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Preface

The purpose of this book is not to discuss in depth various topics in
medicine nor to describe in detail all possible controversial subjects in car-
diology. The primary intention is to describe common cardiac problems
with significant controversial viewpoints frequently encountered in our daily
practice.

This book presents 19 chapters, including the Coronary Arteries in Fatal
Coronary Events, Prophylactic Antiarrhythmic Therapy in Acute Myocar-
dial Infarction, Mobile Coronary Care—Is It Really Needed?, The Use of
Artificial Pacemakers in Acute Myocardial Infarction, Treatment of Car-
diogenic Shock, Serum Digitalis Level—Practical Value, Factors Modifying
the Efficacy of Digitalis, Hyperlipidemia and Vascular Disease, Antianginal
Agents for Coronary Heart Disease, Anticoagulation Therapy for
Coronary Heart Disease, When to Operate on Congenital Heart Diseases,
Indications for Coronary Artery Surgery and Patient Selection, Car-
diomyopathy: Diagnostic Criteria and Classification, Therapeutic
Approach to Idiopathic Hypertrophic Subaortic Stenosis, Current Concepts
of Hemiblocks, Physical Activity and Coronary Heart Disease, His Bundle
Electrocardiography—Its Clinical Value, Computerized Electrocar-
diography—Its Practical Value, and Echocardiography—Its Practical
Value.

As the title of the book indicates, the “pro and con” viewpoints are
described in each chapter, and the authors final conclusions are expressed
at the end of each. It is hoped that the book will be provocative as well as
educational and practical.

The contents are intended to be clinical, concise, and practical, so that
this book will provide all physicians with up-to-date materials that will assist
them directly in the daily care of their patients with common cardiac
problems.

The book will be extremely valuable to all practicing physicians with
various backgrounds, particularly internists, cardiologists, and family
physicians. In addition, house staff, cardiology fellows, medical students,
and coronary care unit nurses will also benefit by reading this book.

I am sincerely grateful to all authors for their valuable contributions to
Controversy in Cardiology. 1 also wish to thank my personal secretary, Miss
Theresa McAnally, for her devoted and cheerful secretarial assistance. She
has been most valuable in handling correspondence to all contributors in ad-
dition to typing several chapters of mine for this book.

Philadelphia, Summer 1975 EpwarD K. CHUNG, M.D.
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Chapter 1 The Coronary Arteries in Fatal Coronary Events

WiLLiaM C. RoBERTS, M.D.

General Considerations

Coronary or ischemic heart disease (IHD) represents an imbalance between coronary
blood flow and myocardial oxygen requirements. Although coronary luminal nar-
rowing from atherosclerosis is the usual cause of inadequate myocardial oxygenation,
symptoms of IHD are attributed not to the coronary narrowing but to inadequate
myocardial oxygenation. Thus, the myocardium is the responder and the coronary
artery, the activator. The myocardium, however, responds quite differently, both func-
tionally and anatomically, to similar degrees of coronary arterial luminal narrowing:
one patient with severe coronary disease, for example, may have “pure” angina pec-
toris and another with similar degrees of coronary narrowing may have acute
myocardial infarction without angina; similarly, a patient with severe coronary
narrowing by atherosclerosis may have extensive myocardial scarring, whereas
another with apparently similar degrees of coronary narrowing will have no myocar-
dial scarring at all. Since the culprit of IHD resides in the coronary artery and not in
the myocardium, this report will focus on the status of these arteries in this con-
dition.

Postmortem Findings of Epicardial Coronary Arteries with Fatal Ischemic
Heart Disease

Certain characteristic changes in the epicardial coronary arteries are present at
necropsy in patients with fatal ischemic heart disease and these changes will be
summarized (2, 6, 17-22) (Table 1-1).

1. The coronary arteries are diffusely involved by atherosclerotic plaques. Vir-
tually no segments of any of the major (right, left anterior descending and left cir-
cumflex) extramural coronary arteries are free of atherosclerotic plaques. Although
the lumens of some segments are narrowed more severely than others, all portions of
the extramural coronary tree are involved by the atherosclerotic process.

2. In fatal ischemic heart disease, with rare exception (8, 22) at least one and
usually two of the three major coronary arteries are narrowed > 75 percent by old
atherosclerotic plaques (Figures 1-1 to 1-3). The 75-percent demarcation point is
useful because it separates normal and abnormal flow. Flow of a fluid (blood)
through a tube (coronary artery) is not decreased until at least 75 percent of the
lumen is obliterated. Thus a major challenge is not to eliminate coronary
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Table 1-1. Status of the Coronary Arteries and Myocardium in Fatal Ischemic Heart Disease

AMI
scb ——— AP
™ SE

Major Coronary Arteries

Diffuse atherosclerosis + + + +

Luminal narrowing > 75% of 2 of 3 by atherosclerotic

plaques + + + +

Thrombus 10% 60% 0 0

Hemorrhage into plaque 25% 25% 25% 25%
Left Ventricular Myocardium

Necrosis 0 + + 0

Fibrosis (TM or SE) 50% 50% 50% 50%

Abbreviations: AMI = acute myocardial infarction; AP = angina pectoris; SCD = sudden coronary
death; SE = subendocardial; TM = transmural
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Fig. 1-2. Extramural coronary arteries at sites of maximal narrowing in a 41-year-old man who died
suddenly and unexpectedly at home (sudden death). He apparently had no previous symptoms of car-
diac disease. At necropsy, the heart weighed 430 g and all major coronary arteries were narrowed > 75
percent by old atherosclerotic plaques. No coronary thrombi or hemorrhages were observed. (a)
posterior descending branch. It is unusual to find a branch of a major coronary artery normal, and this
one is, when the major vessels are severely diseased. (b) right, (c) left main, (d) left circumflex, (e) left
marginal, and (f) left anterior descending coronary arteries (Movat stains, each x20).

<

Fig. 1-1. Major extramural coronary arteries at sites of maximal narrowing in a 54-year-old man who
died of acute subendocardial myocardial necrosis 12 hours after the onset of chest pain. The patient
had angina pectoris and adult onset diabetes mellitus but never suffered congestive heart failure or
shock. The heart (weight, 430 g) was severely scarred; left ventricular fibrosis was mainly subendocar-
dial and virtually circumferential from apex to base; rarely, a focus of transmural fibrosis was present.
No thrombi or hemorrhages were present in the coronary arteries. (a) right, (b) left main, (c) left cir-
cumflex, and (d) left anterior descending coronary arteries. All three major coronary arteries were
narrowed > 75 percent by old atherosclerotic plaques. The coronary arteries were heavily calcified, a
common observation in patients with diabetes mellitus (Movat stains, each x21).
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Fig. 1-3. Diagram showing differences between degrees of luminal narrowing of coronary arteries in
patients with symptomatic and asymptomatic ischemic heart disease. By age 20, in all population
groups worldwide, there is fibrous intimal proliferation in the coronary arteries about equal in thickness
to the thickness of the media of the coronary artery. In population groups with hypercholesterolemia
(serum cholesterol levels >200 mg/100 ml) this intimal proliferative process generally continues. Symp-
toms of myocardial ischemia, with rare exception, do not occur, however, until the intimal proliferative
process obliterates > 75% of the lumen.

atherosclerosis but simply to limit to <75 percent luminal narrowing. Not only is
> 75 percent of the lumen of the coronary artery narrowed in patients with fatal
ischemic heart disease but this degree of narrowing probably is present in patients
with symptomatic ischemic heart disease (Figure 1-3). Study of the coronary arteries
in patients who died during or shortly after aortocoronary bypass procedures for
severe angina pectoris showed just as much narrowing of the major coronary
arteries as patients with fatal ischemic heart disease who died naturally.

3. The atherosclerotic process is limited to the epicardial coronary arteries, i.e.,
the major trunks and their near right-angle branches, and spares the intramural
(intramyocardial) coronary arteries (Figures 1-4 and 1-5).

Fig. 1-4. Diagram of a main epicardial coronary artery,
its epicardial branches, and the intramural branches. The
atherosclerotic process is limited to the epicardial arteries
and spares the intramural portions.
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Fig. 1-5. Extramural (epicardial) (a) and intramural (b) coronary arteries in each of 2 patients, both of
whom had severe atherosclerosis of the major epicardial trunks and their near right-angle epicardial
branches, as shown in (a), but their intramural coronary arteries, as shown in (b), were entirely normal.
Atherosclerosis affects the epicardial arteries and spares the intramural coronary arteries (Movat stain
(a), x20; elastic van Gieson stain (b), x100).

4. Certain portions of the coronary tree tend to develop larger atherosclerotic
plaques, and, therefore, more narrowed lumens, than other portions. The most severe
narrowing of the left anterior descending and left circumflex branches is usually
within 2 cm of the bifurcation of the left main; in contrast, the distal third of the
right coronary artery usually is more narrowed than the proximal or middle third.
The left main coronary artery is narrowed > 75 percent in about 25 percent of
patients with fatal ischemic heart disease and the degree of narrowing is indicative of
particularly severe diffuse coronary atherosclerosis (all three major coronary arteries
> 75 percent narrowed) (3).

5. Of the so-called three types of atherosclerotic plaques, i.e., lipid, fibrous, and
complicated (7), only the complicated plaque is responsible for significant (>75 per-
cent narrowing) of the lumens of the coronary arteries. Lipid and fibrous plaques are
worldwide in their distribution. The complicated plaque, i.e., those containing calcific
deposits, cholesterol clefts, pultaceous debris, and so forth, are found only in pop-
ulations that develop ischemic heart disease. The major component of even the com-
plicated plaque is fibrous tissue (collagen). It is likely that the fibrous component of
the atherosclerotic plaque is irreversible or nondissolvable. In contrast, the lipid com-
ponent, at least experimentally, is reversible (dissolvable) (1). Whether or not low-
lipid diets or lipid-lowering drugs will cause depletion of lipids in complicated
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Fibrous Tissue

Fig. 1.6. Composition of athero-

Bl Lipids sclerotic plaque in sympto-
matic coronary disease and the

LIPID possible effect of lipid lowering or

DE PLETION lipid withdrawal, on its composi-
tion and luminal size. Although

THERAPY the dominant component of

atherosclerotic plaques is fibrous
tissue, lipid deposits, usually ex-
tracellular, form a portion of
most plaques. The fibrous com-
ponent of the plaque is probably nonreversible. In contrast, the lipid component may well be reversible.
Possibly, transient starvation may cause the size of the lipid component to diminish and possibly
decrease the luminal narrowing from >75% (the amount associated with symptoms, Figure 5), to
<75% (an amount rarely associated with symptoms).

(Lumen >75% narrowed) (Lumen <75% narrowed)

symptom-producing coronary atherosclerotic plaques is uncertain. Although fat
stores in the body consist predominantly of triglycerides, and atherosclerotic plaques
consist predominantly of cholesterol esters, the latter, nevertheless, might decrease in
size when caloric intake is low enough to cause a decrease in the size of fat deposits
in readily visible portions of the body (anterior panniculus, for example). Emaciated
prisoners in World War II apparently had little coronary arterial luminal narrowing.
Similar observations have been made in victims of malignant neoplasms. The
amount of lipid in atherosclerotic plaques of emaciated necropsy patients appears to
be less than that observed in nonemaciated necropsy patients.

Transient starvation may well be a neglected but beneficial form of therapy
(possibly also a form of prevention) for symptomatic ischemic heart disease. If the

\
Coronary

I Scarred Wall

Angina Pectoris Ischemic  Cardiomyopathy

CHF 0 Severe
LV cavity Normal size Very dilated
LV scarring Subéndocardial Transmural
Coronary

atheroscierosis Severe Severe
LV aneurysm o Usually

Fig. 1-7. The spectrum of ischemic heart disease. CHF = congestive heart failure; LA = left atrium;
LV = left ventricle.
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lumen of a coronary artery is obliterated 90 percent by atherosclerotic plaques, for
example, generally about 25 percent of the plaque consists of lipid deposits, the
depletion of which would allow the lumen to narrow < 75 percent; there is no
decrease in the amount of flow through a tube (artery) until it is narrowed > 75 per-
cent (Figure 1-6). As long as the lumen of a coronary artery is <75 percent
narrowed, symptoms of myocardial ischemia rarely occur (Figure 1-3).

6. The degree of coronary arterial luminal narrowing by atherosclerotic plaques
and the extensiveness of plaquing are similar in patients with fatal IHD irrespective
of the type of fatal coronary event (Table 1-1). No significant differences in the
amount of coronary atherosclerotic plaquing have been observed in patients dying of
angina pectoris (without clinically apparent acute myocardial infarction at any time),
either subendocardial or transmural acute myocardial infarction, progressive con-
gestive cardiac failure after healing of an acute myocardial infarct or a sudden
arrhythmia (sudden coronary death) (23) (Figure 1-7). Although the degree of cor-
onary luminal narrowing by atherosclerotic plaques is similar in each of the above
coronary events, the myocardial reaction obviously is quite different. Patients who
died suddenly from severe coronary atherosclerosis and those with severe fatal
angina pectoris infrequently have severe congestive cardiac failure (Figure 1-8). The
reason for the differences in myocardial response to apparently similar degrees of
coronary atherosclerosis is uncertain.

Anai
| pectorsap) | N | |
l | C-I|-I—F |  congestive |
heart failure
(CHF)
L T I N IR
cHF| 0 | 1 T2t | 3 T 4 |

Fig. 1-8. Spectrum of angina pectoris and congestive cardiac failure in ischemic heart disease.

7. The composition of coronary atherosclerotic plaques and the degree of cor-
onary arterial luminal narrowing in patients with fatal IHD appears similar,
irrespective of whether or not the blood lipoprotein pattern is normal or abnormal
(24) (Figures 1-9 and 1-10). Patients with types II, III, or IV hyperlipoproteinemia
clearly have accelerated atherosclerosis as compared to persons of similar age and
sex with normal lipoprotein patterns. However, hyperlipoproteinemia is not a prere-
quisite for premature development of severe atherosclerosis (24). Severe narrowing
of the left main coronary artery is more common in patients with type II
hyperlipoproteinemia than in patients with type III or IV hyperlipoproteinemia or in
persons with normal lipoprotein patterns (3). Furthermore, atherosclerosis of the
ascending aorta may be prominent in patients with type 2 hyperlipoproteinemia; this
is especially true if the hyperlipoproteinemia is of the homozygous rather than the
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Fig. 1-9. Major extramural coronary arteries in a 29-year-old woman with heterozygous type II
hyperlipoproteinemia. She had had angina pectoris for 4 years and died suddenly. The atherosclerotic
plaques consist primarily of fibrous tissue despite very elevated serum cholesterol levels. Shown is right
(a), left main (b), left anterior descending (c), and left circumflex (d) coronary arteries (Hematoxylin-
eosin stains, each x33).

