= G
o = =

- NWYOCARDIAL
~ INFARCTION



YOCARDIAL
INFARCTION

New perspecti\/es»in
diagnosis and management.

Edited by
ELIOT CORDAY, m.D. FACC.

Clinical Professor of Medicine.

University of California, Lge ipggges,segool

of Medicine and Chairmfas, ClidRc/AfaTe, Sommittee,
Cedars of Lebanon Hfanita®Division

Cedars-Sinai Medical Ceriter, Los AngelEs>(plif

H. J. C. SWAN, ™8 PK.D.,
F.R.C.P., FA.CHE,

Professor_of Medicine, University of California,
Los AngelWedicme and
Director of Cardiology. Cédars-Sinai

Medical Center, Los Angeles, Calif.

AT
s
.’“ \-\\‘_

/‘, A
{:( SXNs ¥ )}} The Williams & Wilkins Company
- \-= /- /'a
=

‘\\'\_ - Baltimore
.

{

Vs
w
©

L



Copyright ©, 1973 .
The Willmms & Wilkins Compnay
428 E. Preston Street
Baltimore, Md. 21202, U.S.A.
"All rights reserved. This book is protected by copyright. No part of this book may be
reproduced in any form or by any means, including photocopying, or utilized by any
information storage and retrieval system without written permission from the copy-
right owner. - ' )
Made in the United States of America
Library of Congress Catalog Card Number 72-11916
SBN 683-02075-7
Composed and printed at the
Waverly Press, Inc.
Mt. Royal and Guilford Aves.
Baltimore, Md. 21202, U.S.A.



Preface

Despite the great medical advances of the past two decades, there is no evi-
dence that these achievements have affected longevity in the United States.
U.S. mortality statistics show an increase in the average life expectancy from
1920 to 1957 of about 13 years for the male and 19 for the female. However, there
has been no further improvement since that time, mainly because of mortality
from the nation’s two biggest killers: cardiovascular disease, which continues to
claim some 1,100,000, and cancer, some 330,000 lives in the United States each
year. :

Half of the cardiovascular deaths are due to myocardial infarction, and of
these, almost 250,000 are considered sudden. Fundamentally, improved survival
can be achieved for all when methods are developed to prevent or retard the
arteriosclerosis process which eventually compromises the circulation to the
myocardium and affects performance of the heart as a pump.

The arteriosclerotic process, which starts shortly after birth, appears to ac-
company aging. At present there is little evidence that any therapeutic measure
is capable of reversing this process. Faetors have recently been established
which increase the risk of arteriosclerosis, such as hypertension, smoking, and
abnormal lipid profiles. It is now believed that if these risk factors can be kept

at normal levels, the development of premature arteriosclerotic disease process
might be retarded.

At long last, congressional authorities seem to recognize the problem of arteri-
osclerosis and how it affects the health of the nation, strains the health delivery
service, creates tremendous expense, and at the same time saps the strength
in the form of gross national product. Now some of our congressional leaders
have become alarmed and are demanding that scientists increase both the re-
search activities in cardiovascular disease and also the speed of application of
new discoveries to the care of the patient. A sharp increase in relevant appro-
priations is planned in marked contrast to the cutbacks in research caused by
limited funding over the 1966 to 1971 period.

When Dr. Robert Grant took over the directorship of the National Institutes
of Health in 1965 he appealed to governmental authorities to note that less than
4% of the entire Heart Institute budget was being applied to research the na-
tion’s biggest killer, occlusive coronary artery disease. Before he himself died
suddenly and prematurely of this scourge, Grant was able to convince Federal

_authorities to increase the level of funding which could establish special pro-
grams for the study of myocardial infarction. It was through his foresight that
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nine myocardial research units (MIRUs) were established across the nation to
provide new pathophysiologic data on exactly what occurs when a patient sus-
tains a myocardial infarction. It was his belief that only when the physician-sci-
entist understood the multiple and fundamental mechanisms would new and
effective forms of treatment follow. It took several years for the MIRUs to be
established, and we are just now beginning to feel the impact of new information
which undoubtedly will result in new forms for treatment of myocardial infarc-
tion. This text, written by the men and women making the discoveries, reveals
that we can anticipate new perspectives which offer much hope.

