress the arrhythmia. For example, lidocaine is often said to be

effective against ventricular arrhythmias, but in fact it is effective at terminating

episodes of sustained VT less than 50% of the time.

For most arrhythmias there is no way to predict if a drug will be effective in a

particular patient. Ultimately, an element of trial and error always comes into play.

Anti-arrhythmic drugs all have the potential to cause considerable toxicity. It is not

surprising that drugs that can suppress tachycardias can also suppress normal cardiac

rhythm, especially in patients with intrinsic dysfunction of the cardiac conduction system.

Thus, virtually every anti-arrhythmic drug has been reported to cause sinus bradycardia or

heart block. Furthermore, these drugs are notorious for their proarrhythmic effect (i.e., their

capacity to cause a new tachycardia to appear in a patient or to exacerbate the pre-

existing arrhythmia by causing it to occur more frequently, be more sustained, or be less

well tolerated) [22,23].

Side Effects
Several different mechanisms for proarrhythmia are likely. Drugs that delay
repolarization may contribute to the appearance of early afterpotentials, which
may underlie rhythms ranging from ventricular extrasystoles to TdP, a rapid
and dangerous form of VT [24]. Digitalis toxicity probably causes arrhythmias



by producing late after potentials [25]. Drugs that slow conduction can stabi-
lize re-entry and turn non-sustained tachycardia into sustained [26]. Drugs
with negative inotropic effects might reduce a patient’s ability to tolerate an
arrhythmia, and increase the likelihood that the tachycardia will degenerate
into a more dangerous form. Amiodarone can lead indirectly to sudden wors-
ening of arrhythmia by causing hyperthyroidism.

Some anti-arrhythmic drugs have negative inotropic effects [27,28]. These
effects usually are not manifested in patients with normal LV function, but
can be devastating in patients with LV dysfunction, particularly those with a
LVEF less than 30%. Disopyramide, Class Ic agents, �-blockers, and calcium
channel blockers are the most notorious anti-arrhythmic drugs for precipitat-
ing heart failure in patients with underlying LV dysfunction. Finally, anti-
arrhythmic drugs may have non-cardiac side effects. These range from those
that are a nuisance to those that are lethal. Sodium channel blocking drugs (the
drugs in Class I and amiodarone) can produce dose-related neurologic effects
such as headache, visual disturbances, tremor, and even confusion, seizures,
or coma. They also can cause gastrointestinal side effects such as epigastric
pain and nausea. �-blocking drugs can exacerbate asthma or can prevent dia-
betic patients from recognizing hypoglycemia when it occurs. Calcium chan-
nel blocking drugs can cause edema, constipation, and headache. Certain
individual drugs can cause particular side effects. The side effects of amio-
darone are particularly troublesome because the half-life of elimination of
amiodarone is as much as several months and therefore side effects persist for
a long time and often progress even after the drug has been discontinued.

Pharmacokinetics
The side effects caused by anti-arrhythmic drugs often occur at serum con-
centrations only a little higher than their minimum therapeutic concentration.
These drugs must be administered in such a way as to produce serum con-
centrations within a narrow therapeutic window. During long-term mainte-
nance therapy, this is usually accomplished by administering enough drug to
offset elimination, at intervals equal to the elimination half-life. When anti-
arrhythmic therapy is not emergently required, treatment can begin at a low
dose, with gradual dose escalation until the desired effect is produced.
However, it is common for ventricular arrhythmias to require urgent therapy.
Here the goal is to quickly produce a therapeutic serum concentration and,
subsequently, to keep the concentration in the therapeutic range. Typically, a
loading dose is given to raise the serum concentration into the therapeutic
range. At the same time, a maintenance dose is started in order to offset drug
elimination. But if only these steps are taken, the patient may be transiently
unprotected following the bolus. This is because most anti-arrhythmic drugs
follow two-compartment pharmacokinetics, i.e., following a bolus, drugs dis-
appear from the circulation (the central compartment) by two routes: (1) elim-
ination; and (2) distribution into adipose tissue and other sites (the peripheral
compartment). A drug leaves the central circulation by the latter route until its
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concentrate in the peripheral compartment equals the concentration in the
central compartment. To keep the serum concentration of a drug within the
therapeutic range following a bolus, the consultant should supplement 
the maintenance dose with additional boluses to offset distribution.

Dosing schedules have been developed for each anti-arrhythmic drug. Use
of these schedules should be tempered by an appreciation of how pharmacoki-
netics might be altered in the particular patient. The dose of an anti-arrhythmic
drug should be adjusted with a view to potential interactions with other
drugs that the patient might be taking. Also, various disease states can affect
the pharmacokinetic characteristics of drugs. The absorption of oral drugs
(i.e., their bioavailability) can be reduced by bowel resection, mesenteric
ischemia, or congested intestinal mucosa. On the other hand, bioavailability
can be increased by hepatic dysfunction, which reduces the extent to which
the liver removes orally administered drugs from the portal circulation (i.e.,
the first-pass effect). Drug elimination can be reduced or even abolished by
hepatic or renal dysfunction, depending on the site of metabolism or elimina-
tion of the drug. Disease states have a variable effect on the size of the central
and peripheral compartments, which are critical determinants of the appro-
priate size of a loading dose. The usual way to compensate for variability in
pharmacokinetics is to monitor for efficacy and side effects and to monitor
serum concentrations of drugs. Serum concentration measurements are use-
ful, although the concentrations of active metabolites may not be measured
(eg, 3-hydroxyquinidine and 2-oxoquinidinone). Also, serum concentrations
of drugs do not reflect the free or protein-bound fractions. 
-1 acid glycopro-
tein, the serum protein which binds most anti-arrhythmic drugs, is an acute-
phase reactant, and its serum concentration rises during acute MI, during
renal transplant, with malignancy, in the postoperative period, in old age, and
in general as a response to any physical stress [29]. As a consequence, in these
situations the percentage of drug available to act on the cardiac membrane
can be reduced.
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How to avoid lidocaine toxicity? Lidocaine deserves special

consideration as an example of the importance of pharmacokinetics in

anti-arrhythmic therapy. Lidocaine is almost entirely metabolized in the

liver, and its rate of clearance approaches the rate of hepatic blood flow. Impaired

clearance can be anticipated in the presence of liver disease, as well as during

hypotension, low output states, and in the setting of congestive heart failure –

conditions in which hepatic blood flow is reduced.

In addition to reducing clearance, congestive heart failure has been found to reduce

the central compartment of the volume of distribution by as much as 50% [30,31], and

may necessitate reductions in both the loading dose and the maintenance dose.



Amiodarone
Among the anti-arrhythmic drugs, amiodarone, a leading drug for treatment of
ventricular and supraventricular tachyarrhythmias, is notable for its relative
freedom from causing proarrhythmia. It is metabolized by the cytochrome P-450
subfamily of enzymes to N-desethylamiodarone, which has anti-arrhythmic
activity. Amiodarone inhibits the P-450 enzymes, causing increased levels of
digoxin, quinidine, procainamide, warfarin, dextromethorphan, cyclosporine,
simvastatin, and many other drugs. When amiodarone is administered intra-
venously, hypotension is the most common side effect, occurring in about 16% of
patients. Fatal hepatocellular necrosis has occurred in two patients who received
high doses of IV amiodarone. Oral amiodarone can cause pulmonary fibrosis,
cirrhosis, hypothyroidism or hyperthyroidism, skin discoloration, visual distur-
bances, peripheral neuropathy, and ataxia.

Flecainide and Propafenone
Flecainide and propafenone are Class IC drugs that are very potent against ven-
tricular and supraventricular extrasystoles. Since extrasystoles can trigger 
re-entrant tachycardias, marked reduction of extrasystoles can lead to a signifi-
cant reduction in the frequency of episodes of tachycardia. On the other hand,
these drugs produce slowed conduction in re-entrant circuits, and thereby stabi-
lize re-entry because slower conduction causes the re-entering impulse to be less
likely to encounter refractoriness. So, with flecainide and propafenone, episodes
of tachycardia might be less frequent but more likely to be sustained. Data from
the CAST study suggested that the use of flecainide for the treatment of VT
should be best avoided in the setting of coronary disease and decreased EF [32].

Sotalol
Sotalol is an interesting drug in that its levo-isomer has �-blocking effects
while its dextro-isomer has Class III anti-arrhythmic effects. Racemic sotalol is
used in the treatment of both ventricular and supraventricular arrhythmias.
In the Electrophysiologic Study vs. Electrocardiographic Monitoring trial
(ESVEM), sotalol was found to have a significantly more favorable effect on
survival than any of the other drugs [33]. Sotalol should be used with extreme
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Lidocaine clearance has also been shown to be reduced in the elderly, during

prolonged infusions lasting over 24 hours, and by the concomitant administration of 

�-blockers (propranolol, metoprolol) and cimetidine.

Signs and symptoms of lidocaine toxicity (confusion) should be watched for carefully

in all patients receiving lidocaine infusion, but in particular in those who are receiving

high infusion rates (�2 mg/min), or who have any of the aforementioned factors

predisposing toward lidocaine accumulation.

Because the half-life of lidocaine is short, when lidocaine toxicity with confusion is

suspected, discontinuation of the drug will correct the confusion episode in a matter of

minutes.
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Which tachycardia is refractory to anti-arrhythmic drugs? Several

types of VT are refractory to direct-current shock or to the usual anti-

arrhythmic drugs.

Extreme hyperkalemia (with serum potassium concentration �8 mEq/L) can cause

an incessant VT with a sinusoidal morphology. It should be treated with 

IV calcium (10–30 mL 10% calcium gluconate given over 1–5 minutes), hypertonic

glucose plus insulin, and sodium bicarbonate (44–132 mEq, or 1–3 ampules).

Class Ic anti-arrhythmic drugs (flecainide, encainide, and propafenone) cause a

similar VT, which occasionally responds to lidocaine but can be highly refractory.

Theoretically, this arrhythmia might respond best to hypertonic sodium, which would

counteract the sodium channel blocking effects of the Class Ic agent [34,35].

Refractory VT or VF can be the terminal event in patients with truly end-stage heart

disease in which mechanical cardiac function is so severely diminished that the patient

would not survive even if the VT could be terminated. In this situation the arrhythmia is

called secondary VF or VT.

EMERGING TREND

Statins in the treatment of ventricular tachycardia in the MADIT-II study

Patients receiving an ICD (n � 654; US centers only) in the MADIT-II study

were categorized by the percentage of days each patient received statins

during follow-up (90–100%, n � 386; 11–89%, n � 116; and 0–10%, n � 152). The

results showed that the cumulative rate of ICD therapy for VT/VF or cardiac death was

caution in patients with renal insufficiency or renal failure, as the drug can
accumulate rapidly to toxic level in this setting.

Anti-arrhythmic drugs are an important therapeutic option in patients with
ventricular arrhythmias. But, these drugs have not been found to improve
survival in patients with VT or other forms of ventricular ectopy in the setting
of ischemic or non-ischemic cardiomyopathy, compared to best medical ther-
apy (e.g., with no anti-arrhythmic drugs). In these patients, ICD therapy has
been found to help survival more than anti-arrhythmic drug therapy. The
main roles for anti-arrhythmic drug therapy in these patients are in the acute
management of VT in a monitored setting, and in the reduction in frequency
of episodes of VT in patients who have ICDs.

Statins
A few studies have suggested that lipid-lowering drugs may have anti-
arrhythmic effects in patients with CAD. The question of whether statins have
anti-arrhythmic effects may be answered by exploring the association of statin
use with appropriate ICD therapy for VT/VF in the Multicenter Automatic
Defibrillator Implantation Trial (MADIT)-II.



Non-pharmacologic Therapy

In the management of VT as indicated above, non-pharmacologic therapies are
important options. Antitachycardia pacing (ATP) or direct-current shock can be
used to terminate episodes of tachycardia, and in some cases pacing can be used
to prevent recurrences of tachycardia. These therapies can be delivered by either
external devices or by ICDs. Other treatments, which are potentially curative,
include catheter ablation and cardiac surgery.

Antitachycardia Pacing
Re-entrant tachycardias are vulnerable to ATP when the re-entry circuit is
anatomically defined and there is an excitable gap between a circulating
wavefront and its wake of refractoriness. Given these conditions, it is possible
for a stimulated impulse to invade the circuit and create a bidirectional block.
This will occur if the invading impulse proceeds in both directions in the 
circuit, clockwise and counter-clockwise. In one direction, the invading
impulse collides with and extinguishes the re-entering wavefront; in the other
direction, it is itself extinguished when it runs into the wake of refractoriness
of the re-entering impulse. ATP cannot terminate VF or polymorphic VT.

The usual technique of ATP is to deliver a train of stimuli at a somewhat faster
rate than that of the tachycardia. A train of stimuli is more likely than a single
stimulus to produce an impulse that penetrates the re-entrant circuit. With trains
of stimuli, however, there is a risk that one stimulus will terminate a tachycardia
and a subsequent one will restart the tachycardia. It may be necessary for the
consultant to deliver literally dozens of trains of stimuli of different rates and
durations, until finally a train is delivered that fortuitously ends with a pulse
that extinguishes the tachycardia rather than re-inducing it. As this process may
take from ten seconds to a minute or more, ATP is usually used for VTs that do
not cause immediate hemodynamic compromise. Also, ATP often causes VT to
accelerate or even degenerate into VF. For this reason, ATP must be used only
when back-up electrical defibrillation is available. The typical indication for ATP
is for treatment of a recurrent re-entrant sustained VT which is refractory to
drugs and which does not cause immediate hemodynamic compromise. ATP
would be used in preference to electrical cardioversion, since patients much bet-
ter tolerate the former. Most ICDs have the capacity to deliver ATP as first-line
therapy for VT, thereby reducing the frequency of shocks.
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significantly reduced in those with �90% statin usage compared to those with lower

statin usage (P � 0.01). The time-dependent statin: no statin therapy hazard ratio was

0.65 (P � 0.01) for the end point of VT/VF or cardiac death and 0.72 (P � 0.046) for 

VT/VF after adjusting for relevant covariates. Statin use in patients with an ICD was

associated with a reduction in the risk of cardiac death or VT/VF, and was associated with

a reduction in VT/VF episodes. These findings suggest that statins have anti-arrhythmic

properties [36].



Direct-current Cardioversion
Direct-current cardioversion has the broadest spectrum of anti-arrhythmic
activity of any therapy. If properly applied, it is nearly always effective
against those arrhythmias that are thought to result from re-entry, including
atrio-ventricular (AV) nodal re-entrant tachycardia, AV re-entrant tachycardia
using a bypass tract, atrial flutter, and most cases of paroxysmal atrial tachy-
cardia and paroxysmal VT. In addition, high doses of electricity can defibril-
late the heart, which is not surprising since atrial and ventricular fibrillation
probably often arise from a re-entrant mechanism. Finally, direct-current car-
dioversion (DCC) can terminate TdP, which may result from a non-reentrant
mechanism – namely, triggered activity.
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Which tachycardia is resistant to electrical shock? DCC is ineffective

against tachycardias that arise from enhanced automaticity. Arrhythmias in

this category include sinus tachycardia, some forms of ectopic atrial

tachycardia, multifocal atrial tachycardia, accelerated junctional rhythm, and even some

cases of VT.

Any rhythm that occurs in the setting of digitalis intoxication can be exacerbated by

direct-current shock, probably because shocks depolarize sympathetic nerve terminals in

the heart, causing them to release norepinephrine, which then accelerates the tachycardia

or even causes a more malignant arrhythmia to appear.

Electrical shock can fail to terminate incessant VT that is caused by Class IC anti-

arrhythmic drugs (i.e., flecainide, encainide, and possibly propafenone), even though

this rhythm is probably caused by re-entry [37]. Arrhythmias that cannot be terminated

by cardioversion are often referred to as incessant.

Another VT that is refractory to direct-current shock and to Class I drugs is a rare

form of verapamil-responsive VT, which occurs in young patients with no identifiable

heart disease [38]. The QRS morphology of this VT resembles right bundle branch

block with left axis deviation. This VT provides an exception to the rule that verapamil

has no role in the management of VT.

In order to terminate fibrillation, a shock must produce a sufficient voltage
gradient throughout the fibrillating chamber to bring all myocardial cells to
the same electrical state. When all of the cells within a re-entrant circuit are
depolarized, a condition of electrical homogeneity is established that is inimi-
cal to re-entry. This is because ongoing re-entry requires that at all times some
part of the chamber not be depolarized, so that this part can be next in line to
be activated. In order to be successful, a shock must produce a period of elec-
trical homogeneity that persists for a sufficient period of time. In an elegant
series of animal experiments, fibrillation was demonstrated to reappear
immediately if the period of homogeneity lasted for less than 130 millisec-
onds [39]. Re-entrant arrhythmias that are more organized, such as atrial flut-
ter or VT, may require depolarization only of the excitable portion of the



re-entry circuit. This may explain the clinical observation that less energy and
current are necessary to terminate these arrhythmias than is the case with
atrial or ventricular fibrillation.

The minimum amount of energy required to defibrillate the heart is called
the defibrillation threshold. Even in a single individual, the defibrillation
threshold is not a single value but rather is described by a sigmoidal dose –
response relationship: the greater the energy in a shock, the more likely it is to
defibrillate a given heart [40]. Typical energy thresholds for external defibrilla-
tion of the atria or ventricles are between 50–100 J. Defibrillation thresholds for
intracardiac electrodes, such as are used in ICD systems, are in the neighbor-
hood of 10 J. Biphasic shocks have lower thresholds than monophasic shocks.
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Factors which change the defibrillation threshold There is marked

variability from patient to patient in the energy threshold for external

defibrillation, mainly because of interpatient differences in transthoracic

impedance. The latter has several determinants: interelectrode distance (chest size),

electrode size, electrode – chest wall contact pressure, couplant (“electrode paste”),

and respiratory phase.

Increases in transthoracic impedance during lung expansion have implications for

patients receiving mechanical ventilation and positive end-expiratory pressure.

Impedance declines after repeated shocks, partly because of hyperemia and edema

in the current pathway [41]. Since current, not energy, is the determinant of successful

defibrillation, an external defibrillator has been developed that automatically delivers

more energy when the impedance has been found to be high [42].

Other factors besides transthoracic impedance can influence the defibrilla-
tion threshold. Lidocaine, flecainide, and amiodarone have been found to
raise defibrillation thresholds significantly [43–46]. Sotalol lowers defibrilla-
tion thresholds [47]. Most other anti-arrhythmic drugs have neutral or else
very mild effects on defibrillation thresholds. �-agonists and aminophylline
lower defibrillation thresholds [48,49]. The duration of VF prior to attempted
defibrillation affects the defibrillation threshold in a biphasic manner. The
energy requirement may actually decrease after 2 minutes of VF, perhaps
because of a favorable increase in extracellular potassium [50]. When VF has
persisted for more than 10 minutes, it becomes increasingly difficult and ulti-
mately impossible to defibrillate the heart.

Implantable Cardioverter Defibrillator
ICDs are invaluable for treating patients with VT. These devices can be pro-
grammed to deliver different types of therapy for different types of VT, such
as anti-tachycardia pacing or direct current shocks ranging from 1–40 J. When
a milder treatment fails to convert a tachycardia, the device can proceed to
deliver a stronger therapy. The ICD systems include an ICD pulse generator



plus one or more leads which have electrodes for sensing cardiac rhythm and
for delivery of pacing stimuli or shocks of up to 40 J to the heart. The usual
current pathway for a shock from the device is between an electrode coil in
the RV apex and the can of the pulse generator. Other electrodes may also be
employed in the high voltage shocking circuit, such as a proximal electrode
coil situated in the superior vena cava, and less frequently electrodes that are
located either on the epicardium or subcutaneously. ICDs can deliver anti-
tachycardia pacing even while charging internal capacitors in preparation for
automatically shocking the heart. After charging, and before shocking, the
ICD re-examines the heart rate to see if VT is still present. If VT is recon-
firmed, a shock is delivered to the heart. Even ICDs with single leads have
algorithms that are able to differentiate SVT from VT, based on the morphol-
ogy of the intracardiac signal, suddenness of onset, and regularity of the ven-
tricular rhythm. Some ICDs have both an atrial lead and a ventricular lead,
which greatly enhances their capacity to distinguish VT from other rhythms
such as atrial fibrillation with rapid response, sinus tachycardia, and other
forms of SVT. This greatly diminishes the incidence of inappropriate shocks
or therapies when the heart rate increases because of SVT rather than VT.
Some ICDs offer atrial therapies for treating SVT, atrial flutter, and atrial fib-
rillation, in addition to shocking and pacing therapies for VT.
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CLINICAL PEARLS

Myths and realities of implantable cardioverter defibrillator ICDs are

very effective in preventing sudden death [51]. They have drawbacks,

however. ICDs are expensive and require surgery for implantation. The

surgical technique is similar to that employed during pacemaker implantation. Surgical

risks include bleeding complications, infection, lead dislodgement, and pneumothorax.

ICDs do not always prevent syncope, because it can take 10–20 seconds for the

device to complete a cycle of arrhythmia detection, capacitor charging, and shock

delivery.

Also, shocks delivered to conscious patients are not well tolerated. Defibrillators,

unfortunately, may deliver inappropriate shocks when the patient is not in VT. For

example, a rapid ventricular rate during atrial fibrillation or sinus tachycardia can cause

the rate threshold for detection of VT to be exceeded, triggering a shock. In fact, the

first shock or two may cause the patient enough distress to cause the heart rate 

during atrial fibrillation or sinus tachycardia to remain elevated so that multiple shocks

are triggered.

ICDs can malfunction as a result of lead dislodgement, poor connection
between the lead and the pulse generator, lead fracture, or breakdown of
insulation of the lead. Rarely, the ICD itself may malfunction because of a flaw
in manufacturing. Occasionally, manufacturers have issued recalls or techni-
cal warnings and physicians and their patients have had to weigh whether to
explant and replace a possibly defective device.



Indications of Implantable Cardioverter Defibrillator
The basis for indications of ICDs is based on the results of clinical trials listed
in Table 9.4.
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Evidence-based Medicine: The MADIT trial

The Multicenter Automatic Defibrillator Implantation Trial [52] is the first

prospective, randomized trial to compare the efficacy of defibrillators with

that of conventional medical therapy in patients with non-sustained VT after

a previous MI and an EF � 35%. If sustained VT was inducible at the EP study, and was

not suppressible by procainamide, then the patients were randomized for ICDs or

conventional anti-arrhythmic medical therapy. The 2-year mortality in the medical

treatment group (mostly with amiodarone) was high at 32%. ICD therapy reduced the

risk of death by 54%. However, further analysis showed that survival with ICD therapy

was significantly greater only in the subgroup of patients with LVEF � 26%.

Evidence-based Medicine: The MUSTT trial

In the Multicenter Unsustained Tachycardia Trial Investigators [53] the

patients with CAD, an LVEF of 40% or less, and asymptomatic NSVT were

evaluated for electrophysiologically-guided anti-arrhythmic therapy. The

patients with induced sustained VT were randomized for either ICDs, anti-arrhythmic

therapy, or no anti-arrhythmic therapy. The results showed the incidence of the primary

end points of cardiac arrest or death from arrhythmia were 25% among patients receiving

electrophysiologically guided anti-arrhythmic therapy compared to 32% in patients

without anti-arrhythmic therapy (P � 0.04). The five-year estimates of overall mortality

were 42% and 48%, respectively. The risk of cardiac arrest or death from arrhythmia

among the patients with ICDs was significantly lower than that among patients discharged

without ICDs. However, there was no difference in the rate of cardiac arrest, death from

arrhythmia or overall mortality, between the patients on medical therapy or no therapy [53].

This trial showed that the benefit was totally due to ICDs, rather due to anti-arrhythmic

drugs. In fact, the event rate trend was slightly higher with in patients receiving anti-

arrhythmic drugs, even the trend was not statistically significant.

Table 9.4 Implantable Cardioverter Defibrillator indications according to
patients’ subsets and supported trials.

Clinical trials

Primary prevention
Ischemic cardiomyopathy EF �35% MADIT II and SCD-HFT
Non-ischemic cardiomyopathy EF �35% SCD-HeFT, DEFINITE
NSVT, EF � 35–40% needs EPS MUSTT and MADIT I

Secondary prevention
Ischemic cardiomyopathy AVID and CIDS
Non ischemic cardiomyopathy AVID and CIDS

EF, ejection fraction; EPS, electrophysiology test; NSVT, non-sustained VT.



Primary Prevention for Patients with Ischemic Cardiomyopathy
A series of randomized trials have investigated the role of ICDs for primary
prevention of SCD. First, MADIT and MUSTT found that survival was
increased by ICD therapy in patients with history of MI, EF �35% (MADIT)
or �40% (MUSTT), NSVT on monitor, and inducible VT at electrophysiologic
(EP) study. The MADIT trial found that patients with EF �35%, history of MI,
and NSVT on monitor, had an unacceptably high risk for SCD even if they did
not have inducible VT at EP testing. So, subsequent trials, including MADIT
II, SCD-HeFT, and COMPANION, have not required EP testing to identify
high-risk patients. These studies still found that ICDs improve survival in
previously asymptomatic patients with severe left ventricular systolic dys-
function. SCD-HeFT and COMPANION found that ICDs significantly improve
survival in patients with either nonischemic or ischemic left ventricular 
systolic dysfunction.

Secondary Prevention for Ventricular Tachycardia or Fibrillation in
Patients with Ischemic Cardiomyopathy
In order to study the effects of SCD in patients with witnessed VT or VF, the
Anti-arrhythmic vs. Implantable Defibrillators (AVID) trial was conducted.
These VT or VF were not secondary to a reversible cause such as an acute MI,
proarrhythmia from drugs, or electrolyte disturbance.
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Evidence-based Medicine: The AVID trial

This is a randomized comparison of these two treatment strategies in

patients who had been resuscitated from near-fatal VF or who had undergone

cardioversion from sustained VT. Patients with VT also had either syncope or

other serious cardiac symptoms, along with a LVEF of 0.40 or less. One group of patients

was treated with ICD; the other received Class III anti-arrhythmic drugs, primarily

amiodarone at empirically determined doses. 1016 patients (45% of whom had ventricular

fibrillation, and 55% VT), 507 were randomly assigned to treatment with ICDs and 509 to

anti-arrhythmic-drug therapy. The results showed that the overall survival was greater with

the implantable defibrillator, with unadjusted estimates of 89.3%, as compared with 82.3%

in the anti-arrhythmic-drug group at one year, 81.6% vs. 74.7% at two years, and 75.4%

vs. 64.1% at three years (P � 0.02) [17].

In the Canadian Implantable Defibrillators Study (CIDS), patients with VT,
VF or syncope that was deemed to be secondary to arrhythmia, were ran-
domized to ICD or amiodarone [55]. However, after a five-year follow-up, the
total mortality with ICD was not significantly reduced compared to amio-
darone (8.3% vs. 10.2% per year, P � 0.142). There was no difference in
arrhythmic death, (3% vs. 4.5% per year, P � 0.094). Then the outcome of the
high-risk patients in the two above trials was analyzed retrospectively. When
separating patients according to ventricular function, the AVID data indicate
that patients with a relatively well-preserved EF (�35%) do not have better
survival when treated with the ICD compared with anti-arrhythmic drugs



(mostly amiodarone). On the contrary, the patients with lower EF benefit the
most from ICD therapy and were associated with better survival [56]. These
findings were evidenced again in the CIDS trial, where the patients were clas-
sified in four risk quartiles based on reduced EF, advanced age, and NYHA
functional class. In the highest risk quartile, a 50% relative risk reduction in
death occurred with ICD therapy, when compared with amiodarone. There
was no benefit from ICD over amiodarone in the three lower risk quartiles
[57]. In all these four trials, is the sickest patients who benefit the most from
ICD therapy [58]. In patients with advanced heart disease or severe LV dys-
function, (EF � 20%), the role of heart failure on survival must be considered
before recommending ICD [59].

The results of the AVID, CIDS trials provide compelling data to support
Class I status of implantation of an ICD as therapy of first choice in patients
who have experienced VF or hemodynamically unstable sustained VT [59].

Primary Prevention in Patients Without Dilated Cardiomyopathy
Implantation of ICDs is recommended as a Class II indication for patients
who are felt to be at high risk of experiencing life-threatening ventricular tach-
yarrhythmias, who had experienced no spontaneous episodes, and/or in
whom invasive electrophysiology testing is not expected to provide additional
prognostic information. This category includes specific inherited conditions
associated with a high risk of SCD such the long QT syndrome [60] and
arrhythmogenic RV dysphasia [61] under certain circumstances, as well as the
Brugada syndrome [62] and high risk individuals with hypertrophic car-
diomyopathy [59,63].

Class III indications emphasize on inappropriate use of ICD. They include
patients with incessant VT unless controlled with drugs, catheter ablation, or
endocardial resection. Similarly, tachyarrhythmias associated with Wolff –
Parkinson – White syndrome or VT in the absence of structural heart disease
should be treated with antiarrhythmias, catheter ablation, or surgical techniques.
Sustained VT or VF in the setting of acute myocardial ischemia or infarction,
profound electrolyte imbalance, proarrhythmic drug effects, or other remedial
causes does not qualify as indications for ICD therapy [59] (see Table 9.4).
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Evidence-based Medicine: The SCD-HeFT trial

In the Sudden Cardiac Death-Heart Failure trial (SCD-HeFT), 2521 patients

with NYHA Class II or III and a LVEF of 35% or less were randomized to

conventional therapy for CHF plus placebo (847 patients), conventional

therapy plus amiodarone (845 patients), or conventional therapy plus a conservatively

programmed, shock-only, single-lead ICD (829 patients) (no pacing for bradycardia).

The primary end point was death from any cause. The cause of was ischemic in 52%

and non-ischemic in 48%. The median follow-up was 45.5 months. The results showed

that there were 29% mortality in the placebo group, 28% in the amiodarone group, and

22% in the ICD group. The number needed to treat (NNT) to prevent one death was 14.



Ventricular tachycardia 275

Evidence-based Medicine: The DEFINITE trial

458 patients with non-ischemic dilated cardiomyopathy, a LVEF of less than

36%, and premature ventricular complexes or non-sustained VT were

enrolled. 229 patients were randomly assigned to receive standard medical

therapy, and 229 to receive standard medical therapy plus a single-chamber ICD. Patients

were followed for a mean (	SD) of 29.0 	 14.4 months. The mean LVEF was 21%. The

vast majority of patients were treated with angiotensin converting enzyme inhibitors (ACEI)

(86%) and �-blockers (85%). There were 68 deaths: 28 in the ICD group, as compared

with 40 in the standard-therapy group (hazard ratio, 0.65; 95% CI, 0.40–1.06; P � 0.08).

The mortality rate at two years was 14.1% in the standard-therapy group (annual mortality

rate, 7%) and 7.9% in the ICD group. There were 17 sudden deaths from arrhythmia: three

in the ICD group, as compared with 14 in the standard-therapy group (hazard ratio, 0.20;

95% CI, 0.06–0.71; P � 0.006) [65].

This indication would greatly simplify the implantation protocol. The results
of DEFibrillators In Non-Ischemic Cardiomyopathy Treatment Evaluation
(DEFINITE) [65] and SCD-HeFT argue strongly for implantation of an ICD in
patients with non-ischemic dilated cardiomyopathy with reduced LVEF and
moderate heart failure (NYHA functional Class II and III) for mortality benefits.

The results did not vary according to either ischemic or non-ischemic causes, however,

the benefits of ICD were more marked (and significant only) among patients in NYHA

FC II, with an absolute reduction in mortality of 11.9% (NNT � 8). Over 5 years 

of follow-up, the average appropriate shocks for rapid sustained VF or VT were 

5.1% [64].

In patients with severe, non-ischemic dilated cardiomyopathy who were
treated with ACEI and �-blockers, the implantation of a cardioverter – 
defibrillator significantly reduced the risk of sudden death from arrhythmia
and was associated with a non-significant reduction in the risk of death from
any cause [65].

As a result of these studies, the Centers for Medicare & Medicaid Services
(CMS) broadened the coverage for ICD implantation. Other data suggest that
only subsets of this patient population would truly benefit from such an
aggressive intervention, notably the use of T wave alternans to further iden-
tify that subset of patients with a depressed EF and CAD that are truly at risk
for SCD. The issue becomes more complex as some critics suggest that
patients in this category who received prophylactic ICD will not succumb to
arrhythmic deaths, but still may die from pump failure, so that overall mor-
tality may not change. In this regard, ICD implantation with devices capable
of resynchronization (bi-ventricular ICD) may change the outcome. Clearly,
more data are needed to clarify the issue.
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Catheter Ablation
Catheter ablation is an  excellent non-pharmacologic option for some types of
VT. The goal of catheter ablation is to destroy the substrate of the tachycardia
with as small a lesion as possible. The first step in catheter ablation is to posi-
tion an electrode catheter so that its ablating electrode is adjacent to the

Table 9.5 Recommendations for implantable cardioverter defibrillator.

Class I
1. Cardiac arrest due to VF or VT not due to a transient or reversible cause (A)
2. Spontaneous sustained VT (B)
3. Syncope of undetermined origin with clinically relevant, hemodynamically significant sus-

tained VT or VF, induced at electrophysiological study when drug therapy is ineffective, not
tolerated, or not preferred (B)

4. Non-sustained VT with coronary disease, prior MI, LV dysfunction, and inducible VF or 
sustained VT at electrophysiological study that is not suppressible by a Class I anti-arrhyth-
mic drug (B)

Class IIb
1. Cardiac arrest presumed to be due to VF when electrophysiological testing is precluded by

other medical conditions (C)
2. Severe symptoms attributable to sustained ventricular tachyarrhythmias while awaiting 

cardiac transplantation (C)
3. Familial or inherited conditions with a high risk for life-threatening ventricular tachyarrhyth-

mias such as long QT syndrome or hypertrophic cardiomyopathy (B)
4. Non-sustained VT with CAD, prior MI, and LV dysfunction, and inducible sustained VT or VF

at electrophysiological study (B)
5. Recurrent syncope of undetermined etiology in the presence of ventricular dysfunction and

inducible ventricular arrhythmias at electrophysiological study when other causes of syncope
have been excluded (C)

Class III
1. Syncope of undetermined cause in a patient without inducible ventricular tachyarrhythmias (C)
2. Incessant VT or VF (C)
3. VF or VT resulting from arrhythmias amenable to surgical or catheter ablation; for example,

atrial arrhythmias associated with the Wolff – Parkinson – White syndrome, RV outflow tract
VT, idiopathic LV tachycardia, or fascicular VT (C)

4. Ventricular tachyarrhythmias due to a transient or reversible disorder (e.g., AMI, electrolyte
imbalance, drugs, trauma) (C)

5. Significant psychiatric illnesses that may be aggravated by device implantation or may 
preclude systematic follow-up (C)

6. Terminal illnesses with projected life expectancy �6 months. (level of evidence: C)
7. Patients with coronary artery disease with LV dysfunction and prolonged QRS duration in the

absence of spontaneous or inducible sustained or non-sustained VT who are undergoing
coronary bypass surgery (level of evidence: B)

8. NYHA Class IV drug-refractory congestive heart failure in patients who are not candidates for
cardiac transplantation (level of evidence: C)

AMI, acute MI; CAD, coronary artery disease; MI, myocardial infarction; RV, right ventricular; 
VF, ventricular fibrillation; VT, ventricular tachycardia. A. Level of evidence A: Data derived from
multiple randomized clinical trials. B. Level of evidence B: Data derived from a single randomized
trial or non-randomized studies. C. Level of evidence C: Only consensus opinion of experts,
case studies.



arrhythmogenic substrate, through a process called mapping. The ablating
electrode is almost always at the distal end of the catheter and is usually
larger than the other electrodes on the catheter. For example, the ablating elec-
trode is usually 4–10 mm in length instead of the 1 or 2 mm length of pacing or
stimulating electrodes.

Once it is determined that the ablating electrode is in a suitable location, adja-
cent either to the focus of a tachycardia or to a vulnerable point of a re-entrant
circuit, up to 100 W of radiofrequency electrical energy (150 kHz to 1 MHz) is
then delivered through the electrode to a reference electrode patch on the
patient’s chest wall. The purpose is to heat the myocardium adjacent to the
ablating electrode and to destroy the arrhythmogenic substrate. Ablation cre-
ates injury by heating the myocardium at the electrode – tissue interface to a
temperature of up to 70°C. The residuum of radiofrequency ablation is a well-
demarcated spherical or oval zone of coagulation necrosis. Other catheter-
based approaches are undergoing evaluation, including microwave energy,
ultrasound, and cryotherapy.

Different mapping techniques are used for different types of VT. For VTs
that arise from a small focus, such as the idiopathic VT that arises from the RV
outflow tract, the electrophysiologist uses activation mapping and pace map-
ping. In activation mapping the ablating electrode is positioned at the site in
the ventricle that is activated earliest during each beat of tachycardia. This is
the site from which the VT arises. Local activation of this site is usually 20–40
milliseconds earlier than the onset of the QRS in the 12 lead surface ECG dur-
ing VT. In pace mapping, the concept is that pacing at the exact focus where
the VT originates should duplicate the QRS morphology of the clinical VT.
The chance for a successful ablation at such a site will be high [66]. Success
rates of at least 90% have been reported for ablation of these VTs [66].

In the case of idiopathic VTs arising from the inferoseptal wall of the left
ventricle, the ablating catheter is also positioned at the site of earliest activa-
tion during VT. The electrical signal at this site usually has a distinct high-
frequency potential, similar to a His bundle potential, which appears before
the onset of the QRS on the surface ECG. This has led to speculation that this
VT may be caused by re-entry involving the left posterior fascicle. Again, suc-
cess rates of 90% can be expected for ablation of this kind of VT.

In the case of bundle branch re-entrant VT, the ablating electrode is posi-
tioned near the distal right bundle branch, which can be easily found by first
locating the His bundle and then moving the tip of the catheter more distally
until the distal electrode records the electrical signal of the distal right bundle
branch. This potential looks like a His bundle potential, but its timing is much
closer to the onset of the surface QRS during sinus rhythm than is the His bun-
dle potential. The re-entry circuit of bundle branch re-entrant VT is vulnerable
at this point, and often this VT can be eliminated by an application of energy
here without producing complete heart block (although permanent right bun-
dle branch block will be produced) [67]. Success rates of close to 100% may be
expected for this kind of VT. Unfortunately, many patients with bundle branch
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re-entrant VT have severe LV dysfunction and are subject to other forms of VT
that are not eliminated by ablation of the right bundle branch.

Mapping techniques are different in the case of VTs that originate from the
region of a previous infarction. These VTs are usually caused by re-entry circuits
that include a zone of slow conduction that passes through the scar. During 
VT this zone produces an activation signal that occurs after one surface QRS
complex and before the next (that is, when the bulk of normal ventricular
myocardium is in diastole – therefore, this signal is called a “diastolic potential”).
Usually there are other areas in the scar that also conduct slowly and exhibit
diastolic potentials during VT, even though they do not participate in the 
re-entry circuit. Therefore, diastolic potentials are not a specific finding. In order
to determine if a site with diastolic potentials is part of the re-entry circuit, pac-
ing stimuli are delivered through the mapping/ablating catheter at a rate
slightly faster than the tachycardia. If the site is within the re-entry circuit, the
pacing stimuli should produce paced QRS complexes with similar morphology
as the QRS complexes during VT; and, during pacing, the interval from stimulus
to the onset of the paced QRS should be identical to the interval from the dias-
tolic potential to the QRS during VT. If the site is in a zone of slow conduction
that is not part of the re-entry circuit, then the interval of pacing stimulus to the
onset of paced QRS is much longer than the interval of diastolic potential to onset
of QRS during VT [68,69]. The success rate of ablation for treatment of postin-
farction VT is highly dependent on patient selection. Higher success rates (per-
haps 80% to 90%) are achieved in patients who have one slow, hemodynamically
stable VT. Lower success rates are achieved in patients with multiple different
types of VT (that is, a history of VTs with different rates and morphologies),
severe LV dysfunction, and rapid, hemodynamically unstable VT.

Newer mapping technologies for ablation may negate the complicated tradi-
tional techniques employed for VT ablation. Whereas conventional techniques
required mapping for the site of origin of the tachycardia while the patient is in
VT, with the inherent limitations dictated by hemodynamic stability, newer
imaging capabilities allow for VT ablation either in sinus rhythm (using sub-
strate voltage mapping as reported by Marchlinski et al. [70]) or mapping of hun-
dreds of points simultaneously during only a few beats of tachycardia, thus
obviating the need to have the patient be in VT for prolonged periods of time.
However, despite these advances, ablation for VT in the setting of coronary dis-
ease and the existence of prior scars in the ventricles are still at best a palliative
approach to minimize the chance of repetitive and recurrent shocks from ICDs,
because of the complex morphology and histology of the substrate to be altered
by ablation. Ablation for VT as a primary therapeutic approach has the best
result (�90% success rate) in the setting of normal ventricles, such as in repeti-
tive monomorphic VT (also known as exercise induced VT or RV outflow tract
VT), or in bundle branch re-entry VT in idiopathic dilated VT, as the target for
ablation is well described and circumscribed.

Catheter ablation carries a small risk. Complete heart block can be produced
by inadvertent destruction of the normal AV conduction system. Other 
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complications can include vascular damage (eg, hematoma, arteriovenous fis-
tula, or pseudoaneurysm), cardiac perforation with tamponade, thromboem-
bolism, valvular damage (particularly when mapping or ablating catheters are
advanced retrogradely across the aortic valve), infection, and adverse reactions
to drugs used during the procedure. The risk of a serious complication is less
than 5%. Catheter ablation procedures can last many hours unless an arbitrary
limit is placed on the permissible duration of the procedure. Exposure to fluo-
roscopic radiation can be considerable and is a concern for patient and staff.

Cardiac Surgery
Cardiac surgery can be used to treat VT. The site from which the VT emerges
can be identified through EP mapping. Once it is localized, it can be surgically
excised, ablated with radiofrequency energy, or frozen by cryosurgery [71].
An alternative approach is to use visual guidance and remove scarred endo-
cardium, for the re-entrant loop seems to pass through endocardial scar in
most cases [72]. With either approach the efficacy rate is approximately 75%,
with a perioperative mortality rate of 10–15%. This is an attractive therapeutic
option for patients with discrete anterior or apical aneurysms, especially if 
the patient might benefit hemodynamically from aneurysmectomy or if the
patient needs coronary bypass surgery. Inferior wall aneurysms are not as
accessible to the surgeon, and inferior wall surgery is more likely to compro-
mise the papillary muscles and mitral apparatus. Other therapeutic options,
such as the implantable defibrillator, are more attractive than endocardial
resection for patients with inferior aneurysms.