<

Fig. 1-10. Coronary arteries (a and b) and aorta (c¢) in a 47-year-old man with type II
hyperlipoproteinemia. He died suddenly. He had had angina pectoris for 2 years but never had clinical
evidence of acute myocardial infarction or congestive cardiac failure. (a) There are heavy calcific
deposits in the more proximal portions of the left coronary artery, but few calcific deposits in the right
coronary artery. (b) Photomicrograph at bifurcation of the left main into the left anterior descending and
left circumflex coronary arteries. The left main coronary artery as well as the proximal portions of both
left anterior descending and left circumflex coronary arteries are severely narrowed. (c) Extensive
atherosclerotic plaquing in the aorta; the abdominal portion is shown here (Movat stain (b), x 15).
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Fig. 1-11. Heart and aorta in a 51-year-old
man with heterozygous type II hyper-
lipoproteinemia. During life he had a grade
2/6 systolic ejection murmur interpreted
as evidence of “aortic stenosis.” At necropsy,
there were small calcific deposits present on
the aortic aspects of each cusp, but the cusps
were freely mobile and the valve orifice was
not stenotic. (a) Opened ascending aorta, aor-
tic valve, and left ventricle. Although extensive
atherosclerotic plaquing is present in the
ascending aorta, the degree is far less than
that observed in the patient with homozygous
Type II hyperlipoproteinemia (Figure 16). (b)
Radiograph of heart specimen disclosing
calcific deposits in the aortic valve, root of
aorta, and coronary arteries. (¢) Radiograph
of abdominal aorta showing extensive calcific
deposits.
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heterozygous variety (24) (Figure 1-11). Also, in the homozygous form, the cor-
onary ostia may be narrowed severely by aortic atherosclerosis, which also may in-
volve the aortic valve cusps directly.

8. The shapes of lumens of atherosclerotic coronary arteries are quite variable
(Figure 1-12). The residual lumen may be located centrally or peripherally and its
shape may be circular, oval, slit-like or half-moon. The slit-like lumen which extends
from one side of the artery to the other may appear as a normal-sized orifice on
angiography.

Fig. 1-12. Diagram showing
various shapes and locations of
lumens in narrowed coronary
arteries.

9. Although the number one risk factor to development of symptomatic
atherosclerosis in the Western World is advanced age, it does not necessarily in-
dicate the presence of severe coronary atherosclerosis. Shown in Figure 1-13 are sec-
tions of coronary arteries at sites of maximal luminal narrowing in a 100-year-old
woman who died of a noncardiovascular condition. Actually, acute myocardial in-
farction is infrequent in patients over 90 years of age. The explanation probably lies
in the fact that these arteries dilate as the years progress (Figure 1-14), unless exten-
sive atherosclerotic plaques develop within them, and then the plaques prevent this
“normal” dilatation. Obviously, the greater the dilatation, the wider the lumen.
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Fig. 1-13. Major extramural coronary arteries at sites of maximal narrowing in a 100-year-old woman
who died of a noncardiac condition. Although each artery contains some atherosclerotic plaques, the
vessels are actually dilated and the lumens, wide open. Severe atherosclerosis, in other words, is not
necessarily a consequence of advanced age. Shown are right (a), left main (b), left circumflex (c), left
anterior descending (d), and left diagonal (e) coronary arteries, each at the same magnification (x 16).
Elastic van Gieson stains on each.

Fig. 1-14. Diagram showing rela-
tive size of coronary arteries at
various ages. The intimal lesion
(hatched areas) represent fibro-
muscular proliferation, presum-
ably a response to the intraarterial
pressure and not a form of athero-
sclerosis.
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Postmortem Findings of Acute or Recent Lesions in Major Coronary
Arteries with Fatal Ischemic Heart Disease

Some observations on acute or recent lesions in major coronary arteries of patients
with fatal acute ischemic heart disease are summarized as follows:

1. Among patients with fatal ischemic heart disease thrombi are infrequent (about
10 percent) in patients who die suddenly and in those in whom necrosis is limited to
the subendocardium (22) (Table 1-1). (Sudden coronary death is defined herein as
that occurring within 6 hours after the onset of symptoms of myocardial ischemia.
and unassociated with histologic evidence of myocardial necrosis ; subendocardium,
as the inner one-half of the myocardial wall.)

2. Thrombus is found in a coronary artery in about 60 percent of patients with
fatal transmural acute myocardial infarction (22). In about 80 percent the thrombus
is occlusive, i.e., it obliterates the residual lumen entirely; in the other 20 percent it is
mural, usually causing no significant additional luminal narrowing.

X
020
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Fig. 1-15. Diagram showing the close correlation between the presence of cardiogenic shock or pump
failure and coronary thrombosis during the acute myocardial infarction. (3 Coronary thrombus, & no
coronary thrombus, ZZ pump failure, ZZno pump failure.

3. Among patients with transmural myocardial necrosis, the major determinant of
the presence of coronary thrombosis appears to be cardiogenic shock (Figure 1-15).
At necropsy > 70 percent of patients with fatal acute myocardial infarction with
cardiogenic shock have coronary thrombi, whereas only about 15 percent of patients
without the power failure syndrome associated with fatal acute myocardial infarc-
tion have coronary thrombi (27). Tissue necrosis itself, especially in a shock
situation, also appears to increase blood coagulability.

4. The larger the area of myocardial necrosis, the greater the likelihood of cor-
onary thrombosis. The larger the infarcted area, however, the greater the likelihood
of cardiogenic shock. The latter generally indicates that > 40 percent of the left
ventricular wall is either necrotic, or fibrotic, or both, whereas shock is infrequently
associated with infarcts or scars involving < 40 percent of the ventricular wall (16).

5. When coronary thrombosis is associated with acute myocardial infarction, the
thrombus is always located in the artery responsible for perfusing the area of
myocardial necrosis (22). Thus in anterior wall infarction a thrombus, if present, will
be located in the left anterior descending coronary artery.
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Fig. 1-16. Diagram illustrating the diffuse
nature of coronary atherosclerosis and the
usual status of a vessel at and distal to a
thrombus. At level 2, in the anterior de-
scending artery, the lumen is obstructed pri-
marily by a thrombus. At level 3, however,
the major percent of narrowing is the result of
old atherosclerotic plaquing and just distal to
the thrombus, the lumen is severely narrowed
(>75%) or totally obstructed by old plaque
only.

6. In fatal ischemic heart disease thrombi occur in coronary arteries already
severely narrowed by old atherosclerotic plaques (Figures 1-16 and 1-17). At the dis-
tal site of attachment of the thrombus, or just distal to this site, the lumen of the cor-
onary artery is nearly always > 75 percent narrowed by old atherosclerotic plaques.
Not infrequently, a thrombus may occur in an area between two sites of severe
narrowing, like in a valley between two mountains.

7. Coronary thrombi in fatal acute myocardial infarction are usually (90 percent)
single, occlusive (80 percent), short (<2 cm long), and located entirely in the major
trunks (as opposed to their near right-angle branches or intramural coronary
arteries). The thrombus, when only a few hours old, may consist nearly entirely of

Fig. 1-17. Coronary artery thrombosis and the artery most distal to the thrombus in a patient with fatal
acute transmural myocardial infarction (a and b). Left circumflex coronary artery in a 57-year-old
woman who died 4 days after onset of myocardial necrosis. (a) At site where the thrombus is large, (b)
just distal to the distal site of attachment of the thrombus (Movat stains, each x21).
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platelets, but thereafter is composed primarily of fibrin. By definition, the thrombus
is adherent to the surface of the arterial wall bordering the lumen. The most
“downstream” portion of the thrombus may differ in composition from the most
“upstream” portions: the former contains more platelets or later may consist entirely
of fibrin; the latter may contain no platelets but many erythrocytes and this portion
may not be adherent to the inner lining of the atherosclerotic plaque. Almost surely,
the thrombus enlarges by growing backwards or toward the coronary ostia.

Since 1912 when Herrick first described the often dramatic clinical event
characterized at necropsy by necrosis of portions of the left ventricular wall, it has
been assumed that the usual cause of acute myocardial infarction is coronary throm-
bosis (12, 13). Two factors implicate coronary thrombosis as the precipitating cause
of acute myocardial infarction: (a) coronary arterial thrombi in many patients with
fatal acute myocardial infarction and (b) the location of the thrombus in the cor-
onary artery responsible for supplying the area of myocardial necrosis. Five factors,
however, tend to indicate that coronary thrombosis is a consequence rather than
the precipitating cause of acute myocardial infarction: (a) the very low frequency of
thrombi in patients who died suddenly, with or without previous evidence of cardiac
disease, (b) the increasing frequency of thrombi with increasing intervals between
onset of symptoms of acute myocardial infarction and death; (c) the absence of
thrombi nearly as often as they are present in fatal transmural acute myocardial in-
farction; (d) the near absence of thrombi in fatal subendocardial acute myocardial
infarction; and (e) a high percentage of thrombi only in patients in cardiogenic
shock, most of whom have large transmural infarcts.

The key to coronary thrombosis, as to thrombosis anywhere in the body, is slow
blood flow, or relative stasis and sufficient time for the thrombus to form. The
absence of these two factors may explain the absence of coronary thrombosis in
cases of sudden death, and the increasing frequency of thrombosis as the interval
from onset of symptoms of myocardial ischemia to death increases (25, 26). Blood
flow in the coronary artery responsible for supplying the area of myocardial infarc-
tion is markedly reduced. This observation was made in dogs after acute myocardial
infarction was induced and the animals had normal, i.e., widely patent vessels (11).
In fatal acute myocardial infarction in humans, the thrombus is always located in an
artery already containing considerable atherosclerotic plaques, and, therefore, the
infarct-induced relative coronary stasis is probably even greater. Cardiogenic shock
must further diminish coronary flow.

The type of activity experienced by patients at the time of onset of acute myocar-
dial infarction may reflect slowed blood flow. In nearly 75 percent of patients with
acute myocardial infarction the onset of chest pain occurs during sleep, rest, or mild
activity (14). Although inactivity may cause a slight diminution in coronary blood
flow, considerable stasis of blood (infarction induced plus cardiogenic shock) is
usually necessary for a thrombus to form. In contrast to fatal acute myocardial in-
farction, coronary thrombosis is rarely observed in fatal angina pectoris. Evidence of
thrombus formation is nearly always observed in arteries implanted into the left ven-
tricular myocardium, but if the implant is allowed to drain into the right ventricular
cavity, no thrombus occurs (28). Thus, it appears that a period of diminished cor-
onary blood flow is necessary for a thrombus to form in a coronary artery. Shock,
congestive cardiac failure, and inactivity all decrease coronary flow and, with time,
may allow thrombosis.
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Further support for the concept that coronary thrombosis is a consequence of
rather than a precipitating cause of acute myocardial infarction was supplied
recently by Erhardt and associates (9) who observed radioactivity at necropsy in cor-
onary arterial thrombi in patients with acute myocardial infarction who had been
given radioactive ['?°I] labeled fibrinogen after admission. This finding implicated
coronary thrombosis as a secondary event, occurring sometime after the infarction.

Thus there is substantial evidence that acute thrombus formation does not
precipitate acute fatal ischemic heart disease. The major problem is diffuse
generalized coronary atherosclerosis with severe (> 75 percent) luminal narrowing
(at least two of the three major coronary arteries).

Acute Lesions Other than Thrombi in Coronary Arteries Postmortem

Acute lesions other than thrombi in coronary arteries are summarized below:

1. Hemorrhage into an old atherosclerotic plaque (Figure 1-18). Hemorrhages
into coronary atherosclerotic plaques are observed in about 25 percent of patients
with fatal ischemic heart disease (22). Even when hemorrhage into plaques occur,
however, the lumen of the coronary artery is not further narrowed. Plaque
hemorrhages have no relationship to the site of myocardial necrosis; when a throm-
bus is observed in a coronary artery, it corresponds to the site of necrosis. When the
infarction is in the anterior wall and a coronary thrombus occurs, the latter is located

Fig. 1-18. Hemorrhage into an atherosclerotic plaque. Shown are photomicrographs of the left cir-
cumflex coronary artery in a 63-year-old hypertensive man who died suddenly and unexpectedly. The
above artery is severely narrowed and three small channels are present in the plaque in the area of the
hemorrhage, which does not appear to further narrow the lumen (Hematoxylin-eosin stain, x27).
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in the left anterior descending coronary artery. Except in rare instances, other
thrombi are not found in the right or left circumflex coronary arteries. In contrast,
when hemorrhages occur into atherosclerotic plaques they bear no relation to the site

of myocardial necrosis. The anterior wall may be the site of infarction, but the
hemorrhage may involve a plaque in the right coronary artery, all three coronary
arteries, or multiple sites in a single coronary artery. It is possible that plaque
hemorrhages occur throughout the adult life of patients with and without symp-
tomatic ischemic heart disease. Although there are dissenting views, it appears un-
likely that plaque hemorrhages are responsible for precipitating acute myocardial

Fig. 1-19. Diagram depicting differences between coronary arterial thrombosis and embolism. The
thrombus is usually proximal and superimposed on old atherosclerotic plaques. The thrombus does not
extend into intramural coronary arteries. The embolus is distal and usually extends into an intramural
artery. The embolus usually occurs in a coronary tree devoid of significant old atherosclerotic plaques.

ischemia because they do not narrow the lumen and they are not necessarily related
to sites of myocardial necrosis. The frequency of hemorrhages into plaques is not in-
creased by the use of anticoagulants.

2. Coronary arterial embolism (Figures 1-19 to 1-22). This is a rare cause of fatal
ischemic heart disease. Diagnosis of embolism requires identification of the site from
which the embolus dislodged or at least a condition predisposing to the development
of embolism, such as infective endocarditis, intracardiac mural thrombus, cardiac
catheterization or operation, or a coagulopathy. Embolism is extremely difficult to
recognize when superimposed on an extensively atherosclerotic coronary arterial
tree. Thus, diagnosis of embolism usually requires the presence of a clot in a cor-
onary tree devoid of heavy atherosclerotic plaques. Furthermore, in contrast to cor-
onary thrombosis, which never involves the intramural coronary arteries and infre-
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Fig. 1-20. Occluded distal right coronary artery by embolus in a 56-year-old man who died 31 days
after onset of acute myocardial infarction, which began during cardiac catheterization, performed
because of severe mitral regurgitation, This embolus fills the entire lumen and there is no underlying
atherosclerosis (Hematoxylin-eosin stain, x25).
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Fig. 1-22. Most often multiple luminal channels are observed in coronary trees which show severe
luminal narrowing in other areas with only a single channel. Shown here is a section of left circumflex
coronary artery in a 58-year-old man who had had an acute myocardial infarct at age 54 and the onset
of another one about 1 hour before death. Multiple luminal channels are present. The occurrence of
multiple luminal channels suggests organization of clot—either thrombus or embolus (Elastic van
Gieson stain, x20).

quently involves the distal portions of the extramural coronary arteries, embolism
generally involves both the intra- and extramural arteries, usually the distal portions
of the latter.

In recent years a number of publications described patients with “myocardial
infarction and angiographically normal coronary arteries” (10, 15). Despite clinical
papers on this subject, there have been no necropsy studies, to our knowledge, on
patients with this clinical combination unassociated with an additional cardiac
disorder, such as valvular aortic stenosis or hypertrophic cardiomyopathy. It is
essential to keep in mind that normal coronary arteries in this circumstance
means angiographically normal, not necessary anatomically normal, and that

<

Fig. 1-21. Recanalized embolus in distal anterior descending coronary artery of a 26-year-old man who
developed a massive anterior wall acute myocardial infarct 3 years earlier at the time he had infective
endocarditis of the aortic valve. This process clearly resulted from organization of fibrin-platelet-
erythrocyte-leukeocyte clot, almost surely embolus, and similar lesions are found in patients with exten-
sive coronary arterial atherosclerosis. Note that each recanalized channel has developed its own internal
elastic membrane and smooth muscle medial wall (Hematoxylin-eosin stain, x46).
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angiographic studies were not done at the time of the acute myocardial infarction but
usually several months later, at which time the patient was again asymptomatic. It
appears unlikely that all major coronary arteries were normal at the time of the acute
myocardial infarction. Indeed there are no reports demonstrating normal coronary
arteries angiographically at the time of acute myocardial infarction. It is unlikely
that spasm of a normal coronary artery can produce sufficient narrowing to cause
myocardial necrosis. The most reasonable explanation for myocardial infarction
with normal coronary is coronary embolism. Such occlusion of a previously normal
extramural coronary artery by a clot virtually always produces acute myocardial in-
farction. The embolus organizes, most likely by developing large channels within it
(recanalized channels), which on angiography some time later appear as normal
vessels.