While revising one of our texts, we recognized the unbelievably rapid rate of
development for the new techniques in the management of myocardial infarc-
tion. The rapidity with which new coronary care unit concepts which were not
even conceived a decade ago have been applied to the delivery of health care is
amazing. We both participated in the Second Bethesda Conference in 1965
{American College of Cardiology Second Bethesda Conference: Training tech-
nics for the coronary care unit. Amer.J. Cardiol. 17:736-747, 1966) to review the
individually variable results of some 14 coronary care units established across
the country. That conference revealed that the common and essential ingredi-
ent to the success of these units could only be attained by the early application
of countershock for ventricular fibrillation, by non-physician personnel. There-
fore, new training techniques in coronary care had to be established and legal
authority obtained for the nurse to apply immediate countershock. This was
accomplished rapidly and now coronary care units are a standard facility in
some 3,600 hospitals. Since the Bethesda Conference it has been demonstrated
that prompt administration of antiarrhythmic drugs such as lidocaine or pro-
caine amide can prevent the occurrence of fatal ventricular fibrillation, when
irritability of the heart supervened. Such action has drastically reduced the
number of instances of ventricular fibrillation. Some 50,000 lives are now saved
in this country each year by these new concepts of early aggressive management
of myocardial infarction.

When we assembled the group of experts to provide a course on ““‘New Per-
spectives in the Diagnosis and Treatment of Myocardial Infarction” for the
American College of Cardiology. we structured the program to encompass all
aspects of the topic. These authorities who are actually making the discoveries
should collectively provide the reader with a text concerned with all aspects
between basic science and its application to the delivery of health services. We

‘hope the up-to-date bibliography at the end of each chapter will provide refer-

ences that will lead the reader into still more comprehensive areas of study.

We are indebted to Mr. William Nelligan, Executive Director of the American
College of Cardiology, and his staff for their aid in preparing the program. We
are grateful to Dr. Theodore Cooper, Director of the National Heart and Lung
Institute, Dr. Peter Frommer, Chief of the Myocardial Infarction Branch of the
National Heart Heart and Lung Institute, and Dr. Herbert Gold, who provided
abundant support in planning the program. The authors are particularly in-

debted to Mrs. Jeanne Bloom for her help in preparing the program and the
book.

Eliot Corday, M.D., F.A.C.C.
H. J. C. Swan, M.B,, Ph.D,, F.R.C.P., F.A.C.C.
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New Research Perspectives in
Myocardial Ischemia and Infarction

ELIOT CORDAY AND H. J. C. SWAN

Elimination of heart and blood vessel
diseases as significant causes of disability
and death could increase the average
American life expectancy by about 11
years and provide for annual savings to
the economy in lost wages, productivity,
and costs of medical care of more than
$30 billion per year.' The chief cause of
death in the United States, myocardial
infarction, accounts for a mortality of over
650,000 per year, and about half of these
are sudden and unexpected. Of greater
economic -and social importance is the
significant incidence of cardiovascular
deaths in younger persons. The victims,
predominantly men, are frequently heads
of households unexpectedly taken from
their families at the prime of their pro-
ductive lives. '