Difficult Situations and Suggested Solutions

Real World Question How to Manage Cardiac Arrest?
Cardiac arrest must be managed with cardiopulmonary resuscitation including
airway management, mechanical ventilation, chest compressions, and immedi-
ate electrical defibrillation with 120–200 J biphasic shock or 360 J monophasic
shock. In general, successful defibrillation is closely correlated to the time to
delivery of countershock [63]. If the patient remains in pulseless VT despite
these measures, 1.0 mg of 1 : 10,000 epinephrine or 40 units vasopressin should
be given intravenously followed by another attempt at electrical defibrillation.
This dose of epinephrine should be repeated every 5 minutes while the patient
remains in pulseless VT or VF. When VT persists, either IV amiodarone (bolus of
300 mg followed if necessary by an additional 150 mg) or lidocaine (an initial IV
bolus of 1 mg/kg followed by repeated boluses of 0.5 mg/kg every 8 minutes, to
a total of 3 mg/kg) may be given. Throughout this process, the utmost attention
must be paid to recognizing and correcting metabolic abnormalities. Once an
adequate rhythm is restored, evidence for underlying myocardial ischemia or
infarction should be sought; this may dictate the need for specific interventions
such as intra-aortic balloon pumping or emergent coronary revisualization [73].
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Real World Question How to Treat Ventricular Tachycardia Due to
Digoxin Toxicity?
Certain types of VT are refractory to electrical shock and to the usual anti-
arrhythmic drugs. VT from digitalis intoxication may require management
with antidigoxin antigen binding fragments (Fab). The dose of antidigoxin Fab
to be delivered can be calculated by calculating the total body load of digoxin as
the serum concentration of digoxin (in ng/L) multiplied by the volume of dis-
tribution (equal to the patient’s weight in kilograms multiplied by 5.6 L/kg).
The total body load of digoxin is then divided by 600 (the number of
nanograms of digoxin bound by each vial) to determine the number of vials
that should be administered to the patient. Antidigoxin Fab also binds digi-
toxin, and the same calculations can be used to determine the number of vials 
to be given, except that the volume of distribution of digitoxin is 0.56 L/kg.
Patients usually respond clinically to the antibody fragments within 30 minutes
of administration. The serum concentration of digoxin climbs after administra-
tion of the antibody fragments, because they remove digoxin from extravascu-
lar binding sites. The Fab – digitalis complexes are excreted by the kidneys, and
have a half-life of 16–20 hours in patients with normal renal function. It is not
clear how the complexes are eliminated in patients with renal insufficiency;
however, such patients have responded well to antidigoxin Fab.

Real World Question How to Treat Polymorphic Ventricular
Tachycardia?
Polymorphic VT arises in different clinical settings. It appears in various
genetic syndromes such as the long QT syndrome, the Brugada syndrome, the
catecholaminergic polymorphic VT syndrome, and the short QT syndrome. It
can appear in patients with acquired long QT syndromes such as are caused by
Class IA and Class III drugs, hypomagnesemia, and hypokalemia. It also can
appear in acute ischemia, so patients with polymorphic VT should be screened
for ischemia unless another cause is apparent. The Brugada syndrome also
produces episodes of polymorphic VT. It has not been found to reliably
respond to anti-arrhythmic drugs, so symptomatic patients and high-risk
asymptomatic patients are best treated with implantation of an ICD.

Real World Question How to Treat Torsades De Pointes?
Torsades de pointes (TdP) receives its name, which translates as “twisting of the
points,” from the manner in which the QRS complexes appear to rotate around
the isoelectric baseline, with variability in axis and morphology. It often occurs
in the setting of a prolonged QT interval. Other features of TdP include
episodes that are often non-sustained. Some forms of TdP are catecholamine-
dependant, while others are pause-dependant. Often there is T wave alternans
prior to episodes, and occasionally the episodes degenerate into VF.

�-adrenergic blockade is the best therapy for adrenergic-dependent TdP,
including the congenital abnormalities of the potassium channel (LQT1 and
LQT2) and certain acquired forms caused by neurologic disorders (subarachnoid
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hemorrhage, stroke, or encephalitis). Pause-dependent TdP (including most of
the commonly acquired forms) is chiefly treated by temporary or permanent
pacing and by removal of any offending drugs (e.g., Class IA and Class III anti-
arrhythmics) and correction of electrolyte abnormalities. Episodes of sustained
TdP respond to electrical cardioversion. While waiting for the underlying disor-
der to be corrected, recurrent TdP can be prevented with use of interventions
that shorten the QT interval, such as atrial or ventricular pacing at rates of
90–110 bpm or isoproterenol. Pacing is preferred in patients with concomitant
coronary artery disease. Lidocaine is often ineffective in the treatment of TdP,
and Class IA anti-arrhythmic agents should be avoided because they can further
prolong the QT interval. Magnesium sulfate has been reported to abolish TdP
with a high rate of success [74].

Real World Question Can We Prevent all Sudden Cardiac Deaths?
In both ischemic and non-ischemic heart disease the severity of LV dysfunc-
tion has emerged as the key determinant affecting the decision of which
patient should receive an ICD for prophylaxis against a future risk of arrhyth-
mic sudden death. A documented EF of �35% in an otherwise suitably
treated patient will commonly result in an electrophysiology referral and an
ICD implant. Although such treatment has yielded mortality benefit in the
qualifying patient, whether it can significantly impact on overall sudden
death in the general population is less clear. A population-based study unfor-
tunately showed that only a small proportion of sudden death victims could
have benefited from the current primary prevention ICD guidelines.
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CRITICAL THINKING

The Oregon Sudden Unexpected Death Study All cases of SCD in

Multnomah County, Oregon (population 660,486; 2002–2004) were

prospectively ascertained in the ongoing Oregon Sudden Unexpected Death

Study. LVEFs were retrospectively assessed among subjects who underwent evaluation of

LV function before SCD (normal: �55%; mildly to moderately reduced: 36–54%; and

severely reduced: �35%). Of a total of 714 SCD cases (annual incidence 54 per 100,000),

LV function was assessed in 121 (17%). The results showed that the LVEF was severely

reduced in 36 patients (30%), mildly to moderately reduced in 27 (22%), and normal in 58

(48%). Patients with normal LVEF were distinguishable by younger age (66 	 15 years vs.

74 	 10 years; P � 0.001), higher proportion of females (47% vs. 27%; P � 0.025), higher

prevalence of seizure disorder (14% vs. 0%; P � 0.002), and lower prevalence of

established coronary artery disease (50% vs. 81%; P � 0.001). So in this community-wide

study, only one-third of the evaluated SCD cases had severe LV dysfunction meeting

current criteria for prophylactic cardioverter-defibrillator implantation. The SCD cases with

normal LV function had several distinguishing clinical characteristics. These findings

support the aggressive development of alternative screening methods to enhance

identification of patients at risk [75].



Of 714 sudden deaths occurring over a two-year period, only 121 patients
had a previous assessment of LV function and only 36 of these patients (5% of
the total) had an EF of �35%. The concept that only a minority of sudden
deaths occurs in patients previously identified as having significant LV dys-
function has been previously well documented in a number of studies. So far
it remains far less than perfect at predicting at what time and for which
patient the unfortunate substrates and triggers cross to result in sudden
death. The second corollary is that not all SCDs are from arrhythmias. Clearly,
these patients died of AMI, which could not be prevented by ICD [76].
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Introduction

Atrial fibrillation (AF) is the most commonly occurring cardiac arrhythmia
associated with increased cardiovascular morbidity and mortality.
Epidemiological data from the Framingham Heart Study indicate the cumula-
tive incidence of AF over a 22 year follow-up was 2.1% in men and 1.7% in



women. The prevalence of AF increases with age, affecting over 1 in 25 per-
sons aged 60 years or older, and 1 in 10 persons aged 80 years or older [1].
Even in an ethnic group with a low incidence of coronary artery disease
(CAD), AF occurs in 1.3% of population with age �60 years [2]. Furthermore,
recent data suggests that the prevalence of AF is increasing even after adjust-
ing for age and other risk factors. In conjunction with congestive heart failure
(CHF), AF has been described as one of the two emerging epidemics of car-
diovascular disease due to the aging population [3]. AF is associated with a 
3- to 5-fold increase risk of stroke, a 3-fold increase risk of CHF and a significant
1.5–3-fold increase in risk of death [1]. In contrast to other risk factors for
stroke which decrease with increasing age, risk of AF-related stroke remains
high at all ages. Although AF is often associated with heart diseases or other
risk factors (Table 10.1), it can also occur in about 30% of patients without
underlying etiological cause (lone AF) [4].

During AF, the atria activates at �350 bpm, resulting in no effective atrial
contraction. These chaotic atrial impulses in turn activate the atrio-ventricular
(AV) node at random intervals. As the AV node has a limited capacity in trans-
mitting atrial activations, in most cases the ventricles are beating irregularly
at rates between 80–120 bpm at rest. Ineffective atrial contraction leads to a
reduction in left ventricular (LV) filling (hence decrease stroke volume), a
higher left atrial (LA) pressure and stasis of blood that lead to clot formation.
The ventricles are bystanders during AF. When the ventricular rate (VR) is
inappropriately fast, adequate LV filling does not occur, and the depressed
stroke volume results in a reduction in forward cardiac output despite the
increase in rate. Very often, closely coupled cardiac cycles do not generate a
detectable pulse because of small stroke volume, and pulse deficit is a feature
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Table 10.1 Risk factors for atrial fibrillation.

1. Age
2. Male sex
3. Alcohol
4. Thyroid dysfunction
5. Chronic obstructive lung disease
6. Diabetes mellitus
7. Cardiovascular diseases
8. Hypertension
9. Valvular heart disease

10. Ischaemic heart disease
11. Cardiomyopathies
12. Heart failure
13. Congenital heart disease
14. Wolff–Parkinson–White syndrome
15. LV hypertrophy
16. Recent cardiac or non-cardiac surgery

LV, left ventricular.



of AF. Another adverse change is irregularity of the ventricular contraction,
and it has been shown that it can further reduce the overall cardiac output
compared to a regular rhythm. These ventricular responses are critically
dependent on the AV node. For example, heightened conduction during
stress or exercise can worsen the hemodynamic response. On the other hand,
appropriate rate control by an AV nodal blocker can ameliorate much of the
changes and improve symptomatology. Chronic inappropriately fast VR can
lead to impair LV contraction, a condition known as tachycardiomyopathy.

Recent experimental and clinical studies have provided new insights into
the mechanisms of AF. The mechanisms of AF are heterogeneous and are
likely to differ in different clinical circumstances. However, three basic com-
ponents are required for the occurrence of AF: (1) a specific trigger; (2) a suit-
able substrate; and (3) modifying factors. Experimental AF could be induced
by a single source of very rapid impulses or by multiple re-entering wavelets
that continuously travel randomly through the available myocardium [5,6]. If
the cycle length of the firing focus is shorter than the refractory period in
other parts of atria, rate-dependent functional conduction block occurs and
non-uniform excitation will result. This type of AF is actually represented as
“fibrillatory conduction”. One of the important observation from Haissagurere
et al. [7] was that a single source of rapid ectopic foci of automaticity, mainly
originating from the pulmonary veins, can be the trigger for the initiation and
maintenance of AF in patients with paroxysmal AF (PAF). Other ectopic foci
are in the superior vena cava, coronary sinus, LA posterior wall, vein of
Marshall, and interatrial septum have also been shown to trigger AF.
Furthermore, atrial flutter or any supraventricular tachycardia may also serve
to trigger AF.

In contrast, established AF often consists of multiple wavelets and was
thought to be caused by multiple re-entries. Allessie et al. [8] provided the first
experimental evidence to support the presence of multiple re-entering
wavelet during AF by using a mapping technique, and postulated that per-
petuation of AF depends on a critical number (i.e. 4–6) of simultaneously cir-
culating wavelets. Subsequently, Cox et al. [9] documented the presence of
multiple wave fronts, non-uniform conduction, bi-directional block and com-
plete re-entrant circuits during AF in human atria using intra-operative elec-
trophysiologic mapping. This type of AF requires the presence of appropriate
atrial substrates which include an adequate atrial mass and the occurrence of
short wavelength. Wavelength is a product of atrial refractory period and
atrial conduction velocity. Therefore, any atrial structural and electrophysio-
logical changes that resulted in a shortening of atrial refractoriness or slowing
of conduction can facilitate the maintenance of AF [6]. Both animal and
human studies have shown that the occurrence of AF leads to changes in the
atrial refractory period, which favor the maintenance of AF [10,11]. Fur-
thermore, heterogeneous changes of regional dispersion in atrial effective
periods in the right and left atria further contribute to the chronicity of AF.
These changes occurred in parallel with progressive increase in P wave
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duration, sinus node dysfunction and LA dilatation from paroxysmal to per-
sistent AF, suggesting a progressive electromechanical remodeling process
[12]. In addition, dispersion of conduction velocities when atrial dilatation
occurred in HF may also be an alternative mechanism for persistence of AF
[13]. These electromechanical remodelings are associated with cellular hyper-
trophy, atrial fibrosis and calcium overloading, which increase the propensity
to AF [14,15]. Thus, a vicious cycle of progression to long standing AF occurs
once the process begins. Therefore, aggressive treatment of AF if initiated
early may potentially prevent these progressive atrial electromechanical
remodeling.

A variety of modifying factors appears to be of importance in the initiation
and maintenance of AF. In experimental models for AF, stimulation of the
parasympathetic system or applying acetylcholine directly onto atrial tissue is
required to produce sustained AF [16]. A change in autonomic tone with
either parasympathetic or sympathetic stimulation directly affects atrial
refractoriness to contribute to both multiple wavelets of re-entry and focal
mechanisms with fibrillatory conduction [17]. Other modifying factors
appear to be of importance in the initiation and maintenance of AF, including
effects of drugs, inflammation, and metabolic and electrolyte changes may
affect the onset of the atrial trigger and the atrial susceptibility for AF.

Clinical Manifestations and Evaluation of Atrial Fibrillation

Symptoms due to AF are highly variable and depend on several factors
including VR, cardiac function, concomitant medical problems and individ-
ual patient perception. The rapid and irregular rhythm and the loss of 
synchronized atrial activity both contribute to impaired cardiac performance
and symptomatology. While palpitation is the commonest presenting symp-
toms in over half (54%) of patients with AF [4], a significant proportion 
of patients may present with other symptoms, including dyspnea (44%),
fatigue (14%) and dizziness (10%). Importantly, 11% of patients with AF are
asymptomatic. Furthermore, the first clinical presentation of AF may be an
embolic complication or aggravation of CHF. A history of alcohol use and ath-
letic predisposition should be sought. On examination, signs of hyperthy-
roidism and evidence of peripheral embolisation should be evaluated.
Underlying valvular disease, hypertension (HTN) and HF should also be
assessed (Table 10.2).

There is no single widely accepted classification of AF. However, a clinical
classification of AF, based on the temporal pattern of AF occurrence is useful
to help the physician in selecting a therapeutic approach (Figure 10.1). In this
classification, the main categories of are new, onset, and chronic AF. When AF
is documented in a patient for the first time it is termed new onset of AF. This
can be a transient event due to a reversible cause or may move to another
category with further observation. For chronic AF, it can be paroxysmal (ter-
minate spontaneously, usually within 48 hours and recurrent), persistent
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Table 10.2 Assessment of patients with atrial fibrillation.

History Frequency and severity of AF symptoms
Exercise capacity
Symptoms of concomitant cardiovascular diseases and thyroid 

dysfunction
Risk factors of AF and thromboembolic complications (see Tables 

10.1 and 10.6)
Drugs including adverse effects

Physical examination Heart rate – pulse and apex
Signs of thyrotoxicosis
Heart size and murmur
Sign of pulmonary diseases

12-Lead ECG Confirm diagnosis
Rate and look for other arrhythmias, including pre-excitation 

syndromes
Evidence of left ventricular hypertrophy or CAD

Chest X-ray Heart size and evidence of cardiac diseases, such as mitral stenosis
Pulmonary diseases

Blood biochemistry Full blood count
Liver and renal function tests
Thyroid function

Echocardiogram To diagnose underlying structural heart diseases, such as valvular 
diseases, LV hypertrophy, CAD and cardiomyopathies

To assess left atrial size, LV size and function

Holter monitoring To diagnosis paroxysmal AF
To assess ambulatory ventricular rate during AF

Treadmill test Diagnosis CAD and exercise-induced AF
Assess ventricular rate during exercise

AF, atrial fibrillation; ECG, electrocardiogram; CAD, coronary artery disease; LV, left ventricular.

New onset AF Chronic AF

Paroxysmal AF Persistent AF Permanent AF

AF

Figure 10.1 Classification of atrial fibrillation.



(sinus rhythm is restored by chemical or electrical cardioversion) or per-
manent (either failed conversion or a low success rate considered by the
physician).

Routine blood tests that include thyroid and renal function and diabetic
screening are essential. Other acute and reversible causes of AF, such as pul-
monary diseases and infection, should be ruled out. If the patient is in AF, a
12-lead ECG should be recorded. This not only documents the rhythm, but
also gives an idea of the rate and irregularity, and for possible LV hypertrophy
or underlying myocardial infarction. If the symptoms are suggestive and the
patient is in sinus rhythm, either a 24 hour ECG or event recording can be
used to identify the arrhythmia. A 24 hours recording can also identify associ-
ated sinus node disease in bradycardia-tachycardia syndrome, and to assess
the rate of AF over the 24 hour period. An echocardiogram should be per-
formed in most patients with AF. This not only enable valvular diseases 
to be detected and quantified, but also will enable LV function and the size of
the LA to be measured, and to assess clots in the LA. A transoesophagcal
echocardiogram (TEE) may be needed when the transthoracic window is inade-
quate, or when a LA clot is suspected or needs to be excluded prior to defib-
rillation.  An exercise test may be useful to evaluate underlying CAD (if
suspected) and to assess rate control. The management strategies of AF are
listed in Table 10.3.

New Onset Acute Atrial Fibrillation

In about 50% of patients, AF of recent onset converts spontaneously to sinus
rhythm at presentation. Patients who remain in AF and hemodynamic unsta-
ble due to rapid VRs should undergo emergency cardioversion. These
patients usually have pre-excitation syndrome with extremely rapid VR or
significant structural heart disease, such as significant valvular heart disease,
CHF or acute myocardial ischemia. Treatment for acute AF is summarized in
Figure 10.2.

Acute Ventricular Rate Control
The majority of patients who present acutely in AF have rapid VR. Therefore,
acute VR control is required to improve hemodynamic status and relieve
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Table 10.3 Management strategies for atrial fibrillation.

1. Control the heart rate
2. Correct underlying disease and convert AF to regular rhythm
3. Prophylactic anticoagulation and prevention of embolism if indicated

AF, atrial fibrillation.



symptoms. The goal of therapy should be a reduction of resting heart rate to
less than 80–90 bpm by using AV nodal blocking agents (verapamil and dilti-
azem, �-blocker, and digoxin) administrated intravenously (IV) or orally. The
dosage, side-effects and indications for different AV nodal blocking agents are
summarized in Table 10.4. For rapid and effective acute VR control, IV drugs
are often required.

In patients with HF and AF, relief of pulmonary congestion by diuretics
and vasodilators may aid in decreasing the heart rate. Digoxin has both
negative chronotropic and positive inotropic effects and therefore is an appro-
priate first-line drug in patients with HF and AF. Furthermore, in patients
with borderline blood pressure, IV digoxin is useful alternative to �-
blocker or calcium channel blockers that may cause further decrease in blood 
pressure.
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New Onset Atrial Fibrillation

Initial evaluation:
History, physical examination,

ECG �/� Echocardiogram
Spontaneous conversion

Hemodynamic unstable Hemodynamic stable

Urgent cardioversion Ventricular rate control:
diltiazem, verapamil,

beta-blocker or digoxin

Anticoagulation with heparin and
determine etiology

Spontaneous conversion

Discharge AF �48 hours 
and no valve disease 

AF �48 hours and/
or valve disease

Antiarrhythmic
therapy and/or

DC cardioversion

TEE-guided
cardioversion or
3 weeks of oral

anticoagulation followed
by cardioversion

Remain in AF

Figure 10.2 Algorithm for management of new onset atrial fibrillation.
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Table 10.4 Drugs for control of the ventricular rate in patients with atrial fibrillation.

Drug Acute intravenous therapy Chronic oral therapy Efficacy Comments
(loading dose)

Calcium channel blockers
Diltiazem IV bolus 20 mg or 0.25 mg/kg 90–360 mg daily as slow Good Acute Side effects: heart block, worsening of 

over 2 min followed if necessary release form HF and hypotension (3%). Usually well 
by IV 25 mg or 0.35 mg/kg tolerated and no effect on digoxin levels
15 min later Chronic Side effects: constipation and

Maintenance infusion of 5–15 mg/h bradycardia. Useful in HTN and CAD

Verapamil IV 5–10 mg over 2–3 min. Repeat 120–360 mg/day in Good Acute Side effects: heart block, worsening of 
5–10 mg 30 min later if required divided doses or in slow HF and hypotension (5–10%). Synergistic with 

Maintenance infusion rate is not release form digoxin but also increases digoxin levels
well documented Chronic Side effects: constipation and 

bradycardia. Useful in HTN and CAD

Beta-blockers
Metoprolol IV 5 mg every 5 min; total 15 mg 50–100 mg twice daily Good Acute Side effects: heart block, worsening of 

or in slow release form HF and bronchospasm and hypotension
Useful in post-operative setting
Long term Side effects: fatigue and depression
Useful in HTN, HF and CAD

Propranolol IV 1–5 mg (1 mg every 2 min) 10–120 mg three times  Good Acute and chronic side effects as above 
daily or in slow release Useful in HTN thyrotoxicosis and CAD
form
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Atenolol IV 5 mg over 5 mins, repeat in 80–320 mg in slow Good Acute and chronic side effects as above 
10 mins release form Useful in HTN and CAD

Esmolol IV 0.5 mg/kg over 1 min. Repeat if 25–100 mg once daily Short-acting Acute and chronic side effects as above 
necessary Useful in post-operative setting; hypotension 

Maintenance infusion (20–50%) is common
0.05 mg/kg/min

Pindolol 2.5–20 mg/twice to three Fair Chronic side effects as above, but can avoid
times daily excessive bradycardia 

Carvedilol 3.125–25 mg twice daily Good Chronic side effects as above
bradycardia 

Useful in HTN, CAD and HF

Cardiac glycoside
Digoxin IV 0.25–0.5 mg (total 1 mg/24 hr) 0.125–0.5 mg daily Moderate Delayed onset of AV node slowing (hours)

to low Caution for digoxin toxicity in patients with 
electrolytes imbalance and renal failure

Useful in patients with HF

Amiodarone IV 5–7 mg/kg up to 1500 mg/24 PO loading 600–800 mg Good Acute Side effects: bradycardia, hypotension 
hours daily, maintenance and thrombophlebitis. Useful in critically ill 

100–200 mg QD patients and hypotension
Chronic Side effects: (see Table 10.3). Useful 
in refractory patients and HF

AV, atrio-ventricular; CAD, coronary artery disease; HF, heart failure; HTN, hypertension; IV, intravenous.



Cardioversion
Within the first 24 hours, up to 70–80% of patients with new onset AF 
convert back to sinus rhythm [18]. If the patient does not convert sponta-
neously, pharmacological or electrical cardioversion should be attempted. In
general, patients with non-valvular AF �48 hours, cardioversion can be
safety performed with a low risk of thromboembolism after anticoagulation
with heparin. However, in patients with AF �48 hours or in those with 
higher risk of thromboembolism due to underlying valvular heart disease,
3 weeks of adequate oral anticoagulation prior to cardioversion is recom-
mended. Alternatively, a TEE to exclude atrial thrombi allows immediate car-
dioversion with IV heparin cover [19]. When LA appendage cannot be
adequately visualized, cardioversion should be performed after 3 weeks of
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Digoxin or amiodarone for control of heart rate As the effect of digoxin

on VR is mediated by its vagotonic effect on the AV node, the onset of

action may take several hours. For the same reason, digoxin is usually

ineffective in the acute setting with high catecholamines status, such as post-operative

status, acute sepsis, myocardial ischemia and pulmonary diseases [18].

Both digoxin and verapamil are contraindicated for AF associated with the Wolff–

Parkinson–White syndrome.

In critically ill patients with severe HF or hypotension for whom other agents are

ineffective or contraindicated for VR control, IV amiodarone is an effective alternative

(preferable administrated via central IV line). The most common side effects of IV

amiodarone include hypotension, bradycardias, and thrombophlebitis.

CLINICAL PEARLS

�-blockers or calcium channel blockers for control of ventricular

response In many acute situations, either a �-blocker or calcium channel

blocker is the preferred agent for slowing VR. The non-dihydropyridine (or rate-

limiting) calcium channel blockers – verapamil and diltiazem – prolong AV nodal refractory

period to slow AV nodal conduction, and are effective agents for VR control during AF.

Since IV verapamil has more potent negative inotropic and peripheral vasodilator

effect, IV diltiazem has became a more popular drug for acute VR control during AF,

especially in patients with LV dysfunction and hypotension.

IV �-blockers are also effective AV nodal blocking agent through their sympatholytic

properties. They are more effective in conditions in which the rapid VR is due to

heightened adrenergic tone, such as in the postoperative periods. Except for esmolol,

all the �-blockers have a slower onset of action than diltiazem. However, IV esmolol

has a very short half-life which requires careful monitoring and titration of dosage.

Both �-blockers and calcium channel blockers should be used with caution in

patients with hypotension or HF and should be started with a smaller dose and

administered slowly.
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Pharmacological and external electrical cardioversion For recent

onset of AF in patients without mitral valve disease and CHF,

pharmacological cardioversion should be tried first. It requires no

anesthesia and can prevents early recurrence of AF. The disadvantage is that the

efficacy is low, and proarrhythmia during cardioversion may occur.

External cardioversion is more effective, with an acute success rate of 90%, but will

require heavy sedation or anesthesia.

A number of antiarrhythmic drugs (AADs) may be used for pharmacological

cardioversion with variable success rate (Table 10.5). For AF � 48 hours, oral or IV

administration of Class I or III AADs can achieve conversion in 60–90% of patients.

However, for AF of longer duration, only 15–30% of patients convert to sinus rhythm

with pharmacological cardio version [18,19].

The choice of AAD is based on the presence or absence of underlying structural

heart diseases in the patient (Figure 10.3). In patients with structural heart diseases,

such as CAD and LV dysfunction, Class I AADs are contraindicated as they have been

shown to increase the risk of proarrhythmias. Careful monitoring of the patients is

required during cardioversion for proarrhythmic events.

If pharmacological cardioversion failed, external electrical cardioversion can still be

performed safely to restore sinus rhythm after administration of a either Class I or III

AADs. In fact, it is not uncommon to combine the two approaches: an initial trial of

AADs, followed by external cardioversion if drugs failed [19].

*   For acute chemical cardioversion only
� For maintenance of sinus rhythm in patients with normal LV function

Persistent or 
Paroxysmal AF

Need for AAD for cardioversion
and maintenance of SR

Structural heart diseases

Class IC
Flecainide (Oral/IV)
Propafenine (Oral)

Class III
Ibutilide (IV)*

No CAD Impaired LV
function

Class III
Ibutilide (IV)*

Dofetilide (oral)
Amiodarone (IV/Oral)

Sotalol (Oral)

Severe LVH

Class III
Amiodarone (IV/Oral)

Class III
Dofetilide (Oral)

Amiodarone (IV/Oral)
Sotalol (Oral)�

failed

Figure 10.3 Algorithm for choice of anti-arrhythmic agents for cardioversion of atrial fibrillation
and maintenance of sinus rhythm.
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Table 10.5 Antiarrhythmic drug therapy in atrial fibrillation.

Drug IV dose Oral dose CV efficacy Relapse Useful in: Comments
rate

Class IA
Quinidine PO 1.2–1.6 g/day 40–84% 46–89% Renal failure Vagolytic; many side effects including 
gluconate in divided dose diarrhea, nausea, TdP and hypotension

Avoid in patients with CHF

Procainamide IV 100 mg bolus PO 1 g, then up to 43–65% NA Men, TdP rare; hypotension with IV dose
over 2 min up to 500 mg three-hourly short-term Limit oral use to 6 months to reduce the risk of
25 mg/min to 1 g, therapy drug-induced lupus
then 2–6 mg/min

Disopyramide PO 100–200 mg NA 46–56% Women Vagally Vagolytic (urinary retention, dry mouth) and 
six-hourly. Loading mediated AF negative inotropic effects; hypotension and TdP
dose 300 mg Avoid in patients with CHF/renal failure

Class IC
Flecainide IV 1–2 mg/kg PO 50–150 mg BD 67–95% 19–51% Patients without Proarrhythmia; negative isotropic; central

heart disease nervous system effects; increased incidence of
Failure of Class sudden death postinfarct
IA drugs Avoid in patients with heart failure and CAD

Propafenone PO 150–300 mg 45–87% 54–70% Patients without Proarrhythmia; modest negative inotropic 
TDS heart disease effect; gastrointestinal side-effects; unknown 

Failure of Class effects postinfarct
IA drugs
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Class III
Sotalol IV 1–2 mg/kg PO 80–240 mg BD 8–54% 51–63% CADs Sinus bradycardia; AV block; negative inotropic,

Failure of Class TdP if hyperaemic
IA or IC drugs Avoid in patients with congestive heart failure

Ibutilide 1–2 mg or 33–63% NA Acute therapy Proarrhythmia
0.01–0.025 mg/kg with short half- Avoid in patients with low EF and hypokalemia

time (4 hrs)

Amiodarone IV 5–7 mg/kg up to PO loading 37–73% 17–47% CHF Many side effects including pulmonary fibrosis,
1500 mg/24 hours 600–800 mg daily, Failure of other gastrointestinal upset, thyroid dysfunction, eye 

maintenance drugs Renal and skin changes. TdP uncommon
100–400 mg QD failure

AF, atrial fibrillation; CAD, coronary artery disease; CHF, congestive heart failure; CV, cardiovascular; EF, ejection fraction; IV, intravenous; TdP, Torsades de
pointes.
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Evidence-based Medicine: Meta-analysis from PIAF, AFFIRM,

RACE and STAF

A pooled analysis [25] of 4975 patients from PIAF, AFFIRM, RACE and

STAF was performed. Overall, these four trials included elderly patients

(mean age from 60–70 years old), greater than 60% were men and 75% patients had

persistent and recurrent AF. In the rhythm control arm, amiodarone was the most

common AAD used (followed by sotalol and propafenone) and only a small minority of

patients had non-pharmacological therapies. In the rate control arm, AV nodal blocking

agents were used in the majority of patients and �5% of patients with AV nodal

ablation and pacemaker implant. In the pooled results of these trials, there was a non-

significant trend for excess mortality in the rhythm control strategy (hazard ratio 1.12,

95% CI 0.98–1.28, P � 0.09), as seen in AFFIRM. There were no differences between

rate control vs. rhythm control strategies with respect to the risks for thromboembolic

stroke (hazard ratio 1.63, 95% CI 0.81–3.28, P � 0.20, favoring rate control).

Therefore, there is no particular advantage in major clinical outcome endpoints for

rhythm control over the rate control. For functional endpoint, PIAF, AFFIRM and HOT

CAFÉ; have demonstrated some improvement in exercise capacity in the rhythm

oral anticoagulation. Nevertheless, in both approaches, anticoagulation with
warfarin should be continued for 3–4 weeks after cardioversion to prevent
thrombi from forming in the postcardioversion period. Such method of anti-
coagulation before cardioversion decreases the overall risk of stroke from 6%
to less than 1%. If the episode of AF lasts for more than 7 days, the chances 
of spontaneous cardioversion are greatly diminished. In those cases, restora-
tion of sinus rhythm can be achieved by electrical or pharmacological 
cardioversion.

Chronic atrial fibrillation

After identifying and treating any underlying causes, there are three strate-
gies to be considered for all patients with persistent AF: restore and/or main-
tain sinus rhythm, control VR and prevent thromboembolism.

Treatment Strategy
The perceived beneficial effects of restoration and maintenance of sinus rhythm
in patients with AF have not been confirmed in clinical trial. Currently, several
clinical trials comparing the two strategies of rhythm control versus rate control
have been published: the Pharmacological Intervention in Atrial Fibrillation
(PIAF) [20], Atrial Fibrillation Follow-up Investigation of Rhythm Management
(AFFIRM) [21], Rate Control Versus Electrical Cardioversion for Persistent Atrial
Fibrillation (RACE) [22], Strategies of Treatment of Atrial Fibrillation (STAF) [23],
How to Treat Chronic Atrial Fibrillation (HOT CAFÉ) [24].



Chronic Ventricular Rate Control
The aims of chronic VR controls during AF are to relieve symptoms and to
prevent tachycardia-associated cardiomyopathy. However, there is very lim-
ited data to guide the optimal VR control in AF patients at rest and during

Atrial fibrillation 301

control arm [20,24,26]. However, the costs, need for hospitalization and adverse drug

effects, were also greater with rhythm control strategy [27]. These studies highlighted

the low clinical efficacy of current AADs to maintain sinus rhythm, and this probably

contributes to the stroke risk associated with rhythm control. Indeed, the presence of

sinus rhythm (with or without AADs) was associated with a significant reduction in the

risk for death, but the use of AADs is associated with increased mortality [28]. In

AFFIRM, the risk of ischemic stroke was strongly related to the lack of or suboptimal

anticoagulation therapy [21]. Therefore, independent of the use of rate control or

rhythm control strategies, anticoagulation should be considered in patients with stroke

risk factors (see below).

CRITICAL THINKING

When rhythm control is better than rate control? The equivalent status

of the two therapeutic strategies (rate and rhythm control) may not be

applicable to all patients with AF. In the PIAF AFFIRM, RACE and STAF

studies [21–24], the majority of patients were elderly with persistent AF (�75%) and

mild symptoms, had multiple risk factors for stroke, but with only a small proportion

with valvular heart diseases, HF and symptomatic PAF. Indeed, recent studies in

younger patients with valvular heart diseases and AF have demonstrated a possible

benefit of rhythm control in term of reduction in mortality and improvement in

functional class, quality of life and exercise time [29]. Therefore, there are different

subsets of AF patients, both young and old, who are potential candidates for benefits

from maintenance of sinus rhythm (Table 10.6).

Table 10.6 Choice of rate control vs. rhythm control strategy.

Favor rate control strategy Favor rhythm control strategy

Persistent AF Paroxysmal AF
No symptoms of AF Severe and frequent symptoms of AF
Age �65 years old Age �65 years old
Presence of HTN and CADs Absence of HTN and CAD
Failure or contraindications to AADs No previous failure of AADs
Patient preferences Patient preferences
Failure or contraindication to Valvular heart diseases

electrical cardioversion CHF

AF, atrial fibrillation; AADs, antiarrhythmic drugs; CAD, coronary artery disease; CHF, congestive
heart failure; HTN, hypertension.



exercise [25]. The rate is generally considered controlled when the ventricular
response ranges between 60–80 bpm at rest and between 90–115 bpm during
moderate exercise [19,30]. As a result, the patient’s heart rate profile at rest
and during moderate exercise are required for optimal rate control.
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When is the heart rate considered controlled? The heart rate response

on treadmill test and/or the heart rate trend during ambulatory Holter

monitoring are valuable in assessing rate control in AF patients. In certain

conditions, such as mitral stenosis and diastolic heart failure, an even lower resting

heart rate may be desirable. However, excessive blunting of the heart rate response

during exercise during AF can actually lead to a decrease in exercise capacity [31].

Furthermore, regularization of the VR during AF can further improve hemodynamic

status. Unfortunately, current pharmacological agents have very limited efficacious in

controlling rhythm irregularity during AF [32].

Either �-blockers or rate-limiting calcium antagonists are preferable initial
choice of monotherapy for VR control in AF patients (see Table 10.4). Both class
of agents are effective for controlling heart rate during exercise. In AF patients
with concomitant CAD, HTN and systolic heart failure, the use of �-blockers
(e.g. carvedilol and metoprolol) may provide additional benefit. The non-
dihydropyridine (or rate-limiting) calcium channel blockers (diltiazem, vera-
pamil) are also effective in reducing VR. These agents are also useful in AF
patients with concomitant HTN and CAD, or with contraindication with 
�-blockers, such as asthma. Digoxin should only be considered for use as
monotherapy in sedentary and elderly patients, as it is less effective for VR con-
trol during exercise. If monotherapy is inadequate to control the VR, combina-
tion therapy should be considered. Indeed, �-blockers or rate-limiting calcium
channel blockers could be co-administered with digoxin to provide better over-
all control of VR in chronic AF especially during exercise [33]. Furthermore, in
patients with systolic HF and AF, a combination of digoxin and �-blockers can
provide additional beneficial effect on rate control, symptoms and LV function.
In refractory patients, long-term low dose amiodarone may be required for
additional rate control. Alternatively, AV nodal ablation and permanent pacing
(see below) are useful for rate control when other agents failed or contraindi-
cated, especially in the setting of LV systolic dysfunction.

Restoration and Maintenance of Sinus Rhythm
Restoration of sinus rhythm can be achieved by either pharmacological or elec-
trical cardioversion. As discussed above, if AF persists for more than 48 hours,
the efficacy of pharmacological cardioversion is low and electrical cardioversion
is usually required for restoration of sinus rhythm. Electrical cardioversion



via external transthoracic synchronized electrical shock, especially with the
recently available biphasic defibrillator, is a very effective method (success
rate �90%) of restoring sinus rhythm [34]. However, all patients with persist-
ent AF should receive appropriate anticoagulation therapy before and after
cardioversion.

A more difficult task is to maintain sinus rhythm after successful cardiover-
sion. Some patients may not have recurrence after a single episode of AF,
especially in those with clear reversible causes of AF and no chronic form of
drug therapy is needed after cardioversion. However, in most patients car-
dioverted from chronic AF, the early and late recurrence rate of AF without
AAD therapy is high [19]. The efficacy of different AADs is comparable and
only about 50% of patients remain in sinus rhythm, with the possible excep-
tion of amiodarone (see Table 10.5). The use of sequential AADs and repeated
cardioversion has been suggested to increase the proportion of patients suc-
cessfully treated and maintain in sinus rhythm [19]. However, it is unclear
whether sinus rhythm was maintained by repeated defibrillation or because
of the different drug efficacy. Because of the limited efficacy of all forms of
drug therapy, a drug that maintains sinus rhythm for months or years should
probably be given at least one more trial after a repeat cardioversion.
Furthermore, caution should be taken for potential adverse effects when
using AADs for suppression of AF. The choice of long-term AADs depends 
on the underlying co-morbidities (see Figure 10.2).
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Side effects of anti-arrhythmic drugs In addition to the general principle

on the choice of AADs (as for chemical cardioversion, i.e., Class I agents

should be avoided in patients with structural heart diseases) the long-term

adverse effects of AADs should be considered (see Table 10.5).

The risk for drug-induced Torsades de pointes (TdP) is enhanced by metabolic

disturbances, LV dysfunction, history of ventricular tachycardia, prolongation of QT

interval and relative bradycardia.

Amiodarone appears to have a lower risk of proarrhythmia (�1%) as compared to

other AADs. However, amiodarone has considerable extracardiac adverse effects-

pulmonary fibrosis, hepatic and thyroid dysfunction, and neurologic and dermatologic

effects, especially at higher dose and after long-term use. Furthermore, it increases the

plasma levels of warfarin, digoxin and numerous other drugs, in which their dosage

should be reduced after initiation of amiodarone [35]. Due to the unfavorable long term

side effect profile, amiodarone should be used in patients with significant heart disease

and as a last resort when other drugs have failed [19].

Newer AADs, such as azimilide, tedisamil, dronaderone, RSD-1235, with
potentially better clinical efficacy and safety profiles are under development,
and may ultimately be used for treatment of AF in the future.
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Non-valvular atrial fibrillation
Paroxysmal, persistent or permanent

Determine thromboembolic risk

One moderate-risk factor
(annual risk of stroke 4%)

No risk factors
(annual risk of stroke 1%)

Anticoagulate with warfarin Warfarin or aspirin Antithrombotic
therapy with aspirin

Contraindications to
warfarin?

Aspirin (75–300 mg/day)
If no contraindicationsAspirin (75–300 mg/day)

If no contraindications
Oral anticoagulation,
target INR, 2.0–3.0

Periodically check for development
of risk factors and assess need for

warfarin

NoYes

Any high-risk factor or
more than 1 moderate-risk factor

(annual risk of stroke 8-12%)

Figure 10.4 Algorithm for decision of the use of anti-thrombotic therapy in patients with non-valvular AF. (Adapted from Fuster V, Ryden LE, Cannon DS et al.
ACC/HAH/ESC 2006 Guidelines for the management of patients with atrial fibrillation. J Am Coll of Cardiol 2006;48:854–906)



Paroxysmal Atrial Fibrillation

Patients with self-terminating recurrent AF often pose a management prob-
lem. In most of the major clinical trials [20–24] comparing rate control and
rhythm control strategy, only �25% of patients had PAF and highly sympto-
matic patients were excluded. Therefore, limited data is available in guiding
the treatment in such patients.
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How to treat PAF and assess its results? In patients with infrequent PAF

and without structural heart diseases, a “pill-in-the-pocket” strategy with

Class IC agents (single oral dose of propafenone 600 mg or flecainide

300 mg) could be considered [19].

In patients with symptomatic PAF, AV nodal blocking agents with digoxin or

�-blockers should be the initial treatment option. Where rate control alone is ineffective,

treatment with AADs, as discussed above, may be successful in reducing the

frequency of paroxysms, a significant number of treated patients will continue to have

symptomatic arrhythmia.

However, suppression of patient’s symptomatic AF episodes may not abolish the

arrhythmia. A lot of these patients still have asymptomatic episodes that are

associated with an increase risk of thromboembolism.

Prevention of Thromboembolism

As discussed above, independent of the use of either rate control or rhythm
control strategies, all patients with risk factor for AF-related stroke (Figure 10.4)
should be considered for thromboembolism prophylaxis. Patients with differ-
ent types of AF (paroxysmal, persistent and permanent AF) have a similar
risk of stroke. The absence of AF symptoms does not confer a more favorable
prognosis and anticoagulation should still be considered in patients with
asymptomatic AF or PAF. Furthermore, patients with atrial flutter should be
managed with antithrombotic therapy in a similar manner to those with AF,
depending on the coexistence of stroke risk factors.

Evidence-based Medicine: Meta-analysis of effectiveness of

thromboprophylaxis in patients with non-valvular atrial fibrillation

In a recent meta-analysis of 13 randomized controlled trials including 14,423

participants treated with adjusted-dose warfarin and aspirin, fixed low-dose

(FLD) warfarin, ximelagatran or placebo. Outcome measures studied were ischemic

stroke, systemic embolism, mortality and hemorrhage. The results showed the adjusted-

dose warfarin significantly reduced the risk of ischemic stroke or systemic embolism

compared with aspirin (relative risk [RR] 0.59; 95% CI, 0.40–0.86), FLD warfarin (RR 0.36;

95% CI, 0.23–0.58), or placebo (RR 0.33; 95% CI, 0.24–0.45). However, aspirin and



All antithrombotic agents confer a risk of bleeding [39]. Therefore, the assess-
ment of risk factors for bleeding complications (Table 10.7) is also an important
part of evaluation before initiation of antithrombotic agents. The anticoagula-
tion effect of warfarin is influenced by various food and drug–drug interac-
tions, hepatic dysfunction, dietary vitamin K intake, and genetic variation in
enzyme activity, and alcohol intake. The potential risks and benefits of
antithrombotic therapy as well as the potential interaction of anticoagulation
with food, herbs and drugs should always be explained to patients [40].