3. Dissecting aneurysm (hematoma) of a coronary artery with and without
associated dissection of aorta (Figure 1-23). Dissection of one or both coronary
arteries, causing luminal narrowing, is commonly associated with dissection of the
aorta. The resulting myocardial ischemia in this circumstance may be fatal. Virtually
all patients with aortic dissecting aneurysm, with or without associated dissection of
the coronary arteries, have systemic hypertension.

Dissection of one or more major coronary arteries, however, may occur, although
rarely, in the absence of dissection of the aorta (5). When isolated to the coronary
artery, systemic hypertension is infrequent but other underlying precipitating causes
have yet to be identified for this idiopathic dissection. Women are more often
affected than men; death is usually sudden and there is no histologic evidence of

Fig. 1-23. Isolated coronary arterial dissection (hematoma) in a 66-year-old woman. The dissection of
the left anterior descending coronary artery caused instantaneous death.
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myocardial necrosis. In addition to the idiopathic variety, isolated coronary dissec-

tion may be iatrogenic in origin: a result of coronary angiography coronary bypass
operations (4), or cardiac massage.

Summary

In fatal ischemic heart disease the coronary arteries may be characterized as follows:
(a) atherosclerosis is diffuse, not focal; (b) usually the lumens of two of the three
major coronary arteries are narrowed > 75 percent by old atherosclerotic plaques;
(c) the atherosclerotic process is limited to the epicardial arteries, and spares the in-
tramural arteries; (d) certain portions develop more severe atherosclerosis than do
others; (e) of the three types of atherosclerotic plaques, only the complicated ones
cause significant ( >75 percent) luminal narrowing; (f) the degree of luminal narrow-
ing by atherosclerotic plaques is similar irrespective of the type of fatal coronary
event; (g) the composition of the atherosclerotic plaque and the degree of luminal
narrowing appears similar irrespective of whether the blood lipoprotein pattern had
been normal or abnormal; and (h) advanced age does not necessarily indicate the
presence of severe atherosclerosis.

Certain observations regarding coronary thrombosis in fatal ischemic heart dis-
ease are becoming established: (a) thrombi are infrequent (about 10 percent) in
patients who die suddenly and in those in whom myocardial necrosis is limited to the
subendocardium; (b) a thrombus is found in the coronary artery in about 60 percent
of patients with fatal transmural acute myocardial infarction; (c) in transmural acute
myocardial infarction, the major determinant of coronary thrombosis is cardiogenic
shock; (d) the larger the area of myocardial necrosis, the greater the likelihood of
coronary thrombosis; (¢) a coronary thrombus is always located in the artery
responsible for perfusing the area of myocardial necrosis; (f) thrombi occur in cor-
onary arteries already severely narrowed by atherosclerotic plaques; (g) coronary
thrombi are usually (90 percent) single, usually (80 percent) occlusive, short (<2 cm
long), and located entirely in the major epicardial trunks (as opposed to their near
right-angle branches or intramural coronary arteries); and (h) coronary emboli may
be distinguished from thrombi by their distal occurrence in arteries relatively free of
atherosclerotic plaques.
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Chapter 2 Prophylactic Antiarrhythmic Therapy in
Acute Myocardial Infarction

EpwArDp K. CHUNG, M.D.

General Considerations

Cardiac arrhythmias directly and indirectly influence the morbidity and mortality
of patients with acute myocardial infarction. A reduction in the mortality rate of
patients with acute myocardial infarction is directly achieved by improvements in the
prevention and management of various arrhythmias. The mortality rate (about 80
percent) from the cardiogenic shock, however, seems to be unchanged, even though
modern equipment and new drugs are being used.

Various arrhythmias may occur in nearly 95 percent of cases with acute myocar-
dial infarction and may be divided into two major categories: bradyarrhythmias and
tachyarrhythmias. Either an extremely slow (rate below 40 beats per minute) or an
extremely rapid (rate above 160 beats per minute) rhythm may produce serious
symptoms and even death.

It is well-documented that ectopic tachyarrhythmias, particularly ventricular ones,
in acute myocardial infarction, often produce (a) reduction in cardiac output with
hypotension (b) diminished perfusion of vital organs, particularly of the heart itself,
(c) congestive heart failure, and (d) increased demand on the myocardium for oxy-
gen at just the precise time when it can least afford it. On the other hand, marked
bradyarrhythmias in acute myocardial infarction, regardless of the fundamental
mechanism involved, frequently produce hypotension, shock, congestive heart
failure, and the Adams—Stokes syndrome. In addition, it has been demonstrated that
bradyarrhythmias usually enhance ventricular irritability and lower the threshold to
ventricular fibrillation.

The purpose of this Chapter is twofold: (a) to assess the efficacy of the prophylac-
tic use of antiarrhythmic drugs in acute myocardial infarction, particularly for life-
threatening arrhythmias, and (b) to elucidate future challenges. The initial aim of the
coronary care unit was the early recognition and management of various
arrhythmias. However, the more important role of the coronary care unit, at present,
is to prevent serious arrhythmias, particularly, ventricular fibrillation and ventricular
standstill. Therefore, this presentation is primarily directed toward the prevention of
ventricular fibrillation and ventricular standstill. The first thought should be directed
as to whether the prophylactic management of arrhythmias in acute myocardial in-
farction would reduce the mortality rate and prevent sudden death.

When considering the prophylactic use of antiarrhythmic agents in acute myocar-
dial infarction, the following three major questions should be asked:

1. Whom to treat
2. When to treat
3. How to treat
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Obviously, these questions cannot be answered easily because such controversy
exists among all physicians who treat patients with acute myocardial infarction.

Whom to Treat

The total incidence of arrhythmias has been reported to be between 75 and 95 per-
cent in cases of acute myocardial infarction and every known type of cardiac
arrhythmia may be observed (13, 18, 19, 21, 24, 31, 35, 40, 46). The incidence of in-
dividual arrhythmias in acute myocardial infarction varies markedly from study to
study because of many factors. These included differing diagnostic criteria and
classifications of individual arrhythmias, differing methods of timing and monitoring
acute myocardial infarction, the transient nature of some arrhythmias, and dif-
ficulties in distinguishing supraventricular and ventricuiar tachyarrhythmias in cer-
tain cases. It is known that some arrhythmias are relatively benign, whereas others
may be so serious that sudden death can result.

Tachyarrhythmias

Among the various arrhythmias complicating acute myocardial infarction, the most
common and clinically significant are ventricular premature contractions, which
occur in 70 to 80 percent of cases (8, 27, 30, 35). Ventricular fibrillation, which is
believed to be the most common cause of sudden coronary death, is often preceded
by ventricular premature contractions. Thus, it is generally agreed that prophylactic
use of antiarrhythmic agents is justified in the following circumstances:

1. Frequent (six or more per minute) ventricular premature contractions (Figure
2-1).

2. Ventricular premature contractions with R-on-T phenomenon. (The ventricular
premature contraction occurring during the vulnerable period which cor-
responds to the top of the T wave of the preceding beat, Figure 2-2) and which
is prone to occur in the following conditions: long ventricular cycle lengths,
prolongation of the Q-T interval, and increased amplitude of the T wave (16).

3. Grouped ventricular premature contractions (two or more, up to five con-
secutive ventricular premature contractions (Figure 2-3).

4. Multifocal ventricular premature contractions (Figure 2-3).

5. Ventricular premature contractions that occur after ventricular fibrillation,
flutter, or tachycardia is terminated.

6. Ventricular tachycardia (Figure 2-2).

Although it has been said that the prophylactic use of antiarrhythmic agents is
particularly desirable for high-risk coronary patients, the therapeutic efficacy of
various of these drugs is far from ideal. High-risk coronary patients frequency suffer
from massive or multiple acute myocardial infarction, often associated with severe
congestive heart failure, cardiogenic shock, or serious arrhythmias. When ventricular
fibrillation develops at the end-stage of progressive left ventricular deterioration
(usually associated with cardiogenic shock and/or congestive heart failure), it is, as a
rule, too late to treat and the clinical outcome, therefore, is often irreversible. In this
situation, the term secondary ventricular fibrillation is used. Primary ventricular
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Fig. 2-1. Sinus rhythm with frequent ventricular premature contractions (marked V) producing
ventricular bigeminy. Acute anteroseptal myocardial infarction manifested by marked S-T segment
elevation, with Q or Q-S waves in Leads V,_,. In addition, old diaphragmatic (inferior) myocardial
infarction is a possibility.

Fig. 2-2. This tracing and Figure 2-4 were obtained from a 57-year-old man with acute diaphragmatic
myocardial infarction. Leads II—a, b, c, and d are continuous. The tracing shows sinus rhythm with
paroxysmal ventricular tachycardia (marked V) initiated by a ventricular premature contraction
(marked V). Since a coupling interval is so short, the ventricular premature beat is superimposed on the
T wave of the preceding beat (R-on-T phenomenon). In addition, there are occasional atrial premature
beats (marked X).
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Fig. 2-3. This tracing was obtained from a 72-year-old man with acute anterior subendocardial infarc-
tion. The tracing shows sinus tachycardia (rate: 130 beats per minute) with frequent multifocal
ventricular premature contractions and areas of group beats (marked V). In addition, left bundle branch
block occurs intermittently (marked X).

fibrillation (28, 29, 48) (Figure 2-4), which usually develops suddenly, and unex-
pectedly in patients with little or no pump failure, can be most effectively prevented
and treated.

Primary ventricular fibrillation, which is believed to be predominantly a complica-
tion immediately after the onset of the ischemic event occurred in 5.5 percent of
patients admitted to a coronary care unit within 4 hours after the onset of chest pain,
as compared with an incidence of 0.4 percent when admission was delayed (31).
Thus, it is reasonable to state that most sudden coronary deaths occur before the

Fig. 2-4. Within several minutes following paroxysmal ventricular tachycardia (Figure 2-2), ventricular
fibrillation is observed in this tracing. Leads II-a, b and ¢ are continuous.
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full-blown picture of acute myocardial infarction develops. Similarly, primary
ventricular fibrillation was reported to be 25 times more frequent during the first 4
hours than the first 24 hours after the onset of symptoms (31). For the same reason,
approximately 50 percent of sudden coronary death are estimated to occur during
the first few hours after the onset of symptoms, and most of these deaths are con-
sidered to be caused by ventricular fibrillation (11, 25, 34). According to a study in
which a mobile coronary care unit was used, the incidence of primary ventricular
fibrillation was highest (9.9 percent) within the first hour and was reduced to 4.2 per-
cent within the second hour in 284 patients seen within the first hour after the onset
of symptoms (2, 31, 40).

It is important to note that the incidence of primary ventricular fibrillation was
only 0.7 percent during the third and fourth hours in this study (2, 31, 40). Because
of these observations, the prophylactic use of antiarrhythmic agents, even outside
the hospital, has been proposed (2, 47, 49). However, the routine use of prophylactic
antiarrhythmic therapy in all cases of suspected acute myocardial infarction, without
knowing the actual rhythm disturbances, is still not accepted by most investigators.
On the other hand, routine prophylactic drug therapy would seem reasonable when a
coronary care unit is not available; or the unit is not well-equipped or staffed,
provided that these drugs are used carefully in only selected patients. The blind use
of prophylactic therapy in a well-equipped coronary care unit, with well-trained
staffs, needless to say, is not justified.

Although frequent atrial or AV nodal (junctional) premature contractions may
lead to atrial or AV nodal (junctional) tachyarrhythmias, respectively, the true value
of prophylactic therapy for these arrhythmias is not well documented. When they
develop, atrial or AV junctional tachyarrhythmias can be treated with very little dif-
ficulty in most instances. Furthermore, these supraventricular tachyarrhythmias are
often transient in nature.

It should be noted that certain tachyarrhythmias associated with acute myocardial
infarction, superficially, appear to be serious, but in actuality they are usually benign

Fig. 2-5. This tracing was obtained from a 60-year-old woman with acute diaphragmatic myocardial
infarction. Leads II-a and b are continuous. Nonparoxysmal (idioventricular) ventricular tachycardia
(rate: 95 beats per minute) is abolished soon after intravenous injection of atropine sulfate, 0.6 mg.
Note occasional ventricular fusion beats (marked FB).
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Fig. 2-6. These rhythm strips were obtained from another patient with acute anterior myocardial in-
farction. Leads Il-a, b, c, and d are continuous. The tracing shows sinus rhythm (rate: 78 beats per
minute) with intermittent parasystolic ventricular tachycardia (rate: 82 beats per minute). Note that a
long interectopic interval is a multiple of the shortest interectopic interval. There are occasional
ventricular fusion beats (marked FB) and ventricular premature contractions (marked V). (The numbers
in this tracing represent hundredths of a second.)

Fig. 2-7. This ECG tracing was recorded from a patient with acute diaphragmatic-posterior myocar-
dial infarction. Arrows indicate sinus P waves. The rhythm is sinus arrhythmia (atrial rate: 85 to 110
beats per minute) with nonparoxysmal AV junctional tachycardia (rate: 70 beats per minute) and oc-
casional ventricular captured beats (3rd and 7th QRS complexes in lead aVF) producing incomplete AV
dissociation.
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and self-limited. These arrhythmias include: nonparoxysmal ventricular tachycar-
dia (idioventricular tachycardia, Figure 2-5), parasystolic ventricular tachycardia
(Figure 2-6), and nonparoxysmal AV nodal (junctional) tachycardia (5, 8) (Figure 2-
7). These arrhythmias as a rule do not produce significant hemodynamic alterations
and often disappear spontaneously. They seldom last more than 72 hours. The usual
ventricuiar rate in these arrhythmias is between 70 and 130 beats per minute (5). No
therapy is indicated unless the rate is faster than usual or the patient is symptomatic.

Bradyarrhythmias

Bradyarrhythmias (ventricular rate slower than 60 beats per minute) are very com-
mon rhythm disorders associated with acute myocardial infarction (5, 42).
Bradyarrhythmias alone may not only produce various untoward symptoms and
even death, but also frequently predispose to ventricular arrhythmias, particularly
ventricular fibrillation. Therefore, the prophylactic use of antiarrhythmic agents for
bradyarrhythmias in acute myocardial infarction is justified in the following
situations: (a) marked bradyarrhythmias alone (b) bradyarrhythmia with hypoten-
sion alone (c) bradyarrhythmias with congestive heart failure (d) bradyarrhythmias
with ventricular tachyarrhythmias (brady-tachyarrhythmia syndrome; Figure 2-8).

Bradyarrhythmias usually occur as a very early complication of acute myocardial
infarction, and are encountered much more frequently in patients with
diaphragmatic (inferior) myocardial infarction than in those with anterior myocardial
infarction (2, 31, 40). Among 284 patients with acute myocardial infarction seen by

Fig. 2-8. This ECG tracing was obtained from a patient with acute anteroseptal myocardial infarction
associated with right bundle branch block. Arrows indicate P waves. The tracing shows sinus rhythm
(atrial rate: 83 beats per minute) with high-degree AV block and frequent ventricular premature con-
tractions with group beats (marked X) producing bradytachyarrhythmia syndrome. Note an atrial
premature contraction (marked A).
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Fig. 2-9. These rhythm strips were obtained from a 74-year-old man with acute myocardial infarction.
Leads II-a, b and ¢ are continuous. The rhythm is marked sinus bradycardia (rate: 30 to 37 beats per
minute) with occasional AV nodal and ventricular escape beats (marked N and X) and an atrial
premature contraction (indicated by arrow). Lead II-d is taken following intravenous injection of
atropine (0.4 mg) and the sinus rate is increased (rate: 57 beats per minute) considerably.