National Priorities
Arteriosclero:is

Despite extensive research in the pre-
vention of arteriosclerosis and the causa-
tive factors of cerebral stroke, myocardial
infarction, and other vascular disease,
there has been little overall change in
their combined mortality of over one mil-
lion, one hundred thousand lives per year
in the United States. The National Heart
and Lung Institute’s national task force
on arteriosclerosis? concluded that the
totality of existing knowledge, especially
as it relates to the basic causes of the dis-
ease, does not permit efficient or compre-

hensive control of either atherosclerosis or
its complications such as heart disease,
stroke, kidney failure, or vascular disease.
Thus, the logical recommendations are
that this country should 1) without delay
develop effective mechanisms for the ex-
ploitation of existing knowledge and 2)
recognize the necessity of accelerated re-
search programs, seeking information
which will afford ultimate control of this
important disease. The overriding
problem in atherosclerosis is that we do
not as yet understand the basic mecha-
nisms underlying the development of the
lesions, nor how various risk factors influ-
ence the progress of these lesions to the
point where signs of clinical disease be-
come evident. Basic investigations into
the pathogenesis of the atherosclerotic le-
sions, including the contribution of hemo-
dynamic forces, the relation of fatty .
streaks to intimal plaque formation, the
role of altered arterial wall metabolism,
cellular reaction during lesion formation,
transport of lipids across the arterial wall,
and the mechanisms of the growth of fi-
brous plaques, are essential to permit the
development of a rational program of pre-
vention and control.

Epidemiologic studies have demon-
strated a correlation between clinical
manifestations of arteriosclerosis and cer-
tain biochemical, physiologic, and envi-

. ronmental factors. These include age,

male sex, hypertension, impaired glucose
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4 INTRODUCTION

tolerance, obesity, and hypertension.
Other risk factors which may play a role
are family history and genetics, gout,
physical activity, personality, emotional

stress, and mineral content of drinking -

water. While it is possible on the basis of
these risk factors te identify persons espe-
cially susceptible to the clinieal complica-
tions of atherosclerosis, many instances of
serious clinical events occur in patients in
the absence of - these risk factors, indi-
cating that other more important, and as
yet unknown, mechanisms must play a
dominant role. Although it might take a
half century to conduct conclusive clinical
trials, some authorities believe a major
effort must be made now to develop pro-
grams of primary prevention, especially
for children and"young adults, because
such preventative measures may reduce or
postpone the onset of complications of
atherosclerosis in adult life. Control of
these risk factors may also be of value in
reducing the incidence of recurring clin-
ical episodes. However, many risk factors
are weakly related to the occurrence of
clinical events, and their influence on the
primary processes of secondary complica-

tions is small. Although the strongest as- .

sociation.of the risk factors is with hyper-
tension and cigaret smoking, control of
these factors in the individual with known
coronary arcery disease does not reverse
the process.

Considering the effects of diet on ather-
_-osclerosis, the 'national Task Force? re-
viewed all the scientific evidence per-
taining to the experience with dietary
manipulation and incidence of coronary
heart disease. The majority of the Task
Force members concluded it would be

unwise to mount a single major national

heart trial in the general population of the
United States at this time because such a
study might well fail to obtain a definitive
scientific answer, and the managerial and
logistical problems of accomplishing a
well-controlled study are too great. For
example, 18% of the total population of
the United States relocates annually, so
that a period of 7 to 10 years would be

required to obtain a sufficient number of
clinical events in the studied population.
Accepting even the projected costs of
between $500 million and $1 billion for
such a study, the Task Force concluded
that subjects adhering to a given diet reg-
imen would most likely also modify other
risk factors, and this might negate some
of the basic assumptions of the study and
make it diffieult to interpret the results.

The benefit of early treatment of mild
and moderate hypertension to prevent
coronary and cerebral artery disease is
now agreed upon.>* Planned pilot
screening programs should now be estab-
lished utilizing allied health personnel
under physician’s supervision, for de-
tecting hypertension in adults in selected
populations. Once detected they should be
referred to their primary physician for
treatment. Further basic research into the
as yet unknown etiology of essential hy-
pertension, particularly the study of endo-
crine factors, is vitally required. Addi-
tional research must be undertaken to
determine the relationship between hyper-
tension, arteriosclerosis, and serious cardi-
ovascular events.

