CLINICAL,
INTERVENTIONAL,
and |
INVESTIGATIONAL.
THROMBOCARDIOLOGY

Edited by
RICHARD C. BECKER
ROBERT A. HARRINGTON



CLINICAL,
INTERVENTIONAL,
and
INVESTIGATIONAL
THROMBOCARDIOLOGY

Edited by
RICHARD C. BECKER

Duke University Medical Center, Durham, North Carolina, U.S.A.

ROBERT A. HARRINGTON

Duke University Medical Center, Durham, North Carolina, U.S.A.

Taylor & Francis
Taylor & Francis Group
Boca Raton London New York Singapore



Published in 2005 by

Taylor & Francis Group

6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2005 by Taylor & Francis Group, LLC

No claim to original U.S. Government works
Printed in the United States of America on acid-free paper
10987654321

International Standard Book Number-10: 0-8247-5419-0 (Hardcover)
International Standard Book Number-13: 978-0-8247-5419-8 (Hardcover)

This book contains information obtained from authentic and highly regarded sources. Reprinted material is quoted with
permission, and sources are indicated. A wide variety of references are listed. Reasonable efforts have been made to publish
reliable data and information, but the author and the publisher cannot assume responsibility for the validity of all materials
or for the consequences of their use.

No part of this book may be reprinted. reproduced. transmitted. or utilized in any form by any electronic, mechanical, or
other means, now known or hereafter invented, including photocopying, microfilming. and recording, or in any information
storage or retrieval system. without written permission from the publishers.

For permission to photocopy or use material electronically from this work. please access www.copyright.com
(http://www.copyright.com/) or contact the Copyright Clearance Center. Inc. (CCC) 222 Rosewood Drive, Danvers. MA
01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For
organizations that have been granted a photocopy license by the CCC. a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for
identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Catalog record is available from the Library of Congress

mnfor ma Visit the Taylor & Francis Web site at

Taylor & Francis Group http://www.taylorandfrancis.com

is the Academic Division of T&F lnlurnu ple.




10.

11.

12.

13.

14.

15.

16.

17

18.
19.

20.
21,

22.

23.

Fundamental and Clinical Cardiology

Editor-in-Chief
Samuel Z. Goldhaber, M.D.
Harvard Medical School
and Brigham and Women’s Hospital
Boston, Massachusetts

Drug Treatment of Hyperlipidemia, edited by Basil M. Rifkind

Cardiotonic Drugs: A Clinical Review, Second Edition, Revised and Expanded,
edited by Carl V. Leier

Complications of Coronary Angioplasty, edited by Alexander J. R. Black,

H. Vernon Anderson, and Stephen G. Ellis

Unstable Angina, edited by John D. Rutherford

Beta-Blockers and Cardiac Arrhythmias, edited by Prakash C. Deedwania
Exercise and the Heart in Health and Disease, edited by Roy J. Shephard

and Henry S. Miller, Jr.

Cardiopulmonary Physiology in Critical Care, edited by Steven M. Scharf
Atherosclerotic Cardiovascular Disease, Hemostasis,

and Endothelial Function, edited by Robert Boyer Francis, Jr.

Coronary Heart Disease Prevention, edited by Frank G. Yanowitz

Thrombolysis and Adjunctive Therapy for Acute Myocardial Infarction, edited by
Eric R. Bates

Stunned Myocardium: Properties, Mechanisms, and Clinical Manifestations,
edited by Robert A. Kloner and Karin Przyklenk

Prevention of Venous Thromboembolism, edited by Samuel Z. Goldhaber

Silent Myocardial Ischemia and Infarction: Third Edition, Peter F. Cohn
Congestive Cardiac Failure: Pathophysiology and Treatment,

edited by David B. Barnett, Hubert Pouleur and Gary S. Francis

Heart Failure: Basic Science and Clinical Aspects, edited by Judith K. Gwathmey,
G. Maurice Briggs, and Paul D. Allen )
Coronary Thrombolysis in Perspective: Principles Underlying Conjunctive

and Adjunctive Therapy, edited by Burton E. Sobel and Desire Collen
Cardiovascular Disease in the Elderly Patient, edited by Donald D. Tresch

and Wilbert S. Aronow

Systemic Cardiac Embolism, edited by Michael D. Ezekowitz
Low-Molecular-Weight Heparins in Prophylaxis and Therapy of Thromboembolic
Diseases, edited by Henri Bounameaux

Valvular Heart Diseases, edited by Muayed Al Zaibag and Carlos M. G. Duran
Implantable Cardioverter-Defibrillators: A Comprehensive Textbook, edited by
N. A. Mark Estes, Antonis S. Manolis, and Paul J. Wang

Individualized Therapy of Hypertension, edited by Norman M. Kaplan

and C. Venkata S. Ram

Atlas of Coronary Balloon Angioplasty, Bernhard Meier and Vivek K. Mehan



24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44,

45,
46.