Fig. 2-10. These rhythm strips were obtained from a patient with acute diaphragmatic myocardial in-
farction. Leads II-a, b, and ¢ are continuous. Arrows indicate sinus P waves. Long and short P-P
cycles alternate throughout the tracing. The long P—P cycle is shorter than two short PP cycles. This
regular irregularity of the P—P cycles represents 3:2 Wenckebach sinoatrial block. In addition, there is
Wenckebach AV conduction without actual blocked P waves throughout the tracing except for an early
portion of lead II—a. A blocked P wave is indicated by P. It is extremely interesting to observe that a
characteristic feature of Wenckebach AV block is altered by the 3:2 Wenckebach SA block.
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a mobile coronary care unit within the first hour, 60 (45 percent) with diaphragmatic
myocardial infarction had bradyarrhythmias within the first hour and 25 developed
bradyarrhythmias later (2). In this study, therefore, 85 patients (64 percent) with
diaphragmatic (inferior) myocardial infarction had bradyarrhythmias at some time
.
Bradyarrhythmias may be due to various rhythm disturbances including: sinus
arrhythmia, sinus bradycardia (Figure 2-9) with or without AV nodal (junctional)
escape rhythm, sinus arrest, S-A block (Figure 2-10), second- or third-degree AV
block (Figure 2-11), and ventricular standstill. Among these bradyarrhythmias, sinus

Fig. 2-11. This tracing was obtained from another patient with acute diaphragmatic myocardial infarc-
tion. Arrows indicate P waves. It shows sinus rhythm (atrial rate: 75 beats per minute) with AV nodal
(junctional) escape rhythm (rate: 46 beats per minute) due to complete AV block.

bradycardia is the most common, and AV block of varying degree is the second
most common rhythm disorder.

Experience with a mobile coronary care unit has shown that most patients who
suffered cardiac arrest had ventricular fibrillation when efficient resuscitation was in-
itiated within 4 minutes after the onset of symptoms (2, 31, 40). On the other hand,
most patients with cardiac arrest demonstrated ventricular standstill when efficient
resuscitation was not available within 4 minutes after the onset of symptoms (2, 31,
40). This observation suggests that a precursor of ventricular standstill is most likely
ventricular fibrillation in most cases of acute myocardial infarction. Thus,
ventricular standstill can be avoided by preventing or effectively treating ventricular
fibrillation.

When to Treat

Prophylactic use of antiarrhythmic drugs in acute myocardial infarction may be
valuable during (a) prehospital period (b) hospitalization and (c) posthospital period.
Ideally, all potentially dangerous cardiac arrhythmias should be prevented and
treated as soon as symptoms of acute myocardial infarction appear. Thus, the
prophylactic use of antiarrhythmic drugs will be particularly beneficial before the
patients reach the hospital (prehospital period) (2, 24, 37, 40, 41, 47, 49). For this
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reason a mobile coronary care unit has been used since 1966 primarily to prevent
and treat life-threatening ventricular fibrillation and standstill (2, 4, 24, 31, 40, 41).
Recently, a prehospital satellite industrial coronary care unit has been used for
patients with suspected acute myocardial infarction in an industrial population to
avoid hospitalization delay (12, 37). This unit shortened hospital arrival time when
symptoms began at work, but had an adverse effect when symptoms occurred else-
where (12, 37). Unfortunately, the sudden death mortality in patients with acute
myocardial infarction was not reduced by this unit (12, 37).

In addition to prehospital and hospital care, posthospital care is equally important
to prevent sudden death in patients with coronary heart disease (22). The long-term
prophylactic use of antiarrhythmic drugs for high-risk ambulatory patients, such as
survivors of myocardial infarction who have frequent or persistent ventricular
arrhythmias, may be able to prevent sudden death from serious arrhythmias.

Although it has been emphasized repeatedly that the first line of treatment is to
prevent life-threatening arrhythmias and sudden death, a delay in medical care, at
present, is often unavoidable. Numerous factors are responsible for this delay in cor-
onary care: the patient himself may delay in seeking medical aid or he may be un-
aware of the significance of his symptoms. In addition, the family physician may be
unaware of the high-risk potential for sudden and preventable death in the patient
with an apparently mild myocardial infarction. Furthermore, the ordinary am-
bulance service is often not familiar with coronary care and the service call may not
be available immediately. It is extremely unfortunate that the longest delay fre-
quently takes place between the patient’s arrival at the hospital emergency room and
his transfer to a coronary care unit. These various factors, which are responsible for
delaying coronary care must be improved considerably before more favorable
statistics can be expected.

How to Treat

The third question, how to treat, may be more difficult to answer even if the two
previous questions (whom to treat and when to treat) can be answered. The main
reason for this is that there is no universal antiarrhythmic agent. In addition, no
antiarrhythmic drug is not potentially dangerous. It is well documented that various
antiarrhythmic drugs are capable of producing serious side effects and toxicity.
Serious toxicity may produce life-threatening arrhythmias, particularly ventricular
fibrillation and even death (Figure 2-12). Side effects or toxicity may occur follow-
ing a single (small) dose (either parenteral or oral) or during long-term oral therapy.
Thus, no totally safe antiarrhythmic agent is available.

Nevertheless, lidocaine (Xylocaine) is considered to be the best and safest agent
for the prevention and treatment of ventricular arrhythmias (3, 8, 18, 21, 27, 30).
Lidocaine was reported to be effective in 95 percent of patients with ventricular
arrhythmias in acute myocardial infarction (20). However, the efficacy of lidocaine
was found to differ markedly, depending upon the time of treatment. For example,
when lidocaine was given to 66 patients with ventricular arrhythmias in acute
myocardial infarction, in a mobile coronary care unit, within the first 2 hours of the
onset of symptoms, ventricular arrhythmias were abolished completely in only one-
third (2). There was no effect of lidocaine in more than one-fourth of the patients in
this study (2).
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Fig. 2-12. This tracing was obtained from a 62-year-old woman with acute anterior myocardial infarc-
tion. Ventricular fibrillation is initiated by the ventricular premature contraction (marked V) because of
the “R-on-T” phenomenon. Markedly prolonged Q-T interval, which is due to a combination of
quinidine and propranolol, is responsible for the “R-on-T” phenomenon in spite of the fact that the
coupling interval is relatively long.

Lidocaine is similar in structure to quinidine or procaine amide, but its
electrophysiologic properties are quite different. Lidocaine depresses the diastolic
depolarization and automaticity in the ventricles. It is of interest that lidocaine, in
standard doses, has no effect on conduction velocity and in fact, generally shortens
both the action potential and the refractory period (3, 10, 15, 20, 33). Approximately
90 percent of an administered dose of the drug is metabolized in the liver and the
remaining 10 percent is excreted unchanged via the kidneys. The action of lidocaine
is more transient than that of procaine amide and the former penetrates the cardiac
tissues more rapidly than the latter (3, 10, 15, 20, 33).

Treatment of ventricular arrhythmias, as outlined previously begins with a direct
intravenous injection of 75 to 100 mg of lidocaine (1-1.5 mg/kg) given slowly; the
same dose may be repeated every 5 to 10 minutes until ventricular arrhythmias are
suppressed (Figure 2-13). In general, the total dose should not exceed 750 mg, and it
is advisable that no more than 300 mg be administered during a 1-hour period. When
intravenous injection is not immediately feasible, alternatively, 200 to 250 mg of
lidocaine may be given intramuscularly; the same dose may be repeated once or
twice every 5 to 10 minutes. The ideal blood level of lidocaine has been shown to be 2
to 5 ug/ml, whereas more than 5 ug/ml often indicates toxicity (3, 10, 15, 20, 33).
To maintain a better therapeutic blood level, simultaneous intravenous (75 to 100
mg) and intramuscular (200 to 250 mg) injections have been recommended by some
investigators (31). In one study, different concentrations (6, 8, 9, and 10 percent) of
lidocaine (200 mg) were injected intramuscularly at different sites in order to cor-
relate with blood level (6). The results showed that the highest plasma level was ob-
tained by administering a 6 percent solution, and an injection into the deltoid was
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Fig. 2-13. This tracing was obtained from another patient with acute anterior myocardial infarction.
Leads II-a and b are continuous. Ventricular tachycardia (rate: 155 beats per minute) is terminated by
intravenous injection of lidocaine (Xylocaine), 75 mg (indicated by arrow). The configuration of the
QRS complex of the ventricular premature contraction (Marked V) and the tachycardia is identical.
This finding proves that the tachycardia is ventricular in origin. Note two AV nodal (junctional)
premature beats (marked N).

superior to one in the lateral thigh or buttock (6). Following the suppression of
ventricular arrhythmias, the continuous intravenous infusion of lidocaine at a rate of
1 to 5 mg/kg is needed for 24 to 72 hours in most cases to prevent the arrhythmias
from recurring. The second drug of choice (parenteral use) for ventricular
arrhythmias is procainamide (Pronestyl). Oral administration of lidocaine was
found to be ineffective for ventricular arrhythmias (9).

Long-term prophylactic use of antiarrhythmic drugs in high-risk patients is
probably equally important. Presently, the most commonly used agents for long-
term prophylaxis are procainamide (250-500 mg every 3 hours) and quinidine
(300400 mg q.i.d.) (17, 23). However, these agents are poorly tolerated by many
patients because of side effects and toxicity during long-term therapy.
Diphenylhydantoin (Dilantin) or propranolol (Inderal) are less reliable for the
prevention and management of ventricular arrhythmias in coronary heart disease.
Bretylium tosylate, which was found to be effective in the treatment of refractory
ventricular arrhythmias, is still an investigational agent (7, 45). In addition, new beta-
receptor blocking agents such as oxprenolol or alprenolol, have been used for
various arrhythmias in acute myocardial infarction, but these agents need further
investigation (38, 43).

For bradyarrhythmias, the most commonly used agent is atropine, and the second
most commonly used drug is isoproterenol (Isuprel) (2, 42, 49).

Indications for these agents were described previously. Needless to say, an ar-
tificial pacemaker is indicated in drug-resistant bradyarrhythmias or Adams—Stokes
syndrome due to complete AV block, especially when they result from bilateral
bundle branch block in acute anterior myocardial infarction.

Atropine is used primarily to accelerate the sinus rate by vagal inhibition. Thus,
this is the drug of choice for marked sinus bradycardia (Figure 2-9). Atropine often
suppresses ventricular arrhythmias by accelerating the atrial rate (Figure 2-5).
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Atropine is also effective in the treatment of sinus arrest, SA block, and first or
second-degree AV block. In addition, atropine may be useful in complete AV block
associated with diaphragmatic myocardial infarction when the ventricles are con-
trolled by the AV junctional pacemaker.

Atropine is best administered intravenously in a dose between 0.3 and 1 mg (up to
2.0 mg), and a similar dose may be repeated every 4 to 6 hours as needed. The total
dose of atropine should not exceed 4 mg. The drug may be given subcutaneously or
intramuscularly if the intravenous route is not feasible immediately. The onset of ac-
tion is usually prompt. Oral use of atropine is not reliable.

Intravenous administration of atropine to all patients with a rate below 60 beats
per minute, and lidocaine to all patients with a rate faster than 60 beats per minute,
for prophylactic purposes has been proposed by some investigators (1, 14, 49).
However, the routine use of prophylactic antiarrhythmic agents is still not accepted.
Several authors have recommended intravenous isoproterenol (1 to 2 ug/min) in
patients unresponsive to atropine (32, 44). Furthermore, routine prophylaxis, ad-
ministered by the patient himself, a family member, various health personnel, or a
family physician have been proposed by some but rejected by others. It should be
pointed out that the routine prophylactic use of antiarrhythmic agents may not only
be without benefit, but even deleterious in some patients with acute myocardial in-
farction.

Future Challenges and Conclusion

Obviously, there is no uniform agreement as to whom to treat, when to treat, or how
to treat. However, most physicians agree that treatment should be initiated soon
after symptoms begin. Thus, the prehospital coronary care unit, such as a mobile
coronary care unit, should hopefully be available in every community in the near
future so that proper prophylactic therapy can be applied according to the type and
nature of each arrhythmia. When prehospital coronary care units are available
widely, the mortality rate in acute myocardial infarction may be reduced to 10 to 13
percent (2, 31, 40). At present, the lowest mortality rate in acute myocardial infarc-
tion, utilizing the usual coronary care unit, was reported to be 17.5 percent (26).
Even if a mobile coronary care unit is not available, the unnecessary delay in trans-
porting coronary patients to the hospital coronary care unit should be avoided.
Public education, with emphasis on early warning symptoms and signs of acute
myocardial infarction is another important factor that hopefully will minimize trans-
portation delay. In addition, professional education should be improved and con-
tinued for better coronary care.

Although lidocaine and atropine are the most commonly used agents, the routine
use of these drugs for all patients with acute myocardial infarction is not justified.

In addition to coronary care during the prehospital and hospital periods, long-term
antiarrhythmic therapy during posthospital care is also extremely important for
high-risk patients, such as survivors of myocardial infarction with persistent
ventricular arrhythmias. Identification of individuals prone to sudden death is essen-
tial.

At present, no antiarrhythmic agent has been sufficiently accepted by the medical
community to be used routinely. Implantation of the transvenous automatic
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defibrillator (a device that automatically recognizes and treats ventricular
fibrillation) in patients with previous myocardial infarction or those recovered from
previous ventricular fibrillation may prevent sudden death (36).

In conclusion, there is much to be done to prevent unnecessary coronary death.
The early administration of proper antiarrhythmic agents will reduce the mortality
rate in acute myocardial infarction, and better antiarrhythmic agents are urgently
needed.

References

1. Adgey, A. A.J., Geodes, J. S., Mulholland, H. C., Keegan, D. A. J., and Pantridge, J. F. Incidence,
significance and management of early bradyarrhythmias complicating acute myocardial infarction.
Lancet, 2:1097, 1968.

2. Adgey, A. A.J. and Pantridge, J. F. The prehospital phase of treatment for myocardial infarction.
Geriatrics, 27:102, 1972.

3. Bonanno, J. A., Amsterdam, E. A., Massumi, R. A., Zelis, R. and Mason, D. T. Principles of an-
tiarrhythmic therapy. Drug. Ther., 24-35, July, 1971.

4. Chamberlain, D. A., White, N. M., Binning, R. et al. Mobile coronary care provided by ambulance
personnel. Br. Heart J., 35:550, 1973.

5. Chung, E. K. Electrocardiography: Practical Applications with Vectorial Principles. Hagerstown,
Harper and Row, 1974.

6. Cohen, L. S., Rosenthal, J. E., Horner, D. W., Jr., Atkins, J. M., Matthews, O. A., and Sarnoff,
S. J. Plasma levels of lidocaine after intramuscular administration. Am. J. Cardiol., 29:520,
1972.

7. Day, H. W. and Bacaner, M. Use of bretylium tosylate in the management of acute myocardial in-
farction. Am. J. Cardiol,, 27:177, 1971.

8. DeSanctis, R. W., Block, P., and Hutter, A. M. Jr. Tachyarrhythmias in myocardial infarction. Cir-
culation, 45:681, 1972.