Because of the association of smoking
and atherosclerosis and the fact that a
high percentage of smokers cannot stop
the habit, less.dangerous forms of smoking
must be substituted. Active support
should be established for studies to define
the fundamental factors associated with
tobacco smoking that contribute directly
or indirectly to atheroscierotic disease.

Lack of physical activity is considered
one of the risk factors of atherosclerosis
and associated serious cardiovascular
events. Numerous investigations indicate
that those who are more physically active -
may have less disease and fewer events,
but other seemingly high-quality studies
do not show this. This statement is also
true of certain of the individual relation-
ships between atherosclerosis and smok-
ing, elevated lipid blood pressure, nervous
tension, and personality. Possibly, more
meaningful relationships could be estab-
lished if many of.these risk factors were
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associated together
studies.

The Task Force emphasized the great
need for further research in atheroscle-
rosis. In his State of the Union Message of
January 1972, President Nixon revealed
an impatience with the continuing Righ
mortality rate and recommended that the
level of federal funding for heart research
be increased markedly. Some authorities
recommend that acclerated and innova-
tive programs be initiated which would be
supervised by a multidisciplinary com-
mission, patterned after the unbelievably
successful Missile, Space, and Atomic
Energy programs. This new level of
funding should stimulate powerful new
research programs which could lead to
breakthroughs, particularly in prevention
and treatment of arteriosclerotic heart
disease.

in multifactoral

Mpyocardial Infarction

In the past few years there has been an
increasing level of interest in the proc-
esses and consequences of myocardial in-
farction, principally because of encourag-
ing, major programs undertaken by the
Myocardial Branch of the National Heart
and Lung Institute (NHLI). This agency
has implemented studies to reduce death
or disability from myocardial infarction.
Its diversified program involves funda-
mental investigations of the electrical,
mechanical, and metabolic processes of
the myocardium during acute ischemia. It
extends to all aspects of ischemic heart
disease including the study of clinical
manifestations of chronic coronary heart
disease and any techniques which might
minimize the incidence of sudden cardiac
death.

The major portion of the NHLI program
has been directed toward the establish-
ment of nine myocardial infarction re-
search units whose tasks are to conduct
comprehensive clinical investigation on
patients with acute myocardial infarction,
to support relevarnt nonclinical and basic
science studies, and to develop some of
the requisite tools and methods for clin-

ical research. The individual programs
within the myocardial infarction research
units are initiated by the investigators of
each unit, but the overall programs must
be approved for funding by a national
advisory council. The major myocardial
infarction research unit objectives include
better understanding of ischemic cardiac
disease mechanisms and improved detec-
tion and diagnosis, as well as prophylactic
and acute and chronic therapy. This has
necessitated the development of requisite
facilities, instrumentation, and computer
methods of data collection and reduction.
Investigations have been funded for
ways of modifying the acute pathologic
processes. New methods have already
been developed to measure hemodynamic
changes, to assess the amount of infarcted
myocardium, and to quantify drug, en-
zvme, and hormonal influences from
blood, which will permit the objective
evaluation of therapy. Intensive investiga-
tions are also taking place in methods of
protecting the ischemic myocardium from
progressive and irreversible damage.

Sudden Death

Sudden cardiac death is under study by
19 different contracting organizations
across the United States. The objectives
of these studies had been carefully out-
lined by NHLI protocols which called for
competitive proposals from national au-
thorities. Those programs considered most
promising were funded by contract. Inves-
tigations are now in progress to determine
physiologic and hbhiochemical processes
which are basic to the development of new

- therapeutic methods for prevention of

fatal arrhythmias. ;

Significant advances have been made
recently in the understanding of the alter-
ations of hemodynamic, electrophysiolo-
gic, and biochemical function of the heart,
as well as with its anatomic correlates
during the natural course of myocardial
ischemia and infarction. Information
about the course of events leading up to
sudden cardiac death, the premonitory .
period of acute myocardial infarction. and