After initiation of antithrombotic therapy, continuous and frequent moni-
toring is essential to maintain safety and efficacy of treatment. Prior studies
[41] have shown that the international normalized ratio (INR) should be

306 Chapter 10

placebo had a lower risk of major bleeding compared to warfarin (RR 0.58; 95% CI,

0.35–0.97 and RR 0.45; 95% CI, 0.25–0.82, respectively), without statistically significant

increase risk of intracranial hemorrhage (�0.3% per year) [36].

Furthermore, as compared with aspirin, warfarin was superior in reducing the risk of

ischemic stroke or systemic embolism by 41%. Compared with placebo, aspirin alone

reduced the risk of stroke by approximately 22%. This benefit is only similar to the

effect of antiplatelet therapy on stroke prevention amongst high risk vascular disease

patients, thus the protective effect of aspirin is mainly on vascular disease rather than

on the AF per se [37,38].

Table 10.7 Risk factors for thromboembolic and bleeding complications in patients with
atrial fibrillation. 

Risk factors for Thromboemoblism Risk factors for bleeding 
complications

High-risk factors Age �75 years old
Previous CVA, TIA or embolism History of stroke
Mitral stenosis History of gastrointestinal bleeding
Prosthetic heart valve Uncontrolled HTN

Moderate-risk factors Renal dysfunction

Age � 75 Concomitant drugs: aspirin and NSAIDs

Hypertension Underlying malignancy

Heart failure
LVEF � 35%
Diabetes mellitus

Less validated or weaker risk factors
Female gender
Age 65 to 74
Coronary artery disease
Thyrotoxicosis

AF, atrial fibrillation; HTN, hypertension; LV, left ventricular; NSAID, non-steroidal anti
inflammatory drug. (Adapted from Fuster V, Ryden LE, Cannon DS et al. ACC/HAH/ESC 2006
Guidelines for the management of patients with atrial fibrillation. J Am Coll of Cardiol
2006;48:854–906)



maintained between 2.0–3.0 (target 2.5) when dose adjusted warfarin is used.
At INRs �3.0, the risk of hemorrhage increases exponentially and at INRs �2.0
the risk of stroke increases.

Anti-thrombotic treatment of patients with AF presenting with acute
stroke, after coronary intervention and during perioperative status presents a
problem, as there are limited data on these aspects. After coronary stenting,
the use of dual antiplatelet agents with aspirin plus clopidogrel, together with
warfarin will significantly increase the risk of bleeding. Temporarily with-
drawal of warfarin during the initial 2–4 weeks may be needed and then 
followed by warfarin plus clopidogrel [37].

The narrow therapeutic margin of warfarin in conjunction with numerous
associated food and drug interactions requires frequent INR testing and dose
adjustments. These liabilities of warfarin contribute to significant under-
utilization, even in high-risk patients. Therefore, alternative therapies that are
easier to use are needed [42,43].

Currently, novel oral direct thrombin inhibitor, such as ximelagatran, com-
bination antiplatelet with clopidogrel and aspirin, and long acting indirect
factor Xa inhibitor, such as idraparinux are undergoing clinical evaluation,
which may provide other viable alternatives to warfarin for prevention of
thromboembolism in AF. Because ximelagatran does not need anticoagulation
monitoring or dose adjustment, it was developed to be an easier drug to
administer than adjusted-dose warfarin. However, ximelagatran has been
recently withdrawn from the market due to the potential of liver toxicity.
Currently, another oral direct thrombin inhibitor – dabigatran titillate – with
potential low risk of liver dysfunction is undergoing phase III clinical study.

Finally, as the LA appendage appears to be the primary source of thrombus
in AF, novel percutaneous mechanical devices have been developed to oblit-
erate the LA appendage for stroke prevention in patients at high risk of stroke
but not suitable for long-term anticoagulation [44]. Furthermore, surgical obli-
teration and/or removal of the LA appendage in those patients who undergo
open heart surgery may be also a strategy for stroke prevention in high risk AF
patients [45]. Both of these methods are currently undergoing clinical trials.

Non-pharmacological Approaches

The limited efficacy and proarrhythmic risks of AADs have led the exploration
of a wide spectrum of alternative non-pharmacological therapies to treat AF.
Furthermore, recent observations on the mechanisms of AF have resulted in
the development of different non-pharmacological therapies that directed to
eliminate the triggers and to modify the electrophysiological substrate for the
prevention and treatment of AF. Indications and potential adverse effects of
non-pharmacological treatments of AF include: surgical Maze procedure, device
therapies, and catheter ablation are summarized in Table 10.8. In some
patients, combined pharmacological and non-pharmacological therapies may
be required for successful rhythm control.
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Surgical Maze Procedure
The surgical approach was designed to create conduction barriers at the critical
area within the left and right atria to prevent the maintenance of AF. Based on the
animal and human mapping studies, Cox et al. [46] described the surgical Maze
procedure that involved encircling the pulmonary veins and multiple linear
atrial incisions over both atria using either the classical “cut-and-sew” technique
or different energy sources (radiofrequency, microwave, ultrasound and cryoab-
lation) for curative ablation of AF [46]. The reported success rate of surgical Maze
procedure ranged from 85–95%, and no significant difference was observed
between different techniques [47]. Furthermore, with the removal or closure of
the LA appendage together with maintenance of sinus rhythm, the long-term
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Table 10.8 Non-pharmacological therapy for atrial fibrillation.

Non-pharmacological Current indications Adverse effects
therapy

Surgical Maze Patients with AF undergoing Sinus node dysfunction
procedures concomitant open heart necessitates permanent pacing 

surgery such as mitral valve (�6%)
surgery or bypass surgery Postoperative bleeding (�5%)

Stroke (�0.5%)
Postoperative arrhythmias (�30%)
Operative mortality (2–4%)

Device therapies
Atrial pacing In AF patients with 

conventional indications 
for pacemaker implantations

Defibrillator In AF patients with Shock discomfort
conventional indications Early reinitiation of AF
for implantable cardioverter 
defibrillator

AV nodal ablation and Symptomatic patients Pacemaker dependence
permanent pacing refractory to other rate and Sudden death early after ablation

rhythm control therapies (�0.1%)
Patients who already have 
an implanted pacemaker 
or defibrillator

Catheter ablation for AF Symptomatic patients Vascular access complications (1%)
refractory to AADs

Younger patients with Stroke and transient ischaemic 
lone AF attack (1%)

Patients unable or unwilling Significant pulmonary vein stenosis 
to take long-term AADs (0.5–1%)

Proarrhythmia (10–20%)
Rare: valvular, phrenic nerve and

oesophagus injury

AADs, antiarrhythmic drugs; AF, atrial fibrillation.



stroke rate after the surgical Maze procedure is rather low (�1%) [46,47]. The
potential advantages of these alternative sources of energy over the “cut-and-
sew” technique is less complex procedure, shorter procedure time and can be per-
formed with minimally invasive procedure. Unfortunately, the surgical Maze
operation is still very complex and technical demanding, the operator skills
rather than tools are the critical determinant of the clinical outcome. Furthermore,
because of the associated morbidity including sinus node dysfunction necessi-
tates permanent pacing (�6%), postoperative bleeding (�5%), stroke (�0.5%),
and arrhythmias (�30%) as well as the operative mortality (2–4%), surgical ther-
apy for AF remains an unattractive option for patients without another indication
for open heart surgery [46,47]. On the other hands, in patients with AF undergo-
ing concomitant open heart surgery such as mitral valve surgery or bypass sur-
gery, maze procedure is a viable option for treatment of drug-refractory AF [48].

Device Therapies – Atrial Pacing and Defibrillation
The utility of permanent atrial pacing as a treatment for PAF in patients without
conventional indications for pacing has not been proven [49,50]. In patients
with conventional indications for pacemaker implantations – such as sinus
node disease, symptomatic bradycardia and chronotropic incompetence, the
use of physiological pacemaker (dual chamber or atrial) rather than a single-
chamber ventricular pacemaker have been shown to prevent AF [49]. Fur-
thermore, in patients with intact AV conduction, efforts should be made to
program the device to minimize the amount of ventricular pacing [51]. Although
many of the latest pacemakers and implantable defibrillators have incorpo-
rated different features (overdrive pacing, antitachycardia atrial pacing and
atrial defibrillation) designed to prevent and terminate AF, no consistent data
from large randomized trials support their use. The uses of alternative single-
site atrial pacing, multisite right atrial pacing and biatrial pacing have also
been tested for treatment and prevention of AF, but no studies have convinc-
ingly show a significant benefit on long-term clinical outcome [49]. However,
additional studies on these different pacing algorithms and sites are ongoing,
which will help to clarify their role in the treatment of AF.

Currently, there is no role for stand alone atrial defibrillator for treatment of
AF due to the issue of cost, patients’ tolerability and early reinitiation of AF after
shock. However, in AF patients implanted with an implantable cardioverter
defibrillator for primary or secondary prevention of ventricular tachyarrhyth-
mias, the appropriate use of physician- or patient-activated shock therapy device
could effectively terminate AF and reduced AF burden in those patients [52].

Catheter Ablation
Ablation of AV node and permanent pacing is an effective strategy for symp-
tomatic relief and/or rate control in patients with medically refractory AF. In
a meta-analysis of 21 studies [53], there were significant improvements after
ablation and pacing therapy in quality of life and clinical outcome measures
(except fractional shortening), and the calculated 1-year total and sudden
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death mortality rates were 6.3% and 2.0%, respectively. In patients with symp-
tomatic HF or impaired LV systolic function, biventricular pacing after AV
nodal ablation for permanent AF appears to provide better improvement in
functional capacity and LV function as compared with right ventricular pac-
ing [54]. However, this approach is highly invasive and creates dependence in
an implanted pacemaker. It is commonly considered in AF patients in whom
other therapies failed to achieve either rate or rhythm control and in patients
who already have an implanted pacemaker or defibrillator.

Based on the success of the surgical approach [46] and the recognition that
the pulmonary veins are a common source of rapidly depolarizing arrhyth-
mogenic foci that induce PAF [7], catheter ablation strategies for treatment 
of AF are primarily targeted to eliminate the triggers that initiate or perpet-
uate AF and to modify atrial substrate that sustain AF. In patients with PAF,
arrhythmogenic foci from the pulmonary veins, or less commonly from other
atrial sites (superior vena cava, coronary sinus, LA posterior wall, vein of
Marshall, and interatrial septum) may play a more important role in the
mechanism of AF. Therefore, elimination of these arrhythmogenic foci can
achieve a relatively high successful rate (80–90%) in patients with PAF [55,56].
However, elimination of arrhythmogenic foci alone in patients with persistent
AF has a lower success rate (�60%). In patients with persistent AF, the sub-
strate for arrhythmia and changes in the substrate due to electrical remodel-
ing induced by AF become more important. Therefore, as compared to PAF,
curative ablation approach for persistent AF needs to target both additional
triggers as well as linear or focal ablation over the atrial substrates outside the
pulmonary veins [57]. Currently, different catheter ablation techniques to
electrically isolate the pulmonary veins from the LA (segmental ostial isola-
tion) and/or to modify the LA substrate around the pulmonary veins (cir-
cumferential ablation) are used by most investigators for curative ablation of
AF. In specialized centers with extensive experience in performing AF abla-
tion, the success rate achieved with different catheter ablation techniques
appears to be comparable (�80%). Even in patients with HF and impaired
LVEF, AF ablation restored sinus rhythm without AADs in 70% of patients
and significantly improved LV function [58].
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EMERGING TREND

Catheter ablation vs. medication trial In order to determine whether

pulmonary vein isolation (PVI) is feasible as first-line therapy for treating

patients with symptomatic AF, a multicenter prospective study randomized

70 patients with symptomatic AF to receive either PVI using radiofrequency ablation

(n � 33) or anti-arrhythmic drug treatment (n � 37), with a 1-year follow-up. At the end

of 1-year follow-up, 22 (63%) of 35 patients who received anti-arrhythmic drugs had at

least one recurrence of symptomatic AF compared with four (13%) of 32 patients who

received PVI (P � 0.001). Hospitalization during 1-year follow-up occurred in 19 (54%)

of 35 patients in the anti-arrhythmic drug group compared with three (9%) of 32 in the



Despite the impressive reported success rates achieved with AF ablation
[55–59], these procedures are associated with a significant risk of serious and
life-threatening complications. Major complications from AF ablation include
complications secondary to vascular access (1%), stroke and transient ischemic
attack (1%), significant pulmonary vein stenosis (0.5–1%), proarrhythmia
(10–20%), valvular, phrenic nerve and esophagus injury (rare) [54,55]. Fur-
thermore, AF ablation procedures remain technically difficult and operator
dependent, most centers have limited experience and a lower success rate than
those reported series [60]. Recently, remote magnetic navigation for AF abla-
tion is safe and feasible with a short learning curve. Although all procedures
were performed by highly experienced operators, remote AF ablation can be
performed even by less experienced operators [61].

In addition, repeat procedure is required in a significant proportion
(10–40%) of patients to achieve the high reported success rate. Finally, limi-
ted data is available on the long-term clinical efficacy and risk of stroke after
ablation. For now, AF ablation may perhaps be considered in symptomatic
patients who were resistant to pharmacological treatment, especially those
who are younger and have lone AF, and in patients unable or unwilling to
take long-term AADs.

Recently, treatment with angiotension converting enzyme inhibitor (ACEI)
and angiotensin receptor blockers (ARB) showed lower incidence of AF.
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PVI group (P � 0.001). In the anti-arrhythmic drug group, the mean (SD) number of AF

episodes decreased from 12 (7) to 6 (4), after initiating therapy (P � 0.01). At 6-month

follow-up, the improvement in quality of life of patients in the PVI group was

significantly better than the improvement in the anti-arrhythmic drug group in five

subclasses of the Short-Form 36 health survey. There were no thrombo-embolic events

in either group. Asymptomatic, mild or moderate pulmonary vein stenosis was

documented in two (6%) of 32 patients in the PVI group [59].

EMERGING TREND

Angiotensin converting enzyme inhibition to prevent atrial fibrillation

A systematic review of the literature was performed to identify all reports of

the effect of ACEIs or ARBs on the development of AF. The results showed

that a total of 11 studies, which included 56,308 patients, were identified: four in heart

failure, three in HTN, two in patients following cardioversion for AF, and two in patients

following myocardial infarction. Overall, ACEIs and ARBs reduced the relative risk of AF

by 28% (95% CI, 15–40%, P � 0.0002). Reduction in AF was similar between the two

classes of drugs (ACEI: 28%, P � 0.01; ARB: 29%, P � 0.00002) and was greatest in

patients with HF (relative risk reduction [RRR] � 44%, P � 0.007). Overall, there was

no significant reduction in AF in patients with HTN (RRR � 12%, P � 0.4), although



Difficult Situations and Suggested Solutions

Real World Question Who are the Patients Who May Not Need
Anticoagulant Therapy for Atrial Fibrillation?
Despite this clear evidence to support the use of antithrombotic therapy in AF,
an individual’s risk of stroke and hemorrhage needs to be considered when
making the decision about the optimal antithrombotic therapy. In the new
ACC/AHA/ESC 2006 guidelines for the management of patients with atrial
fibrillation, multiple risk stratification models and guideline have been intro-
duced based on the pooled analysis of the original anti-thrombotic treatment
trials and expert consensus on the different clinical risk factors associated
with AF (see Table 10.7) [63]. A simple risk score – the CHADS2 scheme (CHF,
HTN, Age �75, Diabetes mellitus, and prior Stroke or transient ischemic
attack) has been validated in a national registry of elderly AF patients for
stroke prediction [38].
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one trial found a significant 29% reduction in patients with LV hypertrophy. In patients

following cardioversion, there appears to be a large effect (48% RRR), but the

confidence limits are wide (95% CI, 21–65%). Both ACEIs and ARBs appear to be

effective in the prevention of AF. This benefit appears to be limited to patients with

systolic LV dysfunction or LV hypertrophy. The use of these drugs following

cardioversion appears promising but requires further study [62].

Evidence-based Medicine: The CHADS2 index

In order to assess the predictive value of classification schemes that

estimate stroke risk in patients with AF, two existing classification schemes

were combined into a new stroke-risk scheme, the CHADS2 index, and all

three classification schemes were validated. The CHADS2 was formed by assigning

one point each for the presence of CHF, HTN, age 75 years or older, and diabetes

mellitus; and by assigning two points for history of stroke or transient ischemic attack.

Data from peer review organizations representing seven states were used to assemble

a National Registry of AF (NRAF) consisting of 1733 Medicare beneficiaries aged 65–95

years who had non-rheumatic AF and were not prescribed warfarin at hospital

discharge. The main outcome measure is hospitalization for ischemic stroke. During

2121 patient-years of follow-up, 94 patients were readmitted to the hospital for

ischemic stroke (stroke rate, 4.4 per 100 patient-years). As indicated by a c statistic

greater than 0.5, the two existing classification schemes predicted stroke better than

chance: c of 0.68 (95% CI, 0.65–0.71) for the scheme developed by the Atrial

Fibrillation Investigators (AFI) and c of 0.74 (95% CI, 0.71–0.76) for the 

Stroke Prevention in Atrial Fibrillation (SPAF) III scheme. However, with a c statistic of

0.82 (95% CI, 0.80–0.84), the CHADS2 index was the most accurate predictor of

stroke. The stroke rate per 100 patient-years without antithrombotic therapy 



Anticoagulation with an oral VKA, such as warfarin, has far greater efficacy than
aspirin in preventing stroke, and particularly in preventing severe ischemic
stroke, in AF. Aspirin therapy was recommended for lower-risk groups, estimat-
ing that the absolute expected benefit of anticoagulant therapy may not be worth
the increased hemorrhagic risk and burden of anticoagulation. Individual lower-
risk patients may rationally choose  anticoagulation over aspirin therapy to gain
greater protection against ischemic stroke if they value protection against
stroke much more highly than reducing risk of hemorrhage and burden of
managing anticoagulation [63].

Besides ASA, another anti-platelet (clopidogrel) was tried in the Atrial
Fibrillation Clopidogrel Trial with Irbesartan for Prevention of Vascular
Events (ACTIVE-W) trial. It was stopped on the recommendation of the Data
Safety and Monitoring Board before planned follow-up was completed
because the combination of clopidogrel (75 mg daily) plus aspirin (75 to
100 mg daily) was proved to be inferior to warfarin (target INR 2.0 to 3.0) in
patients with an average of 2 stroke risk factors in addition to AF [64].

Real World Question How to Anticoagulate the Atrial Fibrillation
Patient Presenting with Acute Stroke?
In AF patients presenting with acute stroke, acute anti-thrombotic therapy with
heparin reduces re-infarction, but the increased risk of hemorrhagic transforma-
tion may outweigh its benefit. The use of aspirin during the acute phase was
associated with modest benefits for reduction of early recurrent stroke and func-
tional outcome [42]. Therefore, aspirin followed by early initiation of warfarin
for long-term secondary prevention is reasonable anti-thrombotic management.
Before starting any anti-thrombotic agent, a CT scan of the brain be obtained to
confirm the absence of intracranial hemorrhage. In patients with AF with no 
evidence of hemorrhage and small infarct size (or no evidence of infarction),
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increased by a factor of 1.5 (95% CI, 1.3–1.7) for each one-point increase in the

CHADS2 score:

1.9 (95% CI, 1.2–3.0) for a score of 0

2.8 (95% CI, 2.0–3.8) for 1

4.0 (95% CI, 3.1–5.1) for 2

5.9 (95% CI, 4.6–7.3) for 3;

8.5 (95% CI, 6.3–11.1) for 4

12.5 (95% CI, 8.2–17.5) for 5

18.2 (95% CI, 10.5–27.4) for 6

The two existing classification schemes and especially the new stroke risk index,

CHADS2, can quantify risk of stroke for patients who have AF and may aid in selection

of antithrombotic therapy [38]. However, this scheme did not provide a clear

recommendation for antithrombotic therapy in patients with intermediate risk. A more

practical treatment guideline for antithrombotic treatment in AF has been proposed in

the guidelines of the ACC, AHA and ESC [63] (see Figure 10.4).



anticoagulation (aiming for INR 2–3) can be started, provided the patient is nor-
motensive. In patients with AF with a large cerebral infarction, the initiation of
anticoagulation should be delayed for 2–4 weeks due to the potential risk of
hemorrhagic transformation, which is an absolute contraindication to the imme-
diate and future use of anticoagulation for stroke prevention in AF [37].

Real World Question How to Manage Anticoagulant Therapy 
in Atrial Fibrillation Patients with a Therapeutic INR Level
Presenting with Acute Stroke?
An urgent imaging (CT scan or MRI) of the brain should be obtained to con-
firm the presence or absence of intracranial hemorrhage and to assess the size
of any cerebral infarction, and INR level should be measured. In patient with
no evidence of hemorrhage and small infarct, anticoagulation can be contin-
ued and maintained at therapeutic level providing that the patient is nor-
motensive. In patients with hemorrhage, the INR should be corrected with
vitamin K and fresh frozen plasma. In patients with no evidence of hemorrhage
but large infarct, anticoagulation should be withheld until a repeated imaging
at 2 weeks later shows no evidence of hemorrhage. The use of additional
antiplatelet agents on top of warfarin with stroke is conflicting. Based on the
potential vascular rather than cardiac source of stroke in AF patients, the com-
bination therapy seems to be appropriate. However, the risk of bleeding will be
higher especially during the first few weeks after acute stroke and currently, no
data is available to support this approach. For patients with AF who suffer an
ischemic stroke or TIA despite therapeutic anticoagulation, no data indicate
that either increasing the intensity of anticoagulation or adding an antiplatelet
agent provides additional protection against future ischemic events. If AF
patients sustain cardioembolic events while receiving low intensity anticoag-
ulation, then anticoagulation intensity should be increased to a maximum tar-
get INR of 3.0 to 3.5 rather than routinely adding antiplatelet agents [63]. In
addition, both strategies are associated with an increase in bleeding risk.

Real World Question How to Interrupt Anticoagulation for
Diagnostic or Therapeutic Procedures?
From time to time, it may be necessary to interrupt oral anticoagulant therapy
in preparation for elective surgical procedures. In patients with AF who do
not have mechanical valves, however, based on extrapolation from the annual
rate of thromboembolism in patients with nonvalvular AF, anticoagulation
may be interrupted for a period of up to 1 week for surgical or diagnostic pro-
cedures that carry a risk of bleeding without substituting heparin (UFH). In
high-risk patients (particularly those with prior stroke, TIA, or systemic
embolism) or when a series of procedures requires interruption of oral antico-
agulant therapy for longer periods, UFH or low-molecular-weight heparin
(LMWH) may be administered intravenously or subcutaneously. Laboratory
monitoring is not required when LMWH is used except in patient with obe-
sity, renal insufficiency, or pregnancy [63].
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Take Home Message

AF is a common and growing problem due to an aging population, and is asso-
ciated with substantial morbidity, mortality and resource consumption.
Currently, two approaches are acceptable: maintaining sinus rhythm by AADs
vs. controlling the VR. However, the optimal treatment strategies for AF for
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rhythm control strategy, the risk of thrombo-embolic complications in high risk
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The chance of maintaining sinus rhythm and the risk of adverse side effects
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thrombotic prophylaxis may be preferable to cardioversion and long term AAD
therapy. The limited efficacy and risk of pharmacological therapy for preventing
AF have stimulated interest in non-pharmacological approaches to maintain
sinus rhythm. In particularly, further technological advances in the catheter abla-
tion technique for restoration and maintenance of sinus rhythm appear promis-
ing and may play a more important role in the treatment of AF in the near future.
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Introduction

Mitral regurgitation (MR) is the most common valvular disease. Modern man-
agement of patients with chronic MR requires a concerted consideration of vari-
ous factors. These include the etiology, pathophysiology, severity of the valvular
lesion, natural history, complications of the disease, and efficacy of the various
therapeutic modalities. The mitral valve is a complex structure, and therefore
the etiology of MR is diverse. Clinical presentations of MR depend on the sever-
ity and speed of development of the regurgitation MR, and complications of the
valve disease. While the detection of MR is usually simple, understanding of its
underlying pathophysiology and its consequences are vital in formulating
management strategies (Table 11.1). The established treatments of MR include
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Table 11.1 Management strategies for mitral regurgitation.

1. Detect MR and underlying problem at the earliest
2. Prevent LV remodeling
3. Treat MR
4. Mitral repair if feasible

LV, left ventricular; MR, mitral regurgitation.

Table 11.2 Etiology of mitral regurgitation.

Mitral valve leaflets
Myxomatous degeneration – mitral valve prolapse
Rheumatic fever
Connective tissue disorders – systemic lupus, scleroderma
Infective endocarditis
Neoplasm – left atrial myxoma
Trauma – chest injury, valvuloplasty (balloon or mechanical device)
Hypertrophic cardiomyopathy
Drug – fenfluramine/phentermine
Congenital – cleft/fenestrated mitral valve, endocardial cushion defects etc.

Chordae tendineae
Myxomatous degeneration
Infective endocarditis
Rheumatic heart disease
Rupture – spontaneous, infective endocarditis, trauma

Papillary muscles
Papillary muscle dysfunction – ischemia, myocardial infarction
Papillary muscle rupture – myocardial infarction, trauma

Mitral annulus
Calcification – idiopathic, chronic renal failure, hyperparathyroidism, rheumatic heart disease
Dilatation – connective tissue disorder, dilated cardiomyopathy

Structurally normal mitral valve
Functional/ischemic MR

Prosthetic value dysfunction
Paravalvular leak, infective endocarditis, ring or strut fracture, disc or ball dysfunction or
dislodgement, tissue valve attrition

MR, mitral regurgitation.



both medical and surgical approaches. Percutaneous techniques to repair the
mitral valve are being developed.

The mitral valve apparatus is a complex structure whose function depends
not only on the integrity of the valve leaflets but also their supporting structures
including the left atrium (LA), mitral annulus, chordae tendineae, papillary
muscles and left ventricle, especially at the base of the papillary muscles. Hence,
abnormalities of any component of the mitral apparatus, whether structural or
functional, may lead to MR. The etiology of MR are listed in Table 11.2. More
commonly causes of MR are discussed in detail in page 319 of the “Echocardio-
graphic evaluation section”. These include rheumatic heart disease, mitral valve
prolapse, flail mitral valve, infective endocarditis and ischemic/functional MR.

Mitral Regurgitation Begets Mitral Regurgitation
Abnormality of one structural component of the mitral valve may adversely
affect other related structures, thereby aggravating the severity of MR and creat-
ing a vicious cycle. Left ventricular (LV) dilatation develops as the MR pro-
gresses regardless of the etiology of MR. The ventricular dilatation leads to: (1)
mitral annulus dilation, which causes further leaflet mal-cooptation; and (2)
restricted mitral leaflet motion. In the latter, papillary muscles are displaced
downwards, increasing the distance between the apices of the papillary muscles
and the mitral orifice. This process places undue tension on the chordae and
leaflets, thus restricting the degree of upward excursion of the latter structure.
LA dilatation tends to displace the posterior mitral leaflet, thereby increasing the
degree of regurgitation; this in turn leads to further atrial enlargement.

Functional Mitral Regurgitation
MR may also occur in the presence of a structurally normal mitral valve. In
this type of functional MR, the mitral valve is rendered incompetent because
of ventricular remodeling that has disturbed the geometric relationship between
the subvalvular apparatus and the valve leaflets. For example, in dilated car-
diomyopathy the dilated LV leads to downward displacement of the papil-
lary muscles and enlarges the mitral annulus; these changes result in MR. In a
substantial number of patients with ischemic cardiomyopathy, the MR is due
to ventricular remodeling that is initiated by either a myocardial infarction or
severe ischemia.

Pathophysiologic and Hemodynamic Basis for 
Clinical Presentations

The hemodynamics in patients with chronic MR is a function of interrelated
factors including the preload, afterload and myocardial contractility, and the
hemodynamic alterations in turn determine the nature and severity of clinical
presentations in these patients.

Preload
In chronic MR, increased left ventricular preload is primarily related to the
severity of MR. In the presence of moderate to severe MR, longstanding volume
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overload of the LV results in eccentric hypertrophy of the LV in which the degree
of ventricular dilation is out of proportionate to the degree of the hypertrophy.
This ventricular dilatation allows accommodation of increased preload to main-
tain effective forward cardiac output even in the presence of severe MR.
However, this compensatory mechanism fails when there is a reduction in pre-
load (e.g. hypovolemia due to dehydration, blood loss or overdiuresis), myocar-
dial failure or dysrhythmia (commonly bradycardia or atrial fibrillation).

Afterload/Left Atrial Compliance
When the systemic vascular resistance is normal and in the absence of LV fail-
ure, LA compliance predominantly dictates the degree of reduction in LV
afterload, and the hemodynamic and clinical picture in patients with severe
MR. In most of these patients, the LA compliance is moderately increased and
the LA pressure is significantly elevated, leading to a rise in pulmonary vas-
cular resistance and pulmonary arterial pressure. However, the degree of ele-
vation in mean LA pressure is generally less than that encountered in patients
with severe mitral stenosis. In this group of patients with severe MR, cardiac
output is usually well maintained until the onset of LV dysfunction.

Less commonly, in patients with severe MR, the LA compliance is markedly
increased in the presence of gross LA enlargement. Thus, the LA pressure is
normal or only slightly elevated, and pulmonary arterial pressure and pul-
monary vascular resistance are normal or only slightly elevated at rest; these
hemodynamic changes are usually accompanied by a low cardiac output. The
longstanding structural remodeling in the grossly dilated LA invariably results
in permanent atrial fibrillation.

In contrast, in acute severe MR – from chordal/papillary muscle rupture 
or dysfunction, or mitral leaflet perforation as a consequence of trauma or
endocarditic – the LA compliance is relatively normal. The lack of increase of
LA compliance, however, causes a marked increase in LA pressure with a
giant V wave, and severe pulmonary congestion. In acute MR, the LV size is
also relatively preserved with the result that preload is relatively limited; this
in turn causes a marked decrease in forward cardiac output and hypotension.

Myocardial Contractility
In severe chronic MR, myocardial contractility ultimately determines progno-
sis, surgical risk and postoperative outcome. Unfortunately, there is a lack of
direct clinical parameters in assessing contractility. Currently, the two best
and simple parameters that are used as indirect reference indices of contractil-
ity are the LV ejection fraction (EF) and LV end-systolic volume.

Ejection fraction
The ejection fraction (EF), a simple ejection phase index, is a function of con-
tractility, preload and afterload. In severe chronic MR, the absence of isovolu-
metric contraction phase and reduced afterload allows a greater proportion of
the contractile energy of the LV to be expended in shortening than in tension
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development, thereby enabling the LV to adapt to the increased preload
imposed by the MR. This increased preload and the reduced afterload permit
maintenance of EF in the normal or even in the supranormal range as long as
contractility remains unimpaired. Hence, when there is a reduction in EF to sub-
normal levels, it usually indicates impairment in myocardial function and ipso
facto, contractility. Moderately reduced EF of 40–50% generally signifies severe,
often irreversible, impairment of contractility, and identifies patients who may
do poorly after surgical correction of the MR. An EF of �35% in patients with
severe MR usually represents advanced myocardial dysfunction; these patients
are at high operative risk and may not experience satisfactory clinical and car-
diac improvement after mitral valve surgery.

End-systolic volume
LV end-systolic volume, which is relatively independent of preload, increases
as myocardial contractility falls. Measurement of end-systolic diameter has
been found to be a useful predictor of function and survival following mitral
valve surgery. In general, the surgical outcome is excellent when the end-systolic
diameter is �45 mm or 26 mm/m2.

Echocardiographic evaluation

Echocardiography provides detail assessment of the morphology of the mitral
valve, detects and grades the severity of MR and thus provides insight into
the etiology and mechanism of MR. These together with its non-invasive nature
make it an ideal imaging tool in MR. Importantly, it also allows serial studies
to assess progression of MR, and plays a critical role in risk stratification of the
patients with MR as well as in decision making for their medical and surgical
managements.

When transthoracic images are suboptimal, transesophageal approach usu-
ally yields excellent images of the mitral valve and complements transthoracic
imaging in the grading of MR severity. It is also an important tool to guide the
surgical mitral valve repair.

How to Evaluate Mitral Regurgitation Severity
Complete evaluation of the regurgitant mitral valve by echocardiography pro-
vides accurate anatomical and functional status of the valve. Severity of MR is
best determined by Doppler methods. 2-D echocardiography has limited roles
in the assessment of MR severity but provides supportive evidence of signifi-
cant MR. As each method has its own limitations, final decision on the grading
of MR should be based on integration of all the variables used in the assessment
of MR severity (Tables 11.2 and 11.3).

Doppler Color Flow Imaging
This method is routinely used for detection, as well as for grading MR severity.
Estimation of the jet area in the LA, width of the vena contracta and the color
flow evaluation of the flow convergence can accurately grade severity of MR [1].
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Table 11.3 Grading of mitral regurgitation severity (specific signs): usefulness and limitations*.

Mild Moderate Severe Usefulness Limitations

Doppler
Jet area �4 cm2 �10 cm2 Easy and fast evaluation; Underestimation in eccentric 

reliable in central jets jets and acute MR

Jet area/LA area (%) �20% 20–40% �40%

Vena contracta (cm) �0.3 0.3–0.7 �0.7 Simple and differentiates Not useful in multiple jets; 
mild from severe MR; useful in meticulous attention to 
acute and eccentric jets measurement due to small value

EROA �0.20 0.20–0.29 �0.40 Quantitative; provides Less accurate in eccentric jets; 
PISA method (cm2) 0.30–0.39 prognostic information; angle correction required in 

reliable in trained hands; eccentric jets
accurate in central jets

EROA �0.20 0.20–0.39 �0.40 Useful in eccentric and Technically challenging
Quantitative 0.30–0.39 multiple jets
Doppler (cm2)

*Quantitative parameters can subdivide moderate MR into mild–moderate and moderate–severe groups.
Adapted from Zoghbi et al. [1].
EROA, effective regurgitant orifice area; LA, left atrium; MR, mitral regurgitation; PISA, proximal isovelocity surface area.

Specific Signs of Mitral Regurgitation Severity
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Left Atrial Jet Area
This simple method for estimating jet area in the LA provides rapid screening
for the presence of MR, as well as semi-quantitative assessment of MR sever-
ity. Jet area �4 cm2, or 20% of the LA area, is usually associated with mild
regurgitation. A large central jet of more than 10 cm2, or 40% of the LA area, is
generally associated with severe MR [1].

Pitfalls – Factors Affecting the Jet Area
While the jet area is the easiest and most rapid method for assessing MR
severity, one should remember that the jet area can be affected by a number of
factors. These include instrument and hemodynamic factors as well as the jet
characteristic [2].

Instrument factors
The jet size is affected by pulse repetition frequency (PRF) and color gain. The
jet area is inversely proportional to the PRF. It is recommended that the Nquist
limit (aliasing velocity) be set at 50–70 m/s. Higher and lower settings can give
rise to erroneous grading of the severity of MR. The color gain should be opti-
mized by increasing the gain until the appearance of color speckles, and then
reducing it until the speckles completely disappear from the non-moving areas.

Hemodynamic factors
Jet area is affected by the flow rate as well as the driving pressure. Hence, the jet
area may appear larger by increasing the driving force across the mitral valve,
such as in patients with hypertrophic cardiomyopathy, severe aortic stenosis,
and hypertension where the LV systolic pressure is elevated. The effect of driv-
ing pressure on the jet area is especially important in the operating theatre. The
jet area may be reduced causing underestimation of MR severity due to preload
and afterload reduction by effects of general anesthesia. In patients with acute
severe MR the jet area may not reflect MR severity. The size of the jet area is lim-
ited by the high LA pressure and reduced compliance of the LA.

Jet characteristic
Eccentric and wall impinging jets appear to be significantly smaller than cen-
trally directed jets of the same MR severity [3,4]. This is because the central jet
is able to entrain the red blood cells on all sides of the regurgitation jet while
the eccentric jet is only able to entrain red blood cells on the side away from
the wall of the receiving chamber (Coanda effect).

Vena contracta method
The vena contracta is the narrowest portion of the MR jet and occurs at the
origin or just downstream from the orifice. The width of the vena contracta is
a surrogate of the effective regurgitant orifice [5,6].



This method is simple and useful to differentiate mild from severe MR. Vena
contracta width of 0.3 cm or less is associated with mild MR, while 0.7 cm or
more is associated with severe MR [1].

Advantages
The advantage of evaluating MR severity by this method is its independence of
flow rates and the driving force across the fixed orifice. Vena contracta is also
less affected by technical factors such as PRF compared to the jet area in the
receiving chamber. As discussed previously, in patients with eccentric jets and
those with acute MR in whom jet areas are less reflective of regurgitant severity,
the severity of MR can be reliably evaluated by the vena contracta method.

Limitations
As the width of vena contracta is small, less than 1 cm, slight errors in measure-
ment may result in misclassification of the grading of MR severity. This error in
measurement can be minimized by using the zoom mode to enlarge the image of
the vena contracta. To improve lateral and temporal resolution, the color flow
sector should also be as narrow as possible (to increase the frame rate). This
method is also not reliable in the presence of multiple jets. The width of the vena
contracta in patients with multiple jets cannot be added to grade MR severity.

Proximal Isovelocity Surface Area or Flow Convergence Method
Estimation of the effective regurgitant orifice area (EROA) by the proximal
isovelocity surface area (PISA) method provides quantitative assessment of
MR severity. The calculation of the effective mitral regurgitant orifice is based
on the assumption that the PISA is a hemisphere. The formula for this is
EROA � 2�R2  (aliasing velocity)/(peak MR velocity). As the calculation of
the PISA is based on that of a hemisphere, the aliasing velocity must be chosen
so that the flow convergence has a hemispheric shape. Using color flow imag-
ing, the continuous wave Doppler cursor should be aligned with the color flow
jet in order to obtain the maximum MR velocity. If the MR velocity is underes-
timated, the EROA may be erroneously larger. Meticulous care should be taken
in measuring the radius of the PISA. As this is small, the image of the PISA
should be optimized with high-resolution zoom view for the largest obtainable
PISA. Angle correction is necessary when the base of the hemisphere is not flat.

Limitations
This method is simple, reliable and reproducible in trained hands. It is more
accurate for central jets and those with a circular orifice [7]. It is less accurate
in eccentric jets and not valid in the presence of multiple jets.

Pulse Doppler Quantitative Method
Doppler derived flow rates across the mitral valve and another valve without
significant regurgitation can be used to calculate the effective regurgitant orifice
area. This method, however, is challenging and requires considerable degree
of expertise but offers an advantage in patients with eccentric or multiple
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Table 11.4 Grading of mitral regurgitation severity (supportive signs): usefulness and limitations.

Mild Moderate Severe Usefulness Limitations

Structural parameters
LA size Normal Normal or dilated Usually dilated Normal excludes chronic Seen in other 

significant MR conditions
LV size Normal Normal or dilated Usually dilated Normal excludes chronic Seen in other 

significant MR conditions
Mitral leaflets or support apparatus Normal or abnormal Normal or abnormal Abnormal/flail

Doppler parameters
Mitral inflow, PW Doppler Dominant mitral Dominant Simple Dominant E wave 

A wave E wave �1.2 m/s can be seen in
other conditions
with elevated LAP
and LVEDP

Pulmonary venous flow Dominant systolic flow Blunting of systolic Reversed systolic Simple Blunting of systolic 
flow flow flow is also seen in

other causes of
elevated LAP and
LVEDP

CW Doppler density Faint Dense Dense Simple Qualitative
CW jet contour Parabolic `Parabolic Triangular Simple Qualitative

Adapted from Zoghbi et al. [1].

CW, Continuous wave; LA, left atrium; LV, left ventricle; LAP, left atrial pressure; LVEDP, left ventricular end diastolic pressure; PW, pulsed wave.

Supportive Signs of Mitral Regurgitation Severity
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regurgitant jets where the PISA method is less accurate and measurement of the
width of the vena contracta cannot be applied in the latter situation.

Indirect markers of MR severity provide insight into the hemodynamic impact
of the regurgitation on LA pressure, LV end-diastolic pressure and left atrial and
ventricular volumes. These provide supportive evidence for the MR severity.

Doppler Methods
Mitral inflow velocities
For patients over 50 years of age, the mitral E and A velocities are reversed so
that the E velocity is less than the A velocity, as a result of abnormalities in
relaxation in older individuals. In severe chronic MR, the E velocity is more
than 1.2 m/sec [8]. The presence of predominant A velocity usually indicates
that the MR is not severe.

Continuous wave Doppler spectral display
The density of the spectral display of any regurgitant jet is proportional to 
the number of red blood cells in the regurgitant jet. This can be used semi-quan-
titatively in the assessment of MR severity. In moderate and severe MR the jet is
dense and approaches or equals the density of the antegrade mitral inflow spec-
tral Doppler. The contour of the continuous wave spectral display may also
provide clue to the degree of MR. The shape of the continuous wave spectral
Doppler display is parabolic in mild and moderate MR. It is, however, triangu-
lar in severe MR. This is due to the rapid rise of the LA pressure during systole.

Pulmonary venous flow
The normal pulmonary venous flow is characterized by a higher systolic flow
velocity and a lower velocity in diastole. As the degree of MR increases there is
progressive decrease in the systolic velocity. In patients with moderate MR, the
systolic velocity may be blunted and in severe MR systolic flow is reversed [9].
The blunting of the systolic pulmonary venous flow may also be seen in any sit-
uation with elevated LA pressure. The pulmonary venous systolic flow reversal
is specific but is not a sensitive marker of severe MR. This sign is dependent on
the presence of V wave which is often absent in chronic severe MR.

2-D Echocardiography – Left Atrial and Left Ventricular Size and
Mitral Leaflet Pathology
Mild MR does not lead to remodeling of the LV or LA. Presence of dilatation
of LA and LV is associated with at least moderate MR. It should be remem-
bered, however, that there are many other causes of dilatation of the LA and
LV. Pathology of the mitral valve may provide a clue to the MR severity. Flail
mitral valve usually indicates that the MR is at least moderately severe.

Grading of Mitral Regurgitation Severity

Evaluation of MR severity should be based on integrating all variables used 
in assessing MR severity as each has its own limitation with technical and 



measurement errors. Thomas et al. [10] developed an index of MR severity using
six variables. Each of the variables can be scored on a scale of 0 to 3 and then
averaged. These variables include color Doppler regurgitant jet width and pene-
tration, color Doppler PISA radius, continuous wave (CW) Doppler characteris-
tics of the regurgitant jet, pulmonary artery pressure, pulmonary venous flow
pattern and LA size. In the study all patients with a score of 1.7 or less have mild
MR, while all patients with severe MR have a score of 1.8 and above. A value of
2.2 and above identified patients with severe MR with sensitivity, specificity and
positive predictive accuracy of 90%, 88% and 79% respectively. This study
emphasizes the need for integration of MR variables in the MR grading.

Risk Stratification

Quantitation of MR is recommended in patients with moderate and severe
MR as it has impact on prognosis and management. This will help to risk
stratify patients and define which group of patients will need closer follow-up
and which group may benefit from surgery. Patients with functional MR with
EROA of 20 mm2 and above have adverse prognosis [11]. In this group of
patients who are undergoing coronary artery bypass surgery, mitral valve sur-
gery is usually advised. On the other hand, in patients with organic valve dis-
ease, adverse outcome is seen even in asymptomatic patients with EROA of
40 mm2 and above [12]. Early surgery may be recommended in patients with
repairable valve and performed only in centers with such expertise.