9. Fehmers, M. C. O. and Dunning, A. J. Intramuscularly and orally administered lidocaine in the
treatment of ventricular arrhythmias in acute myocardial infarction. Am. J. Cardiol., 29:514, 1972.

10. Gianelly, R., von der Groeben, J. O., Spivack, A. P., and Harrison, D. C. Effect of lidocaine on
ventricular arrhythmias in patients with coronary heart disease. N. Engl. J. Med., 277:1215, 1967.

11. Goble, A. J., Sloman, G., and Robinson, J. S. Mortality reduction in a coronary care unit. Br. Med.
J., 1:1005, 1966.

12. Goldstein, S., Moss, A. J., and Greene, W. Sudden death in acute myocardial infarction. Arch.
Intern. Med., 129:720, 1972.

13. Grace, W. J. Intermediate coronary care unit. In Chung, E. K. ed. Cardiac Emergency Care,
Philadelphia, Lea and Febiger, 1975.

14. Gregory, J. J. and Grace, W. J. The management of bradycardia, nodal rhythm, and heart block
for the prevention of cardiac arrest in acute myocardial infarction. Prog. Cardiovasc. Dis., 10:505
1968.

15. Grossman, J. I., Lubow, L. A., Frieden, J., and Rubin, I. R. Lidocaine in cardiac arrhythmias.
Arch. Intern. Med., 121:396, 1968.

16. Han, J. and Goel, B. G. Electrophysiologic precursors of ventricular tachyarrhythmias. Arch.
Intern. Med., 129:749, 1972.

17. Jelinek, M. V., Lohrbauer, L., and Lown, B. Antiarrhythmic drug therapy for sporadic ventricular
ectopic arrhythmias. Circulation, 49:659, 1974.

18. Jewitt, D. E., Balcon, R., Raferty, E. B, and Oram, S. Incidence and management of
supraventricular arrhythmias after acute myocardial infarction. Lancet, 2:734, 1967.

19. Julian, D. G., Valentine, P. A., and Miller, G. G. Disturbances of rate, rhythm and conduction in
acute myocardial infarction. A prospective study of 100 consecutive unselected patients with the
aid of electrocardiographic monitoring. Am. J. Med., 37:915, 1964.

20. Killip, T. Acute myocardial infarction. In Julian, D. G. and Oliver, M. F. eds. University of Edin-
burgh Symposium. Edinburgh, E. and A. Livingstone, 1968, p. 111.

21. Kimball, T. J. and Killip, T. Aggressive treatment of arrhythmias in acute myocardial infarction.
Prog. Cardiovasc. Dis., 10:483, 1968.



22
23.
24,

25.
26.

27.
28.
29.
32.
30.
31.
33,
34,
35.
36.
37.
38.
39.
40.
41.
42.
43,
44,
45,
46.
47,
48.

49.

Prophylactic Antiarrhythmic Therapy in Acute Myocardial Infarction 37

Koch-Weser, J. Antiarrhythmic prophylaxis in ambulatory patients with coronary heart disease.
Arch. Intern. Med., 129:763, 1972.

Kosowski, B. D., Taylor, J., Lown, B., and Ritchie, R. F. Long term use of procaine amide follow-
ing acute myocardial infarction. Circulation, 47:1204, 1973.

Kubik, M. M., Bhowmick, B. K., Stokes, T., and Joshi, M. Mobile cardiac unit. Experience from a
west midland town. Br. Heart J., 36:238, 1974.

Kuller, L. Sudden death in arteriosclerotic heart disease. Am. J. Cardiol.,, 24:617, 1969.
Lawrie, D. M., Greenwood, T. W., Goddard, M., et al. A coronary care unit in the routine manage-
ment of acute myocardial infarction. Lancet, 2:109, 1967.

Lawrie, D. M., Higgins, M. R., Godman, M. J., Oliver, M. F., Julian, D. G., and Donald, K. W.
Ventricular fibrillation complicating acute myocardial infarction. Lancet, 2:523, 1968.
Liberthson, R. R., Nagel, E. L., Hirschman, J. C., and Nussenfeld, S. R. Prehospital ventricular
defrillation: Prognosis and follow-up course. N. Engl. J. Med., 291:317, 1974.

Liberthson, R. R., Nagel, E. L., Hirschman, J. C. et al. Pathophysiologic observations in
prehospital ventricular fibrillation and sudden cardiac death. Circulation, 49:790, 1974.

Lown, B., Fakhro, A. M., Hood, W. B., and Thorn, G. W. The coronary care unit: new perspec-
tives and directions. J.AM.A., 199:188, 1967.

Lown, B., Klein, M. D., and Hershberg, P. Coronary and Pre-coronary care. Am. J. Med., 46:705,
1969.

Lown, B. and Wolf, M. Approaches to sudden death from coronary heart disease. Circulation,
44:130, 1971.

Malach, M., Kostis, J. B., and Fischetti, J. L. Lidocaine for ventricular arrhythmias in acute
myocardial infarction. Am. J. Med. Sci., 257:52, 1969.

McNeilly, R. H. and Pemberton, J. Duration of the last attack in 988 fatal cases of coronary artery
disease and its relation to possible cardiac resuscitation. Br. Med. J., 3:139, 1968.

Meltzer, L. E. and Kitchell, J. B.The incidence of arrhythmias associated with acute myocardial in-
farction. Prog. Cardiovasc. Dis., 9:50, 1966.

Mirowski, M., Mower, M. M., Staewen, W. S., Denniston, R. H., and Mendeloff, A. 1. The
development of the transvenous automatic defrillator. Arch. Intern. Med., 129:773, 1972.
Moss, A. J., Goldstein, S., Greene, W., and DeCamilla, J. Prehospital precursors of ventricular
arrhythmias in acute myocardial infarction. Arch. Intern. Med., 129:750, 1972.

Norris, R. M. Alprenolol in acute myocardial infarction: double-blind trial. N.Z. Med. J., 71:135,
1970.

Pantridge, J. F. Pre-hospital coronary care. Br. Heart J., 36:233, 1974.

Pantridge, J. F. and Adgey, A. A. J. Rational approach to the prehospital management of acute
myocardial infarction. In Chung, E. K. ed. Cardiac Emergency Care. Philadelphia, Lea and
Febiger, 1975.

Paul, O. Prehospital management of acute myocardial infarction. Med. Clin. North Am., 57:119,
1973.

Rotman, M., Wagner, G. S., and Wallace, A. G. Bradyarrhythmias in acute myocardial infarction.
Circulation, 45:703, 1972.

Sandler, G. and Pistevos, A. C. Use of oxprenolol in cardiac arrhythmias associated with acute
myocardial infarction. Br. Med. J., 1:254, 1971.

Shillingford, J. and Thomas, M. Treatment of bradycardia and hypotension syndrome with acute
myocardial infarction. Am. Heart J., 75:843, 1968.

Taylor, S. H., Saxton, C., Davis, P. S., and Stoker, J. B. Bretylium tosylate in prevention of cardiac
dysrhythmias after myocardial infarction. Br. Heart J., 32:326, 1970.

Weiner, L. Coronary care unit. In Chung, E. K. Cardiac Emergency Care. Philadelphia, Lea and
Febiger, 1975.

Wyman, M. G. Prevention of primary ventricular fibrillation in acute myocardial infarction. Am. J.
Cardiol., 29:298, 1972 (Abstr).

Wyman, M. G. and Hammersmith, L. Comprehensive treatment plan for the prevention of primary
ventricular fibrillation in acute myocardial infarction. Am. J. Cardiol., 33:661, 1974.

Yu, P.N. Prehospital care of acute myocardial infarction. Circulation, 45:189. 1972.



Chapter 3 Mobile Intensive Care Units—Are They Really
Needed?

MICHAEL LuxToN, M.B., THOMAS PETER, M.D., and GRAEME SLOMAN, M.B.

General Considerations

The treatment of acute myocardial infarction in coronary care units has provided a
substantial reduction in hospital mortality. Any further reduction using present
techniques is unlikely without major advances in the present form of therapy. Today
cardiogenic shock and congestive heart failure account for most of the deaths in the
coronary care unit. Some centers have emphasized use of the aortic balloon to assist
in the management of these conditions and will proceed to select patients for cor-
onary artery surgery. The number of patients who may be benefited by these heroic
procedures will probably continue to be small. Interest has moved sharply to the
prehospital phase of acute ischemic heart disease in the belief that the lessons learned
from experience in the coronary care unit can be applied much earlier in the history
of acute ischemic heart disease and additional lives saved. This has led to the concept
of prehospital care for all patients with suspected acute ischemic heart disease, and
the development of various types of mobile intensive care units. In this chapter we
discuss the place of these units, their benefits, organization, and administration and
the results obtained in some centers as examples of their success as well as some of
the problems encountered in developing an efficient system.

Historic Considerations

Acute ischemic heart disease is the most common lethal cardiovascular emergency in
many countries. A World Health Organization project was established to register
definite and suspected acute episodes in the natural history of acute ischemic heart
disease in the community from 19 geographic areas. A standardized protocol was
followed in all countries and information was collected concerning 9,692 subjects in
the calendar year 1971. The average annual attack rate was calculated from the
pooled data and was found to be (in the group aged 20 to 64 years) 3.4 per 1,000
population for males and 0.9 per 1,000 for females (WHO 1974). Several studies of
coronary heart disease have shown that fatalities are concentrated within the first
hour of the acute attack (3, 7, 12, 18). Nearly three-fourths of those who die during
an acute attack do so outside the hospital (7). Death is often sudden, with little or no
immediate warning. In a study of 998 fatal cases McNeilly (18) found that 596 (59.7
percent) had died before admission to a hospital. Of these 229 (23 percent) of the
998 patients were known to have survived for more than half an hour after the onset
of the fatal attack; 182 (18 percent) survived for more than 1 hour and 143 (14
percent) survived for more than 2 hours.
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A World Health Organization working group (31) studied the role of mobile cor-
onary care and concluded that 40 percent of deaths from acute myocardial ischemia
occurred during the first hour, more than 50 percent had occurred within 2 hours,
and 65 percent within 12 hours after the onset of the first major symptoms.
Immediately after the onset of symptoms, the incidence of bradycardia is high (2), as
is the incidence of ventricular fibrillation (22, 24). When death occurs at this time, it
is suggested that it is due to dysrhythmia. It has been generally assumed that the ma-
jority of early deaths are due to ventricular fibrillation and this is being increasingly
substantiated by experience on mobile coronary care units (21). Lawrie, in 1968 (13),
reported from Edinburgh that 60 percent of the episodes of ventricular fibrillation in
coronary care units occurred within 4 hours after the onset of symptoms and 80 per-
cent within 12 hours. It is probable that the highest incidence of ventricular fibrilla-
tion occurs immediately after the onset of myocardial infarction; thereafter the in-
cidence declines rapidly.

Direct current counter shock (15) has made it possible to treat patients who
develop ventricular fibrillation, and a number of follow-up reports show a good
prognosis after successful defibrillation (14). McNamee, in 1970 (17) reported that
of 160 patients who survived ventricular fibrillation, 80 had a clinically mild cor-
onary episode and long-term prognosis was similar to those whose course was not
complicated by this dysrhythmia.

In summary, these observations indicated that ventricular fibrillation is a major
cause of death immediately after acute myocardial infarction, and if prompt
electrical defibrillation is available, the prognosis of these patients is related to the
size of the infarct, which may be small. This is a strong argument for the availability
of portable defibrillating devices wherever there are clusters of people who are
known to be subject to episodes of acute ischemic heart disease, with or without
acute myocardial infarction.

In some communities there is a great delay in the delivery of emergency medical
services capable of defibrillation and resuscitation. It has been shown that without a
mobile intensive care unit, the delay between the onset of symptoms and admission
to a coronary care unit is considerable (8, 9, 19). The Belfast study of fatal ischemic
heart disease showed a mean delay of 8 hours of which the major part followed a
call for medical help. The median time from the onset of symptoms until a doctor
was called was 1 hour and 17 minutes. The subsequent delay was made up of time
taken by the doctor to reach the patient, delay in diagnosis, delay in conventional
ambulances arriving and transferring him to hospital and of great importance, delay
in the hospital casualty rooms.

Benefits of Mobile Intensive Care Units

Although we are discussing the role of prehospital coronary care, the concept of the
mobile intensive care unit embraces all medical and surgical emergencies, such as
road accidents, poisonings, and so on. In acute ischemic heart disease, apart from
prompt diagnosis and reversion of malignant dysrhythmias, the mobile intensive care
unit provides a number of secondary benefits.
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Prevention of Malignant Ventricular Dysrhythmias

Multifocal or frequent ventricular ectopic activity or both has been considered a
precursor of so-called malignant or lethal ventricular tachycardia and fibrillation
(14, 16, 26). This ectopic activity can be treated promptly in a mobile intensive care
unit and may decrease the incidence of life-threatening dysrhythmias.

Prophylactic intramuscular lidocaine (300 mg, 10 percent solution) has been
shown to reduce mortality in the first 2 hours after acute myocardial infarction (28).
The most impressive reduction in mortality was seen in male patients 55 years of
age. A possible explanation for this result, is provided in the work of Lie et al. (14)
who found that primary ventricular fibrillation was frequent in younger males, es-
pecially those with an inferior infarction. Wyman (33) reported only one episode of
ventricular fibrillation in 732 patients with acute myocardial infarction treated in a
coronary care unit, and who received prophylactic lidocaine. However, further com-
munity studies are needed before the routine use of prophylactic lidocaine can be ad-
vised in all subjects with suspected acute myocardial infarction.

Sinus Bradycardia

Although there has been some difference of opinion with regard to the treatment
of sinus bradycardia without hypertension (10, 16, 20), there is little doubt about
the prompt administration of atropine sulfate in patients with acute myocardial in-
farction and obvious hemodynamic disturbances. Care should be taken that the rate
is not increased to an inappropriate level, as this might cause the area of infarction to
extend (6). We found the automatic Atropen tissue spray injection of 2 mg atropine
citrate free of this detrimental rise in heart rate (24).

Cardiac Failure in Acute Myocardial Infarction

Cardiac failure in acute myocardial infarction is observed in 20 and 60 percent
depending on the clinical and hemodynamic or radiologic criteria employed. A study
reported from our coronary care unit (25) showed left ventricular failure in 48 per-
cent of patients admitted to the coronary care unit. This finding is of considerable
importance if the postulate, prompt treatment of cardiac failure will improve myo-
cardial perfusion and limit the extension of infarcted tissue, proves correct (23). For
similar reasons, early administration of diuretics in the mobile intensive care unit
may decrease the incidence of cardiogenic shock.

Pantridge (23) demonstrated a reduction in mortality in patients transported by a
mobile coronary care unit within 2 hours after the onset of chest pain compared to
patients transported by other means even if those transported in the mobile intensive
care unit did not require defibrillation. This finding, although based on a small group
of patients, supports the concept that early treatment, provided by special mobile
units, is of benefit in aspects of care other than the reversion of malignant arrhyth-
mias. In road trauma, drowning, asphyxiation, acute pulmonary embolism, and so
forth, there can be no doubt that early, on site, treatment is beneficial and potentially
life-saving.
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Organization

During the early planning stage, if a prehospital emergency care service is to be in-
stituted, a decision must be made as to whether a very specialized transport system,
such as a mobile coronary care unit, is to be established and its use restricted to
patients “calling for help” for definite or suspected symptoms of acute infarction or
whether a less specialized service should be set up suitable for all definite or
suspected cardiovascular emergency cases. As all cardiovascular emergencies have
many characteristics in common, particularly with respect to their management,
there is much that can be said in favor of a very broadly based mobile intensive care
unit capable of dealing with all cardiovascular emergencies.