47.

48.

49.
50.

Lowering Cholesterol in High-Risk Individuals and Populations, edited by
Basil M. Rifkind

Interventional Cardiology: New Techniques and Strategies for Diagnosis

and Treatment, edited by Christopher J. White and Stephen Ramee
Molecular Genetics and Gene Therapy of Cardiovascular Diseases, edited by
Stephen C. Mockrin

The Pericardium: A Comprehensive Textbook, David H. Spodick

Coronary Restenosis: From Genetics to Therapeutics, edited by Giora Z. Feuerstein

The Endothelium in Clinical Practice: Source and Target of Novel Therapies,
edited by Gabor M. Rubanyi and Victor J. Dzau

Molecular Biology of Cardiovascular Disease, edited by Andrew R. Marks
and Mark B. Taubman

Practical Critical Care in Cardiology, edited by Zab Mohsenifar and P K. Shah
Intravascular Ultrasound Imaging in Coronary Artery Disease, edited by
Robert J. Siegel

Saphenous Vein Bypass Graft Disease, edited by Eric R. Bates

and David R. Holmes, Jr.

Exercise and the Heart in Health and Disease: Second Edition, Revised

and Expanded, edited by Roy J. Shephard and Henry S. Miller, Jr
Cardiovascular Drug Development: Protocol Design and Methodology,
edited by Jeffrey S. Borer and John C. Somberg

Cardiovascular Disease in the Elderly Patient: Second Edition, Revised

and Expanded, edited by Donald D. Tresch and Wilbert S. Aronow

Clinical Neurocardiology, Louis R. Caplan, J. Willis Hurst, and Mark Chimowitz
Cardiac Rehabilitation: A Guide to Practice in the 21st Century, edited by
Nanette K. Wenger, L. Kent Smith, Erika Sivarajan Froelicher,

and Patricia McCall Comoss

Heparin-Induced Thrombocytopenia, edited by Theodore E. Warkentin

and Andreas Greinacher

Silent Myocardial Ischemia and Infarction: Fourth Edition, Peter F. Cohn
Foundations of Cardiac Arrhythmias: Basic Concepts and Clinical Approaches,
edited by Peter M. Spooner and Michael R. Rosen

Interpreting Electrocardiograms: Using Basic Principles and Vector Concepts,
J. Willis Hurst

Heparin-Induced Thrombocytopenia: Second Edition, edited by

Theodore E. Warkentin and Andreas Greinacher

Thrombosis and Thromboembolism, edited by Samuel Z. Goldhaber

and Paul M. Ridker

Cardiovascular Plaque Rupture, edited by David L. Brown

New Therapeutic Agents in Thrombosis and Thrombolysis: Second Edition,
Revised and Expanded, edited by Arthur A. Sasahara and Joseph Loscalzo
Heparin-Induced Thrombocytopenia: Third Edition, edited by

Theodore E. Warkentin and Andreas Greinacher

Cardiovascular Disease in the Elderly, Third Edition, edited by Wilbert Aronow
and Jerome Fleg

Atrial Fibrillation, edited by Peter Kowey and Gerald Naccarelli

Heart Failure: A Comprehensive Guide to Diagnosis and Treatment,

edited by G. William Dec



51.

52.

53.

Phamacoinvasive Therapy in Acute Myocardial Infarction, edited by

Harold L. Dauerman and Burton E. Sobel

Clinical, Interventional, and Investigational Thrombocardiology, edited by Richard
Becker and Robert A. Harrington

Pediatric Heart Failure, Robert Shaddy and Gil Wernovsky



Series Introduction

Marcel Dekker, Inc., has focused on the development of various series of beautifully pro-
duced books in different branches of medicine. These series have facilitated the integration
of rapidly advancing information for both the clinical specialist and the researcher.

My goal as editor-in-chief of the Fundamental and Clinical Cardiology Series is to
assemble the talents of world-renowned authorities to discuss virtually every area of car-
diovascular medicine. In the current monograph, has / have edited a much-needed and
timely book. Future contributions to this series will include books on molecular biology,
interventional cardiology, and clinical management of such problems as coronary artery
disease and ventricular arrhythmias.