Etiology and Mechanism of Mitral Regurgitation

Rheumatic Mitral Regurgitation
The inflammatory changes associated with the rheumatic process transforms
the mitral valve into a stiff funnel-shaped unit. Changes brought on by the
rheumatic process results in thickening of the leaflets, tethering of the leaflets
due to shortening, and thickening of the subvalvular apparatus as well as
fusion of the commissures. This can result in a predominantly stenotic valve,
predominantly regurgitant valve, or a valve with mixed stenotic and regurgi-
tant lesions. The classical features of a rheumatic mitral valve on 2-D echo are
well known. They include thickened leaflets particularly at the tips, elbowing
of the anterior mitral leaflet and markedly restricted or immobile posterior
leaflet. Shortening of the subvalvular apparatus results in apical displacement
of the coaptation point. These features are best appreciated in the parasternal
long axis view. In the short axis view, commissural fusion is seen but this is
only minimal in predominantly regurgitant lesions. It is in this view that the
mitral valve area can be accurately assessed by planimetry. In patients with
predominant regurgitant valve, there is significant retraction of the leaflets,
resulting in failure of coaptation. This is best appreciated in the short axis as
well as the parasternal long axis views. The extent of the mal-coaptation of the
leaflets is proportional to the MR severity.
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Mitral Valve Prolapse
The gold standard for the diagnosis of mitral valve prolapse (MVP) is 2-D
echocardiography. MVP is seen as displacement of the mitral leaflets, into the
LA beyond the line connecting the annular-hinge points, of 2 mm or more.
The diagnostic criteria have been refined in light of 3-D echocardiography
data by Levine et al., which showed the mitral annulus to be saddle shaped and
not planar [13]. This diagnostic criteria has avoided over-diagnosis of MVP.
Early studies have estimated the prevalence of MVP to be 5–15%. Recent
observational studies using more rigorous criteria have demonstrated a more
accurate prevalence of 1.6–2.4% [14].

The refined diagnosis criterion allow the diagnosis of MVP to be made only
from the parasternal long axis and the apical long axis views. This is because
these imaging views pass through the highest point of the annulus while in
the apical four-chamber view the imaging plane passes through the lowest
point of the annulus. The apparent displacement of the leaflets into the LA in
the apical four-chamber view does not represent prolapse of the mitral valve.

MVP is not a single disease entity but rather a spectrum of disease processes
with different pathologies. Echocardiography enables differentiating the classic
from the non-classic mitral valve prolapse and thus provides useful prognostic
information. In classic MVP where there is myxomatous degeneration of the
valve, there is thickening (5 mm or more) as well as redundancy of the leaflets.
The classic MVP is associated with risk of complications and sudden cardiac
death [14]. Non-classic variety is defined as displacement of �2 mm and maxi-
mal thickness of �5 mm. The risk of complications is no more than that of the
general population and has been recommended to be considered as normal
variants.

Flail Mitral Valve
The most common cause of flail mitral valve is ruptured chordae usually in asso-
ciation with MVP. It may also be caused by endocarditis or a blunt chest trauma.
A less common cause of flail mitral leaflet is rupture of the papillary muscle in
the setting of an acute myocardial infarction. On 2-D echocardiography the flail
segment is seen as a portion of the leaflet that is bent backwards with the tip
pointing towards the LA. This differentiates flail valve from a prolapsed valve
where the tip of the prolapsed leaflet points towards the LV. In patients with rup-
tured papillary muscle, the detached portion of the papillary muscle is seen as a
mass attached to the ruptured chordae being flung into and out of the LA.

It is important to identify a flail valve as it is usually associated with at least
moderately severe MR. The classic natural history study by Ling et al. [15] has
shown adverse prognosis associated with flail mitral valve with over 90% of
patients with cardiac related complications including death at 10 years.

Mitral Valve Infective Endocarditis
The Duke criteria for the diagnosis of infective endocarditis have incorpo-
rated echocardiographic findings as major criteria [16]. Vegetation is seen as
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an oscillating mass on a valve or apparatus on the upstream path of the jet.
There may be other accompanying abnormalities such fistulas, abscesses and
pseudoaneurysm, prosthetic dehiscence and paravalvular regurgitation that
support the diagnosis of infective endocarditis.

Ischemic/Functional Mitral Regurgitation
In ischemic or functional MR the mitral valve is morphologically normal. The
MR is brought about by the abnormal geometry of the valve caused by remodel-
ing of the LV causing displacement of the papillary muscles and mitral annulus
dilatation. This leads to malcoaptation of the leaflets with resultant regurgita-
tion. In contrast to primary mitral valve regurgitation, ischemic or functional MR
results from an abnormal LV whereas in primary valve disease, it is the chronic
impact of the regurgitation that leads to dilatation and eventual impairment of
LV function. In ischemic or functional MR the 2-D echocardiographic appear-
ance of the mitral valve consists of tethering of the leaflets with a characteristic
bent in the anterior leaflet caused by the lifting of the mid portion of the mitral
leaflet by the displaced papillary muscle. The point of coaptation is apically dis-
placed. These results in the characteristic tenting appearance of the mitral valve.
The larger the tenting area of the mitral valve, the more severe the regurgitation
[17]. The height of the tenting area also reflects the MR severity.

Decision-making for Surgery

Timing of Mitral Valve Surgery
Echocardiography provides useful information on the impact of chronic vol-
ume overload on the heart and thus help in the decision on the timing of
mitral valve surgery. These include end systolic diameter of the LV cavity
(�4.0 cm), ventricular ejection fraction (EF) (�60%), the presence of pul-
monary hypertension as well as the size of the effective regurgitant orifice.
Recent work by Enriquez-Sarano et al. [12] showed that asymptomatic patients
with EROA of 0.40 cm2 have an adverse prognosis with 5 year cardiac event
rate of 33 	 3% and suggest surgery in this group of patients.

Selection of Surgical Candidates for Mitral Valve Repair
Selection of candidates for valve repair is based on preoperative echocardio-
graphic findings. Patients with MVP, in particular those with posterior leaflet,
are usually amenable to valve repair. On the other hand, when a mitral valve is
ravaged by infection, it is an unlikely candidate for repair. The mitral valve in
ischemic or functional MR, is intrinsically normal but geometry is altered by
remodeling of the LV. Such patients benefit from mitral annuloplasty while
undergoing concomitant coronary artery bypass surgery. These patients usually
improve symptomatically with improvement in functional class post surgery.

Localization of Mitral Regurgitation Lesion
Echocardiographic localization of the MR lesion guides the surgeon to the site
for repair [18,19]. This is important as identification of the regurgitation site
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can be difficult during surgery. Localization will also aid the surgeon in the
planning of mitral valve surgery and assessing the likelihood of repair. Anterior
leaflet repairs are generally more difficult than posterior leaflet repairs but
ultimately the likelihood of successful repair depends on the expertise of the
surgeon. The localization of MR can be made on good quality transthoracic
examinations. The color flow imaging of the mitral valve in the parasternal
short axis view is often helpful in the identification of the site of regurgitation.
An anteriorly directed jet indicates a posterior leaflet pathology while a poste-
riorly directed jet is due to anterior leaflet abnormality [18,19]. Most patients
will require transesophageal echo, which allows scallop-by-scallop analysis to
identify the site of the MR lesion [20].

Cardiac Catheterization
Routine cardiac catheterization is usually not necessary for the evaluation of
chronic MR, particularly if surgery is not contemplated, as all the necessary
information and manifestations can be obtained from echocardiography.
However, it may be performed when there is discrepancy between clinical
and non-invasive findings, and when there is a need to determine the pres-
ence and severity of associated valvular diseases or coronary artery disease,
especially prior to mitral valve surgery [21].

Risk stratification
In general, symptom severity and status of myocardial function are used in risk
stratification of patients with chronic MR. Symptom severity associated with
chronic MR is determined by the degree of MR, its rate of progression, the pul-
monary artery pressure, atrial fibrillation and the presence of any co-existing
structural heart disease. Management strategy for patients with severe, chronic
MR is based on this principle (Figure 11.1). Most patients are relatively asymp-
tomatic, even with severe MR. Symptoms generally develop only when there is
LV failure, significant pulmonary hypertension, or the onset of atrial fibrilla-
tion. In such situations, the patient is considered at high-risk and thus a surgical
candidate. However, the patient may be placed in a high-risk category even in
the absence of symptoms when myocardial dysfunction becomes evident.

As discussed previously, the LVEF and end-systolic dimension assessed by
echocardiography are used as surrogates of contractility to define the various
stages of chronic MR. The compensated stage of MR is indicated by a LV 
end-diastolic dimension �60 mm, an end-systolic dimension �40 mm, and
EF �60%; it augurs a benign prognosis and does not warrant surgical inter-
vention. The decompensated stage is defined by an end-diastolic dimen-
sion �70 mm, an end-systolic dimension �45 mm and EF �50–55%; surgery in
patients at this stage is at risk of suboptimal short- and long-term outcome.
The EF in these patients may further decline when the advantage of afterload
reduction is lost after surgical correction of MR. The natural history of the tran-
sitional stage between the compensated and decompensated stages is less pre-
cise; it is generally associated with a good clinical outcome when surgery is
performed at this time [22–31].
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Chronic Mitral Regurgitation

Medical Management
Modern management of patients with chronic MR requires a concerted consid-
eration of various factors. These include the pathophysiology, severity of the
valvular lesion, natural history of the disease, complications of the disease, effi-
cacy of the various therapeutic modalities and endocarditis prophylaxis.

Physical Activity
Asymptomatic patients with normal LV function can probably exercise with-
out restriction. In contrast, those with mild symptoms, LV dysfunction or atrial
fibrillation should be limited to low-to-moderate-demand activities [21,32,33].
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Figure 11.1 Management strategy for patients with chronic severe mitral regurgitation. *Mitral
valve (MV) repair may be performed in asymptomatic patients with normal left ventricular (LV)
function if performed by an experienced surgical team and if the likelihood of successful MV
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Vasodilator Therapy
In asymptomatic patients with normal ventricular function, vasodilator ther-
apy is of no benefit and may even mask the indication for surgery by limiting
the development of symptoms associated with decreasing LV function, so this
mode of therapy is probably not indicated for these patients. Hence, chronic
vasodilator therapy, in combination with digoxin and diuretics, should be
reserved for candidates not suited for surgery [34–39].

Anticoagulation
The risk of cardioembolism is increased in patients with MR, particularly when
there is co-existing atrial fibrillation. Long-term oral anticoagulation therapy
with warfarin (target international normalized ratio (INR) 2.0–3.0) is indicated
for patients with MR and a history of systemic embolism, atrial fibrillation, and
those with sinus rhythm and an enlarged LA (diameter �5.5 cm). If recurrent
embolism occurs despite adequate anticoagulation, low-dose aspirin, dipyri-
damole or clopidogrel should be added [40].

Endocarditis Prophylaxis
Prophylaxis for infective endocarditis is highly desirable for certain dental
and surgical procedures in patients with MR associated with structural mitral
valve disease [41].

Acute Mitral Regurgitation

In acute MR, the goal of non-surgical therapy is to diminish the amount of
MR, in turn increasing forward output and reducing pulmonary congestion.
If there is adequate mean arterial pressure, pharmacological therapy with
afterload reducing agents may temporarily stabilize the acute MR prior to
surgery. Intra-venous nitroprusside [42] and nitroglycerin can reduce pul-
monary pressure, LV end-diastolic pressure and volume, and reduce regurgi-
tant flow and concomitantly, increase forward flow. In hypotensive patients,
nitroprusside should not be used alone, but in combination with an inotropic
agent (such as dobutamine or dopamine). If an operation is not needed imme-
diately, afterload-reducing agents, especially angiotensin-converting enzyme
inhibitors (ACEI) and direct-acting vasodilators (such as hydralazine), may
help to reduce the regurgitant fraction and increase the forward output. For
such patients with acute hemodynamically significant MR, especially from
postinfarction papillary muscle rupture, placement of an intra-aortic balloon
pump can serve as a temporary stabilizing measure until surgical repair can
be undertaken. The majority of patients with acute severe MR will need
urgent surgical intervention.

Surgical Treatment
In the management of MR, the cardiologist-in-charge is faced with two impor-
tant decisions: (1) Is the magnitude of the MR severe enough to be causing
symptoms or LV dysfunction and therefore necessitating surgical therapy? If
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it is, (2) When and what type of surgical therapy should be performed? As
discussed earlier, advances in echocardiography have facilitated the physi-
cians in decision-making with more precision. Unlike vasodilator therapy,
surgical valve repair or replacement is substantially more effective in the treat-
ment of chronic severe MR in improving clinical status and survival in those
with symptoms and LV dysfunction.

Indications for Corrective Surgery
The optimal timing for corrective surgery is determined by a number of vari-
ables: (1) the severity of MR; (2) severity of symptoms; (3) mitral valve repair
feasibility; (4) LV function; and (5) preference and expectations of the patient.

Corrective surgery is usually indicated in patients with severe MR and ven-
tricular dysfunction; the prime determinant of postoperative outcome. The
goal of treatment is to avert the development of irreversible LV dysfunction
that precludes an optimal outcome, by operating on these patients before an
advanced state is reached. Age (�75 years) per se should not be considered a
contraindication to surgery, provided the patient’s overall health is reason-
able; surgical risk, however, is higher than for younger patients. Guidelines
for recommendations of mitral valve surgery in non-ischemic, severe chronic
MR are shown in Table 11.5.

Asymptomatic Patients
Management decisions in this scenario rest largely on echocardiographic param-
eters. In the presence of normal LV systolic function (EF � 60%), the manage-
ment is usually conservative with recommendation for 6- to 12-monthly clinical
and serial echocardiographic follow-up assessments. If there is progressive LV
enlargement or LA enlargement, progressive deterioration in LV function, pul-
monary hypertension (defined as pulmonary arterial systolic pressure �50mmHg
at rest or �60 mmHg with exercise), and/or onset of atrial fibrillation, then early
surgery should be considered, particularly if the likelihood for successful repair
is high [21,33,43].

The threshold for surgical intervention is lower if the valve appears to be
repairable rather than replaced. In contrast to the asymptomatic patients with
normal LV function, most would now agree that those with documented
depressed LV function (EF � 60% and/or an LV end-systolic diameter �40 mm),
even in the absence of symptoms should be considered for surgery. Surgery,
repair or replacement, performed at this time will likely prevent further dete-
rioration in LV function and improve longevity [30].

Patients with Mild Symptoms
Surgery is indicated in mildly symptomatic patients (NYHA class II) with
normal or borderline LV function, if it appears that valve repair is feasible and
the operative risk is low. If EF � 55%, surgery is recommended even if valve
replacement is necessary [21,43,44].

Mitral regurgitation 335



336 Chapter 11

Table 11.5. Recommendations for mitral valve surgery in non-ischemic severe mitral
regurgitation.

Indication Level of evidence

Class I
Mitral surgery is recommended to:
1. Symptomatic patients with acute severe MR (B)
2. Patients with NYHA class II, III, or IV symptoms in the absence of (B)

severe LV dysfunction (EF � 30% or EDD � 55 mm)
3. Asymptomatic patients with mild to moderate LV dysfunction (B)

(EF 50–60%, and/or ESD � or � 40 mm)
Mitral repair is recommended for over MV replacement (MVR) in the (C)
majority of patients with severe chronic MR who requires surgery 

Class IIa
Mitral repair is reasonable in experienced center for
1. Asymptomatic patients with preserved LV function (EF � 60%, and (B)

ESD � 40 mm) in whom the likelihood of successful repair without 
residual MR � 90%

Mitral surgery is reasonable for the following patients:
1. Asymptomatic patients with preserved LV function and (1) new onset (C)

of atrial fibrillation or (2) pulmonary hypertension (PASP � 50 mmHg
at rest or �60 mmHg with exercise 

2. Patients with chronic severe MR due to a primary abnormality of the 
mitral apparatus, NYHA functional class II, III, or IV symptoms and 
severe LV dysfunction (EF � 30% or EDD � 55 mm) in whom MV 
repar is highly likely.

Class IIb
Mitral repair may be considered for patients with chronic severe MR (C)
due to severe LV dysfunction (EF � 30%) who have persistent NYHA 
functional class III0IV symptoms despite optimal therapy for heart failure
including biventricular pacing

Class III
1. Mitral surgery is not indicated for patients with preserved LV function (C)

(EF � 60% and EDD � 40 mm) in whom significant doubt about the 
feasibility of repair exists

2. Isolated mitral surgery is not indicated for patients with mild or (C)
moderate MR

ACC/AHA guidelines for classifying indications for diagnostic and therapeutic procedures.
Class I Conditions for which there is evidence and/or general agreement that a given

procedure or treatment is useful and effective
Class II Conditions for which there is conflicting evidence and/or a divergence of opinion

about the usefulness/efficacy of a procedure or treatment
Class IIa Weight of evidence/opinion in favor of usefulness/efficacy
Class IIb Usefulness/efficacy less well established by evidence/opinion
Class III Conditions for which there is evidence and/or general agreement that the

procedure/treatment is not useful and in some cases may be harmful
Level of evidence A: Multiple (3-5) population risk strata evaluated. General consistency of
direction and magnitude of effect
Level of evidence B: Limited (2-3) population risk strata evaluated
Level of evidence C: Very limited (1-2) population risk strata evaluated
ESD, end-systolic dimension; EDD, end-diastolic dimension; EF, ejection fraction; NYHA, New York 
Heart Association; MV, mitral valve; MR, mitral regurgitation; PASP, pulmonary artery systolic
pressure.
Adapted from Bonow et al. [21]



Patients with Moderate to Severe Symptoms
Most patients with NYHA class III or IV and LVEF �30% are candidates for
corrective surgery, preferably valve repair. Surgery in these patients, although
unlikely to normalize the LV function postoperatively, will probably improve
symptoms and may prevent further deterioration in LV function. However,
when LV dysfunction (EF � 30%) is far-advanced, surgery is unlikely to
afford optimal outcome due to long-term irreversible LV damage. There are
data to indicate that surgery should not be delayed until severe symptoms
develop in patients with severe chronic MR. In patients with severe chronic
MR, the severity of their symptoms are directly related to their perioperative
and long-term postoperative mortality rates; this relationship appears to be
independent of the baseline EF [22,30,45,46].

Mitral Valve Repair

Mitral valve repair, particularly if the valve assessed echocardiographically is
suitable for it, and if the surgical expertise is available, is preferred to valve
replacement because the former procedure circumvents the potential compli-
cations associated with a prosthetic valve, and provides superior clinical, func-
tional and survival benefits compared to valve replacement. Valve calcification,
rheumatic valve disease and anterior leaflet involvement decrease the likeli-
hood of successful repair, whereas uncalcified posterior leaflet disease is almost
always reparable. A decremental success rate for mitral valve repair is observed
for severe chronic MR secondary to degenerative myxomatous valves, ischemia,
endocarditis, and rheumatic disease [21,33,47–50].

Intraoperative transesophageal color flow Doppler mapping, if available,
should be used routinely as it is extremely useful in assessing the adequacy of
the valve repair; it allows for immediate corrective surgery (valve replace-
ment if necessary) if the valve repair is deemed inadequate.

Surgery in Functional Mitral Regurgitation
Although surgical mitral valve repair or replacement in patients with func-
tional MR (FMR) has been reported to reduce symptoms and improve exercise
tolerance, no randomized prospective controlled trials have been performed to
assess the efficacy of the surgical procedure. The available clinical data, which
are supported by recent laboratory work, strongly suggest that the surgical
treatment of FMR results in little, if any, survival benefit or reverse remodeling.

Percutaneous Mitral Valve Repair
The technique of percutaneous mitral valve repair is still evolving but appears
quite promising. Short-term preliminary results demonstrate the non-surgical
approach to mitral valve repair to be safe and effective. There are two
approaches – edge-to-edge repair, and mitral annuloplasty methods. The per-
cutaneous edge-to-edge repair technique is an adaptation of the Alfieri surgi-
cal method for repairing mitral valve. The latter method has been proven
effective for the treatment of MR without producing mitral stenosis and has
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been shown to preserve the dynamic annular function during exercise [51,52].
Instead of apposing the two leaflets of the mitral valve with the use of sutures
in the surgical approach, researchers have developed a modified percuta-
neous method using a clip.
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EMERGING TREND

The EVEREST trial 24 patients with degenerative myxomatous mitral

valve of at least moderately severe MR underwent the procedure, which

approximated the middle scallops of the mitral leaflets to create a double

orifice with improved leaflet cooptation [53].

27 patients had six-month follow-up. Clips were implanted in 24 patients. There were

no procedural complications and four 30-day major adverse events: partial clip

detachment in three patients who underwent elective valve surgery, and one patient with

post-procedure stroke that resolved at one month. Three additional patients had surgery

for unresolved MR, leaving 18 patients free from surgery. In 13 of 14 patients with

reduction of MR to �2� after one month, the reduction was maintained at six months.

Percutaneous edge-to-edge mitral valve repair can be performed safely and a reduction

in MR can be achieved in a significant proportion of patients to six months. Patients who

required subsequent surgery had elective mitral valve repair or intended replacement.

Annular dilation results in papillary-chordal dysfunction and poor leaflet
coaptation; these changes in turn causes MR. Surgical mitral annuloplasty when
necessary, is often performed during mitral valve repair with good outcome [54].
The second percutaneous method to repair MR uses a deformable constraining
ring that is introduced and deployed in the coronary sinus. Because the coronary
sinus encircles the mitral annulus, in particular the posterior segment of the
sinus, implanting a device in the coronary sinus allows for partial mitral annulo-
plasty. This approach, however, has the potential to compress the left circumflex
artery (with resultant myocardial ischemia) because of its proximity to the coro-
nary sinus, and coronary sinus thrombosis or fibrosis. There is also a deep con-
cern regarding the durability of the device that is currently available [55].

Real World Question: How to Manage Anticoagulation Regimen in
Pregnant Women with Mechanical Prosthetic Valves ?
Warfarin (vitamin K antagonist (VKA) crosses the placenta and has been asso-
ciated with an increased incidence of spontaneous abortion, prematurity, and
stillbirth. Warfarin can also cause bleeding in the fetus, and fetal cerebral hem-
orrhage can complicate labor and delivery, especially if forceps evacuation is
necessary. Warfarin is probably safe during the first 6 weeks of gestation, but
there is a risk of embryopathy if warfarin is taken between 6 and 12 weeks of
gestation. For women requiring long-term warfarin therapy who are attempt-
ing pregnancy, it seems wise to perform frequent pregnancy tests with the sub-
stitution of unfractionated heparin (UFH) or low-molecular-weight heparin
(LMWH) for warfarin when pregnancy is achieved. Warfarin is also relatively



safe during the second and third trimesters of pregnancy but must be discon-
tinued and switched to a heparin compound several weeks before delivery.

Unfractionated Heparin (UFH) Heparin does not cross the placenta and
does not have the potential to cause fetal bleeding or teratogenicity. Thus,
heparin is generally considered safer than warfarin during pregnancy in
terms of the development of embryopathy. However, bleeding at the utero-
placental junction is possible, and numerous case series and patient registries
attest to a high incidence of thromboembolic complications (12% to 24%),
including fatal valve thrombosis, in high-risk pregnant women managed with
subcutaneous UFH or LMWH. Unfortunately, the efficacy of adjusted dose
subcutaneous heparin has not been definitively established. During preg-
nancy, the activated partial thromboplastin time (aPTT) response to heparin is
often attenuated because of increased levels of factor VIII and fibrinogen.
Adjusted dose subcutaneous UFH can cause a persistent anticoagulant effect
at the time of delivery, which can complicate its use before labor. Bleeding
complications appear to be very uncommon with LMWH.

Low-Molecular-Weight Heparins (LMWHs) have potential advantages
over UFH during pregnancy because they 1) cause less heparin-induced
thrombocytopenia; 2) have a longer plasma half-life and a more predictable
dose response than UFH; 3) have greater ease of administration, with lack of
need for laboratory monitoring and the potential for once-daily dosing
administration; 4) are likely associated with a lower risk of heparin-induced
osteoporosis; and 5) appear to have a low risk of bleeding complications.
They do not cross the placenta and are likely safe for the fetus. As the preg-
nancy progresses (and most women gain weight), the potential volume of dis-
tribution for LMWH changes. It is thus necessary to measure plasma anti-Xa
levels 4 to 6 h after the morning dose and adjust the dose of LMWH to achieve
an anti-Xa level of approximately 0.7 to 1.2 units per ml.

Although LMWHs have been used successfully to treat deep venous
thrombosis in pregnant patients, there are no data to guide their use in the
management of patients with mechanical heart valves (810). Reports of
LMWH use in pregnant women with prosthetic heart valves are becoming
more frequent, and many physicians now prescribe these agents during preg-
nancy in women with mechanical valves, but treatment failures have been
reported. The 2006 guidelines by the ACC/AHA are highlighted below. 
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Table 11.6 Selection of Anticoagulation Regimen in Pregnant Patients With Mechanical
Prosthetic Valves.

Class I
1. All pregnant patients with mechanical prosthetic valves must receive continuous therapeutic

anticoagulation with frequent monitoring. (Level of Evidence: B)
2. For women requiring long-term warfarin therapy who are attempting pregnancy, pregnancy

tests should be monitored with discussions about subsequent anticoagulation therapy, so
that anticoagulation can be continued uninterrupted when pregnancy is achieved. (Level of
Evidence: C)

(Continued)
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Introduction

The study and treatment of cerebrovascular disease is undergoing rapid evo-
lution as new techniques, new medications, further understanding of the
underlying pathophysiology of neuronal injury, and new concepts for pro-
tecting the brain are being developed across the world. The clinical diagnosis,
management, and therapy of stroke is evolving, as is the role of public educa-
tion in making sure patients and their families have access to these new life- and
brain-saving techniques by the quick recognition of stroke symptoms. New
imaging techniques, especially MRI diffusion and perfusion-weighted imag-
ing, take away some of the uncertainties and may help guide the diagnostic



considerations and therapies. We have an improving understanding of risk
factors, and the role of risk-reduction in minimizing stroke’s impact on our
patients. Neurologic rehabilitation is also keeping step with new techniques
and rational treatments to return those affected by stroke to productive lives.

Strokes are classified generally into two types: ischemic (71%) or hemorrhagic
(26%) with 3% from other etiologies (Table 12.1). The term “stroke” is most gen-
erally applied to the phenomenon of brain ischemia, ultimately resulting in
irreversibly injured brain tissue. The process can be linked to general hypop-
erfusion of brain tissue do to hemodynamic insufficiency, vascular thrombo-
sis of intracerebral or craniocervical arteries, or an embolic event. Bleeding
into the brain in hemorrhagic strokes is usually caused by rupture of an artery
(secondary to hypertension or amyloid angiopathy), leading to intra-cranial
hemorrhage (ICH), or bleeding around the brain surface (usually by a ruptured
aneurysm or arteriovenous malformation) into the subarachnoid space (sub-
arachnoid hemorrhage, SAH) and the cerebrospinal fluid (CSF). Therapeutic
considerations are vastly disparate in these conditions, and recognition of
ischemic vs. hemorrhagic stroke via clinical and diagnostic testing is critical.

Once a stroke has occurred, the therapies currently available may lessen its
ultimate effect on the patient or quicken recovery. Prevention of these events
is ultimately the goal of our efforts, as many of the important risk factors, such
as smoking, diabetes or hypertension etc., can be controlled through education
and medical intervention (Table 12.2). Those at risk should receive adequate
information to make intelligent decisions on lifestyle and recognize the
importance of compliance with medical therapy.
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Table 12.1 Classification of strokes.

Ischemic events Hemorrhagic events

Vascular thrombosis in: Intracerebral hemorrhage
Intracerebral arteries Bleeding into brain parenchyma
Craniocervical arteries
Venous sinuses Subarachnoid hemorrhage

Bleeding around the brain into the
Embolism from subarachnoid space and CSF

heart (endocardium, valves) Arteriovenous malformation
aorta, great vessels
veins (paradoxical from a patent foramen ovale)

Systemic hypoperfusion due to
cardiac failure
anemia, hypovolemia
lacunar infarct (lipohyalinosis) mainly caused by 
hypertension, diabetes, dyslipidemia

CSF, cerebrospinal fluid.



Transient ischemic attack (TIA) is a manifestation of brain ischemia lasting
minutes to hours. The time limit is arbitrarily set at 24 hours for complete res-
olution of symptoms. These patients may appear normal at neurologic exam-
ination, however, they have a ten-fold increase in risk for a fully completed
stroke compared with those who never had a TIA. Clearly, proper manage-
ment of the patient with TIA will reduce the likelihood of stroke. The recogni-
tion of TIA symptoms by the patient will require more public education and a
heightened awareness of stroke symptoms, which will eventually lead to
appropriately urgent diagnostic testing. The reduction of modifiable risk fac-
tors, consideration of carotid endarterectomy or carotid stenting in appropri-
ate patients, and the use of antiplatelet agents or anticoagulation can reduce
the risk of stroke considerably [1]. The diagnosis of stroke should be consid-
ered in anyone with a sudden onset of focal neurological deficits or alteration
of consciousness, with the differential diagnosis considering possible mecha-
nisms for the event (Table 12.3).
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Table 12.2 Risk factors for stroke.

Unmodifiable risk factors
1. Age (incidence increases after age 55, but 1⁄4 of stroke patients are younger than 65)
2. Gender (risk higher in men, but more women over 65 die of stroke than men)
3. Race (African Americans �2  risk compared to whites)
4. Prior stroke (highest in first 30 days; cumulative risk 5–14% at 1 year, 25–40% at 5 years)
5. Heredity (family history of stroke, complicated by common risk factors, life style)

Modifiable risk factors
1. Hypertension (decreasing blood pressure (BP) by 10 mmHg can reduce risk by 35–40%)
2. Smoking (which affects BP, accelerates atherosclerosis, and alters platelet function)
3. Transient ischemic attacks (5% of patients will develop a completed stroke by 1 month)
4. Heart disease (atrial fibrillation, valvular disease, myocardial infraction, congestive heart

failure all increase risk)
5. Diabetes mellitus (accelerates atherosclerosis, microvascular changes)
6. Hypercoagulopathy (anticardiolipins, protein S and C deficiency, Leiden factor V

abnormalities, hyperhomocystinemia, prothrombin gene abnormalities, cancer, pregnancy)
7. Polycythemia (increases vascular resistance and slows blood flow)
8. Sickle cell anemia (causes intravascular clumping of red blood cells)
9. Carotid bruit (an indicator for carotid stenosis)

Table 12.3 Differential diagnoses for stroke.

1. Meningitis/encephalitis
2. Hypertensive encephalopathy
3. Intracranial mass (tumor, hematoma)
4. Cerebral/cervical trauma (closed head injury, arterial dissection)
5. Seizure
6. Migraine
7. Metabolic derangement (hyperglycemia, hypoglycemia, drug overdose, hypoxia, hypercarbia,

renal and hepatic disease)
8. Subdural hematoma



The management of stroke requires a chain of events to occur in rapid suc-
cession in order for the patient to benefit from the newest therapies. As with the
chain of survival recognized for improving survival in the case of sudden cardiac
death, so to does the stroke chain of survival and recovery require rapid recognition
of stroke symptoms, rapid activation of the emergency service (EMS) system,
rapid transport with pre-hospital evaluation and treatment, pre-notification
of the receiving facility, and rapid diagnosis and definitive care with potential
thrombolytic medications and other emerging interventional techniques [1].
Unfortunately, many stroke patients deny their symptoms, delay transport to
the hospital for hours, and deny themselves access to these new technologies.

Initial Assessment

The initial assessment of patients with stroke, including preliminary determi-
nation of the time of onset of the stroke, should be performed by EMS personnel
prior to arrival at the emergency room (ER). The time of onset of the stroke is
defined as the time the patient was last known to be without clinical deficit or,
if the ischemic stroke occurred on awakening, the time the patient went to bed
is considered the time of onset. If the findings suggest a possible stroke, the
paramedics should contact the ER about their expected arrival with a possible
candidate for thrombolysis. This information would allow the ER to mobilize
the team for acute aggressive stroke treatment. When the patient arrives at the
ER, a complete physical examination should include all of the components for
a thorough neurological and neurovascular assessment.

The general initial evaluation should assess the patient’s airway, ventilation,
and circulation, providing supplement oxygen, and then sending initial serum
tests and establishing intravenous (IV) access. The neurological exam at this
point need not be exhaustive [2], and usually can be done in 5–10 minutes.
Clinical data should be obtained through careful history taking of the patient
or their family, with emphasis on the points described in Table 12.4.

Cervicocranial trauma, cardiac murmur, and arterial bruits are assessed. The
presence of ocular hemorrhage or meningismus predicts intracranial bleeding.
Other diagnoses can be considered with findings of coma, papilledema, or fever
suggesting SAH, tumor, infection, or toxic/metabolic derangements. If con-
sciousness is impaired, stroke-related or idiopathic seizure, hemorrhage,
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Table 12.4 Pertinent details in the history.

1. Personal and family illnesses, past and present
2. History of past TIA’s or CVA’s
3. Time of onset of the current stroke symptoms
4. Patient’s activity at onset of symptoms
5. Course of the symptoms through time
6. Accompanying symptoms since onset [3]

CVA, Cerebrovascular accident; TIA, Transient
ischemic attack.



hypoxia, increased intracranial pressure, or brain stem involvement must 
be considered. Visual changes, speech or memory disturbances, or signs of 
neglect can be assessed in the alert patient. Gait can also be tested in some
patients to give insight into cerebellar function as well as motoric evaluation.

Localization of Ischemic Stroke

Precise localization of ischemia is not necessary [5]. However, general infor-
mation regarding an area of ischemia would help to map a strategy for work-
up. The differential diagnosis between anterior and posterior circulation is
shown in Table 12.5 [6].

1 Is the ischemia in the anterior (carotid, middle cerebral, or anterior cere-
bral artery) or posterior (vertebrobasilar) circulation? This information is
important in determining which circulation to image, as well as to pertaining
to prognosis [6].

2 Is the event cortical or subcortical? Cortical events are more likely to be
embolic or due to large vessel abnormalities.

3 Is the stroke embolic or lacunar? (Cardio-embolic, thrombo-embolic or a
lacunar stroke.) Cardio- or thrombo-embolic strokes are rapid in progression
compared to lacunar stroke which has slow progression.
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CLINICAL PEARLS

Differential diagnoses of strokes The patient with hemorrhagic stroke

usually presents a picture of more serious illness, with a more rapidly

deteriorating course than ischemic lacunar events. These patients more

frequently present with severe headache, nausea, vomiting, and declining level of

consciousness.

The patient with subarachnoid hemorrhage may present with “the worst headache of

my life” after exertion, with rapid onset of pain, which quickly reaches maximum

severity, but without focal neurological deficit. There may be transient loss of

consciousness, and pain radiating to the face or neck, photophobia, nausea, and

subtly altered mental status. Subhyaloid retinal hemorrhage can be an important sign

of SAH. The presence of papilledema, and/or loss of venous pulsation in the fundus

are infrequently present as signs of increased intracranial pressure. Meningismus with

nuchal rigidity, photo- and phonophobia also suggests the diagnosis of SAH, although

the patient may not develop these signs for several hours. (Movement of the neck

should not be attempted until cervicocranial instability is ruled out.) About one quarter

of patients with SAH due to aneurysm will have minor or moderately severe symptoms

to slight bleeding prior to the actual rupture of the vessel: a sentinel or warning leak [4].

Patients with ICH usually have even more profound deficits, decreased level of

consciousness, nausea and vomiting. In both conditions, the pattern of presentation,

timing, and history will help guide the work-up and treatment. The majority of the

patients with ICH, if they survive, tend to have favorable prognosis as far as disability is

concerned.



Ideally at this point in the work-up, localization of the event to the anterior
or posterior circulation and some insights into potential mechanism should be
possible. If hemorrhage is ruled out and clinical localization is established,
further imaging is not essential. However, because of transient symptoms,
poor description, or symptoms that may localize to either the anterior or the
posterior circulation, it may not be possible to localize the event (e.g., isolated
dysarthria).

Once the patient is bought to the ER, logistics and time frame for the initial
assessment are listed in Table 12.6 [5].
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Table 12.5 Differences between stroke from the anterior vs. posterior circulation.

Function Anterior circulation Posterior circulation

Motor Contralateral faces Ipsilateral faces
dysfunction Ipsilateral cranial nerves sign such as

double vision, decreased gag, tongue
deviation, etc

Contralateral extremities Contralateral extremities
*Clumsiness *Clumsiness
*Weakness *Weakness
*Paralysis *Paralysis
*(Dysarthria) *(Dysarthria)

Loss of vision Ipsilateral eye In one or both homonymous visual
fields Homonymous hemianopia

Sensory deficit Contralateral faces Ipsilateral faces
Contralateral extremities Contralateral extremities
*Numbness or loss of sensation *Numbness or loss of sensation
*Paresthesia *Paresthesia

Speech Dysphasia (dominant hemisphere)

*Typical signs but non-diagnostic in isolation: ataxia, vertigo, diplopia, dysphasia, dysarthria.

Table 12.6 Logistics in the ER: 7 (D’s) steps to stroke identification
and treatment.

Procedure Time frame

1. Detection
2. Dispatch (911) 10 minutes from detection
3. Delivery 20 minutes from detection
4. Door 30 minutes from detection
5. Data* 40 minutes from detection
6. Decision 50 minutes from detection
7. Drug therapy 60 minutes from detection

*(CBC with platelet count, prothrombin time, partial thromboplastin time,
serum electrolytes, blood glucose, 12 lead ECG and insert two IV lines).



Imaging for Diagnosis and Interventions

New imaging techniques are adding to our ability to assess the stroke patient
quickly and non-invasively. Under ideal conditions, the technical staff will be
on site or on call with very rapid response as soon as the patient has started
his trip to the hospital. A non-contrast CT scan of the brain should be the 
initial diagnostic imaging test, with chest and/or cervical spine films per-
formed if indicated. The CT scan needs to be reviewed immediately for the
presence of hemorrhage (either ICH or SAH). The non-contrast CT scan of the
head is 100% sensitive in detecting ICH and 95% sensitive in detecting SAH.
The findings may be normal in patients with acute ischemic stroke when per-
formed early enough [6]. If there are early CT changes, it is not only indicative
of severe disease, but is also a check on the true time of event onset. Then
without ICH, in an acceptable time frame for treatment, the patient could
undergo revascularization therapy. Transcranial Doppler (TCD) study in acute
events where time is a major factor is not a good diagnostic tool and accuracy
is somewhat questionable.

On the cellular level, ischemic stroke is not a single fixed event, but rather a
dynamically evolving process. It is caused by an abnormal decrease of blood
flow to a particular region of the brain. Some areas with very low blood flow
go to infarction in a short period of time. Other sections, however, may exhibit
dysfunction for extended periods before becoming irreversibly damaged. Other
sections with similar occlusions stay healthy or hibernating through the 
collaterals from the contralateral side.

To achieve optimal recovery, the physicians must identify the location and
extent of the ischemic core (irreversible damage) as well as the ischemic penum-
bra (potentially reversible) before mapping a strategy and implementing a course
of therapy. Because the clinical findings are diverse and fluctuate according to the
presence and adequacy of the collateral system, they are not always helpful in
pinpointing the acutely occluded artery. Although cerebral angiography is
considered the gold standard for identifying an intracranial vascular occlu-
sion, it is not without great risk and it may delay the treatment process.
Diffusion- and perfusion-weighted imaging is an evolving MRI technique
that detects perfusion and random diffusion of water in a brain territory [6].

Perfusion-Weighted Imaging
Once contrast agent is rapidly injected to the cerebral vascular system, the
passage of intravascular contrast material will decrease the brain signal intensity.
This is caused by changes in magnetic susceptibility within vessels that result
from a high concentration of contrast. The first few scans will show darkening
of the cortical gray matter, then the next scans will show the same change in
the white matter. At the end, when the circulation time through the brain con-
cludes, the parenchymal signal intensity reverts to baseline intensity [7–10].
In simple terms, perfusion-weighted imaging (PWI) gives the information
about the blood perfusion of a brain territory.
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Diffusion-Weighted Imaging
Diffusion is a random motion occurring on a microscopic scale. The diffusion
coefficient of water is a physical property based on the local environment of
the water molecules. In a container of pure water, the diffusion of water is more
rapid than within the cells of the brain. This principle is also applied in diffusion-
weighted imaging (DWI), producing an image of the brain with diffusion con-
trast [10]. The failure to maintain ionic equilibrium induces a net flux of water
from the extracellular space into the intracellular space; this phenomenon is
commonly known as “cytotoxic edema.” The diffusion coefficient of intracel-
lular water is much less than its extracellular coefficient, which is likely due to
restricted movement of water caused by the large number of intracellular
structures. This change in the ratio from intracellular to extracellular water
results in an overall apparent decrease in the diffusion of water [10]. In simple
terms, PWI gives information about the integrity of the cells in an area where
injury is suspected.

Clinical-Imaging Correlations
In the perfusion/diffusion MRI evaluation of patients with acute stroke, there
are typically three patterns.

1 Recent full recovery: diffusion abnormality � perfusion defect.
2 Completed injury: diffusion abnormality � perfusion abnormality.
3 Fresh injury: diffusion abnormality � perfusion defect.

1 Diffusion abnormality without a perfusion defect
In cases where the cause of the ischemic injury has resolved at the time of imaging,
a diffusion abnormality might be present without an associated perfusion defect.
An embolus to a major vessel may occlude a branch of that vessel long enough
to cause an infarction. Subsequent initiation of autothrombolysis by the body’s
own mechanisms can result in restoration of flow, preventing further ischemic
damage.[10]

2 Diffusion abnormality with a matching perfusion defect
The second type of pattern, a DWI abnormality with a matching perfusion
defect, usually results in an ultimate infarct size that is slightly larger than the
original DWI abnormality. In this situation, reperfusion to the area most severely
injured has not occurred by the time of imaging. An increase in the volume of the
infarct often takes place over the next several days. The physiological basis for
this observation is not completely understood. One hypothesis is based on the
production of excitotoxic chemicals by the infarcted tissue. Diffusion of these
substances into surrounding tissues may trigger a cascade of events that culmi-
nates in secondary infarction. This observation points to a therapeutic window
for prevention of further brain injury that may last for several days [10].

3 Diffusion abnormality with a larger perfusion defect
The third and most common pattern seen when imaging cases of acute stroke
with this technique occurs when the perfusion abnormality is significantly larger
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than the diffusion abnormality. Often, if therapeutic intervention is not under-
taken, the DWI abnormality will increase in size to match or nearly match the per-
fusion defect. However, timely intervention can prevent this deterioration [11].

At the present time, perfusion and diffusion MRI studies are playing a critical
role in guiding patient management decisions. These studies highlight the dif-
ference between perfusion and diffusion imaging and the microscopic changes
in flow can be detected in advance of a soon-to-be completed infarction, which
opens a window of opportunity resulting in timely clinical intervention to
reverse the injury process in areas at risk. This information helps to triage viable
candidates with ischemic areas that may or may not be salvaged by thrombolytic
therapy (TT), neuroprotective agents, or mechanical manipulations [7–11].