The organization of mobile coronary care units in various cities varies con-
siderably with local requirements and existing emergency facilities. They may be
divided into units based at hospitals and those based at emergency vehicle depots
outside hospitals; for example, fire departments or ambulance centers. In the former
situation the units are usually staffed by a physician and other medical personnel, in-
cluding trained coronary care nurses and paramedical personnel. Nonhospital based
emergency care vehicles are staffed by ancillary workers and a physician who may
be picked up at a local hospital, or medical advice may be obtained by radio com-
munication. Three different mobile intensive care units can be illustrated in detail.

Hospital Based Unit

In the Belfast unit both a physician and a nurse are on the ambulance, which is
based at a depot on the grounds of the hospital (22). When this service was being es-
tablished, the medical profession of Belfast was informed about the theoretic basis of
mobile coronary care and were instructed in the procedures they were to carry out
when attending a patient suspected of having a myocardial infarction. In this system
a doctor and, more recently, the patient themselves or a relative, telephone a widely
publicized emergency number, which immediately connects them to the coronary
care unit of a general hospital. On receiving the call, a resident doctor and a nurse
are paged and instructed to join the ambulance. This arrangement provides the
benefit that calls from the general public are screened by medical personnel before
the ambulance is mobilized, thereby minimizing the number of false alarms. Another
advantage is that medical personnel are at the site of the incident quickly and are
able to give skilled advice. However, a major disadvantage is the delay inherent in
mobilizing the team. As the program developed, more calls were received directly
from the public. This minimized the delay in the system when the family doctor
attended the patient. With this system 50 percent of patients are now reached within
10 minutes after the call is received at the coronary care unit. The ambulance itself is
a standard, virtually unmodified, vehicle carrying a battery operated defibrillator,
monitoring apparatus, selected drugs, and intravenous solutions. A facility for car-
diac pacing from transvenous wires is also provided. All equipment is portable. Care
in the ambulance during transport is similar to that received by the patient in the cor-
onary care unit, i.e., relief of pain, prophylaxis against dysrhythmias, and treatment
of ventricular dysrhythmias should they occur.
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Fire Department Based Mobile Intensive Care Units

In contrast to the Belfast unit, the unit in Seattle, Washington, is based at the local
fire department (4). Local citizens of Seattle telephoned the fire department in any
type of emergency situation. The fire department had been providing an “out of
hospital” emergency service for many years prior to the inception of a mobile cor-
onary care unit. It was therefore very appropriate to upgrade the existing service.
This service is not only used for cardiac problems but for other medical emergencies
as well.

Seattle has a population of 600,000 with 13 hospital coronary care units. The
mobile intensive care unit enables a patient to be reached by a coronary care unit
within 2 to 5 minutes after the call received by the fire department. The public has
been given a widespread educational program in which they were encouraged to
telephone the fire department the moment an emergency arises rather than first
waste time telephoning a hospital or doctor. As soon as the fire department receives
such a call, it dispatches the closest of 10 strategically placed “aide cars.” These cars
carry paramedical personnel capable of cardiopulmonary resuscitation. If a dis-
patcher feels that emergency represents a cardiac problem, he would also dispatch
the mobile intensive care unit with its specialized paramedical personnel. These more
sophisticated units have radio communication to the duty physician at the coronary
care unit and are also able to transmit the patient’s electrocardiogram. They are also
authorized to carry out definitive emergency therapy (following standard written
orders) in situation where a physician is not present. If the patient has possible acute
ischemic heart disease he is transported to a prearranged hospital coronary care unit
selected by the fire department dispatcher and is admitted directly, avoiding delays in
emergency rooms. This system provides for a very rapid response and maximum use
of facilities but relies heavily on the knowledge and cooperation of the general public
to call for help and on medical practitioners to use the system. It is essentially a com-
munity service in improved health care.

Combined Hospital and Paramedical Mobile Intensive Care Units

The system in Melbourne, Australia combines local ambulance service facilities
staffed solely by ambulance officers who have been trained in a coronary care
program and medical control and guidance from the staff of a hospital coronary
care unit. The details of this service are discussed later in the chapter to illustrate
problems encountered in establishing mobile intensive care units.

Results of Mobile Intensive Care Units

The potential of mobile intensive care units can be gauged from results of centers
that operate units especially for the prehospital care of acute ischemic heart disease.
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Belfast

The Belfast unit received 2,753 calls between 1966 and 1969. Of these patients,
myocardial infarctions were subsequently diagnosed in 43 percent and coronary in-
sufficiency in 33 percent. During the 3 years, there were no deaths during transport
due primarily to dysrhythmias. This contrasts favorably with experiences before the
mobile coronary care unit when up to 10 percent of the deaths occurred in the am-
bulance.

In patients with proven infarction, 25 percent were under intensive care within 1
hour, 52 percent within 2 hours, and 76 percent within 4 hours. These figures im-
proved over the 4-year period, reflected by the reduction in median delay from 8
hours in 1965 to 1 hour and 4 minutes in 1969,

Cardiac arrest occurred outside the hospital in 193 patients and 12 of these oc-
curred in the ambulance. Resuscitation was not attempted in 38 cases because car-
diac arrest had been prolonged before cardiopulmonary resuscitation was applied.
Of the remaining 155 patients in whom resuscitation was attempted, there were 55
initial survivors and 38 left the hospital alive. In the group of patients who received
prehospital coronary care in the Belfast unit, the overall hospital mortality was 17.3
percent, which compares favorably with the collective mortality of 23.5 percent from
four different coronary care units (23). Pantridge attributes part of this improvement
to a reduced incidence of shock and pump failure in patients who were treated early
after the onset of chest pain.

Seattle

In Seattle during the first 3 years of operation, 202 patients were resuscitated by the
unit. Of these, 70 percent in ventricular fibrillation were defibrillated and subse-
quently discharged (4). However, this would be the bare minimum of lives saved, as
it is likely that treatment of other dysrhythmias and hemodynamic disturbances
would have indirectly prevented death. Of the patients who had ventricular fibrilla-
tion and survived, half had no evidence of myocardial infarction after they were ad-
mitted to the hospital. Some of these patients subsequently had coronary angiograms
and most showed severe coronary artery disease (5).

It is important to note that the percentage of patients who had ventricular fibrilla-
tion and ultimately survived increased greatly from the first to the third year during
which this service operated (increasing from 11 percent during the first 2 years to
over 20 percent during the third year). This improvement was attributed to dis-
patching the unit more rapidly, firemen were being given better training, and an in-
tensive public education system had been established.

The importance of this education is reflected by the fact that at the time of the
review 20 percent of resuscitations were initiated by a member of the community
already at the scene, in contrast to the 5 percent before cardiopulmonary resuscita-
tion education had been started. This was achieved by educating 40,000 people dur-
ing this 3-year period.
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Does Mobile Intensive Care Contribute to Improved Patient Care?

In any attempt to judge the value of mobile intensive care a number of questions
must be asked:

1. Is mobile intensive care valuable from a medical point of view?

2. Is it economically sound?

3. Is it practical in a large city beset by problems of communication and traffic
congestion?

With regard to the first question, the data from the Belfast and the Seattle units
show that many lives have been saved and patients subsequently returned to gainful
employment. Similar experience has been reported by the Melbourne unit.

Economic evaluation is very difficult. However, it may be based in a very approx-
imate way on an envisaged cost per life saved. In the American setting, Dr. Jan Paul
Acton has estimated that the cost per life saved would range from US$2,200 to
US$4,600 (1). The mobile unit he envisaged, was staffed by a physician. Although
these figures may be quite different in other communities, they do give some idea of
the magnitude of the cost. Against this debit must be balanced the loss of community
earnings due to premature deaths and also the costs of other high-grade medical care
currently being undertaken in hospitals. It would be reasonable to say that mobile in-
tensive care is economically a sound proposition in those communities that can af-
ford sophisticated medical care at all levels. It would be unreasonable to suggest the
system be implemented in a community where medicine is less developed and money,
if available, could be spent more wisely in basic fields of health care.

The third point to consider is implementation of a system. To be effective, care
must reach a potential coronary patient in a very short time, ideally a few minutes.
This is becoming increasingly difficult in modern cities, with traffic congestion and
communication problems. These problems can be overcome, as has been
demonstrated by the Seattle program, by intelligent use of existing community facili-
ties, such as less specialized units backed up by one or two vehicles containing a
monitor and a defibrillator.

Other problems that may limit the value of prehospital coronary care lie in the
field of community medicine. A major delay is that between the onset of the patient’s
symptoms and his first call for any form of medical help (8). This may be overcome
by very intensive educational programs, such as those attempted in Seattle, Belfast,
and a number of other cities. This may be coupled with instruction in car-
diopulmonary resuscitation. One criticism leveled against these programs is that they
will increase public anxiety regarding coronary artery disease. This is an inherent
problem in any community health education program such as the fight against
cancer, tuberculosis, or, indeed, any current program attempting to reduce the risk of
coronary artery disease. A further concern about public education is an excessive
number of false alarms if the patient is not seen initially by a local medical prac-
titioner. However, the Seattle and Belfast experience shows that after a short period
of time, the number of false alarms is remarkably small.

Prediction of Patients Admitted with Acute Coronary Heart Disease

Another important aspect of prehospital coronary care is the potential for recogniz-
ing people at risk of acute myocardial infarction or sudden death from coronary
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artery disease so that prophylactic treatment can be instituted. Kinlen (11), in a
study of acute ischemic heart disease, in Oxford interviewed relatives of 140 patients
who died suddenly and found that 49 percent of the patients had had preceding chest
or epigastric pain a month prior to infarction and 25 percent saw their general prac-
titioner within a week before the event and 50 percent within a month. If these
patients could be identified, they may form a group in which advice regarding the
availability of prehospital coronary care could be given. In addition, it has been
suggested that when effective antiarrhythmic agents have been developed, these may
be given to such patients to be used prophylactically while they are waiting for the
mobile intensive care unit. We mention this aspect of coronary artery disease
because it may well prove to be an important adjunct to prehospital mobile coronary
care. The World Health Organization established a study (30, 31) to evaluate the
significance of symptoms and signs that precede sudden coronary deaths.

General Purpose of Mobile Intensive Care Units (With Particular Reference to Car-
diovascular Emergencies)

The Melbourne Mobile Intensive Care Unit Program, demonstrates one method of
developing such a service and also highlights some of the problems that might be en-
countered in other centers intending to start a similar community program. The
system has been developed in the metropolitan and city areas of Melbourne (popula-
tion approximately 2 million). In 1969 a pilot mobile intensive care unit was es-
tablished, based at a university teaching hospital, and was staffed at that time by
specially trained senior ambulance officers and medical graduates. However,
professional acceptance was poor and dividends were low with respect to lives saved.
A special committee was established to advise on such special emergency care in the
state and coordinate guidelines for staff training, equipment, and communications of
such a unit. A general policy was established, and two university teaching hospitals
with active nurse training programs associated with their coronary care units, were
requested to undertake training of ambulance officers to fit them for the special
mobile intensive care unit. After a number of trial courses, the ambulance officers’
course training was integrated with the technical training given to coronary care
nurses at the start of their standard 30-week in-service training course. The detailed
syllabus made use of all forms of audiovisual training and practical experience in the
coronary care unit and on the emergency ambulance. When they completed the
course, the ambulance officers underwent a further 3 months of practical training in
the mobile intensive care unit and attended the coronary care unit, one half-day each
week for additional training, lectures, and case presentations. When this 3 months’
service was completed, the ambulance officer’s suitability for certification as a
trained special mobile intensive unit medical assistant was assessed by a special
board.

The number of officers qualified was gradually increased, and by January 1974
enough staff were trained to man four special mobile intensive care units, which were
then distributed in the Melbourne metropolitan area. Each vehicle was sponsored by
a major hospital and at all times, one medical officer was immediately available for
radio-telephone consultation. In addition, facilities were available in each vehicle for
the transmission of electrocardiograms over the radiotelephone, either to the cor-
onary care unit or to the cardiologist (Figure 3-1). Calls for the mobile intensive care
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Fig. 3-1. Interior of Melbourne Mobile Intensive Care Units showing portable monitor, defibrillator,
and drug box.

unit originated either from the general public or from doctors directly to the am-
bulance central common room. As soon as a call is received, the mobile intensive
care unit closest to the patient was dispatched by ambulance control. There were two
mobile intensive care units serving the metropolitan area of Melbourne until
December 1973, and since this was grossly inadequate, two more were com-
missioned in January 1974. This, in itself; is one lesson learned from this project: the
area covered by a unit should be carefully limited to keep delays to a minimum. In
the calendar year 1973, there were 3,516 calls for the two mobile intensive care units.
Of these calls 1,835 were for patients whose history suggested acute ischemic heart
disease, 662 were general medical cases, 144 were a miscellaneous group termed
collapses, 378 were various forms of accidents, in 260 cases the ambulance was not
required on arrival, and 236 calls were cancelled. (Table 3-1). Of the 1,835 patients
who were presumed to have acute ischemic heart disease, 29 were resuscitated
successfully from either ventricular fibrillation or standstill (Table 3-2). Nine of these
patients subsequently died in hospital. There was no follow-up information on 3. Of
17 patients discharged from the hospital after resuscitation, 1 died a month after dis-
charge, 6 were alive and well after 1 year, and in 10 the follow-up period was less
than 1 year. These figures may be compared with the first full calendar year during
which the ambulance was used in 1972 in which 19 patients were resuscitated from
ventricular fibrillation or ventricular standstill, and of these 10 left the hospital alive.
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Table 3-1. Data From Melbourne Mobile Intensive Care Unit—1973

No. of patients

History suggestive of acute ischemic heart disease 1,835
General medical 662
Motor car accidents 188
Other accidents 190
Noncardiac syncope 144

Total patients transported 3,019
Mobile intensive care unit attended but not required 260
Calls cancelled 236

Total calls 3,515

In the first 3 months of 1974, when four units began to operate (each totally
manned by ambulance personnel), 14 patients were resuscitated from ventricular
fibrillation or standstill. This experience demonstrates the important point that the
number of lives saved in the initial phase of any service is relatively small while the
program is being developed and the response time is being reduced. This should be
anticipated by any community setting up a similar program and should not lead to
excessive pessimism.

The cost of keeping one mobile intensive care unit on the road for 1 year, 24 hours
a day, is A$140,000, which includes salaries of ambulance officers. The cost of a
new vehicle in our service is approximately A$12,000. These figures must be
assessed in light of the fact that our ambulance also services trauma and other
medical emergencies.

There are various aspects of our mobile intensive care unit program that deserve
attention. The concept of paramedical care is relatively new in Australia. There was
a problem getting the medical profession and, to a lesser extent, the general public, to
accept the unit. Paramedical care has now been accepted in many areas of the
United States, as demonstrated by the Seattle unit. The concept has been developed
in the United Kingdom, as shown in the Brighton program described by White et al.
(29). Using ambulance officers has certain very clear advantages: (a) these men have
already selected themselves in the sense that they have a particular interest in health

Table 3-2. Status of 1,835 Patients with Suggested Ischemic Heart Disease Treated in Mobile Intensive
Care Unit

No. of patients

1973 Alive at 1 yr 6
Alive more than 1 yr 10
Died in hospital 9
Late deaths 1
Lost to follow-up 3
No. of successfully resuscitated (ventricular fibrillation or standstill) 29

1974 First 3 mo. No. successfully resuscitated 14
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care, (b) they have been trained by their service and have experienced the fundamen-
tals of medical care, and (c) the ambulance service is a recognized emergency care
service in our community and to this extent is accepted by the general public. The
ambulance officers selected for training have shown a considerably high pass rate,
both in written and practical aspects. Further, it has led to an increased interest
throughout the ambulance service. We hope that this training will eventually lead to
a higher status for ambulance officers as medical coworkers in the Australian com-
munity.