Samuel Z. Goldhaber
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Foreword

The last 50 years have witnessed remarkable growth in our understanding of the under-
lying pathophysiology of cardiovascular disease. Furthermore, the ability of physicians to
diagnose and treat patients with cardiovascular disorders has expanded in step with the
enlarging knowledge concerning the causes of heart and vascular disease. Effective
therapy for patients with these disorders depends on the clinician’s ability to formulate an
accurate diagnosis. It is equally important for the clinician to understand the pathological
processes that produce the specific condition that has been diagnosed. Once both of these
factors have been clearly formulated in the mind of the physician, an effective therapeutic
strategy can be selected. Recently, basic and clinical investigation has helped to define the
role played by abnormalities of thrombosis in the etiology of a variety of cardiovascular
diseases. What has become increasingly clear from this research is that abnormalities in
the clotting system often play critically important roles in the development of cardiovas-
cular illness. Since many of these research developments are new and are often published
in non-cardiovascular journals, the task undertaken by Drs. Becker and Harrington is par-
ticularly important, to produce a text for cardiologists that would elucidate the connection
between disorders of clotting and cardiovascular disease. The result of their collaborative
effort has been an outstanding collection of contributions from the leading authorities in
this new field of thrombocardiology.

The initial chapters of this book clarify the basic, underlying scientific principles of
this new interdisciplinary field. Next, a number of areas of clinical pharmacology, appli-
cable to thrombocardiology, are reviewed. Finally, various aspects of the clinical presenta-
tion of various cardiovascular diseases, their diagnosis, therapy, as well as the most recent
relevant clinical research findings are discussed in light of the new knowledge brought to
bear by this new field. Drs. Becker and Harrington are to be congratulated for this monu-
mental new work: in scope, originality, and insight, no other cardiology text currently
available is comparable. I look forward to seeing the new discipline of thrombocardiology
grow and prosper, and I anticipate that this textbook will become a classic in the cardi-
ology literature.

—»" | Joseph S. Alpert, M.D.

1 Robert S. and Irene P. Flinn Professor of Medicine
Head, Department of Medicine
University of Arizona Health Science Center
Tucson, Arizona, U.S.A.



Preface

The active translation of scientific knowledge to safe, effective, widely available and
implementable patient care represents a bidirectional, coordinated effort among clini-
cians, scientists, clinician-scientists, industry, governmental and private-sector funding
agencies and deliverers at multiple levels of healthcare. In essence, the foundation for
developing new treatments and management strategies is a hybrid of recognized needs,
discovery, and modalities of application to individuals most likely to derive benefit. This
requires awareness, diversity, communication, and an environment that nurtures a mean-
ingful interaction between those skilled at the bench, clinicians with a gift at the bed-
side, and a messenger or master facilitator (translational scientist) who understands both
disciplines in the context of a larger universe. Applied inquiry is an overriding and sus-
taining theme for success.

The Practice of Clinical, Interventional, and Investigational Thrombocardiology
links fundamental concepts, patient care and applied research, creating a mosaic of
related fields into a working paradigm for discovery, innovation and practical solu-
tions. Having experienced several decades of medial specialization and subspecializa-
tion, driven by a rapidly expanding knowledge base at the cellular and molecular
levels, we believe that the time has come to center our attention on a multidisciplinary
approach to both cardiovascular disease prevention and its treatment. This philosophy,
beyond offering a unified approach to healthcare delivery, can be applied seamlessly
to broader constructs for education, professional training and investigating common
illnesses and, through collaborative networks, rare disorders by providing an inte-
grated and dynamic platform that stresses biology, physiology, pharmacology.
genomics, proteomics, entrepreneurship and evidence obtained through validated sci-
entific methods.

The basis of collaboration and for establishing a trusting relationship both within the
academic community and between its scholarly representatives and the lay public is
integrity. The ethical obligation (or “universal good™ at which actions and choices are to
be aimed) surrounding scientific research underlies an indelible cornerstone to human con-
duct that was summarized eloquently over 2,000 years ago by Aristotle during lectures to
his students at the Lyceum in Athens:

A man must believe in basic truths more than the conclusion. Moreover, if a man sets
out to acquire the scientific knowledge that comes through demonstration, he must have
a better knowledge of the basic truths and a firmer conviction of them than the
connection that is being demonstrated. For indeed the conviction of pure science and
the virtue of those dedicated to it must forever be unshakable.



viii Preface

It is our sincerest hope that we have succeeded, with the unconditional support and
unfettered patience of our section editors and contributing authors, to illustrate in a suc-
cinct and practical manner the logical progression of ideas and distinguishing sequence of
events which underlie a system of science created on affirmative syllogisms and an ethos
committed thus — “Bench to Bedside to Bench . . .”

Richard C. Becker, M.D.
Robert A. Harrington, M.D.
Durham, North Carolina
2005
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