There is not always a need for both PWI and DWI. DWI appears to have the
greatest sensitivity to early changes seen in the infarcted brain. It will probably
become the standard imaging technique for stroke, as it becomes more widely
available. Whatever technique is used, the emergent evaluation’s goal is to
confirm if the cause of the patient’s neurological change is due to ischemic
stroke, to further guide therapy for reversible causes, and, if possible, elucidate
the etiology of the stroke and predict any possible complications.

Management

Management of ischemic stroke includes conservative treatment, IV/intra-
arterial (IA) thrombolytic agents and percutaneous mechanical techniques. The
goal is to recanalize the acutely occluded arteries in order to preserve the
ischemic penumbra, which is defined as the relatively less ischemic anatomical
area surrounding the profoundly ischemic center [12] (Table 12.7).

Unfortunately, all interventions carry substantial risks and complications.
Failure of pharmacological thrombolysis or mechanical manipulation in the
coronary system for acute myocardial infarction (MI) ends with an inability to
revascularize the vessel, or failure to salvage the myocardium. By contrast,
both successful and unsuccessful pharmacological or catheter-based revascu-
larizations in the intracranial vasculature may be accompanied by shattering
complications, including cerebral hemorrhage. Although the potential benefits
of treatment are great, its complications are also debilitating and devastating.
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Table 12.7 Options in the treatment of ischemic stroke.

1. Conservative treatment with heparin
2. IV thrombolytic therapy
3. Local intracerebral IA thrombolysis
4. Mechanical reperfusion (angioplasty or mechanical breakup of thrombus)
5. Pharmacological neuroprotective agents (investigational)
6. Anti-platelets therapy-aspirin, clopidogrel or dipyridamole/ASA

ASA, acetylsalicyic acid; IA, intra-arterial; IV, intravenous.



IV Thrombolysis
Following the success of TT in acute MI (AMI), pharmacological rescue was sug-
gested for the treatment of acute ischemic stroke. There was no scientifically sup-
ported effective method to actively treat or reopen the blockage causing acute
stroke until 1995, when the National Institute of Neurologic Disorders and Stroke
(NINDS) reported the results of the first of many multicenter prospective trials.
These first randomized clinical trials (RCTs) of IV thrombolysis succeeded in clar-
ifying many aspects of this complex problem, including the efficacy and safety of
different fibrinolytic agents, the therapeutic window to reverse the injury process,
and the benefits or complications in different subsets of patients.

Ischemic strokes can become further disabling or catastrophic if delayed
bleeding occurs into the damaged brain tissue. Hemorrhagic conversion of an
ischemic hemorrhage is shown to occur more often when thrombolytic med-
ication is administered [13,14]. Despite the increased risk of hemorrhagic con-
version secondary to thrombolytic administration, the mortality remained
stable relative to traditional treatments and the percentage of patients returning
to a level of independent survival was significantly enhanced. The number of
patients required to treat for one patient to benefit from this therapy is seven.
Even with this exciting breakthrough, only a small percentage (1–5%) of stroke
patients are currently deemed eligible for treatment [3]. Factors limiting greater
applicability include the extremely short therapeutic window (less than 3 hours,
beyond which risk of cerebral hemorrhage will surpass the benefit) and numer-
ous high-risk exclusion criteria [13].
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Evidence-based Medicine: The NINDS trial

In the National Institute of Neurological Disorders and Stroke trial, 333

patients were randomized within 3 hours of symptom onset to receive IV

tissue plasminogen activators (t-PAs) (0.9 mg/kg; maximum 90 mg) or

placebo. This trial tested the hypothesis that IV administration of tPA would facilitate

thrombolysis of an intravascular thrombus and subsequently improve clinical

neurologic outcomes. The study found that carefully selected acute ischemic stroke

patients receiving IV TT within 3 hours from symptoms onset benefited over traditional

medical therapy (30% relative benefit over placebo for improved neurologic outcome).

The mortality was similar in the t-PA arm (17%) or in the placebo arm (21%) (P � 0.30).

Symptomatic ICHs were more frequent with t-PA (6.4%) compared with placebo (0.6%)

(P � 0.001) and out of these ICHs, approximately 50% were fatal [13].

Evidence-based Medicine: The ECASS II trial

The Second European Cooperative Acute Stroke Study randomized

patients within 6 hours of symptom onset. Approximately 80% received

therapy after 3 hours. The primary end-point was a favorable outcome

(score of 0 or 1) on the modified Rankin scale 90 days after treatment. The results 



Once the patient is planned to have IV thrombolysis, the patient’s condition
needs to be evaluated by an impairment scale. The National Institutes of Health
stroke scale is most commonly used (Table 12.8). This scale can help to triage
potential thrombolytic candidates as well as predict outcomes. Use of IV recom-
binant tissue type plasminogen activator (rt-PA) should be avoided in patients
with a score of less than 4 (unless there is global aphasia) or greater than 22
(because risk of hemorrhage is increased with such severe cerebral infarction). A
score of 16 or more is predictive of severe disability or death. A score of 6 or less
predicts good recovery. Score 9 should not be counted in the total NIH score. For
limbs with amputation, joint fusion, etc., give a score of 9 and explain the reason.
For intubated patient or other physical barriers to speech, give a score of 9 and
explain the reason. An expanded version is available at www.stroke-
site.org/stroke_scales/stroke_scales.html [6].
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did not confirm the statistical efficacy of t-PA but showed a trend in its favor. A post

hoc analysis of the Rankin scale scores dichotomized for death and dependence

revealed a statistically significant 8.3% absolute reduction in death or significant

disability in the t-PA group. The overall mortality was similar in two groups at 10.6%

and the ICH rate was 8.8% in the t-PA arm vs. 3.4% in the placebo arm (P value was

not reported) [15].

Table 12.8 The National Institutes of Health stroke scale.

Definition Score and response

1a Level of consciousness 0 Alert
1 Not alert but aroused by stimulation
2 Not alert; requires repeated stimulation
3 Coma

1b Ask patient month and age 0 Answers both correctly
1 Answers one correctly
2 Answers both incorrectly

1c Ask patient to open and close 0 Obeys both correctly
eyes and hands 1 Obeys one correctly

2 Obeys neither correctly

2 Best gaze (horizontal eye movement) 0 Normal
1 Partial gaze palsy
2 Forced eye deviation

3 Visual field testing 0 Normal visual field
1 Partial hemianopia
2 Complete hemianopia
3 Cortical blindness

(Continued)
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Table 12.8 (Continued)

Definition Score and response

4 Facial paresis 0 Normal
1 Minor paralysis
2 Partial paralysis

5a Right arm motor function 0 Normal
1 Drift
2 Some effort against gravity
3 No effort against gravity
4 No movement
9 Not testable

5b Left arm motor function 0 Normal
1 Drift
2 Some effort against gravity
3 No effort against gravity
4 No movement
9 Not testable

6a Right leg motor function 0 Normal
1 Drift
2 Some effort against gravity
3 No effort against gravity
4 No movement
9 Not testable

6b Left leg motor function 0 Normal
1 Drift
2 Some effort against gravity
3 No effort against gravity
4 No movement
9 Not testable

7 Limb ataxia 0 None
1 In one limb
3 In two limbs

8 Sensory loss (pinprick test) 0 Normal
1 Mild decrease
2 Moderate to severe decrease

9 Best language 0 No aphasia
1 Mild to moderate aphasia
2 Severe aphasia
3 Mute

10 Dysarthria (real words) 0 Normal
1 Mild to moderate slurring
2 Nearly unintelligible or unable to speak
3 Intubated

11 Extinction and inattention 0 Normal
1 Hemi-attention to one modality
2 Hemi-attention to more than one modality



The time frame for thrombolytic therapy
At first, the NINDS trial confirmed the efficacy of IV fibrinolytic therapy if it
is initiated within 3 hours of symptom onset. The ECASS trial expanded this
time frame to 6 hours. Although the safety profile was not different when
compared with the NINDS trial, administration of t-PA at 3–5 hours after
symptom onset was no more likely than placebo to be associated with com-
plete recovery [16]. This study’s safety findings are helpful in situations when
there is some uncertainty about the time of symptom onset. Since the safety of
the drug has been demonstrated beyond 3 hours, the physician has some flex-
ibility in administering t-PA beyond the 3-hour window. This is also particu-
larly true for the anterior circulation. If the lenticulostriate arteries are directly
occluded, the therapeutic window may be far less than 3–6 hours; the danger
of hemorrhage from these vessels increases exponentially after 5–9 hours. For
cortical vessels, the time window for rescue may be from 8–24 hours, depending
on how good the pial collateral supply is [17]. If the CT scan suggested of more
than one-third infarction in the MCA territory, the incident of hemorrhagic
conversion is higher. Initial studies and current FDA approved treatment
strategies are based primarily on strict clinical inclusion and exclusion criteria.
Several research protocols are now exploring application of new imaging tech-
niques using MRI diffusion and perfusion criteria to expand the treatment win-
dow beyond the initial 3 hour window. The hypothesis is that each individual has
a unique therapeutic window, based on their own cerebrovascular collaterals and
physiologic tolerance for ischemia. By imaging the unique physiologic char-
acteristics of each individual patient, previous clinical stratification strategies
may be enhanced and a greater number of stroke patients may be eligible for
therapy rather than relegating them to generalized temporal limits [7–9].

Types of thrombolytic agents
t-PA (Activase™) was successfully evaluated in the NINDS trial and subse-
quently approved by the FDA for the treatment of acute ischemic stroke. This
is the only fibrinolytic drug available in the US that is FDA-approved for
ischemic stroke. Other trials continue to use t-PA as the study drug (ECASS,
ATLANTIS, STARS, etc.).

Streptokinase was given in a Multicenter-Acute Stroke Trial in Europe
(MAST-E). Recruitment was terminated early because of the high incidence of
ICH and mortality [18]. A second study, the Australian Streptokinase Trial
(ASK), was likewise terminated [19].

Urokinase was studied in many trials and is no longer available in the US.
Ancrod was given to patients with acute stroke in the Stroke Treatment with

Ancrod Trial (STAT). It is a serine protease derived from the Malaysian pit viper
venom that removes fibrinogen from the blood. The starting dose of ancrod was
calculated on the basis of body weight and initial fibrinogen level. The drug was
administered continuously for 3 days then intermittently for 2 days for a total
of 5 days. It was monitored and its dose adjusted to maintain a fibrinogen
level within the target range of 40–69 mg/dL. As seen with other thrombolytic
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trials, significantly more patients achieved the positive end-point with the
treatment drug (41.4% vs. 35%, respectively, P � 0.05). The mortality was equal
at 10% in both groups. The rate of ICH was related to the fibrinogen level
between 9 and 72 hours after therapy (5.2% for the ancrod arm vs. 2% in the
placebo arm). The highest rate of ICH (13.8%) was seen in the group of patients
with fibrinogen level �40 mg/dL [20].

Glycoprotein IIb-IIIa inhibitor (Abciximab, Reopro™) was given to patients
with acute ischemic stroke to measure the risk of fatal and non-fatal ICH
within 5 days of therapy. No major fatal or non-fatal cases of ICH were identi-
fied. 19% of abciximab patients and 5% of placebo patients had asymptomatic
hemorrhage. The mortality was 17% and 15%, respectively [21].

Discussing the risk of thrombolysis with patients and families
Before the treatment, the patient and family need to be informed of the benefits
and risks of the IV TT. If the benefits outweigh the risks, then the patient should
receive aggressive therapy. The most feared complication is ICH. The risk of
ICH (in the NINDS trial) was 6.4% in patients receiving rt-PA and 0.6% in
patients receiving placebo. ICH was associated with more severe stroke, evi-
dence of infarction on the pre-treatment CT scan of the head, and uncontrolled
hypertension. Despite the increased risk of ICH, the overall mortality at 
3 months was equal in both groups. The benefit is that the patients treated with
rt-PA are at least 30% more likely to have minimal or no disability at 3 months.

After a stroke, a patient’s ability to fully comprehend the risks and benefits
of treatment may be compromised by apprehension, aphasia, visuo-spatial
neglect, or altered consciousness. In addition, a 3-hour therapeutic window
leaves little time to counsel patients before therapy. The social problem can
also be aggravated because this encounter may be the first ever between the
physician assigned to see the patient who presents at the ER without a regular
family physician. In this case, the doctor–patient relationship is very prelimi-
nary and the communication between the two sides needs further strengthen-
ing and trust. Therefore, in any case, when talking to patients and their
families, the physician needs to be direct and frank and should invite ques-
tions. After the patients and their families agree to proceed with TT, receipt of
verbal consent should be documented in the medical records [5].

All of the guidelines on TT are based on the NINDS trial. The indications
are listed in Table 12.9; the contraindications are listed in Table 12.10.
Management protocol is listed in Table 12.11 and the algorithm for high blood
pressure management is shown in Table 12.12.
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Table 12.9 Indications for thrombolytic therapy in ischemic stroke.

1. Clinical diagnosis of ischemic stroke causing a measurable neurological deficit. Time of
symptom onset well established to be �180 min before treatment would begin

2. Age greater than or equal to 18 years
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Table 12.10 Contraindications and warnings for thrombolytic therapy in ischemic stroke.

Present illness
1. Only minor or rapidly improving stroke symptoms*
2. Clinical presentation suggestive of subarachnoid hemorrhage, even with normal CT*
3. More than 3 hours after symptom onset

Past medical or surgical history
1. History of gastrointestinal or urinary tract hemorrhage or MI within 21 days
2. Within 3 months any intra-cranial surgery, serious head trauma, or previous stroke
3. Previous major surgery or serious trauma in the previous 14 days
4. Recent arterial puncture at a non-compressible site
5. Recent lumbar puncture within 7 days
6. History of ICH
7. Known arterio–venous malformation or aneurysm
8. Seizure at the onset of stroke

Physical examination
1. On repeated measurements, systolic BP �185 mmHg or diastolic BP �110 mmHg at the 

time treatment is to begin, and patient requires aggressive treatment to reduce BP to within
these limits

2. Post-myocardial infarction pericarditis
3. Rapid resolving of minor deficits
4. Obtunded or comatose condition

Computed tomography
1. Evidence of intracranial hemorrhage on pretreatment CT scan.
2. Involvement of more than 1⁄3 of the MCA on CT scan indicates a high chance of hemorrhagic

transformation with thrombolysis
3. Intracranial tumor

Laboratory studies
1. Known bleeding diathesis
2. Platelet count �100,000/mm
3. Patient has received heparin within 48 hours and has an elevated PTT
4. Current use of oral anticoagulant (e.g., warfarin)
5. Recent use with an elevated PT �15 sec or INR �1.7
6. Abnormal blood glucose (�50 or �400 mg/dL)

BP, blood pressure; ICH, intra-cranial hemorrhage; INR, international normalized ratio; MCA, middle
cerebral artery; MI, myocardial infarction; PT, prothrombin time; PTT, partial thromboplastin time.

Table 12.11 Protocol guidelines: sequence of events.

1. Determine whether time is available to start treatment with rt-PA before 3 hours
2. Draw blood for tests while preparations are made to perform non-contrast CT scan
3. Start recording BP

4. Neurological examination
5. CT scan without contrast
6. Determine whether CT has evidence of hemorrhage

If the patient has severe head or neck pain or is somnolent or stuporous, be sure there is no
evidence of SAH. If there is a significant abnormal lucency suggestive of infarction,
reconsider the patient’s history, since the stroke may have occurred earlier

7. Review required test results
Hematocrit
Platelets

(Continued)
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Table 12.12 Algorithm for blood pressure control.

Monitor blood pressure every 15 min (should be �185/110 mmHg)

Before treatment with thrombolytic drug, if for two readings apart, the systolic pressure is
between 185 and 230 mmHg or the diastolic pressure is between 105 and 120 mmHg:
1. Give labetolol 10 mg IV over 1–2 min. The dose may be repeated and/or doubled every

10–20 min up to 150 mg. Monitor BP every 15 min during treatment. Observe for hypotension.
If these measures do not reduce BP �185/110 and keep it down, the patient should not be
treated with rt-PA

After thrombolytic drug was given, if for two readings apart, the systolic pressure is
between 185 and 230 mmHg or the diastolic pressure is between 105 and 120 mmHg:
1. Give labetolol 10 mg IV over 1–2 min. The dose may be repeated and/or doubled every

10–20 min up to 150 mg. Monitor BP every 15 min during treatment. Observe for hypotension

If the systolic pressure is greater than 230 mmHg or the diastolic pressure is between 120
and 140 mmHg:
1. Give labetolol 10 mg IV over 1–2 min. The dose may be repeated and/or doubled every

10–20 min up to 150 mg. If satisfactory response is not obtained, use nitroprusside. Monitor
BP every 10 min during treatment. Observe for hypotension

If the diastolic pressure is greater than 140 mmHg:
1. Infuse sodium nitroprusside (0.5–10 mcg/kg/min)
2. Monitor BP every 15 min during treatment. Observe for hypotension

During and after treatment:
1. Monitor BP for the first 24 hours after starting treatment
2. Every 15 min for 2 hours after starting the infusion, then
3. every 30 min for 6 hours, then
4. every hour for 18 hours

BP, blood pressure; IV, intravenous; rt-PA, recombinant tissue type plasminogen activator; PT,
prothrombin time.

Table 12.11 (Continued)

Blood glucose
PT or PTT (in patients with recent use of oral anticoagulants or heparin)

8. Review patient selection criteria
9. Infuse rt-PA

Give 0.9 mg/kg 10% as a bolus IV then the rest is (maximum of 90 mg) infused over 60 min
with 10% of the total dose administered as an initial IV bolus over 1 min
Do not use the cardiac dose
Do not exceed the 90 mg maximum dose
Do not give aspirin, heparin, or warfarin for 24 hours

10. Monitor the patient carefully, especially the BP, follow the BP algorithm
Monitor neurological status (see sample orders)
Adjunctive therapy
No concomitant heparin, warfarin, or aspirin during the first 24 hours after symptoms onset. 
If heparin or any other anticoagulant is indicated after 24 hours, consider performing a non-
contrast CT scan or other sensitive diagnostic imaging method to rule out intracranial
hemorrhage before starting an anticoagulant

BP, blood pressure; IV intravenous; PT, prothrombin time; PTT, partial thromboplastin time; rt-PA,
recombinant tissue type plasminogen activator?; SAH, subarachnoid hemorrhage.
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Intracranial hemorrhage
In case of either success or failure with TT, or even without receiving a throm-
bolytic drug, a significant percentage of ischemic and infarcted brains will
undergo hemorrhagic transformation. If reperfusion is accomplished too late,
the infarcted brain can be exposed to direct arterial pulse pressure, which 
may precipitate devastating hemorrhage in the presence of anticoagulant 
and thrombolytic agents. So the goal of reperfusion, therefore, is to open
occluded vessels while their endothelium and territories are still viable [7–10]. 

Local Intra-arterial Thrombolysis
The concept of IV thrombolysis represented a significant advance over tradi-
tional conservative medical management of stroke patients, however, as
described above, patient eligibility and benefits remain limited to a small sub-
population of the overall afflicted population. The therapeutic strategy to
administer a smaller dose of thrombolytics IA directly within the intraluminal
thrombus represented a significant potential advance over IV therapy.

CLINICAL PEARLS

Management of Intra-cranial Hemorrhage Patients who have an abrupt

decline in neurological status within the first 24 hours after initiation of TT

should be considered to have an ICH until it is proven otherwise.

Practically, TT should be stopped.

An emergency CT scan of the head is done and neurosurgery consultation is

requested if there is ICH.

Hematoma evacuation or external ventricular drainage, or both, may be life-saving.

This is why the patient or families should be informed so they understand that possible

significant neurological morbidity may be expected in patients who survive hematoma

evacuation.

A prothrombin time (PT), partial thromboplastin time (PTT), hematocrit, and serum

fibrinogen level should be obtained.

If the effect of rt-PA needs to be reversed, the patient should be given cryoprecipitate

or fresh frozen plasma (6 units) or single donor platelets (1 unit).

Evidence-based Medicine: The PROACT II trial

In the Prolyse in Acute Cerebral Thromboembolism trial II, the patients

were randomized to receive heparin alone or heparin with intra-arterial

recombinant prourokinase in patients with angiogram-proven middle

cerebral artery occlusion in an expanded treatment window up to 6 hours from

symptom onset. At 90 days, 40% of patients with therapy had slight or no disability

compared with 25% treated by heparin alone (P � 0.04). Even within this prolonged

therapeutic window, and in more severely injured patients, intra-arterial thrombolysis
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Despite the modest rate of recanalization (complete recanalization �19%)
and the increased risk of hemorrhagic conversion (10%) [14], IA thrombolysis
represented a significant advance over IV TT with improved clinical out-
comes in a prolonged therapeutic window in more critically affected patients.
Unfortunately, a reported manufacturing quality assurance deficiency of
urokinase resulted in suspension of urokinase production, and FDA approval
for Prourokinase was never granted (www2.kumc.edu/druginfo/ drugsafety/
drgsafe99-2.html). The therapeutic benefit over IV and conservative medical
therapy remains significant, and compassionate off-label use of similar throm-
bolytics (tPA, urokinase) is performed throughout the world in clinical stroke
treatment centers where the resources and expertise have been adequately
developed.

The inclusion criteria for direct intracranial intra-arterial thrombolysis are
listed in Table 12.13.

Table 12.13 Indications and exclusion criteria of intra-arterial
thrombolysis.

Indications
1. Fibrinolytic therapy within 6 hours from onset of symptoms
2. Symptoms appropriate to the location of the occlusion
3. No history of recent infarct

Exclusion criteria
1. Rapidly improving clinical symptoms
2. Very severe onset symptoms (e.g., seizures)
3. Recent stroke (�6 weeks)
4. Bleeding disorder
5. Certain types of recent surgery
6. CT scan evidence of intracranial bleed, large area of edema, or mass effect

Arterial infusion techniques
If a patient meets the criteria for emergency intracranial fibrinolysis, a diag-
nostic angiogram is performed in the antero-posterior and lateral projections
[22]. If possible, angiography of the opposite carotid artery and one vertebral
artery should be done to determine the status of anterior and posterior com-
municating arteries and leptomeningeal anastomoses. All intracranial vascu-
lature is evaluated, beginning with theuninvolved vessels to assess the
collateral supply to the ischemic territory. The target vessel is studied last for

demonstrated a 58% relative benefit over placebo for improved clinical outcomes. The

recanalization rate at 2 hours (complete plus partial patency, TIMI grades 2 (48%) or 

3 (19%)) was 67% in the prourokinase group vs. 18% in the control group. As seen in

other trials, the mortality rate at 90 days was similar in the two groups (25%) and the

rate of ICH was 10.2% in the treatment arm and 1.8% in the control arm [14].



Intra-arterial or intravenous thrombolysis?
Both IV and IA thrombolytic treatments showed improvement of outcome when
given within 3 hours of symptom onset. However, there are logistical advan-
tages and disadvantages between the two modalities as listed in Table 12.15.
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direct evidence of vessel occlusion. If the study is positive, heparin is given
intravenously, generally recommended at a relatively low dose as used in
PROACT II trial, 2000 units initially [14,17].

Isotonic contrast is very slowly injected because the capillary endothelium is
ischemic and there is no significant run-off or reflux if the vessel is occluded.
This may theoretically increase the risk for contrast related endothelial injury,
and more concerning, acute vessel rupture and sudden death secondary to
high intravascular pressure. The thrombus is laced with rt-PA, injected as the
catheter is withdrawn; the catheter tip is left at the thrombus. A continuous
infusion is begun at the rate of 30 mL per hour [14,17].

The progress is checked every 15 min by contrast injection through the guide
around the microcatheter. The microcatheter position is adjusted as thrombol-
ysis progresses to maintain the tip of the catheter as close to the thrombus as
possible. If an underlying stenosis is encountered, angioplasty may be required
to prevent acute re-thrombosis. The decision to stop therapy is based on the
response, the duration and depth of ischemia, and the location of the occlusion.
The heparin infusion is stopped at the end of the procedure [17].

Post-procedural management includes control of blood pressure if elevated,
neurological monitoring, and routine supportive care. Control of hypertension
(intravenous labetalol and/or nitroprusside if needed) is indicated if reperfu-
sion of a large ischemic area has been achieved and the BP is above 180/110 bpm.
Otherwise, a modest physiological increase in BP is therapeutic for the
ischemic area and should not be aggressively treated. Neurological progression
should be monitored closely and other co-morbidity appropriately treated [17].

Complications
The major complication of this procedure is symptomatic intraparenchymal
hemorrhage. In addition, reperfusion edema can worsen an already bad situ-
ation. Factors that affect the incidence of bleeding conversion are included in
Table 12.14 [17].

Table 12.14 Factors influencing the incidence of bleeding
conversion.

1. The length of time of occlusion
2. The status of the lenticulostriate arteries
3. When and if reperfusion was accomplished
4. The systemic BP
5. The presence or absence of very early ischemic changes on CT scan

BP, blood pressure.
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Table 12.15 Comparison between intravenous and intra-arterial thrombolytic therapy.

Intravenous therapy Intra-arterial therapy

Access: advantage Access: disadvantage
1. Quick initiation of treatment (10–15 min) Cerebral angiogram is performed
2. No need for skilled personnel Placement of microcatheter in clot
3. No need for special equipment (Time: 45 min or more)

Assessment: disadvantage Assessment: advantage
1. Clinical diagnosis Direct visualization of thrombus
2. CT scan to rule out ICH Correlation of lesion with clinical findings

Infusion: disadvantage Infusion: advantage
1. Blind fixed dose treatment Lytic agent may not be necessary if clot cleared
2. Systemic thrombolytic state Lytic agent given until clot is cleared

Less systemic thrombolytic state because agent 
is given locally

IA, intra-arterial; ICH, intra-cranial hemorrhage; IV, intravenous.

The techniques of cerebral angiography are discussed in the next section as a
rescue intervention during an endovascular procedure.

IA Mechanical Thrombolysis
The utilization of thrombolytics for acute stroke (intravenous and intra-
arterial), have resulted in a significant benefit for patients over traditional
conservative medical therapy, however the hemorrhagic conversion rates
remained relatively high and the number of patients excluded from eligibility
secondary to the numerous high-risk exclusion criteria limits applicability.
This has led to a search for a mechanical method of clot retrieval that may
increase the number of patients eligible for therapy, enhance recanalization
efficacy, minimize the potential for hemorrhagic conversion, and further
improve the rate of independent survival for stroke victims.

The wire
The embolus can be fragmented with several passages of guidewire and
catheter through its length; by twisting the curved end of the wire within the
thrombus while the wire is pulled back; and by saline injection into the
thrombus through the micro catheter [23]. Vessel perforation with excessive
manipulation can be a concern.

Balloon angioplasty
When anatomically possible or with a failure of pharmacologic thrombolysis,
mechanical thrombolysis using a soft high-compliance neurovascular balloon
may be performed in an attempt to macerate the thrombus and enhance low-
dose pharmacologic therapy. Balloon inflations should be limited to less than
20–30 seconds and should be performed at very low pressures (less than 



1 atm.) when attempting to macerate intraluminal thrombus. If an underlying
stenosis is observed following successful thrombolysis, primary angioplasty
of the stenotic segment may be required acutely to maintain vascular patency.
This can be performed using a low-compliance atherosclerotic angioplasty
balloon, with short duration (10–30 secs) and low pressure (1–5 atm.) infla-
tions in an attempt to stretch the stenotic intracranial vascular segment
[24–26]. The short balloon inflation and low pressure are to avoid compromis-
ing the perforating arteries, flow limiting dissections, and vessel rupture [27].
Post-angioplasty angiogram should be performed to assess for success, distal
embolization, and intimal or medial damage to the artery. The combination 
of TT and mechanical disruption usually helps to achieve vessel recanaliza-
tion faster than thrombolysis alone. It also decreases the need for a large
amount of thrombolytic agent, thus decreasing the possibility of reperfusion
ICH [23].

Intra-arterial clot retrieval or mechanical thrombolysis
The FDA has approved the Mechanical Embolus Removal in Cerebral
Ischemia (MERCI) retrieval system, a corkscrew-like apparatus, to remove
blood clots from the brain in patients experiencing an ischemic stroke within
8 hours of onset of stroke symptoms.

The initial safety and efficacy studies demonstrated promising early results in
a very critically ill population of patients in a further prolonged therapeutic win-
dow of 8 hours. Recanalized patients experienced a higher rate of functional
neurologic recovery (46%) and decreased mortality (32%) compared to persist-
ently occluded patients (10% functional recovery, 54% mortality). Nevertheless,
the rate of recanalization remained modest (46%) and procedural complications
occurred at a significant rate (7.1%). In spite of the prolonged therapeutic win-
dow, the symptomatic hemorrhagic conversion rate remained relatively low
(7.8%) compared with trials utilizing pharmacologic thrombolytics within a sim-
ilar therapeutic window [28], further supporting the hypothesis that minimizing
thrombolytic administration during attempted recanalization may improve 
clinical outcomes [10].
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Evidence-based Medicine: The MERCI trial

In the MERCI 1 study successful recanalization occurred in 12 patients

(43%) with the retriever alone, and in 18 (64%) with additional IA tPA. No

symptomatic ICH occurred. In the full MERCI trial, in which the device was

deployed in 141 of 151 patients, recanalization with the device occurred in 68 patients

(48%), which was significantly better than the rate in placebo arm of the Prolyse in

Acute Cerebral Thromboembolism (PROACT) II trial of patients with MCA occlusions

(P � 0.0001). Additional adjuvant therapy led to recanalization in 85 (60%). Symptomatic

ICH occurred in 7 (8%) [28].
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Table 12.16 General care of patients with periprocedural ischemic stroke.

1. General care of the patient should be instituted
2. Maintaining normal BP, heart rate
3. Maintaining airways and administration of oxygen
4. In case of carotid procedure, the stenting should be quickly and efficiently completed,

including stent deployment. Additional maneuvers will involve working through the stented
segment to access distal vasculature

5. If the patient becomes uncooperative or agitated, and especially if there are compromised
airways, the intervention of an anesthesiologist is required

BP, blood pressure.

Adjunct Pharmacotherapy
Nicardepine and/or adenosine, 200–400 mcg, is very useful for treating distal
spasm. Glycoprotein 2b3a inhibitors are promising drugs. When good flow
has been rapidly re-established, protamine may be given to reverse anticoag-
ulation or intravenous heparin can be discontinued to hopefully lessen the
risk of hemorrhagic conversion.[23]

Complications
The most feared post-embolic recanalization complication is intracranial hemor-
rhage [23]. It may be part of a natural pathological process that degrades the
integrity of the vascular system and the exudation of blood components into the
cerebral environment. Spontaneous or facilitated reperfused ischemic brain
parenchyma is very prone to hemorrhagic conversion. Ischemically damaged ter-
minal branches, especially the lenticulostriate basal ganglionic arteries, are also
very prone to rupture, without recourse from collaterals [23]. When the horizon-
tal M1 segment of the MCA is recanalized and reperfused, it is the combination
of ischemic brain parenchyma and ischemic damage to the small vessels that
causes the highest post-recanalization hemorrhage into the basal ganglia [23].

Difficult Problems and Suggested Solutions

Real World Question How to Treat Iatrogenic Periprocedural 
Acute Thromboembolic Stroke?
Embolization of thrombotic or atherosclerotic material can be caused by instru-
mentation through the aortic arch, in the ventricle, or in the supra-aortic ves-
sels, including the carotid arteries. It is an uncommon but important
complication from endovascular intervention. Experienced operators with
meticulous and compulsive attention to techniques, coupled with careful
patient selection, should encounter this problem in less than 1% of coronary
angioplasty or 13% of carotid interventions [29]. It is important to assess the
neurological status of the patient after every step of the procedure. Even
minute changes in the level of consciousness, minimal confusion, slurred speech,
or other changes in the neurological status can indicate distal embolization [22].
During endovascular interventions, especially in the carotid territory, a change
in neurological status should initiate the actions listed in Table 12.16 [22].



A diagnostic angiogram is done in the anteroposterior and lateral projec-
tions. The angiograms are carefully examined to determine the site and extent
of intracranial vessel embolism. Because of anatomical arrangements and
flow pattern, the most likely site of intracranial embolism is the distal internal
carotid artery and the middle cerebral artery and its branches. Large vessel
occlusion is usually obvious (especially in lateral projection), but embolism in
the smaller branches requires careful scrutiny. Acute small branch vessel
occlusion may be noted only in comparison with preprocedural angiography.
The availability of a good preprocedural intracranial angiogram is therefore
essential in all patients undergoing supra-aortic vessel stenting. Change of
neurological status can ensue not only from occlusive phenomena such as
embolus, but also from intracerebral hemorrhage or hyperperfusion syndrome
(especially if very tight stenosis or an occluded artery is opened). If on the
diagnostic angiogram there are no signs of embolism, a CT scan should be per-
formed forthwith. If there are signs of localized expanding phenomenon indi-
cating ICH, heparin should be reversed and a CT scan performed [2].

Equipment and Adjunctive Medications Needed for Neurovascular
Rescue
The sheath within the common carotid artery is the basic support for
advancement of the variable-stiffness microcatheter into the intracranial cir-
culation. Through this sheath, a guide catheter is advanced into the ICA over
a wire. This guide should not be advanced deeply into the internal carotid
artery if there are tortuosities or coils in this vessel. This would produce
spasm or even dissection. Through this guide catheter (5 or 6 French), a 
variable-stiffness microcatheter (2.3–3.0 French) is advanced. All of these
catheters should be continuously perfused with heparinized saline, which
should be appropriately prepared, dripped, and filtered without air to avoid
stroke producing air emboli. The variable-stiffness microcatheter is advanced
over the wire into the intracranial segment of the internal carotid artery. There
are a variety of neurovascular guiding wires that are now commercially avail-
able from a variety of vendors. Choice of wire is based an individual patient’s
vascular anatomy, favoring wires with good torqability, adequate stiffness,
and atraumatic malleable tips. If the position of the embolus is obvious (in the
internal carotid artery or horizontal M1 segment of the middle cerebral
artery), no additional arteriography is needed. If the occlusive lesion is within
the trifurcation of the middle cerebral artery or distally, an angiogram
through the variable-stiffness microcatheter is performed (using 1–3 cm
syringe) in both projections, so the occluded branch of the middle cerebral
artery is identified and subsequently entered. Road mapping is useful. Before
the recanalization is attempted, the length of the occluded vessel segment
should be determined. This can be done by careful analysis of the diagnostic
angiogram by looking for retrograde flow into the occluded artery. If there is
no retrograde flow, the variable-stiffness microcatheter is passed through the
embolus over the wire distally. Rotating movement of the distal curved end of
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the wire usually shows a patent vessel. The wire is withdrawn and slow injec-
tion of contrast through the microcatheter is undertaken, while the catheter is
slowly pulled back simultaneously. This determines the distal end of the
embolus, which can be both “soft” and “hard.” The soft one consists of blood
coagulation and is prone to lysis. The hard one consists of stenotic debris (part
of the plaque with cholesterol and calcium) and cannot be lysed, but it can be
mechanically disrupted. There are three techniques to reopen an acutely
occluded intracranial artery: thrombolysis, mechanical disruption, and
removal of the embolus [22].
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Take Home Message

When taking care of patients with ischemic stroke, the non-neurologist inter-
ventionalists should remember that the clinical findings of stroke are very diverse
and fluctuating according to the presence and adequacy of the collaterals. The
therapeutic window remains very short: the best is less than 3 hours; this is
why only 1.6% of patients with stroke are currently eligible for interventional
treatment. During treatment, the clinical recovery is not brisk. There is no dra-
matic improvement as in primary angioplasty for AMI where the symptoms
and the ECG changes improve in a matter of seconds, because rescue interven-
tion in ischemic stroke deals with recovery of neurons (not muscle) and their
unknown interaction with the CSF environment.

Patients with very severe strokes, prolonged time to presentation, and high
stroke scale scores (�20), may have an increased risk for poor outcomes despite
intervention, perhaps secondary to large irreversible infarct size and limited
ischemic penumbra [28].

Patients imaged with MR perfusion and diffusion possessing a perfusion defect
significantly larger than the diffusion abnormality may be most likely to benefit
from revascularization, and at lowest risks for hemorrhagic complications.
(Hypothesis currently being tested in several trials – both IV and IA).

IA neurovascular intervention remains technically challenging, requiring signif-
icant experience within the delicate environment of the intracranial vasculature,
which is at high risk and low tolerance for vessel injury, flow-limiting dissection,
perforation, secondary branch occlusions, and associated morbidity and mortality.
Mechanical thrombolysis or clot retrieval may offer significant advantages over
pharmacologic therapy, limiting thrombolytic dosage and accelerating the time to
revascularization, perhaps offering a greater opportunity for patient recovery and
limiting therapeutic adverse events.

After successful and unsuccessful interventions, the clinical outcome may
remain poor as the brain is an organ very sensitive to injury. Unlike the heart,
where minimizing infarcted myocardium may result in a diminished EF and
further cardiovascular decompensation without significant functional morbidity,
even a small region of persistent brain ischemia/infarct may result in devastating
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Introduction

Syncope is an abrupt, transient loss of consciousness with loss of postural
tone, followed by complete, rapid recovery. It is one of the most common,
alarming, and challenging symptoms with which internists, family practi-
tioners, pediatricians, emergency physicians, and cardiologists have to grap-
ple [1]. Syncope remains an unresolved, often debilitating, complex and
expensive medical problem that can be confused with other similar syn-
dromes that are distinct including seizures, coma, fall and altered state of 
consciousness.

Syncope may have a distinct, prominent prodrome and recovery phase
depending on specific causes. The frequency of syncope, and its associated
mortality, varies with age, gender and cause [2–6]. The etiologies of syncope
vary, often include novel and frequently surprising causes [4–5]. The differen-
tial diagnoses are extensive and ever expanding [7]. Unexpected recurrence is
a problem that can be associated with serious injuries and therefore restriction
may be necessary. The possibility of this restriction in activity can be psycho-
logically and physically devastating [8].
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What is important and challenging in the assessment of syncope?

Syncope, it is stated, “is the same as sudden death except that you 

wake up”. One key to effective syncope assessment is to distinguish

benign from malignant causes and to determine which patient is at long-term risk 

of death. Most patients with syncope have a benign cause for syncope and a benign

prognosis. The main reason to treat these patients is to prevent syncope recurrence, to

improve functionality and to prevent adverse consequences if syncope occurs. When

there is evidence of cardiac cause in syncope, the risk of death doubles. Syncope in

heart failure (HF) patients is common and is associated with an extremely poor

prognosis.

The diversity in the population evaluated (outpatients, emergency room
patients, hospitalized patients, the elderly), the broad definition of syncope,
and differences in criteria for diagnosis (examination or questionnaire) con-
tribute to wide variations in published data, patient outcomes and manage-
ment algorithms [9–10]. Without knowledge of the cause for syncope,
effective therapy is impossible to prescribe. Management of this baffling prob-
lem can become frustrating, confusing, and, often, unrewarding. The reasons
of complexity in the assessment and management of syncope are listed in
Table 13.1. This chapter will focus on an evaluation approach for syncope and
address specific diagnostic and therapeutic issues important for the consult-
ant cardiologist.



Classification

Syncope is generally classified as cardiovascular, non-cardiovascular, and
syncope of unknown origin (SUO). The reason for classifying syncope in this
way is to provide prognostic data and determine the need for aggressive man-
agement [9,11,12]. Those patients who have an underlying cardiovascular
problem associated with syncope have a high mortality in the 1–2 years fol-
lowing the episode. The total mortality rate in this group is 30% at 2 years and
over 80% at 5 years. Arrhythmic deaths, now potentially treatable, account for
over half the deaths of patients with cardiac-related syncope.

When a non-cardiovascular cause for syncope is diagnosed, the mortality is
low (1–6% at 2 years). Almost all non-cardiovascular causes are associated
with an excellent prognosis. Patients in this category are generally young and
healthy as opposed to an older, more ill population who are more likely to
have potentially life-threatening cardiovascular disease.

Patients with SUO have a low projected annual mortality (�6%) [12]. This
suggests that after a careful evaluation, if no cause for syncope can be found,
while recurrences may occur (and they occur at the same rate whether or not
a diagnosis is secured), the overall likely survival is excellent.

Syncope 373

CLINICAL PEARLS

Caveats on the diagnosis of syncope The ascribed cause for syncope

may be incorrect. Even if it is correct, the mechanism by which it occurs

can be obscure (e.g., asystole may be autonomically mediated or due to

sinus node disease leading to different treatment options). The danger is that a patient

may be treated for the wrong condition with subsequent consequences of this

treatment and the real cause for syncope may be missed. A patient diagnosed as

having neurocardiogenic syncope, following a positive tilt table test, can also have long

QT interval syndrome, as there is an association between the two. One condition is life

threatening and the other is not. A patient with syncope is diagnosed with hypertrophic

cardiomyopathy and has an implanted cardioverter defibrillator (ICD) implanted for this

Table 13.1 Reasons for complexity in the assessment and management of
syncope.

1. Multiple potential causes for syncope
2. No standardized diagnostic approach is possible
3. Highly variable prognosis [1]
4. Difficulty in distinguishing benign from malignant cause [2]
5. Treatment to prevent syncope differs from treatment to prevent death [2]
6. Uncertainty regarding diagnosis
7. Unclear indications and usefulness of hospitalization
8. Difficulty in determining benefits of treatment
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reason, but the cause for syncope turns out to be related to a hemodynamic effect of

the cardiomyopathy and it recurs. Syncope may be related to several physiologic

mechanisms in this disorder. Furthermore, while an ICD may prevent death, it may not

prevent syncope due to ventricular arrhythmias.

Table 13.2 Common causes of syncope.

Non-cardiovascular disease
Reflex mechanisms

1. Neurocardiogenic
2. Micturition
3. Deglutition
4. Post-tussive
5. Defecation
6. Glossopharyngeal
7. Postprandial
8. Carotid sinus hypersensitivity
9. Hyperventilation

10. Dysautonomic storms (“Ganglionitis”)
11. Valsalva

Orthostatic hypotension
1. Dysautonomia
2. Fluid depletion
3. Illness, bed rest
4. Drugs

Psychogenic
1. Hysterical
2. Panic disorder
3. Anxiety disorder

Metabolic
1. Hypoglycemia
2. Hypoxia
3. Dehydration (intentional?)
4. Hyperventilation

Neurological
1. Undiagnosed seizures
2. Improperly diagnosed – confusional states hypoglycemia, stroke, etc.
3. Drug induced loss of consciousness (consider alcohol)

Cardiovascular disease
Arrhythmic etiology
1. AV block with bradycardia (due to structural changes or drugs)
2. Sinus pauses, bradycardia (vagal, sick sinus syndrome, drugs)
3. VT due to structural heart disease

Non-arrhythmic etiology: obstructive/reflex etiologies
1. Hypertrophic cardiomyopathy
2. Aortic stenosis

Syncope of unknown origin – about 50% of patients

AV, atrio-ventricular; VT, ventricular tachycardia.
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Table 13.3 Uncommon causes of syncope.