Despite these optimistic aspects, difficulties have arisen due to the over-confidence
shown by ambulance officers and a tendency for them to overuse forms of therapy,
such as intravenous infusion, with a consequent and unnecessary time delay in trans-
port. This problem has been overcome by forcing them to adhere to detailed orders
and emphasizing the importance of transporting patients to hospital care as soon as
possible. The use of intramuscular therapy for emergency dysrhythmias (atropine,
Atropen tissue spray, and lidocaine 10 percent) has been taught as an alternative
procedure to immediate intravenous therapy.

The need for a refresher course has also become apparent, and this must be an im-
portant aspect of any training programme. The degree of practical experience in any
one aspect of mobile intensive care may be insufficient. To overcome this problem,
ambulance officers are encouraged to become involved in the functions of coronary
care and other emergency areas of the hospital while awaiting calls.

Another major aspect of the prehospital care of acute ischemic heart disease has
been the education of patients, relatives, and the lay public in general, in car-
diopulmonary resuscitation. Early in our program, it became apparent that medical
practitioners were not aware of recently documented features of the natural history
of acute ischemic heart disease. The ambulance service was often called for patients
who were in pulmonary edema or cardiogenic shock, yet not for patients who had
chest pain but were otherwise well. A cardiopulmonary resuscitation program for the
lay public was started in June 1973 at the Royal Melbourne Hospital. The teaching
team consisted of a course supervisor, who was a trained coronary care nurse. Cine
film and, more recently, video tape are used by the staff of the mobile intensive care
unit. Detailed cardiopulmonary resuscitation brochures have been produced with the
help of the National Heart Foundation. To date, 4,000 people have been instructed.

It can be concluded that mobile intensive care units are a valuable extension of
health care in any community that can afford an adequate coronary care unit ser-
vice. To obtain maximum benefit, widespread public and medical education
programs are required. These projects are relatively inexpensive once they are es-
tablished and will repay the community not only in lives saved but also from the
economic point of view in terms of working hours otherwise lost due to premature
death. In addition, the community will directly benefit by upgrading their emergency
services in many other areas. We consider the mobile intensive care unit for
prehospital care of a patient with acute ischemic heart disease a step relatively easy
to take to reduce mortality from coronary artery disease.

Summary

Considerable evidence indicates that the high early mortality from acute ischemic
episodes is due mainly to ventricular fibrillation. Furthermore, if such patients can be
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defibrillated promptly, their prognosis is good and depends mainly on the size of the
infarction. This has led to the concept of prehospital care and the development of
mobile coronary care units staffed by personnel trained to deal with cardiovascular
emergencies. Such training includes the ability to recognize ventricular fibrillation
and defibrillate patients, monitoring arrhythmias, and administering intravenous
medication, endotracheal intubation, and performing cardiopulmonary resuscitation
when necessary.

The organization of such units can be based on that of the hospital in Belfast or
on emergency services such as those provided by the fire department in Seattle, or it
can be based on combined hospital and ambulance facilities, as in Melbourne.

The mobile intensive care unit in Melbourne is staffed by trained paramedical per-
sonnel capable of performing emergency procedures. They are in voice communica-
tion with designated physicians or trained coronary care nurses at a nearby hospital.
Where indicated, they are able to transmit the electrocardiogram to the hospital staff
for interpretation. In Melbourne the ambulance officers staffing the units receive
the same basic training as do coronary care nurses and have similar pass rates.

The value of a mobile intensive care unit can be assessed in terms of the numbers
of lives saved and the cost per life saved. Experience over the past 3 years has shown
that:

1. These units can be run at a reasonable cost to the community.

2. The area covered by one unit should be carefully limited to keep delays at a
minimum.

3. Well-trained ambulance officers are capable of handling emergency situations.

4, A program of public education, stressing the necessity for early calls for
medical help will considerably increase the number of lives saved.

5. A cardiopulmonary resuscitation teaching program for the lay public is a
valuable adjunct to a mobile intensive care program.

Acknowledgments

We wish to thank the Victorian Hospitals and Charities Commission, the Victorian
Civil Ambulance, the Executive Committee of the Royal Melbourne Hospital, the
staff of the Royal Melbourne Hospital and the National Heart Foundation of
Australia.

Videotape on CPR is available in three-quarter inch Sony cassette from the
National Heart Association of Australia, Victorian Division, 3050, Australia.

References

1. Acton, J. P. Evaluating public programmes to save lives: The case of Heart Attacks. The Rand
Corporation, Santa Monica, California, January 1973.

2. Adgey, A. A. J,, Geddes, J. S., Webb, S. W., Allen, J. D., James, R. G. G., Zaidj, S. A., and
Pantridge, J. F. Acute phase of myocardial infarction. Lancet, 2:501, 1971.

3. Bainton, C. R. and Peterson, D. R. Deaths from coronary heart disease in persons fifty years of
age and younger. N. Engl. J. Med., 268:569, 1963.

4, Cobb, L. A. and Alvarez, H. Three years’ experience with a system for prehospital emergency care.
National Heart Foundation of Australia. Notes on Cardiovasc. Dis., 9:36, 1973.



50

10.

11
12.

13.
14.
15.

16.

17.

18.
19.
20.

21.
22.

23.

24,
25.

26.

27.
28.

29.

30.
3L
32
33.

Michael Luxton, Thomas Peter, and Graeme Sloman: Mobile Intensive Care Units

. Dodge, H. T. Personal communication.
. Epstein, S. E., Goldstein, R. E., Redwood, D. R., Kent, K. M., and Smith, E. R. The early phase of

acute myocardial infarction: Pharmacologic aspects of therapy. Ann. Intern. Med., 78:918, 1973.

. Fulton, M., Julian, D., and Oliver, M. Sudden death and myocardial infarction. Circulation,

40:Suppl. 4:182, 1969.

. Gilchrist, I. C. Patient delay before treatment of myocardial infarction. Br. Med. J., 1:535, 1973.
. Hacket, T. P. and Cassem, N. H. Factors contributing to delay in responding to the signs and

symptoms of acute myocardial infarction. Am. J. Cardiol., 24:651, 1969.

Meltzer, L. E. and Kitchell, J. R. Cardiac pacing and cardioversion. Philadelphia, The Charies Press
Publishers Inc., 1967.

Kinlen, L. J. Incidence and presentation of myocardial infarction in an English community. Br.
Heart J., 35:616, 1973.

Kuller, L., Lilienfeld, A., and Fisher, R. Epidermiological study of sudden and unexpected deaths
due to arteriosclerotic heart disease. Circulation, 34:1056, 1966.

Lawrie, D. M., Higgins, M. R., Goodman, M. J., Oliver, M. F., Julian, D. L., and Donald, K. W.
Ventricular fibrillation complicating myocardial infarction. Lancet, 2:524, 1968.

Lie, K. 1., Wellens, H. J., and Durrer, D. Characteristics and predictability of primary ventricular
fibrillation. Eur. J. Cardiol. 1:379, 1974.

Lown, B., Amarasingham, R., and Norma, J. New methods for terminating cardiac arrhythmias.
Use of synchronized capacitator discharge. J.AM.A., 182:548, 1962.

Meltzer, L. E. and Kitchell, J. R. The current state of intensive coronary care. Philadelphia, The
Charles Press Publishers Inc., 1966.

McNamee, B. T., Robinson, T. J., Adgey, A. A., Scott, M. E., Geddes, J. S., and Pantridge, J. F.
Longterm prognosis following ventricular fibrillation in acute ischaemic heart disease. Br. Med. J.,
4:204, 1970.

McNeilly, R. H. and Pemberton, J. Duration of last attack in 998 fatal cases of coronary artery
disease and its relation to possible cardiac resuscitation. Br. Med. J., 3:139, 1968.

Moss, A. J., Wynar, B., and Goldstein, S. Delay in hospitalization during the acute coronary
period. Am. J. Cardiol., 24:659, 1969.

Norris, R. M., Mercer, C. J., and Yeates, S. E. Sinus rate in acute myocardial infarction. Br. Heart
J., 34:901, 1972. y

Pantridge, J. F. and Geddes, J. S. Cardiac arrest after myocardial infarction. Lancet, 1:807, 1966.
Y . A Mobile Intensive Care in the management of myocardial infarction. Lancet, 2:271,
1967.

Adgey, A. A. J. The prehospital phase of acute myocardial infarction. In Meltzer, L. E. and
Dunning, A. J., eds. Textbook of Coronary Care. Amsterdam, Excerpta Medica, 1972.
Geddes, J. S. Primary ventricular fibrillation. Eur. J. Cardiol., 1:335, 1974,

Sloman, J. G. and Brown, R. W. Hospital registration in patients with acute myocardial infarction.
Am. Heart J. 79:761, 1970.

Smirk, F. H. and Palmer, D. G. A myocardial syndrome with particular reference to the occurrence
of sudden death and premature systoles interrupting antecedent “T” waves. Am. J. Cardiol., 6:620,
1960.

Stuckey, J., Pitt, M., and Sloman, G. Atropine solution administered with an automatic device in
the coronary care unit. Am. J. Cardiol., 32:988, 1973.

Valentine, P. A, Frew, J. L., Mashford, M. L., and Sloman, J. G. Lidocaine in the prevention of
sudden death in the prehospital phase of acute infarction. A double blind study. N. Engl. J. Med.
291: 1327, 1974.

White, N. M., Parker, W. S., Binning, R. A., Kimber, E. R., Ead, H. W., Chamberlain, D. A.,
Mobile coronary care provided by ambulance personnel. Br. Med. J., 3: 618, 1973.

WHO. The role of mobile coronary care units. Report of a working group. Moscow, February 3-6,
1970.

WHO. The prodromal symptoms of myocardial infarction and sudden death. Report of a working
group. Copenhagen, March 1-3, 1970.

WHO. Study on symptoms and signs predicting acute myocardial infarction and sudden death.
Report of a working group. Copenhagen, February 21-25, 1972.

WHO. Committee report on cardiovascular emergencies. Geneva, May 1974.




Chapter 4 The Use of Artificial Pacemakers
in Acute Myocardial Infarction

Doris J. W. ESCHER

General Considerations

Artificial pacing to control bradyarrhythmias and Adams—Stokes syndrome dates
back to the introduction of external cardiac pacing by Zoll (135). The pain, mor-
bidity, and limited dependability of this method (18, 71, 91, 92, 96, 100, 109),
however, limited its usefulness and artificial pacing to control bradyarrhythmias
associated with acute myocardial infarction did not achieve popularity until after the
transvenous endocardial approach was introduced (40, 41). The earliest hopeful
specific reports on the use of transvenous endocardial pacing in acute myocardial in-
farction date from 1963 (23, 109). A decade later, during which period hundreds of
cases have been reported, we still appear hopeful and still uncertain of its overall
value.

A major problem is the baseline against which improvement in mortality and mor-
bidity as effected by pacing is measured. A sampling of the references quoted as
controls by early users of pacing in myocardial infarction (9, 19, 23, 27, 32, 88, 109,
118, 136) shows that most were written before the onset of coronary care
monitoring, used retrospective material or further referenced still earlier similar
studies (3, 6, 15, 20, 25, 29, 39, 52, 53, 55, 57, 58, 61, 81, 89, 95, 102, 106, 112, 116,
131, 132). Several were designed primarily as studies of AV block rather than of
myocardial infarction (39, 57, 89, 106, 132). Detailed data that could be used to cor-
relate the incidence and mortality of AV block with age, sex, site of infarction or
complications of syncope, shock, or congestive failure, were rarely available.
Definitions of bradyarrhythmias, degree of AV block, or bundle branch blocks (if
they were considered at all) often were unclear.

Clinical Data

Table 4-1 reviews what little data are available in 11 of these references on the
percent incidence and percent mortality (in parentheses) in acute myocardial infarc-
tion, of the bradyarrhythmias, and conduction disturbances. The studies of Rosen-
baum, Woods, Rathe, Mintz, Smith, Johnson, Imperial and Hurwitz total 2,942
cases with an overall incidence of some degree of AV block of 4.9 (3.1 to 9.6) percent
(not necessarily bradycardic) and of third-degree AV block of 1.7 (0.9 to 3.8)
percent. Although AV blocks, in general, had mortalities ranging from 25 to 50 per-
cent and third-degree AV block from 29 to 100 percent mortality, only the “ad-
vanced” blocks (second- and third-degree) were considered prognostically serious
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Table 4-1. Reported Incidence and Mortality of Bradycardias in Acute Myocardial Infarction:
Prepacing

Rosenb: . .
Study aggeﬁeji‘:lr: Woods Rathe Mintz and Smith Cohen
(102) etal (131) 95) Katz(81) etal.(16) etal. (15)
Published 1941 1942 1942 1947 1951 1957
No. of patients 208 (38) 128 (47) 274 (20) 572(22) 920 (23) 68 (47)
Duration of
follow-up 1 month 6 weeks 1 month Hosp 6 weeks 2 months
Sex M 69 (31) 84 (42) 71(19) 68 (19) 81(22) 63 (-)
F 31(35) 16 (75) 29 (24) 32(29) 19 (30) 3715
Myocardial
Infarction
Ant 52(30) 48 (42) 32(26) 55(20) 59 (26) 24 (75)
Post 31(36) 41(42) 35(19) 36 (23) 40 (18) 75 (37)
Both 2.5(100) 4.2 (25) 1.5 (100)
Unclassified 5.8 (8.3) 8.5(82) 17 (26) 4.6 (31) 1.5(Q21)
Percent
Arrhythmias 38 (42) 16 (44) 16 ()
SA Block
Sin. Brady 0.5(0)
Block Uncl.* 3.443) 4.7 (50) 5.1(36) 6.9 (44) 100 (47)
1° 4.0(23)
201 3.1(25) } 1.9(55) 49 (33)
2° 11 32(50)
30 2.4 (60) 1.6 (100) 0.9(100)  1.2(55) 19 (17
BBB Uncl.
Cond. Abn. 4.3(78) 12(67) 19 (15) 13(38) 13 (78)
RBBB
LBBB

*Inclusive of values for 1°, 2°, or 3° block as listed below.

and demonstrated an increased mortality as they progressed in degree (52, 53, 58,
81, 95, 102, 116, 131).

Three of the studies, totaling 124 cases, selectively deal with AV block in myocar-
dial infarction (15, 20, 106). The male to female ratio and ages in this group are
similar to those of the general incidence in myocardial infarction. However, the
prevalence of diaphragmatic (inferior) wall infarction is 71 to 100 percent, while in
the general group it is 37 to 52 percent. This association between AV block and
diaphragmatic (inferior) wall infarction is consistent with the fact that in 90 percent
of hearts, the blood supply to the AV node is from the right coronary artery. In the
remaining 10 percent (in a ratio of 3 males to 1 female), it usually is from the left cir-
cumflex artery (54). The higher incidence of death with AV block in anterior wall in-
farction reflects either a prior diaphragmatic wall infarction or involvement of the
His conduction system, the bundle branches, or both, by septal infarction (15, 51,
54, 55, 70).