Cardiovascular disease
Arrhythmic etiology
1. Supraventricular tachycardia (AVNRT, accessory pathway (WPW syndrome), etc.)
2. The long QT interval syndrome(s)
3. Idiopathic VT (Bellhassen, RVOT tachycardia)
4. Myocardial infarction causing bradycardias and tachycardias
5. Right ventricular dysplasia
6. Brugada syndrome
7. Hypertrophic cardiomyopathy

Non-arrhythmic etiology
1. Pulmonary embolus
2. Pulmonary hypertension
3. Dissecting aortic aneurysm (Marfan’s syndrome)
4. Subclavian steal
5. Cardiac tumors – atrial myxoma
6. Cardiac tamponade – cardiovascular
7. Cardiomyopathies (idiopathic, sarcoidosis, amyloidosis)
8. Myocarditis
9. Coronary anomalies: hypoplasia, spasm, bridging, aberrant ostia, anomalous origin

10. Congenital heart diseases

Non-cardiovascular disease
Circulating mediators
1. Carcinoid syndrome
2. Systemic mastocytosis
3. Drugs/supplements – hormones (steroid), drugs (cocaine), Ma Huang, diuretics

Environmental
1. Heat stroke, cold exposure

Blunt trauma
1. Contusion and coronary thrombosis

AVNRT, atrio-ventricular nodal reentrant tachycardia; ROVT, right outflow tract; VT, ventricular
tachycardia; WPW, Wolff-Parkinson-White.

The list of causes and their treatments is long but whatever the mechanism,
syncope is not a gradual process, but an abrupt change in physiology sug-
gesting that if there is an underlying trigger, it must work with another parox-
ysmal change in the physiology whether it is autonomic, vascular or
arrhythmic. Modern data indicate that at best, only 50–70% of syncope
patients will have a tentative diagnosis secured, even with appropriate elec-
trophysiology testing and tilt table testing. Causes for syncope (not exhaus-
tive) are listed in Tables 13.2 and 13.3.

Differential Diagnoses

Orthostatic hypotension [13,14], as well as, mistakenly, epilepsy, is commonly
cited causes for syncope [15,16]. The rate of epilepsy diagnosis in a syncope pop-
ulation varies and is based on the population evaluated, the person who is eval-
uating the symptom and the ability to assess the cause of syncope with certainty.
Dysfunction of the cortical centers (seizure, stroke, transient ischemic attack



(TIA), chemical/metabolic disruption (i.e., hypoglycemia, drug use, alcohol
intoxication) may mimic some of the features of syncope and therefore be con-
fused with “true” syncope, as opposed to a “gray out”: visual changes, presyn-
cope, near syncope, collapse, or light-headedness; but these episodes are
distinctly different. It may be difficult to obtain a history to distinguish these
rather vague symptoms, and other, potential mechanisms. Other conditions can
lead to apparent loss of consciousness, including confusion, dementia and falls.

Evaluation

Syncope can be a diagnostic conundrum: the cause is rarely obvious and the
individual at highest risk for recurrence and death can be difficult to detect. Even
in the best of circumstances, arrival at a diagnosis requires a “leap of faith”, that
is, assumptions must be derived from the evaluation regarding actual responsi-
ble causes. In the past, no specific evaluation scheme was proper for all patients
with syncope so a uniform diagnostic approach is difficult to formulate and
challenging for even the best clinicians [17].

Guidelines from the AHA/ACCF
In an attempt to help guiding the work-up process, the American Heart
Association/American College of Cardiology foundation (AHA/ACCF)
released a statement on the evaluation of syncope [18]. The stated purpose of
the evaluation of patients with syncope is shown in Table 13.4.

The AHA/ACCF statement suggests an algorithm for evaluation. As part
of the assessment, an attempt is made to evaluate (transient) orthostatic syn-
cope or (functional) neurocardiogenic syncope, and assess for structural heart
disease. If the above work-up is negative, then in the case of single episode of
syncope, the work-up is complete. In the case of recurrent problems, then
long-term follow-up for bradycardias and tachycardias is necessary [18].
However, there are better ways to proceed on the diagnostic process. These
are suggested in Figure 13.1.

With better monitoring tools now being developed, it is likely that the man-
agement approaches to assess patients with syncope are improving dramati-
cally. The identification of the cause for syncope depends on the certainty of the
diagnosis, the tests performed and the patient. Repeated unfocused testing is
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Table 13.4 Goals of evaluation for syncope.

1. Determine whether the patient is at increased risk of death
Structural heart disease
Myocardial ischemia
Genetic heart disease (WPW, long QT syndrome, Brugada syndrome, polymorphic VT)

2. Improve quality of life
3. Prevent injury to patients and others

VT, ventricular tachycardia; WPW, Wolff-Parkinson-White.



useless. Even if a tilt table test is not diagnostic, when no definite diagnosis is
apparent, and cardiovascular disease is ruled out, syncope most often has a
benign, frequently dysautonomic (neurocardiogenic or other abnormal auto-
nomic reflex) origin. Dysautonomic syncope can be provoked by transient,
obscure and non-reproducible triggers.
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History: Patient and witnesses 
Physical: Including carotid massage and ECG 

Transient or 
reversible cause?

Suspected cardiac or
arrhythmic cause?

Neurocardiogenic cause or
no obvious cause?
No heart disease?

No work-up or
chronic therapy 

1st episode?

Tilt table 

Loop recorder 

Admit, cardiology or
EP consult 

�

Rx

�

�

�

�

yes yes yes

Rx

Rx Rx

No Rx
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no

�

�
Referral to syncope center

Figure 13.1 Evaluation and management strategies for patients with syncope. Adapted from [86].

History
An effective approach requires careful integration of clues provided in the
history and physical examination, combined with keen clinical acumen and
judicious use of diagnostic testing. A careful, detailed, and perceptive history
cannot be overemphasized, as this is the basis upon which all of the subse-
quent diagnostic work-up depends. While the patient’s recall is invariably
incomplete, preceding activities, feelings, and symptoms may be important.
A precise characterization of the symptom complex can be crucial to the diag-
nosis. First, the episodes must be defined. Is it really syncope? The problem
must be confirmed to be syncope and not epilepsy, hysteria, light-headedness
or dizziness, or gradual loss of vision and/or motor tone. Specific sensory
and/or motor auras suggest a seizure. Syncope, when viewed in its most
broad definition of global hypoperfusion, can present itself, (especially in the
elderly) with isolated transient loss of motor tone and hardly any impairment
of consciousness. The elderly may fall or be found on the floor confused. Falls
are common in the elderly but are not necessarily syncope. A carefully con-
structed, complete, history includes the details listed in Table 13.5.



Examination of the events surrounding the syncopal episode is also impor-
tant: a patient with abrupt loss of consciousness (no prodrome) who recovers
quickly (“classic” Stokes Adams attack) may suffer from an arrhythmia.
Neurocardiogenic syncope is usually associated with nausea, vomiting, pal-
lor, sweating, shivering, and the urge to defecate or urinate. Fatigue or
depression can follow the episode. The presence of such symptoms, however,
does not rule out arrhythmia as a cause of syncope and their absence can
occur in so-called malignant neurocardiogenic syncope.

History alone can positively identify characteristic “situational” syncope
syndromes such as deglutition syncope, emotional syncope, cough syncope,
micturition syncope, trumpet players’ syncope, carotid sinus syncope, etc. No
further testing may be required. The history can provide needed corroborat-
ing clues to narrow the scope of causes.

The presence of structural heart disease: a patient with left ventricular (LV)
dysfunction is at high risk of death but other patients with no LV dysfunction
can also have a malignant cause of syncope (examples: right ventricular (RV)
dysplasia, long Q-T interval syndrome).

Family History
This is especially important in the young, apparently healthy, patient, where the
initial reflex of the physician is to dismiss the events as due to a benign vasova-
gal cause. However, a family history of Wolff–Parkinson–White (WPW) syn-
drome, familial cardiomyopathy, long QT syndrome, arrhythmogenic right
ventricular dysplasia, hypertrophic cardiomyopathy (HCM), Brugada syn-
drome and especially sudden cardiac death (SCD) at a young age should be
treated with extreme concern.

Drug History
Vasoactive medications can cause hypotension and orthostatic hypotension,
but anti-arrhythmic and psychotropic drugs, diuretics, and even antihista-
mines and antifungals, can lead to serious ventricular (generally polymor-
phic) arrhythmias related to QT prolongation. There is a long list of
medications that can cause brady- and tachycardias [19,20].
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Table 13.5 Details of a complete history.

1. All aspects surrounding the event
2. The patient’s clinical characteristics
3. Other similar events
4. Medications
5. Family history
6. Witnessed accounts
7. Prodrome and post syncopal symptoms
8. Situations in which the event occurred
9. Concomitant medical conditions

10. Concomitant symptoms



Age
The prognostic assessment of syncope should consider age along with the differ-
ential diagnosis, category, and other risk factors. In younger patients, the cause
of isolated syncope is generally neurocardiogenic, psychiatric, or situational 
(e.g. stress, prolonged standing, and dehydration). While such diagnoses may
entail their own therapeutic challenges, these are non-life-threatening problems
that often resolve without elaborate evaluation or medical therapy. Young
patients with frequent, recurrent episodes may need treatment to prevent debil-
itating consequences. Syncope in a young patient rarely has a life-threatening
cause but there are situations in which concern lingers (exercise-induced syn-
cope, for example), and there are conditions that need to be considered and
excluded: hypertrophic cardiomyopathy, long QT interval syndrome, and the
Wolff–Parkinson–White syndrome, Brugada syndrome.

Middle-aged patients (40–65 years), similar to younger patients, can have
neurocardiogenic syncope, but a potentially serious cardiovascular cause
must be considered as well.

The elderly are most likely to pass out, be injured from syncope, seek med-
ical advice and be admitted [21,22]. They often have underlying cardiac
causes and orthostatic hypotension so their risk of death increases precipi-
tously. They often take many medications, some of which can cause syncope.
They are especially vulnerable to hemodynamic effects of medications and
often have less robust autonomic responses. Always consider, and rule out,
medications as a primary cause of syncope in an elderly patient even when
cardiovascular disease is present, before undertaking an aggressive, and per-
haps risky, evaluation.
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Causes of syncope in the young and the elderly Young patients

generally have benign isolated situational causes for syncope and require

no treatment but there is also a risk of a potentially life-threatening

congenital arrythmia which must be ruled out. Syncope in the elderly can be a

tremendous diagnostic challenge. Fifty percent are amnestic of the episodes and half

of the episodes are unwitnessed. Bradycardia is often a cause for syncope in elderly

patients in whom the cause is not otherwise undiagnosed. Often, the cause for

syncope in the elderly is multifactorial and related to medications. Elderly patients are

at greater risk of trauma when experiencing syncope.

Other Information
In all patients with syncope it is important to assess the coexisting medical con-
ditions, concomitant symptoms, the circumstances in which syncope occurred
(including prodromal and post-syncopal symptoms), whether, and in what cir-
cumstances, the patient has experienced similar episodes and witness reports of
the episode of syncope. Family members may give clues to the patient’s behav-
ior that provide further insight.



Even a single episode of syncope in a patient with a malignant arrhythmia as
cause for syncope may be associated with high risk of mortality. If a patient were
to have a blood pressure (BP) cuff in place, an electrocardiographic (EĆG) and
electroencephalographic (EEG) monitor during an episode, doubts might still
linger about the potential cause of the syncope. Assumptions are often made
about the mechanism of syncope. A great challenge in the assessment of syncope
is to avoid over-testing those at low risk of death and syncope recurrence, but
avoid under-diagnosing those at high risk of sudden death.

Physical Examination

The physical examination is less likely to provide guidance in the evaluation but
it can contain important diagnostic information. The following information
should be collected.

Vital Signs
A resting bradycardia or an irregular pulse can indicate sick sinus syndrome,
various arrhythmias, ectopy, atrio-ventricular (AV) block, premature ventric-
ular contractions (PVC).

Orthostatic Hypotension
When orthostatic hypotension is abrupt and associated with reflex tachycardia,
volume depletion should be suspected; when it is gradual and unaccompanied
by increasing heart rate, autonomic dysfunction is the likely diagnosis.

Skin Turgor and Complexion
Pallor can indicate anemia, when it is associated with decreased skin elasticity, it
may indicate hypovolemia due to blood loss.

The Cardiovascular Exam
This will rule in or out most “obstructive” lesions associated with syncope. 
It may also indicate the presence of LV dysfunction. In a patient with known
hypertension, a funduscopic examination should be performed to detect
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Caveats on the evaluation process The key to proper evaluation and

ultimate management of the patient with syncope is a complete and

carefully obtained history. It is not only getting the history but listening to

the patient and linking events to the syncopal episode. It is uncommon to arrive at a

definitive diagnosis in a patient with syncope. The diagnosis is usually inferred from

assessment of the available data and the diagnosis is generally presumptive. A trigger

for syncope may be transient, obscure and not reproducible. Spontaneous remission

of syncope is common. For those presenting with a single episode, 90% have no

recurrence at 2 years. For those with longstanding recurrent syncope, the likelihood of

syncope due to a benign cause for syncope is high.



papilledema and/or retinal hemorrhages. These may be tell-tale signs of a
transient hypertensive crisis causing syncope.

Carotid Sinus Massage
In elderly patients with a history suspicious for carotid hypersensitivity, carotid
sinus massage should be performed as an integral part of the examination. This
is an easy and cost-effective way to assess indirectly autonomic function and,
specifically, carotid hypersensitivity. The results, however, should be interpreted
with caution, as many older, asymptomatic patients may display long, techni-
cally abnormal, pauses (�3 seconds). A long pause is helpful only if associated
with a highly suggestive history of syncope related to maneuvers that exert
spontaneous pressure on the carotid sinuses (tight collars, shaving, etc.). It should
be avoided if there is evidence of carotid disease (a bruit).

Diagnostic Testing

A proper diagnostic approach requires careful analysis of syncope in light of all
other available clinical findings. Diagnostic tests need to be used sparingly.
When used properly, they will increase the diagnostic yield compared to the his-
tory and physical exam alone. All testing must be tailored to the patient based on
the findings of the history and physical examinations and with knowledge of 
the sensitivity and specificity of each test to identify the cause for syncope. An
abnormal test result does not necessarily indicate the cause for syncope and does
not necessarily sanction a “wild goose chase”. The proper evaluation requires a
balance of the judicious use of inpatient and outpatient diagnostic modalities.
The expense and risk of the procedures and hospitalization are intensified by the
possibility of causing iatrogenic harm from a diagnostic or therapeutic misad-
venture. A new test, the brain natriuretic peptide (BNP), was measured and
showed it could differentiate between cardiac and non-cardiac syncope [23].

Observational Tests

Electrocardiogram
Every patient with syncope should receive an ECG. Although this may reveal
diagnostic abnormalities in only 5–10% (such as complete heart block) and
abnormalities may be non-specific, it can also provide helpful clues in another
20–30% of cases (old Q waves, various degrees and combinations of AV block
and bundle branch block, pre-excitation syndrome, LV hypertrophy, non-
sustained VT, etc.). The presence of left bundle branch block (LBBB) in a patient
with syncope and organic heart disease is of special significance in that these
patients carry a 30% rate of VT induction in the electrophysiology laboratory.

Echocardiogram
An echocardiogram alone is almost never diagnostic. It is of little help when
there is no cardiac history and the physical examination and ECG are normal.
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Its chief usefulness is in providing an evaluation of ventricular function in
patients with suspected heart disease and assessing valvular disease. It should
be performed if there are justified clinical suspicions of structural heart disease.

Signal Averaged ECG
The signal-averaged ECG (SAECG) is useful in one particular situation: in a
patient with syncope, known coronary artery disease (CAD) and normal (or
only mildly abnormal) LV function. An abnormal SAECG would mandate elec-
trophysiologic testing to assess the induction of VT in this small subgroup [24].

Holter Monitoring
This is rarely diagnostic and therefore minimally helpful, as the incidence of
recurrent syncope while being monitored is rare (1–5%) [25]. Further, many
asymptomatic and non-specific abnormalities (such as PVCs, non-sustained VT,
sinus bradycardia, sleep-related heart block and/or sinus pauses, etc.) noted
may confuse the issue and lead to further unnecessary testing and therapy.

Trans-telephonic Monitoring
Trans-telephonic monitoring is becoming more advanced – a crucial aspect [26].
It enables the recording of an episode when the patient passes out. The patient
must wear the monitor continuously (one such device is the size of a beeper. If the
patient passes out, a button is pushed on awakening. It will store 2–3 minutes
before the event. This “endless-loop recorder” is useful, but up to 35% of people
use the device improperly, making it non-diagnostic.
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Wise and rational testing A goal in syncope evaluation is to move from a

presumptive to a definitive diagnosis. Proper assessment requires a careful

assessment of the patient, an assessment based on information obtained

from the history and physical examination. Some tests may provide clues to the

diagnosis. These include carotid massage, ECG, tilt table test, echocardiogram,

electrophysiology test, treadmill test, monitor (Holter, trans-telephonic, implantable

loop recorder) but these, and all tests, must be used selectively. The more tests, the

more abnormalities will be found, but these abnormalities (may be just incidental

findings) may not apply to the cause for syncope. A CT scan, carotid Doppler, an EEG,

cardiac enzymes and neurology consult rarely have a role in the evaluation of syncope.

Implantable Loop Recorder
An implantable monitor is inserted surgically into a subcutaneous pre-
pectoral pocket. It is capable of recording the heart rhythm for over one year
in patients with intermittent or rare episodes. The device is potentially highly
cost effective as it can eliminate the need for frequent and potentially unnec-
essary hospitalization. The main shortcomings of this device are obviously



the relative invasiveness of its implantation, and its cost. Other potentially
serious drawbacks of all long-term monitoring include the fact that in order to
reach a diagnosis, the patient has to be exposed to the risks of at least one
more syncopal event. A more surreptitious pitfall is that monitor-obtained
bradycardic manifestations of vasovagal syncope cannot be analyzed in the
context of antecedent BP changes, and may therefore lead to unnecessary
pacemaker implants [27].
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The COLAPS trial. The Comparison Of Loop Recorders Against Holter in

Patients with Syncope trial is a prospective study designed to compare

diagnostic utility of endless-loop recorders (ELR) and Holter monitors in

the diagnosis of syncope. The results showed that among 78 patients who received

ELRs, 21% of diagnoses were made within 48 hours, 50% at 15 days, and 90% at 

33 days. Patients performing a successful test transmission were more familiar with

technology, with ability to use a bank automatic teller machine being a significant

independent predictor. Patients with a successful test transmission were, in turn,

significantly more likely to record and transmit data from symptomatic episodes [28].

In general, if the symptom happens once a day, then 24–48 hour Holter is
best. If the problem happens once a month, then the event monitor would be
helpful. If the symptoms are very rare and erratic, then an implantable loop
monitor would help to reveal the problem.

Provocative Testing

Exercise Stress Test
If the syncopal episode happens during or after exercise, then a stress test should
be done to rule out ischemia as cause of arrhythmia, angina or exercise-induced
syncope. Exercise stress testing is also useful for screening of catecholaminergic
polymorphic VT.

Tilt Table Testing
It is useful when neurocardiogenic syncope is suspected but the diagnosis is
uncertain. It should be one of the first tests considered when there is undiag-
nosed syncope and no structural heart disease present [29,30].

Head up tilt table (HUTT) testing can be highly effective in uncovering
and/or confirming neurocardiogenic syncope. Day-to-day variability in
response and induction of neurocardiogenic syncope is common, unavoidable,
and simply reflects expected variability of autonomic nervous system physiol-
ogy. The sensitivity of the HUTT is always in question but the sensitivity can be
increased with isoproterenol or nitroglycerine, possibly by different mechanisms
[31–34]. These interventions, however, will decrease the specificity, always a



problem with the tilt table test. Is the arrhythmia caused during HUTT the same
arrhythmia which causes syncope?
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Arrhythmia during syncope and HUTT test. Heart rhythm obtained

during provocative condition is often used to guide therapy in vasovagal

syncope. To date there was no conclusive evidence that the heart rhythm

observed during a positive HUTT can predict the heart rhythm during spontaneous

neurocardiogenic syncope, or that the heart rhythm observed during a spontaneous

syncope will be identical to the recurrent syncope. 25 consecutive neurocardiogenic

syncope patients, presenting with frequent syncope (6.9 	 4.6 episodes/year) and a

positive HUTT (cardioinhibitory in 8 patients), had an implantable loop recorder (ILR)

placed. 7 also had a positive adenosine triphosphate (ATP) test. After 17.0 	 3.6

months of follow-up, 30 neurocardiogenic episodes were observed in 12 patients. Nine

episodes showed bradycardia of �40 beats/min or asystole. Progressive sinus

bradycardia preceding sinus arrest was the most frequent ECG finding. Twenty-one

episodes of syncope occurred without severe bradycardia. The heart rhythm observed

during the first syncope was identical to the recurrence. No correlation was found

between slow heart rate on the ILR interrogation and a cardioinhibitory HUTT response

(P � 1.0) or a positive ATP test (P � 1.0). Therefore, in highly symptomatic patients

with neurocardiogenic syncope, the heart rhythm observed during spontaneous

syncope does not correlate with the HUTT. The heart rhythm during the first

spontaneous syncope is identical to the recurrent syncope [35]. These results were

similar to those found at the ISSUE II trial [36]. Unfortunately, asystole may occur late

into the syncopal spell and thus pacing will not necessarily eliminate syncope.

Patients with fixed, true autonomic dysfunction, often have a predictable and
reproducible response to HUTT. The mode of induction and the sequence of
BP and heart rate changes preceding the syncopal spell can be extremely help-
ful when outlining specific preventive therapy. A test can be abnormal and
“diagnostic” even if syncope is not induced. All HUTT results should be inter-
preted in light of the clinical events surrounding the syncopal spell. Although
tilt testing is most helpful and yielding in young healthy adults, one has to keep
in mind that the stakes are high if a malignant arrhythmia is missed. Once the
electrophysiology test (EPS) is negative, HUTT does not help much [37].

Guidelines From The AHA/ACCF: Statement On Tilt Table Testing
In patients with a negative evaluation, i.e., no evidence of ischemia and a struc-
turally normal heart, the pretest probability of the diagnosis of neurocardiogenic
syncope is high, so HUTT contributes little to establishing the diagnosis. In a
patient with a malignant cause of syncope, it is more important to rule out other
cause of syncope such as bradyarrhythmias, supraventricular tachycardia (SVT),
and VT than it is to perform a HUTT [18].
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A dissenting view. These authors have concerns regarding the

AHA/ACCF guidelines and their recommendation concerning evaluation

and treatment of patients with neurocardiogenic syncope. These authors

think that the recommendation that HUTT contributes little to establishing the

diagnosis is rather short-sighted and does not necessarily pertain in practical terms to

patients who need to be evaluated for syncope. Moreover, other guidelines such as the

European Society of Cardiology have clearly delineated a role for HUTT (Figure 13.2) [38].

Based on the complexity of the nature of syncope, the care that is required in the

evaluation, the multiplicity of potential causes, and the lack of ease of performing

controlled clinical trials, we do not ascribe to the ACCF/AHA guidelines as a best

methodology to evaluate and treat the patient with syncope.
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Figure 13.2 Guidelines on Management (Diagnosis and Treatment) of Syncope. Update 2004
Executive Summary: The Task force on Syncope, European Society of Cardiology. Adapted 
from [38].
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When to do a tilt table test? Consider a tilt table test in the following

situations.

1. When episodes suggest, but do not indicate, a neurocardiogenic cause.

2. If there is recurrent syncope with no apparent cause at any age.



Electrophysiology Testing
The EPS is a method that uses pacing techniques to try to initiate arrhythmias
by atrial and/or ventricular stimulation and to test for conduction system
abnormalities. Although somewhat invasive, it is an extremely safe tool that
carries a mortality and morbidity potential roughly 1/10 of that of diagnostic
coronary angiography.

EPS can be useful to assess arrhythmic causes for syncope and risk for
arrhythmic death. Abnormal test results are seen in 7–50% of patients with oth-
erwise undiagnosed syncope [39]. The main use for EPS in syncope patients is to
evaluate the inducibility and hemodynamic effects of monomorphic VT. If the
ejection fraction (EF) � 0.40, VT can be induced in about 35% of SUO patients,
whereas for those with an EF � 0.40, only 3% will have VT induced, even if
structural heart disease is present [40].

EPS it most useful in: patients with CAD (and no acute ischemia); patients
with a left ventricular ejection fraction (LVEF) less than 0.40; patients with LBBB;
patients with an abnormal signal averaged ECG; patients with ventricular ectopy
of right ventricular outflow tract origin (LBBB morphology with inferior axis).

Induction of a previously undiagnosed syncopal SVT is relatively rare
(about 10%), but if induced, it can be treated by radiofrequency ablation dur-
ing the same session. The induction of poorly tolerated atrial flutter of fibril-
lation is a much more difficult finding to interpret.

EPS are fair, at best, in evaluating bradycardias [41]. Although an abnormal
sinus node recovery time can indicate sinus node disease, its presence does not
necessarily mean that the syncope is caused by sinus pauses. Furthermore,
sinus node recovery time is an insensitive measure of sinus node dysfunction.
No test provides a direct causal link to the clinical syncopal event: the link is
only a putative one. Intra- or infra-Hisian block indicates a more likely causal
link to syncope. Unfortunately, the sensitivity of EPS to diagnose serious
infranodal disease is only fair. Finally, EPS are also not very well suited to
evaluate abnormalities in AV nodal conduction.

A negative EPS does not rule out VT as a cause of syncope especially in
patients with idiopathic dilated or non-ischemic cardiomyopathies [42,43].
Further, EPS are not well suited for the evaluation of polymorphic VT.

A thorough but negative EPS, although not completely diagnostic, never-
theless indicates a generally good prognosis predicting a relatively low 2-year
incidence of SCD.

If an EPS is positive for VT (the usual reason for testing in syncope), a patient
will require definitive therapy for the VT. This often means insertion of an
ICD if there is structural heart disease. In some instances, catheter ablation is
appropriate or anti-arrhythmic drug therapy. An ICD may prevent sudden
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3. When other evaluations are not revealing.

4. When therapies directed at other potential causes are ineffective.

There is no reason to perform a tilt table test when the etiology is clear from the history.



death in a patient who has syncope and inducible VT. In fact, the risk of death in
patients with syncope and inducible VT at EPS is as high as the death rates in
patient populations with history of aborted cardiac arrest [44]. While an ICD
may prevent sudden death, it may not prevent recurrent syncope so some
patients may require combination therapy including ICD with drug therapy.

The EPS lacks sensitivity in patients without CAD [45]. As such the evaluation
in a patient with a dilated cardiomyopathy becomes much more complex
[46–48]. A patient with dilated cardiomyopathy and syncope is at high risk for
sudden death and while that risk may be due to ventricular arrhythmias alone,
this is not clear and there are several other proposed mechanisms of syncope and
death in this population.
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Present indications of electrophysiologic studies The necessity for

performing EPS has changed over the past several years and now takes 

a smaller role. Based on new data from multiple randomized controlled

clinical trials, the risk for SCD and total mortality in patients with underlying structural

heart disease, particularly when HF is present, will indicate the need for an ICD in a

large number of patients who have structural heart disease and are at risk for sudden

death. Thus, a patient who has syncope, has an impaired LVEF, and has congestive

heart failure (CHF) may benefit from an ICD or even a cardiac resynchronization device

irrespective of the results of the EPS. The reason for implanting an ICD is to reduce 

the risk of SCD. These patients may be at a particularly high risk of SCD if they have

syncope and CHF, but it is not clear that implanting an ICD will alter the risk of syncope

or improve the quality of life in these patients. However, EPS will likely not provide

benefit. Further, EPS is a poor predictor of outcomes in patients who have underlying

“channelopathies” such as in the long QT interval syndrome, in idiopathic polymorphic

VT, in hypertrophic cardiomyopathy, in valvular heart disease or in Brugada syndrome.

On the other hand, EPS may be useful to allay an arrhythmia that may be the cause for

syncope. This may occur in the Wolff–Parkinson–White syndrome or even 

in idiopathic VT due to right ventricular outflow tract tachycardia, or left ventricular

(Bellhassen’s) tachycardia. In arrhythmogenic right ventricular cardiomyopathy, an EPS

may not predict long-term prognosis but it may indicate the arrhythmias that are present

and may have some utility in ablating some of the more recurrent episodes of VT in

these patients. Nevertheless, in patients with arrhythmogenic right ventricular dysplasia,

Brugada syndrome, polymorphic VT and the long QT interval syndrome, an ICD may

need to be seriously considered to prevent the risk of sudden cardiac death.

Management

In general, the treatment depends on the causes of the syncope revealed in the
evaluation process. If there is structural heart disease, such as aortic stenosis or
hypertrophic cardiomyopathy, then the treatment is to address these obstructive
lesions and assess the long-term risk for arrhythmic death. If it is due to ischemia
(a highly uncommon cause for syncope), then coronary revascularization is



needed but even then long-term risk assessment for SCD needs to be considered.
If there is inducible monomorphic VT, in a patient with structural heart disease
(not in a patient with idiopathic VT and normal ventricular function) then an
ICD should be implanted. ICD therapy may need to be considered in patients at
high risk for SCD and total mortality if there is HF present or impaired ventricu-
lar function regardless of the electrophysiology study results.

In the case of patients with CAD, syncope, and mild-to-moderate LV dys-
function (a LVEF �35%), the yield of induced VT by EPS is low. However, EPS
may still be appropriate in select patients with relatively preserved ventricu-
lar function but who have structural heart disease. If there is VT induced, then
an ICD is needed [18]. In the case of patients with CAD, syncope and low
LVEF, and in the interest of finding a diagnosis, EPS may be helpful but it is
likely not necessary. Even in the absence of syncope, in patients with CAD
and an LVEF �35%, these patients have a substantial survival benefit when
treated with an ICD. The rationale for the implantation of ICD is from the
MADIT II, SCD-HeFT, DEFINITE and other trials [49–51].

In general, successful management of syncope depends on the proper diagno-
sis and on effective therapy. Every episode, and every patient with syncope, does
not necessarily require therapy. Spontaneous remission is common; up to 90%
with syncope pass out only once. Recurrence rates are similar whether the cause
is cardiac, non-cardiac or unknown. There is a high placebo treatment response,
especially if the cause for syncope is due to a neurocardiogenic mechanism.

Even if the mechanism and the diagnosis are clear, the therapy adminis-
tered may be ineffective. A pacemaker, for example, will prevent syncope
recurrence in a patient with acquired complete heart block but it may not in a
patient with bradycardia due to neurocardiogenic syncope.

Even if a therapy is effective to prevent syncope, it may not prevent death. 
�-blockers may prevent recurrent syncope in patients with long QT interval syn-
drome, but a �-blocker may not prevent death. Alternatively, a patient with syn-
cope due to VT could benefit from an ICD as it may prevent death but it likely
will not prevent recurrent syncope. A patient could nevertheless collapse from
VT before an administered shock.

Therapies for a condition such as neurocardiogenic syncope can be even more
confusing. There are little controlled data available regarding treatments. A
potentially effective therapy, such as a �-blockers, can actually make the prob-
lem worse (“prosyncope”).

In the US two major problems in syncope are of concern: neurocardiogenic
syncope and ventricular arrhythmias. Management of neurocardiogenic syn-
cope and syncope in the athlete will be discussed below, while management of
ventricular arrhythmias is discussed in the Chapter 9.

Neurocardiogenic Syncope

Neurocardiogenic syncope is used to describe the autonomic responses that 
may ultimately lead to inappropriate vasodilatation, relative bradycardia,
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hypotension, and collapse. This reflex is a final common pathway of many
potential autonomic inputs [52,53]. It may present as bradycardia and hypoten-
sion (classic vasovagal), hypotension alone, postural orthostatic tachycardia 
syndrome (POTS) [54,55], a psychogenic or a “central” response (cerebral vaso-
constriction) [56,57]. It may be an isolated, explainable event, a recurrent, poorly
understood, reflex (“malignant neurocardiogenic syndrome”) or present in
storms that ultimately abate. The neurocardiogenic reflex can be triggered by a
severe, viral syndrome or it may be due to an inherited “dysautonomic” prob-
lem. There can be a genetic predisposition and some patients are subject to mul-
tiple triggers.

The reflex involves cardiac and great vessel mechanoreceptors and the nodose
ganglion. These receptors, now beginning to be understood, modulated in part
by prostaglandin, endothelin, EDRF (endothelial derived growth factor [nitric
oxide]), adenosine, free radicals, and paracrine cell secretions can excite vagal
afferents. The vagal afferents provide input to the medulla, the nucleus tractus
solitarii, the cingulate gyrus, and the hypothalamus.

Once stimulated by vagal afferents, the neurocardiogenic reflex can begin.
Excessive sympathetic inhibition that follows causes inordinate and unneeded
peripheral vasodilatation. An “inappropriate” bradycardia may also occur from
vagal efferent stimulation and sympathetic inhibition. A negative inotropic effect
may ensue with concomitant cerebral vasoconstriction. Central neurologic vaso-
constriction may cause syncope without measurable bradycardia or hypoten-
sion [56,58].

Many clinical conditions may lead to this reflex. Triggers include emotion,
pain, depression, fatigue, and sleep deprivation. Triggers that are more worri-
some include myocardial ischemia or infarction (Bezold–Jarisch reflex), aortic
stenosis and hypertrophic cardiomyopathy. Cortical centers; pain, visual, and
emotional stimuli; vasopressin; the medullary cardiovascular cortical area;
the adrenal glands; and cranial nerves IX, X, V, VII, VIII stimulation may trig-
ger the response [59]. The spinal cord and unmyelinated and non-myelinated
afferent fibers may become involved.

The reflex itself may have had an ontologically protective benefit. It is seen 
in nature frequently: the “diving reflex,” the “hibernating reflex,” or the “play-
dead” reflex. This reflex can allow children who drown and have a cardiac arrest
to unexpectedly survive. The reflex, on the other hand, can cause syncope.
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Need for triggers on a susceptible terrain to ignite a neurocardiogenic

syncopal episode In real world practice, the neurocardiogenic mechanism,

generally benign, is the most common cause for syncope [60]. Neuro-

cardiogenic etiologies likely explain the majority of syncopal episodes, but many

neurocardiogenic mechanisms for syncope exist [61]. The neurocardiogenic reflex may be

transient, self-limited, persistent or recurrent. It is there, hidden, ready to be used if there is

a chance. The susceptible terrain can be related to a chronic condition (e.g. aortic stenosis)



Medical Treatment
For those who have the neurocardiogenic reflex and have frequent, recurrent
syncope, medical therapy may be necessary. Therapies may appear paradoxical: 
�-blockers to prevent bradycardia and hypotension [63,64], for example. Other
potential interventions modulate the reflex, selective serotonin reuptake
inhibitors (SSRIs) [65], anticholinergics (disopyramide) [66], salt loading, theo-
phylline [67], 
-stimulants (midodrine [Proamitine]) [68,69], cardiac pacing, 
fludrocortisone acetate (Florinef Acetate) [70], clonidine (HCl Catapres), exercise,
support hose, desmopressin (DDAVP, Stimnate) and erythropoietin (Epogen
Procrit), angiotensin converting enzyme (ACE) inhibitors, among others. With a
better understanding of the mechanisms responsible for the neurocardiogenic
response(s), better approaches to medical therapies may be achieved [70]. Many
small, poorly controlled, clinical trials have shown benefits of all of the above, and
other, therapies. Unfortunately, the populations tested are often highly select
groups that do not necessarily represent the overall population with neurocardio-
genic syncope. Many patients with neurocardiogenic syncope pass out only a few
times. In this case, no therapy may be needed. For those patients who have fre-
quent recurrent episodes of neurocardiogenic syncope, and are documented not
to have psychogenic causes, long-term therapy may be needed. The autonomic
nervous system, however, is relatively “plastic” and therefore any therapy given
may only work temporarily. Often, therapies need to be given on a case-by-case
basis and will not work for all situations or all patients. Furthermore, many of
these patients respond well to the “placebo” effect of the therapy itself, confound-
ing proper assessment of the efficacy of the therapy.
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or a new acute illness (e.g. gastrointestinal bleed, dehydration from diarrhea, vasodilation

from alcohol intake, etc.). Then a trigger arrives by chance, causing acute change in

vascular volume due to loss of vascular volume or inappropriate vasodilation such as: new

gastrointestinal bleeding, intense emotional stimuli [62], physical activity, pain or the

effects of alcohol or an inotropic stimulant. A sudden trigger ignites the inappropriate

bradycardia and vasodilation cascade culminating into sudden loss of BP and presented

as a syncopal episode. The reflex is there from birth. The susceptible terrain is there or

not. Without the susceptible terrain, even with the arrival of a trigger, there is no syncope.

Neurocardiogenic syncope has to happen at the wrong time in the wrong place.

CRITICAL THINKING

The POST trial. The Prevention of Syncope Trial was a double-blind,

randomized, placebo-controlled trial, for patients �18 years of age with a

history of at least three episodes of vasovagal syncope and positive tilt

test. 208 patients were randomized to either metoprolol (n � 108) or placebo (n � 100).

Of the 208 patients initially entered into the study, 38% (n � 79) finished the 1-year

study without fainting and without discontinuation of the study drug, and 35% (n � 74)

experienced a syncopal episode while on the study drug; 26% (n � 55) of patients did

not complete the study. At 1 year, the results showed that metoprolol was not
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associated with any benefit over placebo for the prevention of syncopal recurrence

(efficacy analysis) [71].

Similarly, there was only an insignificant benefit associated with metoprolol over

placebo with respect to syncopal recurrence or discontinuation of drug therapy

(effectiveness analysis). In the prespecified analysis of age, investigators found that

patients �42 years of age treated with metoprolol did significantly worse than a

similar-aged cohort of patients treated with placebo. In patients 42 years of age or

older, however, the difference between the metoprolol and placebo groups was not

significant. With respect to the primary outcome of the effectiveness analysis (syncopal

recurrence or discontinuation of drug therapy), metoprolol was associated with

insignificant worsening in young patients and a nearly significant benefit in older

patients compared with placebo [71].

CRITICAL THINKING

Treatment with midodrine. A double-blind, randomized, crossover trial to

investigate the efficacy of midodrine, a selective 
-1 adrenergic agonist

that decreases venous capacitance, in preventing neurally mediated

syncope triggered by passive HUTT. 12 patients with history of recurrent neurally

mediated syncope, which was reproduced during head-up tilt, were randomized to

receive a nonpressor dose of midodrine (5 mg) or placebo on day 1 and the opposite

on day 3. One hour after drug or placebo administration, patients underwent 60-degree

HUTT lasting 40 minutes (unless hypotension or bradycardia developed first). In the

supine position, midodrine produced no significant change in BP or heart rate. The

responses to head-up tilt were significantly different on the midodrine and the placebo

day: on the placebo day, 67% (8/12) of the subjects suffered neurally mediated

syncope, whereas only 17% (2/12) of the subjects developed neurally mediated

syncope on the midodrine day (P � 0.02). These results indicate that midodrine

significantly improves orthostatic tolerance during HUTT in patients with recurrent

neurally mediated syncope [72].

CRITICAL THINKING

Myths and realities of �-blockade. The assessment of any medical therapy 

for neurocardiogenic syncope has been performed in relatively select

populations. The POST trial, for example, was a group of patients having 

very frequent recurrent episodes of neurocardiogenic syncope [71]. This study did not

demonstrate a substantial benefit of a �-blocker therapy for patients with neuro-

cardiogenic syncope, and yet some patients seemed to respond to the treatment. In a

patient with frequent recurrent neurocardiogenic syncope who does not respond to other

therapies, a �-blocker may be considered an option but a �-blocker may also make the

problem worse. A first-line therapy for neurocardiogenic syncope, after adequate

hydration and avoidance approaches, is fludrocortisone. Midodrine is an option but is a

complex medication to take and does not necessarily benefit all patients. While an SSRI



Training Exercises
These exercises are actually “mini-tilt table tests” which encourage the reflex and
perhaps, by so doing, strengthen the individual’s tolerance to it [73]. The use of
tilt training is over 90% effective and while much of this response may be
placebo, the safety of this approach is such that it really does not matter what the
beneficial mechanism might be. The patients are instructed to tilt against a wall
for 15–30 minutes a day as tolerated. This exercise may be primary therapy for
some forms of neurocardiogenic syncope and it appears highly effective in pre-
liminary studies.
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may be beneficial, SSRIs do not universally work and are wrought with adverse effects.

There are some recent data on the use of pyridostigmine for neurocardiogenic syncope

and orthostatic hypotension. Midodrine and and fludrocortisone may be very useful for

patients with POTS.

CRITICAL THINKING

Intelligent and critical interpretation of clinical trials. In tilt training,
there is a discrepancy between clinical results and “scientific” results.

There may be a substantial benefit from tilt training but this is not clearly

evident in clinical practice. Furthermore, much of the benefit may be due to a

“placebo” effect. One promising approach for the patient with neurocardiogenic

syncope who has a warning episode that occurs while standing, is the use of leg

crossing to prevent passing out by increasing venous return and increasing afterload,

forcing blood to the brain [74].

Pacing
Other data indicate that dual chamber (dual chamber pacing mode and rate
adaptation (DDDR) with rate drop response) pacing may be of benefit, but the
issue of “placebo” response to pacemaker implants remains debatable [75].
Many studies, including the VPS I, have shown that patients with vasovagal
syncope might benefit from pacing: SAFE-PACE [76], VASIS [77], SYDIT [78],
and SYNPACE [79] to name only a few). However, these were unblinded
studies, and are thus subject to bias and a potential placebo effect. There are
two studies which showed the contradictory results of pacing on cardioneu-
rogenic syncope.

CRITICAL THINKING

The ISSUE II trial. The Second International Study of Syncope of Uncertain

Etiology 2 trial enrolled 442 patients suspected of neurally-mediated syncope.

In phase I, the patients were followed for a maximum of 24 months or until

their first documented syncopal episode. Over the course of follow-up, a total of 143

patients had � 1 syncopal episode, of whom 106 had the syncopal cause documented by
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ILR (57 patients had asystole (median: 11.5 seconds), four patients had bradycardia). Then

103 patients entered phase II of the study; 53 of these had pacemaker as ILR-based

specific therapy due to asystole or antitachycardia therapy, based on phase I findings, and

50 patients were in sinus rhythm and received non-specific therapy. After 1 year, syncope

recurrence was reduced by 80% in the ILR-based specific therapy group (41% 1-year

recurrence vs. 10% in the conservative group). The subgroup of patients who received a

pacemaker had a significantly lower recurrence rate of syncope compared with the patients

who did not have documented bradycardia (hazard ratio (HR) � 0.20, P � 0.0005) and

compared with the subgroup of 30 patients who did not receive a pacemaker despite

documentation of bradycardia (HR � 0.10, P � 0.002) [36].

CRITICAL THINKING

Benefit from pacing after ILR for neurocardiogenic syncope.

Neurocardiogenic syncope has many etiologies and is only beginning to

be understood. There is no one specific therapeutic approach that will

work for all patients with neurocardiogenic syncope and patients with this syndrome

have a diversity of causes and triggers. The tilt table test may or may not be positive in

patients with presumed neurocardiogenic syncope. As shown in the ISSUE II trial 

[36], patients clinically may have long asystolic episodes as demonstrated by ILR 

even though on the tilt table test they do not have these. The actual process of

neurocardiogenic syncope may differ in real life from that which occurs on a tilt table

test. It is therefore uncertain which patient with neurocardiogenic syncope will benefit

from a pacemaker and which will not. Further, syncope can occur before the asystolic

episode. Unless the patient has evidence for long asystolic pauses that are causing

syncope and the problem is not otherwise treatable but is recurrent and refractory to

medical management, a pacemaker may need to be considered [36].

CRITICAL THINKING

The VPS II trial. The Second Vasovagal Pacemaker Study II is the first

double-blind, randomized trial undertaken to determine whether pacing

therapy reduces the risk of syncope in patients with vasovagal syncope,

and is also the largest of the randomized pacemaker trials in this patient population. It

enrolled 100 patients with a history of recurrent vasovagal syncope and a positive

HUTT. All patients underwent implantation of a dual-chamber pacemaker and were

then randomized to receive either dual-chamber pacing (DDD) with rate drop response

(n � 48) or only sensing without pacing (ODO) (n � 52) as the control. The results

showed that 38 patients (42% in the ODO group) and 16 patients (33% in the DDD

group) experienced syncope during the follow-up period. Median duration of syncope

in these patients was 2 minutes in the control group and 1 minute in the treatment

group. Based on intention-to-treat analysis, the cumulative risk of syncope at 6 months

was 40% in the ODO group and 31% in the DDD group (P � 0.14) [80].



When an episode of apparent neurocardiogenic syncope has no obvious
cause and the patient does not have heart disease, you cannot predict whether
the patient will ever experience a recurrence. Although treatment is not war-
ranted initially in such cases, careful follow-up is needed. If another episode
occurs, and evidence again suggests a neurocardiogenic mechanism, a tilt-
table test may help to confirm the diagnosis and determine treatment.
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CRITICAL THINKING

No benefit to pacing after positive head-up tilt table test. Unfortunately

there is no clear way to judge which patient with neurocardiogenic

syncope and asystolic episodes will benefit from a pacemaker. Pacemaker

therapy is clearly not first-line therapy for the average patient with neurocardiogenic

syncope (especially just after a positive HUTT). Pacemaker therapy may be

advantageous for those patients who have long asystolic causes that appear to be the

direct cause for the syncope (as proved by ILR). This could be at any age but it would

mean that the episodes are recurrent, frequent, refractory to all other medical therapy

and are demonstrated to be due to a systolic episodes. In this case, despite the

negative results of the VPS II trial [80], a pacemaker is clearly indicated. Further, the

placebo benefit of a pacemaker is hard to quantify for all patients who get pacemaker

implantation for any cause, as so few placebo-controlled pacemaker trials have been

performed. If the patient has clear-cut benefit from a pacemaker, as long as there is no

harm, a pacemaker maybe beneficial.

CLINICAL PEARLS

Treatment of neurogenic syncope Regarding neurocardiogenic

syncope, no medical therapy has proven benefit for the average patient.

Treatments include lifestyle changes, avoiding things that cause syncope,

adequate hydration, salt load and support hose. There can be a lack of response to

hydration and salt loading, however, but prior to an event that may cause

neurocardiogenic syncope, hydration, especially with ice cold water and salt loading,

may be helpful. There are few controlled data for medications. Tilt training may be

effective. Dual chamber (DDDR-rate drop response) pacing has little role in the average

patient with neurocardiogenic syncope.

Athlete: Exercise-induced Syncope

Syncope, dizziness, collapse and loss of consciousness are among the most wor-
risome symptoms that occur in relation to exercise [81,82]. These dramatic symp-
toms can portend sudden and “unexpected” death. The cause is often uncertain
and difficult to diagnose but is often related to an arrhythmia. Extensive diag-
nostic testing can lead to immense cost but the accuracy of such testing is subject
to deserved scrutiny. Reggie Lewis, an apparently healthy, young, well-known,



basketball star with syncope died of ventricular fibrillation due to a focal car-
diomyopathy that some physicians felt was difficult to diagnose in life despite
extensive testing. In fact, one of his physicians felt he had neurocardiogenic syn-
cope due to the fact that he had a positive tilt table test.

The trained athlete is unique. Exercise training increases vagal tone chroni-
cally but baroreceptor adjustments reduce the possibility of a neurocardio-
genic reflex. Exercise-induced enhancement of sympathetic activity is
blunted. Bikers or runners (dynamic activity) rarely pass out due to hemody-
namic or autonomic effects. The muscle pump increases venous return and
prevents this. Marathon runners can collapse from dehydration or hypoten-
sion during prolonged exertion or at the end of exercise. Such an event is not
unusual or necessarily worrisome and may not require further evaluation.
When an athlete stops exercising and there is maximal peripheral vasodilata-
tion, the muscle pump may fail, and the BP may drop to causing syncope.

It is highly unusual for an athlete to collapse from a benign cause at the
onset of intense physical stress or even with prolonged, continued, activity.
Syncope, during exercise, tends to be worrisome and possibly related due to 
a malignant, arrhythmic, cause. Reggie Lewis, for example, collapsed while
dribbling down the court with uncontrollable loss of postural tone, crumpling
to the floor. When something like this occurs, it is usually due to a serious
arrhythmia. His death strongly emphasizes the fact that athletes who passed
out in the throes of exercise have a potentially life-threatening cause for 
their episode, and neurocardiogenic syncope is clearly the diagnosis of 
exclusion.

Non-cardiac causes for syncope include neurocardiogenic responses to exer-
cise, dehydration (sometimes intentional, e.g., wrestlers), hyperventilation, val-
salva (e.g. weight lifters), and circulating mediators, (e.g., histamine, serotonin).
A variant of neurocardiogenic syncope is exercise-induced neurally mediated
hypotension and bradycardia. Autonomic failure and loss of peripheral muscle
pump function may participate in abrupt cardiovascular collapse with syncope.

Supplements, and drugs, athletes take may cause tachy- and/or brady-
arrhythmias or hemodynamic collapse. Ma Huang (from the Chinese ephedra
plant), androgens and creatine, easy to obtain over-the-counter, are poten-
tially dangerous. Illicit drugs, such as cocaine taken to enhance performance,
can have serious consequences causing syncope. It is important to rule out a
possibility of seizure disorder.

The cardiac causes for syncope are listed in Table 13.2. A young athlete with
syncope who has significant coronary artery abnormalities will likely have
other concomitant symptoms, including chest discomfort, and often has ECG
myocardial abnormalities present. Ischemia should always be considered a
likely trigger in those over 35 years old. Polymorphic and monomorphic VTs
associated with structural heart disease can cause syncope and carry a poor
prognosis in athletes. Exercise-induced “idiopathic” (no known structural
heart disease) right and left VTs can cause syncope and can be ablated with a
good long-term results and a good prognosis. High grade or complete AV
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block or chronotropic incompetence causing syncope, during exercise, is 
rare in young athletes but may occur in the elderly patients treated for heart 
disease.

Evaluation of Syncope in the Athlete
The evaluation of syncope in the athlete is more complicated than for the non-
athlete. Before allowing return to exercise, the cause of syncope should be
determined and treated properly. Any syncopal episode should be considered
seriously and should be carefully evaluated ruling out as needed hyper-
trophic cardiomyopathy, arrhythmogenic right ventricular dysplasia, coro-
nary anomalies, and congenital long QT interval syndrome. Specific historical
features to be collected are included in Table 13.6.

An adequate history can require information available from team members,
the family, friends and witnesses. Symptoms must be scrutinized: Is the syn-
cope a single or a recurrent episode? Did exercise initiate the episode? Was
exercise isometric (static) or isotonic (dynamic)? In what position did syncope
occur? Did syncope occur with the start of exercise, with prolonged exercise,
or at the end of exercise? Were there premonitory symptoms (e.g. palpitations,
impending doom, diaphoresis, or chest pain), concomitant acute illnesses,
“triggers”, changes in dietary habits and/or medications, or the presence of
emotional stress? Was there pallor, absence of a pulse, or concomitant acute
illness? Was recovery immediate or prolonged? If syncope is prolonged, 
consider a hemodynamic-obstructive cause, such as aortic stenosis or hyper-
trophic cardiomyopathy. Syncope can be mimicked by seizures and hypo-
glycemia. To distinguish, and exclude, these potential causes, the episode and
circumstances surrounding the episode must be scrutinized carefully. The
quality, severity and length of the episode and the time required for recovery
can help determine potential etiologies. The physical examination should
concentrate on orthostatic vital signs (squatting and standing) and a complete
cardiac and neurological examination.
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Table 13.6 Details of history in syncope of athlete.

1. The circumstances and timing of the episode related to exercise
2. The exercise type, sport, length and intensity of exercise
3. Hydration status
4. Medication, illicit drug and supplement use
5. Age
6. Degree of conditioning and exercise frequency
7. Presence of heart disease
8. Severity and length of episode
9. Genetic screening and family history

10. Previous surgery and implanted devices
11. The temporal relationship to exercise
12. The type of athlete (“weekend-warrior” or full-time athlete)



Diagnostic Testing for the Athlete
Any evaluation should be comprehensive, yet practical. An ECG and echocar-
diogram are a good place to start, and are of low risk and expense. All synco-
pal athletes should have at least this evaluation.

Arrhythmias can be difficult to reproduce during exercise but the mecha-
nisms for this are understood poorly. Arrhythmias and their hemodynamic
influence can be difficult to induce. Exercise testing is a standard first-line
approach and may yield a diagnosis. Even so, routine exercise testing may not
be an adequate method to predict cause for syncope. Sometimes, it is neces-
sary for the individual to perform the same exercise that caused the event. An
exercise test may be diagnostic even if it may not be possible to mimic the
exact exercise situation that triggered the syncope. This is a useful and con-
trolled approach to arrive at a diagnosis.

An ECG monitor can provide crucial information and may be diagnostic; it
is a first line approach. Holter monitors, external endless loop recorders and
implanted monitors, can help secure the diagnosis. The use of different tech-
niques depends on the clinical situation. An exercise test may be useful, how-
ever, the specific activity associated with syncope such as soccer, basketball,
or sprinting may be the only trigger for the arrhythmia. It may be necessary
to monitor a patient during exercise: there may be some danger in this
approach.

The tilt table test, to be diagnostic, must reproduce the symptoms exactly
[83]. A tilt table test may be useful to help diagnose a neurocardiogenic cause
but the results of such testing should always be considered non-specific and
be interpreted cautiously. Neurocardiogenic syncope is always the diagnosis
of exclusion, especially if syncope occurs during intense exertion. Children
have a different center of gravity and may need a more aggressive protocol.
Likewise, an athlete may need a different protocol. Compensatory mecha-
nisms such as the skeletal muscle pump can prevent neurocardiogenic syn-
cope during exercise although syncope may occur at exercise termination
when skeletal pump is less active. Dehydration and vasodilatation may also
be contributing factors.

Electrophysiology testing, while a powerful tool, can mislead in the athlete.
Unless the patient has underlying CAD and LV dysfunction, an electrophysi-
ology test lacks sensitivity and is non-specific. The test has limited, if any, use
for patients with hypertrophic cardiomyopathy and right ventricular dyspla-
sia. Electrophysiology testing results may be useful to identify, and ablate,
supraventricular, and idiopathic, ventricular, tachycardias (with subsequent
return of the athlete to full activity).

If all else fails and there is a high suspicion of an ischemic etiology, a cardiac
catheterization may be diagnostic. The decision to proceed with this or a
myocardial biopsy requires a high degree of clinical suspicion and depends
on concomitant symptoms. High-resolution echocardiography can image the
proximal of the coronary arteries and rule out the anomalous origin of the
coronary artery ostia.
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Difficult Situations and Suggested Solutions

Real World Question When a Patient with Syncope Needs
Hospitalization?
When to hospitalize a patient after syncope is a major concern [83]. A patient
with CVD, suspected of having sustained VT, might benefit from hospitalization
because it could prevent recurrent symptoms, injury, and death. Elderly patients
are at high risk for underlying cardiovascular causes and should be evaluated
carefully in the hospital. The elderly often live alone, often cannot care for them-
selves, and are especially vulnerable to injury during an episode of syncope [83].

Consider hospitalization even for an isolated episode with no suspected car-
diac cause if outpatient evaluation cannot be accomplished safely and satisfacto-
rily. A patient who loses consciousness and goes to the emergency department
poses a problem. Both the patient and the physician are concerned. Although the
risks may be very low, the patient may go home and die; there are medical and
legal risks. Vasovagal syncope may have a malignant presentation. Patients
who frequently pass out for no particular reason need to be stabilized in the
hospital before going home. Dysautonomic syndromes in unstable or elderly
patients require admission. Whenever a treatment is needed for syncope but
it cannot be initiated safely on an outpatient basis, hospitalization is recom-
mended. A patient with severe orthostatic hypotension requires hospitaliza-
tion. Patients with syncope who should be considered for hospital admission
are listed in Table 13.7.

Guidelines from the American College of Emergency Physicians:
Admission of Patients with Syncope
These recommendations were stratified into three levels according to the
strength of evidence. No level A recommendation was specified. The level B
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CLINICAL PEARLS

Exercise for the athlete with history of syncope Syncope during

exercise may indicate a life threatening or at least an arrhythmic cause.

The diagnosis will vary with the age of the patient, whether the episode

occurred during isometric, isotonic, or endurance activities, and the position of patient

(supine, standing, running). Consider if syncope occurred during exercise, at its onset

or offset. Consider what were the associated symptoms and other conditions and was

there a significant family or other medical history. Neurocardiogenic syncope is the

diagnosis of exclusion in these individuals. Electrophysiology and tilt table testing may

mislead. The 36th Bethesda Conference 2006 Recommendations are that athletes with

syncope should not participate in sports until cause is determined and treated. If

asymptomatic for 2–3 months during treatment, and the problem is not considered to

recur or be life threatening, the athlete can participate. Patients who have implantable

devices may require long-term restriction from some athletic activities, although the

electrophysiology community is split on this [84].



recommendation (management strategies that reflect moderate clinical cer-
tainty) was to admit patients who had any of the following: (1) a history of CHF
or a history of ventricular arrhythmias, defined as past history of premature
ventricular contractions that were frequent (�10 per hour), repetitive (�2 con-
secutive), or multifocal; (2) associated chest pain or other symptoms compatible
with acute coronary syndrome; (3) evidence of significant CHF or valvular
heart disease on physical examination; or (4) ECG findings of ischemia,
arrhythmia, prolonged QT interval, or bundle branch block. The level C recom-
mendation (management based on preliminary, inconclusive, or conflicting evi-
dence, or, in the absence of any published literature, based on panel consensus)
was to consider admission for patients with syncope and any of the following:
(1) age older than 60 years; (2) history of CAD or congenital heart disease;
(3) family history of unexpected sudden death; or (4) exertional syncope in
younger patients without an obvious, benign cause for the syncope [85].

Hospitalization may be used to perform cardiac monitoring and to formu-
late and undertake specific treatment plans that cannot be performed readily
on an outpatient basis. Electrophysiology testing for arrhythmia evaluation is
one reason to admit patients to the hospital to help determine the proper
long-term treatment and to help improve the prognosis.

Syncope 399

Table 13.7 Indications for hospitalization.

1. Elderly
2. Structural heart disease, cardiomyopathy, valvular heart disease, hypertrophic 

cardiomyopathy, CAD
3. Potential arrhythmic cause of syncope without obvious structural heart disease (the young or 

the old with cardiac arrhythmias on monitor, a long QT interval or a delta wave)
4. Severe orthostatic hypotension
5. Unexplained syncope and significant injury
6. New neurological findings: TIA, stroke seizure disorder, or suspected neurological cause
7. Concomitant diagnoses requiring treatment
8. Frequent, severe, and difficult to control neurocardiogenic syncope

CAD, coronary artery disease; TIA, transient ischemic attack

Take Home Message

Syncope is a common manifestation of many disease processes. The problem is
recurrent and handicapping for a minority. Patients with syncope and heart dis-
ease, particularly when there is impaired LV function, bundle branch block or evi-
dence for CHF or a positive family history, are at particularly high risk for death,
require an aggressive initial approach, and may require hospitalization and
aggressive therapeutic interventions (including defibrillator implantation). New
diagnostic modalities are becoming available to use in patients with undiagnosed
syncope. When applied judiciously, tilt testing, long-term event monitoring and
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Introduction

In the past children with congenital heart disease (CHD) rarely reached adult-
hood due to limited treatment options. With the advent and progress of con-
genital cardiac surgery, and improvements in the medical management, the



number of adults with operated CHD is increasing worldwide [1]. It is predicted
that 32,000 new cases of CHD are detected per year in the US and that �85%
of infants born with CHD reach adulthood. The majority of these patients had
palliative or reparative surgery during childhood, but �10% of CHD patients
are not diagnosed until they are adults [1]. The increasing number of adults
with CHD in the US is related not only to congenital cardiac surgery but also
increased awareness and recognition of CHD, and increasing numbers of
immigrants with uncorrected CHD coming to medical attention.

The majority of patients with operated CHD are not cured and thus require
ongoing congenital cardiac care because of the high frequency of residua and
sequelae [2]. The conditions and their expected survival are shown in Table 14.1.

Long-term Follow-up of Adult Patients with CHD
Most patients with operated CHD require life-long informed cardiovascular
follow-up. Periodic evaluation at an established adult congenital heart dis-
ease clinic is recommended. However, regular life-long follow-up is required
at a local level and adult cardiologists must be aware of the cardiovascular
issues that may arise in adult CHD patients and recognize problems which
warrant referral to an adult congenital heart disease clinic. Many patients
with important residua or sequelae from their CHD are asymptomatic, and
the first symptom is often an arrhythmia (Table 14.2) [3].

This chapter is written to aid adult cardiologists caring for CHD patients in
the community. This review of CHD will include a range of problems frequently
seen in adult cardiology, such as a brief discussion of bicuspid aortic valve
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Table 14.1 Survival of corrected and uncorrected congenital heart defects.

Common defects in which unoperated adult survival is expected
1. Bicuspid aortic valve
2. Pulmonary valve stenosis
3. Ostium secundum atrial septal defect
4. Small patent ductus arteriosus
5. Small ventricular septal defect

Uncommon defects in which unoperated adult survival is expected
1. Congenitally corrected transposition of the great arteries (l-TGA)
2. Ebstein’s anomaly
3. Congenital pulmonary valve regurgitation
4. Lutembacher’s syndrome
5. Sinus of Valsalva aneurysm
6. Coronary artery anomalies
7. Single ventricle with pulmonary stenosis

Common defects in which unoperated adult survival is exceptional
1. Large ventricular septal defect
2. Aortic forestation
3. Tetralogy of Fallot
4. Complete transposition of the great arteries

l-TGA, congenitally corrected transposition of the great arteries.



with aortic stenosis or regurgitation, to a more comprehensive review of those
disorders infrequently seen in cardiology practice such as tetralogy of Fallot
(TOF). Simple and complex hemodynamic problems will also be reviewed.
An organizational chart is shown in Table 14.3.

Simple Obstructive Lesions

Bicuspid Aortic Valve and Associated Disorders
Bicuspid aortic valve (BAV) occurs in about 1–2% of the population. Some
patients with BAV have an associated cardiovascular abnormality such as 
aortopathy and less frequently aortic coarctation. Early in life, there may be no
hemodynamic abnormalities related to the BAV, but the BAV is a site of possi-
ble endocarditis with its inherent concerns. Endocarditis prophylaxis is rec-
ommended for all patients with BAV, regardless of the function of the valve.
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Table 14.2 Management strategies in the follow-up of adult congenital heart disease patients.

Follow-up of stable CHD patients for non-cardiac problems
1. Endocarditis prophylaxis
2. Preoperative evaluation for non-cardiac surgery
3. Contraceptive counseling
4. Pregnancy counselling – usually requires referral to Adult CHD clinic
5. Guidelines for exercise and competitive sports

Follow-up of disease progression and detection of complications
1. RV enlargement and dysfunction
2. Increased pulmonary flow and subsequent pulmonary hypertension
3. Atrial and ventricular arrhythmias
4. LV dysfunction and heart failure
5. Sudden death
6. Erythrocytosis and hyperviscosity due to cyanotic CHD

Problems for follow-up after corrective surgery
1. Major residual valve lesions: severe pulmonary, aortic and mitral valve regurgitation, severe

RV or LV outflow tract obstruction
2. Prosthetic valves, conduits – obstruction or regurgitation, infection
3. Postoperative forestation – hypertension, heart failure, coronary artery disease, bicuspid

aortic valve disease progression, aortic aneurysm (ascending or at the site of coarctation
repair), intracranial aneurysm

4. Repaired single ventricle
5. Systemic RV (d-TGA with atrial baffle, l-TGA) increased risk for systemic ventricular

dysfunction and progressive heart failure
6. Coronary artery problems after an arterial switch for TGA

Socio-economic problems
1. Employment
2. Health insurance
3. Life insurance
4. Psychosocial issues

l-TGA, congenitally corrected transposition of the great arteries; CHD, congenital heart disease;
d-TGA, complete transposition of the great arteries; LV, left ventricular; RV, right ventricular.



The medial layer of the aorta above the valve is often abnormal in patients with
BAV, this predisposes patients to develop aortic root dilation and dissection. BAV
is a common cause of dissection in young patients, especially in pregnant woman
[4–6]. It is recognized that BAV demonstrates a high degree of heritability. Family
echocardiographic screening is now recommended. Asymptomatic aortopathy
may be identified in family members, in the absence of a BAV [7].

In middle adult life, about 65% of BAV’s degenerate to cause aortic regurgi-
tation or calcify and cause aortic stenosis. Due to the recognized progression
of valve stenosis and regurgitation, regular cardiovascular evaluation is 
recommended to monitor for the development of symptoms, progressive
valve disease, ventricular dysfunction, and aortic root enlargement.

Intervention must be individualized, the non-calcified stenotic bicuspid
aortic valve may be amenable to balloon or surgical valvoplasty. Operative
intervention is eventually required in the majority of BAV patients. The type
of operative intervention depends on the primary lesion [8].

Subvalvular Aortic Stenosis
A special category of adult patients who need continued follow-up are those
with discrete subvalvar aortic stenosis. These patients usually have a discrete
fibrous ridge and/or fibromuscular tissue ridge located from 2–5 mm below
the aortic valve. Frequently, the ridge is circumferential and attached both to
the ventricular septum and the anterior leaflet of the mitral valve. Less com-
monly, a longer, tunnel-type of subvalvular obstruction is noted. These
lesions usually progress during childhood and adolescence, and can cause a
secondary thickening of the aortic valve resulting in aortic valve regurgitation.
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Table 14.3 Classification of congenital heart disease for adult cardiologists.

1. Simple obstructive lesions
(a) Aortic stenosis

Bicuspid aortic valve with aortic stenosis, regurgitation and aortopathy
Subvalvular aortic stenosis
Supravalvular aortic stenosis

(b) Pulmonary valve stenosis
(c) Coarctation of the aorta
(d) Coronary anomalies

2. Left-to-right shunts
(a) Ventricular septal defect (VSD)
(b) Atrial septal defect (ASD)
(c) Patent ductus arterious (PDA)
(d) Atrioventricular septal defect

3. Complex corrected lesions
(a) Ebstein’s anomaly
(b) Tetralogy of Fallot (TOF)
(c) Complex pulmonary valve atresia
(d) Transposition of great arteries (d-TGA)
(e) Single ventricle physiology



Despite a number of different surgical techniques to remove the discrete
stenosis with septal myotomy or myomectomy, recurrence – and the need for
reoperation – occur frequently. In addition, aortic valve regurgitation can
progress, despite adequate relief of the subaortic gradient [8].

Supravalvular Aortic Stenosis
Patients with discrete supravalvar aortic stenosis (AS) usually have good
operative results with patch repair of the aortic root just above the valve.
Residual valvular and supravalvar abnormalities, however, can occur and
need long term follow-up. Supravalvar aortic stenosis can be familial and
associated with the Williams syndrome. Genetic counseling is extremely
important for this group of patients [8]. When late repair is accomplished,
there is concern regarding progressive coronary artery disease, since the coro-
nary arteries are in the high pressure region. Some syndromes involving con-
genital cardiac lesions are listed in Table 14.4.

Pulmonary Stenosis
Right ventricular outflow tract obstruction is valvular in 90% of cases, and
supravalvar or subvalvar in 10%. Supravalvar pulmonary stenosis (PS)
results from the narrowing of the pulmonary trunk, its bifurcation, or its
peripheral branches; it often coexists with other congenital cardiac abnormal-
ities (valvular PS, atrial septal defect (ASD), ventricular septal defect (VSD),
patent ductus arterious (PDA), or TOF, especially if there is pulmonary atre-
sia). Subvalvar PS, caused by narrowing of the right ventricle (RV) infundibu-
lum or sub infundibulum, usually occurs in association with a VSD. The
severity of PS is shown in Table 14.5.
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Table 14.4 Syndromes associated with congenital heart disease.

1. Williams syndrome Hypercalcemia, elfin facies, mental retardation, supravalvar PS, 
supraoartic AS, peripheral pulmonic stenosis

2. Lutembacher’s syndrome ASD, with rheumatic MS
3. Down’s syndrome Trisomy of chromosome 21, frequently with atrioventricular canal

defect or ventricular septal defect
4. Noonan’s syndrome PS due to valve dysplasia, short stature, webbed neck, low 

nuchal hairline, low set ears, cubitus valgus, hypertrophic 
cardiomyopathy

5. Turner’s syndrome Short stature, webbed neck, low nuchal hairline, low set ears, 
cubitus valgus, coarctation of the aorta, aortic stenosis, 
propensity to aortic dissection

6. Holt-Oram syndrome Heart–hand syndrome with autosomal dominant inheritance is 
characterized by upper limb and cardiac septal defects

AS, aortic stenosis; ASD, atrial septal defect; CHD, congenital heart disease, MS, mitral stenosis;
PS, pulmonary stenosis



The severity of symptoms and the prognosis are influenced by the severity
of PS, RV systolic function, and the competence of the tricuspid valve. The
condition may be initially identified in the asymptomatic adult after detection
of a murmur. When the PS is severe, dyspnea on exertion, fatigability, or less
commonly chest pain and syncope may occur. Eventually right heart failure
develops. If the foramen ovale is patent, right-to-left (R-to-L) shunting may
occur and cause cyanosis and clubbing [4,5].

Valvular PS may be associated with Noonan syndrome, which is an 
autosomal dominant disorder characterized by short stature, intellectual impair-
ment, unique facial features, neck webbing, and congenital heart defects. Noonan
syndrome should always be considered in a patient with valvular PS.

The jugular venous pressure demonstrates a prominent “A” wave. An RV lift is
common. An ejection click is common and increased proximity of the click to the
first heart sound suggests increasing severity of PS. A systolic murmur with
delayed pulmonary component of the second heart sound is noted. With severe
PS the pulmonary component of the second heart sound disappears. Right ven-
tricular hypertrophy and right axis deviation are noted on the electrocardiogram.

The diagnosis of PS is confirmed by transthoracic echocardiography. Echo-
Doppler evaluation determines the severity of PS, and the degree of right ven-
tricular hypertrophy. Intervention is recommended when the peak gradient is
over 50 mmHg in the setting of a normal cardiac output or when right ventric-
ular hypertrophy is present.

Asymptomatic adults with mild PS do not need intervention other than
endocarditis prophylaxis. The treatment of choice for PS is pulmonary bal-
loon valvuloplasty. Re-intervention is more commonly required in patients
treated with balloon rather than surgical intervention [9,10]. Recurrence is
rare unless the patient has a dysplastic and immobile pulmonary valve, which
may require surgical valvectomy. If there is severe pulmonary valve regurgi-
tation, surgery is indicated.

In the past, surgical pulmonary valvotomy was routinely performed.
Despite near-normal life expectancy, patients with operated PS have an
increased risk of cardiovascular events related to long-standing pulmonary
valve regurgitation and pulmonary valve replacement if often required [11].

Coarctation of the Aorta
Coarctation of the aorta (CoA) typically consists of a discrete diaphragm-like
ridge extending into the aortic lumen just distal to the left subclavian artery at
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Table 14.5 Classification of pulmonary stenosis.

Severity of pulmonary stenosis Peak gradient

1. Mild �30 mmHg
2. Moderate 30–49 mmHg
3. Severe �50 mmHg



the site of the aortic ductal attachment (the ligamentum arteriosum) [4,5].
Isolated CoA is occasionally diagnosed in adults, presenting with a systolic
murmur and upper extremity hypertension or leg fatigue. Hypertension in
the upper extremities with reduced blood pressure in the lower extremities is
classically noted resulting in radial to femoral artery delay in pulse appear-
ance. Rarely, an aberrant right subclavian artery arises below the CoA so there
is no difference between right upper and lower extremity pressures [8].
Bicuspid aortic valve occurs in over 50% of patients with CoA [4,5].

Disorders associated with CoA of the aorta include: (1) Turner syndrome
(45, X karyotype) which is characterized by a short female, broad chest, with
wide-spaced nipples, webbed neck, and cardiac defects (20%), most com-
monly CoA; (2) Shone syndrome which is characterized by multiple left-sided
obstructive lesions including supravalvar mitral ring, subaortic stenosis,
bicuspid aortic valve, and CoA; and (3) cerebral aneurysms [12].
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CLINICAL PEARLS

Clinical clues for coarctation of the aorta A systolic ejection murmur is 

common in CoA. When the CoA is severe the murmur may be continuous.

A continuous murmur may be audible or palpable in the left axilla and

back if well-developed collaterals from the internal thoracic, subclavian, and scapular

arteries are present.

There may also be a murmur and click related to the bicuspid aortic valve.

Most adults with CoA are asymptomatic, but there may be symptoms of hypertension

including headache, epistaxis, dizziness, palpitations and rarely lower extremity

claudication due to reduced lower extremity blood flow.

The chest radiograph may demonstrate rib-notching secondary to large 
collateral vessels from the intercostal vessels of the posterior 3rd through 
8th ribs. Notching is not seen in the anterior ribs, since the anterior intercostal
arteries are not located in the costal grooves. The coarctation may be seen as an
indentation of the aorta, one may see prestenotic and poststenotic dilatation of
the aorta, producing the “figure 3-sign” [4,5]. The ECG demonstrates left ventric-
ular hypertrophy. Echocardiography is often the initial diagnostic test which
confirms the presence of CoA and associated features such as bicuspid aortic
valve. When echocardiographic imaging is suboptimal, consider magnetic reso-
nance or computerized tomographic imaging which clearly delineates the loca-
tion and severity of CoA and the presence of collateral vessels.

CLINICAL PEARLS

Long term follow-up after surgery Patients with repaired CoA are at an

increased risk of cardiovascular morbidity and mortality.

The late complications after CoA intervention, even after successful

repair, include residual or recurrent hypertension (occurs in 50–75%), congestive heart



Coarctation intervention is usually recommended when the gradient is over
30 mmHg. Surgical treatment for CoA has been successfully performed for over
six decades. Percutaneous intervention with balloon and stent dilation of native
and recoarctation is increasingly performed. Balloon angioplasty and stenting
is usually reserved for patients with recoarctation and has a success rate of
approximately 80%, with success defined as a post procedural gradient
�20 mmHg. Absence of significant collateral vessel may increase the risk of
paraplegia with repeat operations. Residual obstruction can be due to a small
transverse arch [8]. Percutaneous intervention was thought to be less invasive
and caused less morbidity with equal long term results. However, a recent
review compared the results of endovascular therapy (stenting and angio-
plasty) with surgical techniques. The immediate improvement in hypertension
and the morbidity were similar across both groups. Surgical therapy was asso-
ciated with a very low risk of restenosis and recurrence, whereas endovascular
therapy had a much higher incidence for subsequent aneurysm formation
(20%), recoarctation and need for repeat interventions [14].

Coronary Artery Anomalies
The single coronary artery is defined as an artery that arises from an arterial
trunk and nourishes the entire myocardium. A left or right coronary artery
originated from the posterior sinus or from the ascending aorta is rare [15].
Besides an ectopic origin, its anatomical course is usually normal. This anom-
aly is considered benign.

The most common coronary anomaly is the left circumflex coronary artery
(LCX) arising from the proximal right coronary artery (RCA). When the LCX
arises from the right coronary cusp or the proximal RCA, it invariably follows
a retroactive course, with the LCX passing posteriorly around the aortic root.
This variant is benign.

When a dominant RCA, the left main-, or the left anterior descending artery
(LAD) originates from the contralateral sinus, it courses to its normal position
through four pathways: interarterial, septal, retroaortic or anterior. The last
three courses are benign. The interarterial course is most severe because it can
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failure, recurrent CoA, aortic dissection, infective endocarditis, cerebro-vascular

accidents (CVA) due to rupture of an intracerebral aneurysm, and possible sequelae of

a bicuspid aortic valve [4,5]. Age at the time of initial repair is the most important

predictor of long-term survival.

Women considering pregnancy should have an extensive evaluation to detect any

recurrence of CoA or aneurysm formation which is seen more frequently after prosthe-

tic patch angioplasty. There is a risk of aortic dissection in pregnant women with CoA

due to the recognized abnormality of the aorta [8,13].

Patients with CoA need endocarditis prophylaxis.



cause ischemia, syncope and sudden death at young age [16]. Revascularization
in young patients is indicated. However, the surgical indication for asymptom-
atic elderly patients is not clear because, at older ages, the arteries are less
compressible, unless there is concomitant obstructive coronary artery disease
[16]. In some adult patients with favorable echocardiographic windows,
transthoracic echocardiography (TTE) can delineate the origin of the left main
(LM), thus detecting coronary anomalies which may trigger sudden cardiac
death [17]. Magnetic resonance coronary angiography or computerized tomo-
graphic angiography also can be used to define the course of abnormal cor-
onary arteries, in patients with or without known CHD [18].

Coronary artery fistula is anomalous communication between a coronary
artery and a cardiac chamber or vessel [19]. It can cause heart failure, pul-
monary hypertension related to L-to-R shunt, arrhythmias or ischemia due to
a coronary steal phenomenon. Treatment options include transcatheter clo-
sure by embolization with coils, Rashkind double-umbrella devices (USCI
Angiographics, CR Bard, Bellerica, MA) or Amplatzer Duct Occluder (AGA
Medical, Golden Valley, MN). Occasionally, a large fistula requires surgical
intervention. The persistence of fistula leakage after coil embolization is prob-
lematic because of risk of endocarditis due to foreign body. A repeat attempt
to close the fistula is suggested in select cases. Following occlusion of the fis-
tula, there may be persistent coronary artery dilation, antiplatelet agents are
used to prevent thrombus formation. Warfarin may be recommended for
marked vessel dilatation. Cardiac surgical intervention is limited to fistulas
with large branch vessels that could be compromised using embolization, or
those lesions with multiple fistulous communications without a single nar-
row restrictive drainage site into a cardiac chamber or vessel [20].

Left-to-right Shunts

Ventricular Septal Defect
VSDs may be subdivided into membranous and muscular defects. Muscular
VSDs (10–20%) are described according to their location on the ventricular
septum. They have a higher rate of spontaneous closure than membranous VSD.
The majority of VSDs, (70–80%) are located in the membranous portion of the
interventricular septum. Less common VSD types include outlet VSD (�5%)
located just below the aortic and pulmonary valves. The outlet VSD, also
known as doubly committed, subaortic and subpulmonic or supracristal VSD,
accounts for 30–35% of VSDs in Asian patients [3]. The atrioventricular septal
defects (�5%) located near the junction of the mitral and tricuspid valves [4,5].

Large VSDs are usually detected in childhood due to a murmur or the pres-
ence of congestive heart failure. Without closure, large VSDs cause pulmonary
hypertension with irreversible pulmonary vascular disease and eventual
reversal of the shunt from right-to-left (Eisenmenger syndrome) [8]. Children
and adults with isolated small VSDs rarely require closure, and follow-up
suggests a low risk of complications [21]; however, endocarditis prophylaxis
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is recommended. The management of VSD depends on the size of the defect
and the pulmonary vascular resistance. Surgery is recommended for patients
with moderate or large VSD if the magnitude of pulmonary vascular obstruc-
tive disease is not prohibitive. Once the ratio of pulmonary to systemic vascu-
lar resistance exceeds 0.7, the risk associated with surgery is very high [4,5].

The small VSD causes a loud systolic murmur, which obliterates the second
heart sound. A displaced apical left ventricular impulse and mitral diastolic
flow rumble suggests a hemodynamically important VSD, causing volume
overload. The features observed in the cardiac examination are listed in Table
14.6 [4,5]. Transthoracic echocardiography demonstrates the size, number,
location and hemodynamic impact of the VSD.

Patients with VSD who have had repair during the first few years of life
usually have normal hemodynamics, no residual shunt and no elevation of
pulmonary artery pressure. During follow-up, if there is a residual murmur,
cardiomegaly, or questionable increased pulmonary artery pressure, Doppler
echocardiography is recommended. In the presence of an important residual
VSD or pulmonary hypertension, cardiac catheterization is recommended [8].
Ideally this should be performed under the care of an Adult Congenital
Cardiologist.
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Table 14.6 Features of cardiovascular examination in patients with ventricular septal
defect.

Size of the defect Flow direction Features

1. Small (L-to-R) High-frequency ejection murmur (this murmur
terminates before the end of systole as the 
defect is occluded by contracting myocardium)

2. Moderate-to-large (L-to-R) Holosystolic murmur loudest at the left lower 
sternal border (usually accompanied by a 
palpable thrill); hyperactive left ventricle; bounding
pulses with a normal pulse pressure
Short mid-diastolic apical murmur (caused by 
increased flow through mitral valve)
Decrescendo aortic diastolic murmur of AR (if the
VSD undermines the valve annulus)

3. Moderate-to-large (R-to-L) This occurs as pulmonary hypertension develops
RV heave and pulsation over the pulmonary trunk
Holosystolic murmur and thrill diminishes and 
eventually disappears as flow through the defect 
decreases
New pulmonary regurgitation murmur (Graham 
Steel murmur) may appear
Finally, cyanosis and clubbing

AR, aortic valve regurgitation; L, left; PS, pulmonary stenosis; R, right; RV, right ventricle; VSD,
ventricular septal defect.



Atrial Septal Defect
ASD is the most common form of CHD to escape detection in childhood due to
the subtle physical findings and lack of symptoms present early in life [2]. ASD’s
are classified according to their location in the atrial septum. The most common
ASD is the secundum defect which is located in the mid-portion of the atrial sep-
tum and is usually an isolated defect. Most patients with a large ASD have had
intervention early in life. Others with a small ASD may have minimal hemody-
namic disturbance, and thus were not identified or referred for intervention. The
ostium primum ASD is located in the lower part of the atrial septum and is usu-
ally associated with abnormalities of the atrioventricular valves, particularly 
a cleft in the anterior mitral leaflet causing mitral regurgitation. A VSD or
aneurysm of the membranous ventricular septum may also occur. The electro-
cardiogram in patients with primum ASD typically demonstrates left axis
deviation. The sinus venosus type ASD is located in the upper part of the
atrial septum and is usually associated with one or more anomalous pul-
monary veins [4,5].

From the defect in the atrial septum, an L-to-R shunt develops and pro-
duces volume overload of the right atrium and right ventricle with increased
pulmonary blood flow. If the right ventricle fails or its compliance diminishes
in magnitude, R-to-L shunting may occur [4,5]. Adults with unrepaired ASDs
may be asymptomatic and present with a murmur or present with fatigue,
dyspnea, palpitations, atrial fibrillation or right heart failure. Pulmonary
hypertension occurs in less than 10% of ASDs.

Occasionally an ASD is identified when right ventricular pressure increases
or right ventricular compliance decreases and persistent hypoxia not respon-
sive to supplemental oxygen is noted. Right to left shunting through an ASD
should be suspected in this situation [22].

The jugular venous pressure may be normal or equal “A” and “V” waves
may be noted. Cardiac examination demonstrates a right ventricular impulse.
Fixed split second heart sound is the characteristic physical examination find-
ing in patients with ASD. A pulmonary systolic ejection murmur due to
increased flow across the pulmonary valve is common. If the shunt is large, a
tricuspid diastolic rumble is heard at the right lower sternal border. Sinus
arrhythmia is characteristically absent.

Chest radiograph will demonstrate right heart enlargement, prominent
pulmonary arteries are and there is peripheral pulmonary pattern of “shunt
vascularity” where the small pulmonary arteries are especially well visual-
ized in the periphery of both lungs.

The transthoracic echocardiogram is the diagnostic test of choice for most
patients, but some patients with poor echocardiographic windows require a
transesophageal echocardiogram for diagnosis and definitive measurement
of the ASD size and the tissue rims. The sinus venosus ASD with anomalous
pulmonary venous drainage may be difficult to visualize by transthoracic
echocardiography.
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Treatment of ASD depends on the size, hemodynamic impact, location in the
atrial septum, and available treatment modalities. An ASD should be closed if
there is evidence of a systemic to pulmonary shunt (Qp:Qs) greater than or
equal to 1.5:1, volume overload of right-sided cardiac chambers or symptoms
related to the defect. ASD closure is performed in an effort to prevent right
heart failure, arrhythmias and paradoxical embolism. Studies have demon-
strated improvement in survival even with ASD closure in patients over 40
years of age [23]. However, the rate of late atrial fibrillation after surgical ASD
closure increases according to age at the time of intervention, with up to 60% of
patients having late atrial arrhythmias when ASD closure is performed later
than age 40 years [24]. Anticoagulation early after surgical ASD closure may be
recommended, depending on patient characteristics and surgical preferences.

The exact determination of the size, shape, and location of the ASD and the
presence or absence of associated lesions, is essential for eligibility for percu-
taneous transcatheter closure. Secundum ASD is the only type of ASD cur-
rently amenable to transcatheter occlusion techniques [8]. Catheterization
may be needed to determine the degree and direction of the shunt, as well as
presence and severity of pulmonary hypertension. When catheterization is
performed, it should be done in conjunction with ASD device closure if possi-
ble. A small ASD of �0.5 cm in diameter, with minimal L-to-R shunting (ratio
of pulmonary to systemic flow �1.5) usually causes no hemodynamic distur-
bances and may not require closure unless there have been episodes of para-
doxical embolization. A defect of �2 cm in diameter associated with a
substantial shunt (Qp:Qs � 1.5) and a dilated right heart will need repair. The
indications for ASD closure are listed in Table 14.7.

Adult patients usually prefer percutaneous closure of the ASD if feasible.
The summary data of over 1390 patients with devices implanted world-wide
demonstrates an implantation rate of 96%, a complete closure rate of 91% and
a total success rate of 99% at one month. These closure rates are high and com-
pare favorably with surgical series. The exclusion criteria for percutaneous
closure are listed in Table 14.8.

Most patients who have ASD surgery in early childhood have no significant
cardiovascular problems as adults, and in general, do not require long term
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Table 14.7 Indication for atrial septal defect closure.

1. Symptoms of dyspnea, fatigue or right heart failure
2. Recurrent pulmonary infections
3. Paradoxical embolism
4. Atrial arrhythmia even in the presence of a small defect
5. Moderate pulmonary hypertension without pulmonary vascular disease
6. Asymptomatic patients with large ASD (Qp:Qs � 1.5:1.0), right heart volume

overload and no pulmonary hypertension

ASD, atrial septal defect



follow-up. In contrast, patients who have undergone repair as adults, those
who have elevated pulmonary pressure and vascular resistance prior to sur-
gery, and those who have had arrhythmia or ventricular dysfunction preoper-
atively do require long term follow-up [8,24]. Atrial arrhythmias can occur
late, after surgery, especially if there is residual atrial enlargement.
Endocarditis prophylaxis is not required for patients with secundum ASD but
is required for most ostium primum ASD following repair because of the
abnormalities of the atrioventricular valves. All patients with ostium primum
ASD have abnormalities of the mitral valve, and most have residual mitral
regurgitation post-operatively. A few have severe mitral regurgitation and
may later require valve replacement.

Patent Ductus Arteriosus
The arterial duct connects the descending aorta to the left pulmonary artery
near its junction with the main pulmonary artery in fetal life and normally
closes after birth. Persistence of the ductus arteriosis after birth is associated
with prematurity and maternal rubella.
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Table 14.8 Exclusion criteria for percutaneous atrial septal defect closure.

1. Associated CHD requiring cardiac surgery
2. Partial anomalous pulmonary venous connection
3. Pulmonary vascular resistance greater than 7 Woods units
4. R-to-L shunting at atrial level with a systemic saturation of less than 94%
5. Recent myocardial infarction
6. Unstable angina
7. Decompensated heart failure or left ventricular decompensation with an

ejection fraction of less than 30%
8. Active sepsis
9. Life expectancy of less than 2 years

10. Large ASD (�35 mm) or multiple ASDs

ASD, atrial septal defect; CHD, congenital heart disease, L, left; R, right

CLINICAL PEARLS

Differentiation between small and large PDA A small PDA in the adult

produces an arterial venous fistula. A continuous murmur which envelopes

the second heart sound is heard beneath the left clavicle as the aortic

pressure is consistently greater than the pulmonary artery pressure, allowing

continuous flow from the aorta to the pulmonary artery.

Patients with a moderate-sized PDA may present with symptoms of heart failure with

enlarged left-sided cardiac chambers. Bounding pulses and a wide pulse pressure are

common findings. Prominent suprasternal and carotid pulsations are notable. A left

ventricular heave or lift may be present.

When severe pulmonary hypertension is present, the clinical features include loss of the

diastolic murmur and wide pulse pressure; the single second heart sound is increased in

intensity, and there is a forceful right ventricular heave felt at the left lower sternal border.
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Table 14.9 Indication for patent ductus arterious closure.

1. PDA and evidence of volume overload (LA and LV enlargement)
2. Congestive heart failure due to long-standing volume overload of LV
3. Aneurysm of the PDA (surgical closure)
4. Calcified PDA (percutaneous closure)
5. Moderate pulmonary hypertension without pulmonary vascular disease

LA, left atrium, LV, left ventricle, PDA, patent ductus arterious

Table 14.10 Follow-up of patients with corrected atrioventricular
septal defects.

1. Late heart block
2. Progression of mitral or tricuspid regurgitation
3. Late left ventricular outflow tract obstruction
4. Progression of pulmonary vascular disease

The chest radiograph may demonstrate left ventricular enlargement and
left atrium (LA) enlargement if there is volume overloading due to a large L-
to-R shunt. The main pulmonary artery may be prominent and there will be
increased pulmonary vascular markings [2]. With pulmonary vascular dis-
ease the main pulmonary artery segment is dilated but the peripheral vessels
are scanty (pruning, or “tree in winter”).

Transcatheter closure of a tiny PDA, not audible on auscultation remains
controversial and should not be routinely performed. A small PDA is consid-
ered for prophylactic closure to eliminate the very small risk of endarteritis.
Closure is recommended in patients with a past episode of endarteritis. The
presence of volume overloading of the left atrium and left ventricle is a clear
indication for intervention [1]. Percutaneous device closure of a moderate
sized PDA with left heart enlargement is recommended to avoid progressive
heart failure. PDA closure should be avoided in patients with irreversible pul-
monary vascular disease [25].

Surgical or percutaneous closure of PDA is safe and effective [1]. The indi-
cations for PDA closure are listed in Table 14.9. Once severe pulmonary vas-
cular obstructive disease develops, closure is contra-indicated [4,5]. PDA with
associated pulmonary hypertension may be difficult to visualize by echocar-
diography. All patients with severe pulmonary hypertension should be evalu-
ated for a cardiac cause as this may change treatment and prognosis.

Atrioventricular Septal Defect
Many patients with Down’s syndrome have an atrioventricular septal defect
also known as complete atrioventricular canal or endocardial cushion defect.
They had surgery during infancy and survived into adulthood without major
hemodynamic complications. The problems for follow-up are listed in Table
14.10. Endocarditis prophylaxis is indicated in all of these patients with evi-
dence of residual shunt or valvular abnormalities [8].



Complex Lesion

Ebstein’s Anomaly
Ebstein’s anomaly consists of a downward displacement of the septal and the
anterior leaflets of the tricuspid valve related to incomplete delamination
from the right ventricle. The true right ventricular cavity is small, and the
proximal part of the right ventricle above the tricuspid valve forms the atrial-
ized right ventricle. There is usually tricuspid valve regurgitation and an
ASD. If the anomaly is very severe early operation is needed if the patient is to
survive. Milder forms of Ebstein’s anomaly may be diagnosed as mitral valve
prolapse or an ASD.

Classical features of this anomaly include marked dilatation of the right
atrium and a tendency to atrial arrhythmias, related to atrial enlargement and
an increased frequency (�20%) of one or more accessory conduction path-
ways. The anomaly is diagnosed definitively by echocardiography.

Treatment in older children and adults includes repair or replacement of
the tricuspid valve in conjunction with the closure of the ASD [3,8]. If valve
replacement is indicated, bioprosthetic valve is usually preferable to mechan-
ical valve [26]. Other aspects of the management include prophylaxis against
infective endocarditis and treatment of right and left heart failure.

The treatment of arrhythmia consists of medications or catheter ablation, if
an accessory pathway is present. The success with ablation is lower than in
patients without Ebstein’s anomaly and the recurrence is higher [27]. Despite
these procedures, right ventricular dysfunction, complete heart block, persis-
tent or recurrent supraventricular arrhythmias, stenosis or regurgitation of
the tricuspid valve, and prosthetic valve dysfunction, all can occur late after
surgery and require close follow-up [3,8].

Congenitally Corrected Transposition of the Great Arteries
In congenitally corrected transposition (left transposition of the great arteries,
l-TGA), the right atrium is connected to an anatomic left ventricle that ejects
into a pulmonary artery, and the left atrium is connected to an anatomic right
ventricle that ejects blood into the aorta. The discordant connection between
ventricles and great arteries is the hallmark of a congenitally corrected trans-
position or l-TGA, but the added discordance of the atrioventricular connec-
tion ensures that venous blood goes to the lungs and arterial blood goes to the
aorta, hence the term “corrected transposition”. Most patients with this
anomaly have an associated VSD and PS. These patients have often had oper-
ative intervention early in life. Abnormalities of the systemic tricuspid valve
are also common causing regurgitation. An Ebstein-like anomaly of the sys-
temic tricuspid valve may occur, contributing to the degree of regurgitation.

The diagnosis of l-TGA is usually made by echocardiography, but patients
may present with an abnormal electrocardiogram or arrhythmias. Patients
with l-TGA are prone to heart block, occurring at a rate of 1–2% each year or
commonly complicating operative intervention.
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Adult patients often present with systemic atrio-ventricular valve regurgi-
tation and require valve replacement. The systemic tricuspid valve should not
be repaired. Surgery should therefore be carried out only by a congenital car-
diac surgeon [3,28,29].

Tetralogy of Fallot
The anatomic features of TOF include a large subaortic VSD and obstruction
to pulmonary outflow at infundibular or pulmonary valve level. Secondary
features include right ventricular hypertrophy and overriding of the aorta
over the VSD. Other associated abnormalities include right aortic arch in 25%
of patients [4,5], ASD in 10% (so called pentalogy of Fallot) [30] and coronary
arterial anomalies in 10% [31]. About 25% of these patients have a Di George
syndrome (chromosome 22q11 deletion, associated with hypocalcemia and
impaired T cell function). About 10% have an absent pulmonary valve with
mild infundibular obstruction; these patients usually have hugely dilated
main, right and left pulmonary arteries [28].

TOF is the most common form of cyanotic CHD. Identification of an unop-
erated adult is uncommon since successful surgical repair (closure of the VSD
and relief of PS) has been performed since the 1950s.
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CLINICAL PEARLS

Clinical clues in the examination of patients with TOF Patients with

unrepaired TOF have cyanosis and digital clubbing, the severity of which is

determined by the degree of obstruction of the right ventricular outflow tract.

A right ventricular lift is palpable. In some patients, a systolic thrill caused by

turbulent flow across the right ventricular outflow tract is present.

The first heart sound is normal, but the second heart sound is single, since P2 is

inaudible from PS. An aortic ejection click due to a dilated, overriding aorta may be

CLINICAL PEARLS

Clinical clues in the physical examination of a patient with TGA The

ECG is abnormal in these patients because of the ventricular inversion, the

ventricular septum is activated abnormally from left to right, thus giving a

Q wave in the anterior and inferior chest leads, which may lead to the misdiagnosis of

myocardial infarction.

The systemic right ventricle often demonstrates reduced function, and patients may

present with heart failure.

Because the aortic valve is placed high in the left chest, the aortic component of the

second heart sound is heard best at the upper sternal border; this may be the only

clinical sign in congenitally corrected transposition without associated cardiac

anomalies [3,28,29]. The prominent aortic closure sound may be mistaken for a

prominent pulmonary valve closure sound and pulmonary hypertension.

The morphologic left ventricle is located under the sternum and a parasternal impulse

may be present – further increasing the clinical suspicion of pulmonary hypertension.



The ECG demonstrates right ventricular hypertrophy, right axis deviation, tall
peaked P waves and after repair, right bundle branch block is universally noted.
The chest radiograph demonstrates a normal or small heart size, and dimin-
ished lung markings. The heart is classically “boot-shaped”, with an upturned
right ventricular apex and a concave main pulmonary arterial segment. A right-
sided aortic arch may be present. Arterial oxygen desaturation is evident as is
compensatory erythrocytosis, the magnitude of which is proportional to the
severity of desaturation [4,5]. The diagnosis of TOF is usually suspected clini-
cally and confirmed by echocardiography. Cardiac catheterization may be
required to evaluate the pulmonary artery anatomy and coronary anatomy.

In the past, infants with TOF underwent one of three palliative procedures
to increase pulmonary blood flow, thereby reducing the severity of cyanosis
and improve exercise tolerance (Table 14.11). Currently, surgical repair which
includes VSD closure and relief of the right ventricular outflow obstruction, is
performed in the very young [4,5]. Residual abnormalities, as seen by adult
cardiologists, are listed in Table 14.12 [32].
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heard. A systolic ejection murmur, audible along the left sternal border, is caused by

the obstruction of right ventricular outflow. The intensity and duration of the murmur is

inversely related to the severity of the obstruction of right ventricular outflow; a soft,

short murmur suggests severe obstruction [4,5].

Table 14.11 Palliative surgery for infants with tetralogy of Fallot.

1. Blalock–Taussig (BT) End-to-side anastomosis of subclavian artery to PA
2. Modified BT Subclavian artery to PA connection using a GoreTex graft
3. Pott’s shunt Side-to-side anastomosis of descending AO to LPA
4. Waterson’s shunt Side-to-side anastomosis of ascending AO to RPA

AO, aorta; BT, Blalock–Taussig; LPA, left pulmonary artery; PA, pulmonary artery; RPA,
right pulmonary artery.

Table 14.12 Postoperative residua after tetralogy of Fallot repair.

1. Pulmonary regurgitation – related to RVOT patch
2. Pulmonary stenosis
3. Atrial arrhythmias
4. Ventricular arrhythmias with propensity for sudden death
5. Right ventricular dysfunction, systolic and diastolic
6. Tricuspid valve regurgitation related to long-standing PR and RV dilatation
7. Residual pulmonary artery stenosis usually related to prior BT shunt
8. Aortic root dilatation
9. Aortic valve regurgitation

10. Left ventricular dysfunction, related to inadequate myocardial preservation or
coronary artery injury at operation

BT, Blalock–Taussig; PR, pulmonary valve regurgitation; RV, right ventricle; RVOT,
right ventricular outflow tract.



Supraventricular and ventricular arrhythmias frequently develop in
repaired TOF patients and may be life-threatening. They may originate from
the area of the right ventriculotomy and outflow patch. Ablation therapy is an
option if pharmacotherapy is not effective [2]. Recommendations for device
placement should be individualized.

Pulmonary valve regurgitation is the most common postoperative compli-
cation that requires intervention in TOF patients. This occurs as consequence
of surgical repair of the right ventricular outflow tract by placement of a
transannular pulmonary patch used to relieve right ventricular outflow tract
(RVOT) obstruction. PR is usually tolerated well for many years, but eventu-
ally causes enlargement of the right ventricle, leading to important right ven-
tricular volume overload, dysfunction and tricuspid valve regurgitation
[4,5,12]. All patients with repaired TOF should be seen regularly at an estab-
lished adult congenital heart disease clinic. The timing of pulmonary valve
replacement must be individualized, however, patients with symptoms
related to PR, right ventricular enlargement, arrhythmias, and progressive tri-
cuspid regurgitation (TR) should be considered for operative intervention.
When pulmonary valve replacement if performed, a porcine valve is usually
placed, these valves have a reasonable record for longevity [2]. Percutaneous
pulmonary valves have been used in TOF patients with pulmonary valve
regurgitation, the appropriate patient characteristics are being established
[33]. An aneurysm may form at the site of the right ventricular outflow tract
patch. Although such aneurysms are usually identified incidentally, rupture
has been reported in rare patients [34].

Patients with palliated and repaired TOF and elevated RV systolic pressure
should be evaluated for discrete pulmonary artery stenosis. These stenoses
are usually related to the prior shunt procedures. When pulmonary artery
stenosis is present, it can be treated with balloon dilation and/or stenting.

Patients with repaired or unrepaired TOF are at risk for endocarditis and
should therefore receive prophylaxis with antibiotics before dental or elective
surgical procedures.

Complex Pulmonary Atresia
Complex pulmonary atresia is similar to a severe form of TOF, but due to the
absence of a connection between the right ventricle and pulmonary arteries,
there are other sources of pulmonary blood flow. Major systemic to pul-
monary collaterals provide pulmonary blood flow early in life. These connec-
tions can eventually cause the development of pulmonary vascular disease.

Many patients with complex pulmonary atresia and ventricular septal
defect are repaired using a homograft (valved or non-valved) conduit to pro-
vide continuity between the right ventricle and pulmonary artery.
Unfortunately, no perfect conduit or graft has been developed, and obstruc-
tion to these conduits is expected with time. Obstruction can be due to sternal
compression, the development of intimal growth in the graft or conduit,
homograft valvular stenosis, or narrowing at the site of insertion of the graft
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or conduit onto the ventricle or onto the pulmonary artery. Patients with
severe conduit obstruction, will require replacement of the conduit or graft.
This can be a difficult operative procedure because the conduit is often
located directly below the sternum and sometimes imbedded in the sternum,
such that access for cardiopulmonary bypass can be exceedingly difficult [2].
Percutaneous intervention is occasionally possible for patients with conduit
obstruction.

Right ventricular dysfunction and arrhythmias are problems that can occur
with progressive right ventricular pressure overload. Some patients, however,
will have systemic or near systemic right ventricular pressure with minimal
or no symptoms.

Patients with right ventricular to pulmonary artery conduits need at least
yearly echocardiographic evaluation to assess whether or not conduit obstruc-
tion or regurgitation is progressive [2]. These patients require individualized
care with regular visits to an established adult congenital heart disease clinic.
Operative intervention should only be performed by an experienced congenital
heart surgeon.

Patients with repaired or unrepaired complex pulmonary atresia are at risk
for endocarditis and should therefore receive prophylaxis with antibiotics
before dental or elective surgical procedures.

Complete Transposition of the Great Arteries
Complete d-TGA consists of the origin of the aorta arising from the morpho-
logical right ventricle and the pulmonary artery from the morphological left
ventricle. Nearly 40% of d-TGA patients have an associated VSD. Without
surgery, the prognosis of d-TGA is very poor; the patients can only survive if
there is communication between the two circulations or by balloon atrial 
septostomy.

In patients with d-TGA and an intact ventricular septum, the arterial switch
repair is now the treatment of choice. This consists of transfer of the pul-
monary artery to communicate with the morphologic right ventricle and the
aorta to communicate with the morphologic left ventricle. The two coronary
arteries are also transferred to the new aortic root. The arterial switch opera-
tion was first performed in the 1970’s, so we are only now seeing adult
patients who have had this operation. Unique concerns include coronary
ostial problems resulting in reduced or abnormal coronary blood flow. This
appears to be uncommon but periodic non-invasive coronary assessment is
suggested. The pulmonary artery or aortic anastamoses may also become
obstructed [35].

Atrial switch surgery, once the preferred procedure, is now rarely per-
formed. Adult patients who have had the atrial switch operation (Mustard or
Senning) commonly have complications which include atrial arrhythmias due
to the extensive atrial repair, systemic ventricular dysfunction and systemic
tricuspid valve regurgitation. Right ventricular dysfunction is expected in
patients after the atrial switch operation [4,5,12].
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The complications of the atrial and arterial switch surgeries are listed in
Tables 14.13 and 14.14 [36]. The arterial switch surgery is now the procedure
of choice for patients with d-TGA due to the late complications of atrial switch
operation. In experienced hands it carries a low morbidity and mortality rate
and excellent long-term outcome [4,5].

One of the problems in the follow-up of these patients is the occurrence of
sudden cardiac death. Which are the predictors of sudden cardiac death
(SCD) in these patients?

424 Chapter 14

Table 14.13 Complications after the atrial switch surgery 
(Mustard or Senning).

1. Atrial arrhythmias
2. Heart block
3. Increased risk of sudden death
4. Right ventricular dysfunction with associated heart failure
5. Systemic tricuspid valve regurgitation
6. Leakage of atrial baffle – especially important for patients who

require pacemaker placement
7. Obstruction of the pulmonary or systemic venous baffle

Table 14.14 Complications after the arterial switch
surgery.

1. Neo-aortic valve regurgitation
2. Anastamotic supravalvar pulmonary or aortic stenosis
3. Tricuspid valve regurgitation
4. Coronary arterial obstruction

CLINICAL PEARLS

Follow-up after surgery and indication for further intervention

Standard heart failure treatment should be instituted when systemic

ventricular dysfunction is present but all of these patients should be 

regularly seen at an established adult congenital heart disease clinic. If they do 

not respond to medication, they should be considered for transplantation or double

switch [8].

Pulmonary venous obstruction can cause pulmonary hypertension, as the

hemodynamic effects are similar to mitral stenosis. Reoperation or catheter based

intervention may be effective [3,17,18]. Balloon and stenting is also used for systemic

venous baffle obstruction [8].
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CRITICAL THINKING

Warning signs of sudden cardiac death. A retrospective, multicenter,

case-controlled study including 47 patients after Mustard or Senning

operation for d-TGA and experienced a SCD event (34 SCD, 13 near-miss

SCD) was reported [37]. The presence of arrhythmia or heart failure symptoms at most

recent follow-up and history of documented arrhythmia atrial flutter/atrial fibrillation

(AFL/AF) were found to increase the risk of SCD in TGA patients. Neither medication

nor pacing was found to be protective. Most SCD events (81%) occurred during exercise.

Ventricular tachycardia/ventricular fibrillation (VT/VF) were the recorded rhythm during

SCD in 21 of 47 patients. In patients presenting with symptoms of heart failure and

those with documented AFL/AF, electrophysiologic study for inducible VT/VF should be

seriously considered. When VT/VF is inducible using moderately aggressive pacing

protocols, an implanted cardioverter defibrillator (ICD) should be considered.

Table 14.15 Surgical or percutaneous procedure for patients with transposition of great
arteries.

Type of procedure Operative technique

1. Rashkind procedure Percutaneous balloon atrial septostomy; done in the first week of 
life as palliative procedure while waiting for definitive surgery, if the 
native ASD is inadequate

2. Atrial switch surgery Atrial baffles redirect venous blood through the mitral valve to the 
(Mustard or Senning) anatomical LV then to the pulmonary artery and the oxygenated 

blood through the tricuspid valve to the anatomical RV and then to 
the aorta

3. Arterial switch surgery The aorta and pulmonary artery are transected above the valves, 
switched and reconnected. The coronary arteries are relocated to 
the neo-aorta

ASD, atrial septal defect; LV, left ventricle; RV, right ventricle

In patients with TGA associated with VSD, operative intervention often
consists of VSD closure with a patch so as to redirect left ventricular blood to
the aorta (Rastelli operation). The pulmonary artery is sacrificed and a right
ventricular to pulmonary artery conduit is placed. These patients are prone to
left ventricular outflow tract obstruction due to the configuration of the VSD
patch and right ventricular to pulmonary artery conduit obstruction.
Different types of procedures for patients with TGA are shown in Table 14.15.

Single Ventricle Physiology
There are a number of complex congenital heart lesions that all lead to the
patient having only one effective pumping ventricle. They include:

1 Double inlet left ventricle, or double inlet right ventricle (Single ventricle).
2 Hypoplastic left heart: aortic or mitral atresia, or critical aortic stenosis.
3 Hypoplastic right heart: tricuspid atresia.



The combination of a single ventricle with moderate pulmonary stenosis is
one of the commoner causes of untreated cyanotic CHD in an adult. Because
it is usually not possible to get the hypoplastic ventricle to grow enough to
support a circulation, all these lesions are treated by the so-called single ven-
tricle repair that often involves three stages.

Stage 1
1 In early infancy there may be a need to band the pulmonary artery to

reduce excessive pulmonary blood flow that causes congestive heart failure
and then pulmonary vascular disease (double inlet ventricles without PS, tri-
cuspid atresia with transposition of the great arteries, mitral atresia).

2 If there is a markedly reduced pulmonary blood flow and cyanosis, some
form of aorto-pulmonary shunt is needed (double inlet ventricles with PS, tri-
cuspid or pulmonary atresia).

3 In aortic atresia or critical aortic stenosis the hypoplastic aorta is anasto-
mosed to the main pulmonary artery to provide a conduit to the descending
aorta, and the distal pulmonary arteries are cut off the main pulmonary artery
and supplied from the aorta via a small conduit (Norwood procedure).

Stage 2
A bidirectional Glenn procedure is done by cutting off the superior vena cava
(SVC) at its entry into the right atrium, and then connecting the proximal SVC
to the junction of the right and left pulmonary arteries. In this way all upper
body venous drainage perfuses the lungs, and arterial saturation increases
without any added volume loading of the single ventricle.

With time, arterial oxygen saturation begins to decrease:

1 As the proportion of the lower body increase with growth, more desatu-
rated venous blood returning through the inferior vena cava (IVC) bypasses
the lungs.

2 Collateral venous connections between SVC and IVC steal blood away from
the lungs. Sometimes these collaterals can be occluded at catheterization.

3 Arteriovenous fistulae in the lungs bypass alveoli and so reduce oxygen-
ation in the lungs. Sometimes these fistulae can be occluded at catheterization.

Stage 3
The inferior vena caval blood is directed to the pulmonary arteries by a conduit
inside or outside the right atrium (Fontan–Kreutzer procedure). This removes
cyanosis, but at the cost of a higher than normal systemic venous pressure.

Most patients are improved by the Fontan–Kreutzer procedure, even
though their exercise capacity is below normal. However, complications are
common.

1 Atrial arrhythmias impair the function of the one pumping ventricle.
2 Atrial thrombi may embolize to the lung. Many patients are put onto

warfarin or aspirin to reduce this risk.
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3 Progressive mitral or tricuspid valve disease may develop and impair
ventricular function. If atrial pressure rises, then so does systemic venous
pressure, and this impairs blood flow.

4 Protein losing enteropathy is usually a late complication with a poor
prognosis.

With all these complications, the likelihood of good health more than 
15–20 years after the single ventricle repair is low. Many of these patients 
will require a heart transplant [3,17,18]. All patients with palliated single ven-
tricle require regular (preferably annual) evaluation by an adult congenital
cardiologist.

Eisenmenger Syndrome
Eisenmenger syndrome remains a common cause of cyanosis in the adult and
involves irreversible pulmonary vascular disease due to long-standing car-
diac shunt with eventual reversal of the shunt [4,5]. Presenting symptoms are
listed in Table 14.16. Patients with Eisenmenger syndrome often have hemop-
tysis but this is rarely fatal. They can have pulmonary artery rupture, throm-
boembolism, and local thrombosis.

The findings of the physical examination are listed in Table 14.17.
Eisenmenger patients often do well with conservative medical management
for many years. When clinical deterioration is noted, pulmonary vasodilator
therapy [38,39] and lung transplantation with intracardiac repair or heart-
lung transplantation [40] can be considered. The management is listed in
Table 14.18. Systemic vasodilators with more effect on the systemic than the
pulmonary vasculature will increase R-to-L shunt, simultaneously decrease
cerebral oxygen supply and may cause sudden death. Patients with
Eisenmenger syndrome should be seen regularly by an adult congenital car-
diologist to review recognized complications, and new treatment options.
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Table 14.16 Symptoms of Eisenmerger syndrome.

Symptoms Causes

1. Cyanosis R-to-L shunting
2. Palpitations Atrial fibrillation and flutter
3. Erythrocytosis Oxygen desaturation
4. Hyperviscosity Visual disturbance, fatigue, headache, dizziness, paresthesia
5. Hemoptysis Pulmonary infarction, rupture of dilated pulmonary veins
6. Stroke Paradoxical embolism, venous thrombosis of cerebral vessel,

intracranial hemorrhage
7. Brain abscess Septic paradoxical embolism
8. Syncope Low cardiac output or arrhythmias
9. Risk of sudden death

L, left; R, right



Difficult Situations and Suggested Solutions

Real World Question How to Treat Left Ventricular Failure in CHD
Patients?
There are limited data on the appropriate medical treatment options for adult
congenital cardiac patients with symptomatic systemic ventricular dysfunc-
tion. Standard medical therapy, including angiotensin converting enzyme
(ACE) inhibitor, angiotensin II receptor blockers (ARB), carvedilol, diuretic, and
digoxin is routinely instituted. For patients with more advanced symptoms,
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Table 14.18 Management of patients with Eisenmenger syndrome.

1. Avoid intravascular volume depletion (increased R-to-L shunt)
2. Avoid heavy exertion (increased R-to-L shunt)
3. Avoid high altitude (decreased oxygen saturation)
4. Avoid peripheral vasodilators (increased R-to-L shunt)
5. Avoid pregnancy (high maternal and fetal morbidity and mortality)
6. Phlebotomy with isovolumic replacement for symptomatic hyperviscosity in the

absence of dehydration
7. Watch for iron deficiency from repeat phlebotomy
8. In patient going for non-cardiac surgery:

avoid intravascular volume depletion (increased R-to-L shunt)
prevention of paradoxical embolism with intravenous line air filters
prophylactic phlebotomy to improve hemostasis
avoid anticoagulant and antiplatelet agents (exacerbate hemorrhagic diathesis)

9. Pulmonary vasodilators
10. Lung or combined heart–lung transplantation in patients with high risk markers:

syncope
refractory right heart failure
advanced NYHA function class
severe hypoxemia

L, left; NYHA, New York Heart Association; R, right.

Table 14.17 Physical findings in Eisenmerger syndrome.

1. Digital clubbing
2. Cyanosis
3. Jugular venous distension if there is CHF
4. Prominent A wave, and V wave if TR present
5. Right parasternal heave
6. Loud P2
7. Murmur of VSD, ASD, PDA disappears
8. Decrescendo diastolic murmur of PI (Graham Steel murmur)
9. Holosystolic murmur of TR

10. Edema and ascites if right heart failure is present

ASD, atrial septal defect; CHF, congestive heart failure; L, left; PDA, patent duc-
tus arterious; PI, pulmonic insufficiency; R, right; TR, tricuspid valve regurgitation;
VSD, ventricular septal defect



additional medical therapy including spironolactone, and nesiritide can be
used. Cardiac resynchronization therapy has been beneficial for adult patients
with poor LV function and intraventricular conduction delay, if dyssynchrony
is present, the patient would benefit bi-ventricular pacing.

Real World Question How to Treat Pulmonary Hypertension and
Right Ventricular Failure in CHD Patients?
Pulmonary arterial hypertension (PAH) related to Eisenmenger syndrome
carries a better prognosis that primary PAH. With appropriate medical care
prolonged survival is possible. Alternative treatment options include pul-
monary vasodilator therapy. There are limited data available on the impact of
pulmonary vasodilators in patients with Eisenmenger syndrome, however,
small series report optimistic results. These agents are recommended for class
III or IV symptoms [40,42]. Lung transplantation with intracardiac repair or
heart-lung transplantation are additional options for Eisenmenger patients
with advanced symptoms unresponsive to standard therapy [43].

Treatment of non-systemic ventricular failure in CHD patients should focus
on treating the underlying cause. When non-systemic ventricular outflow
tract obstruction is causing non-systemic ventricular failure, intervention is
indicated. When valvular regurgitation causes non-systemic ventricular fail-
ure, valve intervention is recommended. Treatment for severe non-systemic
ventricular systolic and or diastolic dysfunction, which is not related to a
mechanical problem can be difficult. Symptomatic benefit from medical ther-
apy is limited. Medical therapy includes diuretics, and occasionally digitalis.
Patients should be monitored for arrhythmias.
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EMERGING TREND

Cardiac resynchronization therapy in CHD A multi-center, 

retrospective evaluation of cardiac resynchronisation therapy (CRT) in 

103 patients with CHD, poor LV function and intraventricular conduction

delay was reported [41]. The median age at time of implantation was 12.8 years 

(3 months to 55.4 years). The median duration of follow-up was four months (22 days

to 1 year). The diagnosis was CHD in 73 patients (71%), cardiomyopathy in 

16 (16%), and congenital complete atrioventricular block in 14 (13%). The QRS

duration before pacing was 166.1 	 33.3 ms, which decreased after CRT by

37.7 	 30.7 ms (P � 0.01). Pre-CRT systemic ventricular ejection fraction (EF) was

26.2 	 11.6%. The EF increased by 12.8 	 12.7 EF with a mean EF after CRT of

39.9 	 14.8% (P � 0.05). Of 18 patients who underwent CRT while listed for heart

transplantation, three improved sufficiently to allow removal from the transplant waiting

list, five underwent transplant, two died, and eight others are currently awaiting

transplant.



Real World Question How to Treat Atrial Arrythmias in Adult 
CHD Patients?
Atrial arrhythmias are common in patients with CHD. Adults with atrial septal
defects often come to medical attention after the onset of atrial fibrillation.
Treatment of atrial arrhythmias should be individualized and therapy depends
on the type of CHD present and the need for intervention. When operative
intervention is recommended for CHD, a simultaneous Maze procedure may
be beneficial. Medical therapy and cardioversion should be considered for
others. The rate of late atrial fibrillation after surgical ASD closure increases
according to age at the time of intervention, with up to 60% of patients having
late atrial arrhythmias when ASD closure is done later than age 40 years [26].
These patients require anticoagulation for stroke prevention and either heart
rate control or medical and electrical therapy for atrial fibrillation conversion.

Patients with operated CHD may also present with atrial fibrillation. It is
imperative to perform a comprehensive anatomic evaluation in these patients
to exclude a lesion that requires intervention. Patients with repaired TOF and
severe pulmonary valve regurgitation may be asymptomatic for many years.
The initial symptom related to right heart enlargement and secondary pro-
gressive tricuspid valve regurgitation may be atrial fibrillation. A comprehen-
sive evaluation by a congenital cardiologist is recommended when patients
present with atrial fibrillation prior to considering ablation or other interven-
tion. There should be a high index of suspicion that the atrial fibrillation is
due to residua or sequela of CHD [45].

430 Chapter 14

EMERGING TREND

Pulmonary arterial hypertension on Bosentan The long-term outcome

of children with PAH treated with bosentan therapy, with or without

concomitant prostanoid therapy was retrospectively reviewed [44]. 86

children with PAH (idiopathic, associated with CHD or connective tissue disease)

started bosentan with or without concomitant intravenous epoprostenol or

subcutaneous treprostinil therapy. Hemodynamics, World Health Organization (WHO)

functional class, and safety data were collected. At the cut-off date, 68 patients (79%)

were still treated with bosentan, 13 (15%) were discontinued, and 5 (6%) had died.

Median exposure to bosentan was 14 months. In 90% of the patients (n � 78), WHO

functional class improved (46%) or was unchanged (44%) with bosentan treatment.

Mean pulmonary artery pressure and pulmonary vascular resistance decreased

(64 	 3 mmHg to 57 	 3 mmHg, P � 0.005 and 20 	 2 Um2 to 15 	 2 Um2, P � 0.01,

respectively; n � 49). Kaplan–Meier survival estimates at one and two years were 98%

and 91%, respectively. The risk for worsening PAH was lower in patients in WHO

functional class I/II at bosentan initiation than in patients in WHO class III/IV at

bosentan initiation. These data suggest that bosentan, an oral endothelin ETA/ETB

receptor antagonist, with or without concomitant prostanoid therapy, is safe and

efficacious for the treatment of PAH in children.



Atrial tachycardia and atrial flutter are also common after operation for
CHD and may be scar dependent. A comprehensive evaluation by a congeni-
tal cardiologist is recommended for residua or sequela. If the atrial arrhyth-
mia is due to scar, catheter ablation is the recommended treatment.

Real World Question How to Treat Ventricular Arrhythmias 
in Adult CHD Patients?
Ventricular arrhythmias are not uncommon in patients with operated CHD or
severe ventricular dysfunction. Treatment of ventricular arrhythmias should
be individualized and therapy depends on the type of CHD present and the
need for intervention. When operative intervention is recommended for CHD,
preoperative electrophysiology study may help to guide therapy. ICDs should
be used in adult CHD patients with severe systemic ventricular dysfunction
associated with ventricular tachycardia and in other select patients. Adult CHD
patients who are at risk for arrhythmias, or have clinical arrhythmias, should
be referred to an adult CHD clinic for evaluation and management. The com-
plex cardiac anatomy warrants specialized care and intervention [46].

Real World Question How to Manage Hematological Complications
of Cyanosis?
The characteristic features of cyanosis include decreased oxygen saturation and
increased hemoglobin and hematocrit. The resulting physical features include
central cyanosis and digital clubbing. Erythrocytosis occurs due to tissue
hypoxia; this is distinctly different from polycythemia (increase in cellular mass
including white cells and platelets). The increase of hematocrit improves oxy-
gen-carrying capacity for patients with cyanotic heart disease, but decreases sys-
temic oxygen transport because the increased blood viscosity decreases cardiac
output. Common problems encountered in patients with cyanotic CHD
include scoliosis, painful arthropathy or arthritis, gallstones, pulmonary hem-
orrhage or thrombus and renal dysfunction. Rarely, hyperviscosity symptoms
occur and are manifest by fatigue, paresthesias, headaches, and reduced con-
centration. Dehydration should be excluded before considering phlebotomy.
When required, phlebotomy should be accompanied by fluid administration,
especially in Eisenmenger patients to avoid hypotension and associated risks.

Erythrocytosis can be compensated or decompensated, defined in terms of
erythrocyte indices and symptoms of hyperviscosity. Patients with compen-
sated erythrocytosis establish an equilibrium-hematocrit level in an iron-
replete state, and usually have no symptoms of hyperviscosity even at high
hematocrit levels. On the other hand, some patients with uncompensated eryth-
rocytosis manifest unstable rising hematocrit levels and experience severe
hyperviscosity symptoms. This imbalance may be iatrogenic and related to
excess phlebotomy and subsequent iron administration. In order to decrease
the symptoms, cessation of phlebotomy is advised. When symptoms of
hyperviscosity occur with a hematocrit (Hct) less than 65%, iron deficiency
must be sought, as symptoms of the latter may closely resemble of those of
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Table 14.19 Indications for phlebotomy.

1. Symptomatic hyperviscosity in an adequately hydrated patient (usually Hct � 65%)
2. Asymptomatic patients with Hct � 65% prior to surgery

Hct, hematocrit

hyperviscosity [42]. Iron deficiency, often caused by phlebotomy, increases
the risk of stroke in cyanotic patients. Dehydration also aggravates the condi-
tion. For cyanotic patients with hemoglobin levels less than 18 g, or Hct levels
less than 62, iron therapy is recommended for seven to 10 days. This should
be discontinued when hemoglobin and hematocrit levels increase. The indica-
tions for phlebotomy are listed in Table 14.19. Unlike children, cyanotic adults
do not appear to be at risk for cerebral arterial thrombosis [43].

Cyanotic patients should be counseled to avoid pregnancy which carries a
very high risk of maternal and fetal mortality if cyanosis is related to pulmonary
hypertension and a very high risk of fetal morbidity and mortality if cyanosis
is not associated with pulmonary hypertension. With expert management and
conservative care, prolonged survival is possible for patients with cyanotic
heart disease.

Real World Question How to Prescribe Exercise Protocols for
Patients with CHD?
Patients with CHD who seek exercise counseling should be carefully evaluated
for structural and high risk cardiovascular disease. Special attention should be
directed to pulmonary hypertension, severe obstructive lesions, arrhythmias,
myocardial dysfunction, and symptoms including exercise induced syncope,
chest pain or dizziness [42]. The guidelines for exercise and competitive sports
are listed in Table 14.20. If there is uncertainty, or if professional athletes require
counseling, a consultation with an adult congenital cardiologist is suggested.

Real World Question How to Manage Non-cardiac Surgery 
in CHD Patients?
Patients with acyanotic CHD require meticulous intraoperative and postoper-
ative care for non-cardiac procedures. The problems that need to be closely
followed during surgery include: hemodynamic status, ventilation, blood
coagulation, renal function, and anesthesia care. In the high risk patient, refer-
ral to a tertiary center is appropriate even for a minor operative intervention.
Patients will be followed by an adult congenital cardiologist and cared for by
a cardiovascular anesthesiologist.

Perioperative management of patients with cyanotic CHD and those with
pulmonary vascular disease is very complex and carries a high risk. Special
precaution to prevent dehydration and hypovolemia is critical. Large fluctua-
tions of systemic vascular resistance should be avoided. Systemic hypoten-
sion can lead to an increase of R-to-L shunting with a decrease of pulmonary



blood flow. Hypercapnia and hypoxia can stimulate an increase of pulmonary
vascular resistance. Close monitoring of intravascular blood volume and cau-
tious use of vasodilators, including regional anesthesia, are mandatory [42].
An enlarged pulmonary artery secondary to L-to-R shunt or pulmonary
hypertension can result in chronic compression of a bronchus resulting in
recurrent or chronic atelectasis, pneumonia or emphysema. The patients can
have diaphragmatic palsy due to phrenic nerve injury from previous surgery.
They can have scoliosis that is not severe enough to impair pulmonary func-
tion but restrictive airway obstruction is well recognized [42].

If the hematocrit is more than 65%, patients should have prophylactic phle-
botomy in order to improve hemostasis and minimize post-operative bleed-
ing [21]. The bleeding time is prolonged while the partial thromboplastin time
is normal. In addition, a special method of partial thromboplastin time moni-
toring is required.

In the presence of intracardiac shunt, special devices should be used to 
prevent cerebral embolization or brain abscess. Filters should be placed in
intravenous lines with scrupulous attention in maintaining all venous lines
free of air or bubbles to reduce the risk of paradoxical embolization [45].

Real World Question How to Manage Endocarditis Prophylaxis for
Adult Patients with CHD?
Infection most commonly affects sites of turbulent flow on the low-pressure
side of gradients; they are listed in Table 14.21. The risk of endocarditis associ-
ated with isolated low-pressure lesions in the right heart is low [42].
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Table 14.20 Guidelines for exercise and competitive sports.

Conditions Level of activity

1. Patients 6 months after repair of L-to-R shunt All sports allowed 
lesion (no pulmonary hypertension, arrhythmias, 
myocardial dysfunction)

2. Patients with residual shunts (PAP �40 mmHg, All sports allowed 
no myocardial dysfunction or arrhythmias)

3. Patients with elevated pulmonary vascular No competitive sports
resistance

4. Patients with aortic and pulmonary stenosis Varied (according to degree of stenosis)

5. Patients with uncomplicated CoA Competitive sports (allowed if 
gradient �20 mmHg and normal systolic 
BP with exercise)

6. Patients after repair of TOF (with marked PR, Low-intensity sports
residual RV systolic hypertension � 50% of 
systemic, significant rhythm disturbance)

7. Patients with TGA after atrial switch Varied (according to residual ventricular 
procedure, or Fontan operation function and arrhythmias)

BP, blood pressure; CoA, coarctation of aorta; L, left; PAP, pulmonary artery pressure; R, right; 
d-TGA, complete transposition of the great arteries; TOF, tetralogy of Fallot



Real World Question How to Approach Pregnancy in Patients 
with CHD?
Clinical decisions regarding pregnancy should be coordinated between the
primary care physician, the adult congenital cardiologist, and an high-risk
obstetrician associated with a major obstetrical center where support in peri-
natology and anesthesia is available [40]. The facets of management before,
during and following pregnancy that need to be covered are listed in Table
14.22. The reported genetic transmission of maternal congenital heart disease
to offspring varies from 4–16% [46].

The more pregnancy is contraindicated, the more fail-safe the method of
contraception chosen should be. The guideline for selection of contraception
methods is shown in Table 14.23.

Patients with elevated pulmonary vascular resistance are at markedly
increased risk of cardiovascular complications and death during pregnancy
and should not become pregnant. Those with marginal ventricular function,
or class III or IV heart failure should be discouraged from getting pregnant
due to the risk of progressive heart failure, and the inability to safely use the
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Table 14.22 Facets of management before, during and after pregnancy.

1. Advice on contraception
2. Counseling on risks of pregnancy to the mother and fetus
3. Surveillance during pregnancy and delivery
4. Postpartum reassessment

Table 14.23 Guidelines for selection of contraception methods.

Method Failure rate (%) Problems

1. Barrier 10–20
2. Intrauterine device 4 Infection
3. Hormonal suppression �3 Thromboembolism

(avoid in patients with R-to-L shunts)
4. Male or female sterilization �1 Procedural and psychological

L, left; R, right

Table 14.21 Indications for antibiotic prophylaxis.

1. Restrictive VSD
2. PDA
3. Cleft mitral valve
4. Aortic coarctation at the coarctation site or at the site of an associated bicuspid aortic valve
5. Prosthetic valves, shunts, conduits

PDA, patent ductus arterious; VSD, ventricular septal defect



usual heart failure medications during pregnancy. Patients with cyanotic
lesions are at increased risk for fetal loss, prematurity and small for gesta-
tional age infants [47].

Operated patients with CHD may be able to have a safe and successful preg-
nancy but careful pre-pregnancy counseling is mandatory. This counseling
should be performed by a specialized adult congenital heart clinic in conjunc-
tion with a high-risk obstetrics clinic and genetics evaluation when appropri-
ate. Although the risk of CHD in the offspring of patients with CHD is low
(4–5%), there are select groups in which the frequency of inheritance is
increased such as conotruncal abnormalities with 22q11 (up to 50%), Noonan’s
syndrome (50%), familial ASDs (up to 50%) and even bicuspid aortic valves.

Postoperative patients who have good ventricular function and normal
pulmonary artery pressure, no history of significant cardiovascular complica-
tions including arrhythmias may be reasonable candidates for pregnancy.

The most difficult question a young woman with CHD can ask is whether
or not she can hope to have her own children. The final recommendation will be
based on many aspects of risk assessment to herself and the fetus. The final
decision always comes from the patient and her partner [42].
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