The Use of Artificial Pacemakers in Acute Myocardial Infarction 53

“White andMiner  Imeeid  Courer  JATLL (ST cudeo
(106) gy erak(3)  etal.(20) (52) acute MI  heart block
1958 1958 1960 1963 1964

38(42) 187(24) 153 (35) 18 (39) 500 (24) 2942 (26) 124 (44)

1 month Hosp Hosp Hosp Hosp
68 (46) 76 (20) 89 (47) 679 70 (23) 69 (48)
32(33) 24(33) 11(0) 33(-) 30(34) 31(10)
16 (-) 4829  53(36) b 49 (66) 18 (75)
39(-) 52(18) 39(30) 10039) “g t (30-45) 37(27) 68 (38)
45(0) 7.8 (50) 19
17(29) 73 (46) 80 (27)
0.5 (100) 15(17) 9(11)
100 (32) 59() } 6.6 (50) 100 (39) 9.3 2—; 10 (44) 100 (39)
58(-
21(= 3.3(20 5.6(31)
© 0 17(33) }2-0(60) }
100 (32) 3.8(29) } 3.8(80) 88 (37) 1.8(22) 2.2(55) 100 (45)
7.8(50)

With these figures in mind, the mixed enthusiasm of the early investigators is un-
derstandable. Samet (109) had a 50 percent mortality among his 4 cases (probably
all anterior wall infarctions), with one survivor requiring permanent pacing. Bruce et
al. (9), with 7 cases (6 confirmed as inferior wall infarcts), had only one death (14
percent) and one patient was permanently paced; a good record in view of the
severity of illness in his patients. Paulk et al. (88), with 43 patients, 75 percent with
inferoposterior wall, 7 percent anterior wall, and 18 percent with combined infarc-
tion, had a disappointing 40, 67, and 50 percent mortality rate, respectively, despite
pacing. This is an overall mortality of 44 percent, with a 77 percent mortality where
there was a history of previous infarction and persistence in AV block by 79 percent
of those who died.

Despite modern monitoring methods and treatment, the incidence of shock, con-
gestive failure, and mortality were no different from those reported by prepacing
groups (15, 89, 106). Epstein et al. (32) with 9 patients, 56 percent with anterior or
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combined infarctions and all severely il clinically, reported 7 deaths (78 percent).
Both survivors, one requiring permanent pacing, were female, with inferior wall
lesions. Seven had third-degree AV block, but 2 with 2:1 AV block nevertheless suc-
cumbed to shock or congestive failure. Importantly, the records of these cases show
that sudden death supervened in 3 patients after sinus rhythm had returned, and
days after pacing had been discontinued. Also, when death did not occur im-
mediately, pacing seemed to accelerate improvement of the clinical state. Cosby (19),
studying patients with AV block and myocardial infarction (site unknown), reported
an 85-percent incidence of death in 13 unpaced patients but only a 60-percent in-
cidence in 10 paced patients and felt that it improved prognosis in the absence of
serious complications. Except for the results reported by Bruce, these results are in
the ranges of the controls.

For the past 8 to 10 years, circumstances changed in that most study groups have
the benefit of continuous rhythm monitoring, which was introduced at the same time
as was pacing, for rhythm changes in myocardial infarction (7, 8, 14, 22, 36, 48, 60,
61, 66, 76, 80, 82, 84, 96-98, 115, 120, 121).

Table 4-2 lists eight representative studies, giving the percent incidence and, when
available, the percent mortality (in parentheses) in unpaced patients. Little had
changed in the incidence of sex ratio or site of infarction, but the tendency to better
define the location of the infarction in terms of presumed anatomic disruption is
evident, as is the increasing awareness of the diagnostic and prognostic association
of bundle branch block. Of interest, is the clearly increased appreciation of the in-
cidence of cardiac arrhythmias in general. Arrhythmias of some sort will be seen in
75 to 95 percent of continuously monitored patients, whereas arrhythmias of
diagnostic, prognostic, or therapeutic value will be present in perhaps 50 + 10
percent. In the bradyarrhythmias, continuous monitoring demonstrates that their in-
cidence is two to three times that found on intermittent observation and is actually in
the order of 10 to 20 percent for SA block or sinus bradycardia, 1.7 (1.2 to 3.9) per-
cent for unclassified block, 6 (4 to 8) percent for third-degree AV block, and 15 per-
cent for bundle branch block. Mortality continues to be higher in females than males
by about 9 + 2 percent, attributable, by most, to the fact that females are older than
males by 5 to 10 years at the time of their first infarction. While the incidence of
anterior versus inferior myocardial infarction varied from study to study, complete
AYV block was seen two to five times more frequently with posteroinferior than with
anterior infarction. The mortality in AV block was lowest if the block was
posteroinferior and the QRS narrow and highest if the lesion was anterior with a
broad QRS complex. Pump failure was the major cause of death in anterior wall in-
farction with complete AV block (particularly if there was bundle branch block),
with shock, congestive failure, or both occurring within hours to less than 1 week
after onset. In inferior wall lesions, shock, failure, or both occurred less
precipitously, starting in 1 or 2 days and lasting for up to 2 weeks in survivors (7,
14, 36, 48, 66, 84, 115, 121).

Studies on the effect of pacing, primarily in third-degree and second- to third-
degree AV block, abound (4, 10, 12, 38, 46, 62, 64, 68, 72, 83, 87, 90, 108, 113, 114,
119, 122, 127). Tabulations of overall mortality of several groups are listed by Par-
sonnet et al. (87), Friedberg et al. (38), Schluger et al. (113), and Narvas et al. (83)
as well as in Table 4-3. Many of the individual studies listed are not statistically valid
because of small numbers, and it is from these papers that biased reports of zero
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percent, 100 percent, and similar widely different figures are derived. All of the sum-
maries duplicate many listings. Nevertheless, they arrive at dissimilar figures of
death. Parsonnet compares an unpaced mortality of 47 percent from a group of 276
patients with 43 percent of 80 paced patients (87). Friedberg (38) compares an un-
paced group of 131 cases (primarily, but not purely, third-degree AV block) with a
52 percent mortality, with a paced series of almost 600 cases in which the overall
mortality is only 40 percent but that for third-degree AV block is 58 percent and for
second-degree AV block, 34 percent. Sutton et al. (122) reinforce the difference
between second- and third-degree AV block in his comparison of a mortality of 11
percent for second-degree AV block with that of 48 percent with third-degree AV
block.

In comparing Tables 4-1, 4-2, and 4-3 in this report, it is easy to see where
problems arise, even when an effort has been made to adjust figures to a common
method of presentation and only studies with large case loads included. Unclassified
block in Table 4-2 reveals the higher incidence of blocks observed (especially first-
degree), which may dilute mortality figures. This appears to have occurred in both
total unclassified block and third-degree AV block. In the paced series (Table 4-3) it
would appear that there is a small but clearcut improvement in survival in third-
degree AV block and probably for second-degree AV block as well.

If pacing, with its dramatic impact and ability to improve cardiac output by
stabilizing cardiac rhythm and increasing ventricular rate in AV block and other
bradycardias does not yield a better salvage, what then is the problem? There is no
question that it is pump failure giving rise to shock and congestive failure. Syncope,
also a serious problem, may be a combination of electrical failure or failure of
mechanical response, one reinforcing the other. Wiggers (129) discussion of the
problem, 30 years ago, is still precisely to the point. Noncontractile muscle will not
pump, ischemic muscle is poorly contractile, and nonperfused muscle not only will
not pump but acts as a sump, absorbing in flaccid dilatation variably significant
amounts of contractile force generated by whatever functional muscle remains
postinfarction. As a compensatory response depends on the condition of the remain-
ing myocardium, mortality rises swiftly with histories of previous infarction. Severe
shock or congestive failure will double or triple the mortality of the uncomplicated
course from a similar but possibly less massively affected site (12, 67, 69, 76, 87, 88,
93, 130). Cardiogenic shock is discussed in detail in Chapter 5.

Pacing in these patients frequently offers an early, remarkable, improvement in
clinical appearance due, primarily, to an increase in cardiac output from the increase
in ventricular rate and often an accompanying increase in systolic blood pressure.
Unlike chronic AV block, where the myocardium often is minimally affected, the in-
farcted heart has a limited ability to increase cardiac output by increasing stroke
volume. The rates of maximal improvement appear to be about 100 beats per minute
or even a little higher. When there has been excessive damage, however, no amount
of increase in ventricular rate can improve cardiac output or elevate blood pressure.
When the remaining vascular supply is also compromised, too great an increase in
ventricular rate has a deleterious effect, as the inadequate perfusion results in an
ischemic state with anaerobic metabolism (17, 37, 67, 69, 133). Even the survivor of
an acute episode, with or without the use of temporary or even permanent pacing, in
the event of persistent AV block, still encounters the late effect of myocardial
damage. Many remain in heart failure and their life expectancy, in contradistinction
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Table 4-3. Selected Reports on the Incidence and Mortality of Paced Patients and Second- and Third-
degree Heart Block and Myocardial Infarction

Stud Paulk Parsonnet Sutton Chatterjee Watson and 1.0
tudy etal 88) etal (87) etal (122) et al (12) G?igl;grg study
Study limit 3° Block 3° Block 2°, 3° Block 2°,3° Block 2°, 3° Block
Published 1966 1967 1968 1969 1971
Duration
followed Hosp Hosp Hosp Hosp Hosp
No. of patients 43 (44)* 19 (37)® 55 (46)" 82 (33)* 58 (28)* 257(37)
(63 ] (40) &) )]
Sex M 63 (44) 63 (42) 78 (-) 70 (43)
F 37 (44) 37(29) 22(9) 30(39)
MI Ant 7(67) 21 (100) 20 (100) 20(76) 16 (67) 33(43)
Post 75 (41) 47(11) 78 (30) 80 (23) 84 (20) 77 (26)
Both 18 (50) 2(100)
Unclass. 32(33)
Block 2° 13(12) 22(23) 18 (20)
I
II
3° 100 (44) 84 (48) 78 (29) 86 (40)
Persisted 3° 49 (71) 53 (86) 33(89) 27(82) 46 (60)
RSR 53(17) 47(11) 67(24) 60 (16) 65(19)
Narrow QRS 60 (24) 69 (16) 65 (20)
Broad QRS 36 (75) 31(73) 34 (74)
RBBB 10 (83)
LBBB 6.9 (50)
Syncope 30(-) 47 (62) 42(52) 17 (60) 41(57)
Arrest 44 (63)
Shock 58 (40)° 37(14) (86)
(80)° 74 (43)
CHF 77 (55)° 63 (67)°
(84)°
Survived
Perm. Paced 56 (8) 63 (33)
2 Qverall.

® Clinically moderate.

¢ Within first 1-3 days.

4 Clinically severe.

¢ Clinically moderate plus clinically severe.

to chronic AV block, is sharply curtailed (5, 33, 59, 69). It has been suggested that
AV sequential pacing in these patients would be helpful as it would restore the push
of the atrial contribution to ventricular function and raise cardiac output somewhat
above that of simple ventricular pacing (11). It could make some difference, as it
would in the management of any paced patient at the limits of function, but cannot
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restore myocardium. Two of 10 percent of patients are permanently paced postin-
farction (5, 33, 69).

Given what appears to be a salvage situation with perhaps a 10 percent gain in
overall mortality with pacing despite initial clinical improvement, who then should be
paced, when, and how? Some clue seems offered by a study of bundle branch
blocks, as together with the site of infarction the blocks are an index to the severity
of muscle and conduction tissue damage, before, during, and after the acute event.
Rosenbaum and Lepeschkin (104) discussed the effect of bilateral bundle branch in
the nonacute patient, as long as 30 vears ago. Sambhi and Zimmerman (107), with
an almost 50-percent incidence of anterior wall infarction in a series of 234 cases
reported an almost 20-percent incidence of bundle branch blocks but a normal 5 per-
cent incidence of third-degree AV block. As might be expected, all of their post-
mortem studies (31 percent of deaths) revealed infarctions of the left ventricle and
septum. Sutton and Davies (123), correlating the electrocardiogram with autopsy
findings in 19 patients found seven of eight anterior wall (anteroseptal) infarctions to
have bundle branch block on the electrocardiogram. The one exception, a patient
with a narrow QRS complex, was found to have a posteroseptal lesion at post-
mortem. On the other hand, only three of nine diaphragmatic myocardial infarctions
by electrocardiography, had bundle branch block. The mortality in the bundle
branch blocks was 77 percent, with 4 of 5 survivors left with residual third-degree or
bilateral bundle branch block. Mortality with a narrow QRS complex was 24 percent
(123). Many other publications reinforce this pattern (2, 24, 28, 30, 35, 4045, 50,
65, 73, 74, 78, 79, 86, 99, 101, 103, 110, 111, 126, 128). In summary, they accept
mortalities from 40 to 90 percent, but more in the order of 65 + 10 percent in
bilateral bundle branch block, almost all of which are associated with septal damage.
Isolated left anterior hemiblock (see Chapter 15) is relatively benign, often transient,
associated half the time with single vessel disease, and does not affect mortality (45,
65). Right bundle branch block is a serious involvement, often associated with 60 to
70 percent mortality, when associated with left anterior hemiblock. Right bundle
branch block with left posterior hemiblock implies a more extensive septal damage
(44). Atkins et al. (2) raise the question of elective permanent pacing in recovered
patients with right bundle branch block and left anterior hemiblock as they have had
sudden late deaths in 5 of 6 patients in this category (with anterior myocardial
infarcts and/or syncope. Third-degree AV block in anterior myocardial infarc-
tion is in the same category, as it again results from septal damage. Second- and
third-degree AV blocks associated with posterior-inferior infarctions are much more
benign and result from ischemia or closure of the AV nodal artery (90 percent from
the right coronary artery). They are often transient and shift through various stages
of AV block, giving warning that they are progressing in depth and allowing time to
pace electively. Unless septal collaterals are jeopardized by anterior myocardial
damage, they remain in the 15 to 25 percent morbidity range. Interestingly, Lie ef al.
(74) take exception to the thesis that broadening of the QRS complex is always an
ominous sign. In inferior myocardial infarctions with third-degree AV block, its
presence did not affect mortality (74).

Anterior lesions are abrupt in onset, often present on admission and rarely adver-
tising their advent by lesser grades of AV block. Despite these depressing figures and
facts, it is difficult to accept the almost nihilistic approach of Scheinman and
Brenman who virtually state that statistics will be unchanged with or without pacing
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and they withhold it except in first-degree AV block in categories likely to progress
abruptly to high-grade AV block, anterior infarctions or first-degree AV block with
bundle branch blocks (trifascicular block) (111).

Indications for Pacing

It would seem preferable to pace where intellect or even when emotion dictates. This
should include anterior wall infarctions with bundle branch block, particularly when
newly present and particularly with right bundle branch block, bifascicular, or
trifascicular block. First-degree AV block in anterior infarction can be viewed with
suspicion but should be “ignored” in inferior infarction. Mobitz type I (Wenckebach)
AV block does not require pacing unless it progresses to Mobitz type II AV block
with a slow ventricular rate and clinical distress. In good hands temporary pacing is a
relatively atraumatic procedure. It eliminates surprise and crisis and, at least for a
while, particularly in those with a potential for survival, gives them the appearance
and feeling of well-being earlier and more securely. If the difference is no more than
an ephemeral 10 percent, it would seem worth it, as it is not always possible to pick
the survivor in advance (126). When pacing, attention should be given to rate. Higher
pacing rates may result in a better output, but they are energy consumers and can
precipitate higher degrees of block (21, 30).

The role of sinus bradycardia and sick sinus syndrome in acute, usually inferior
wall, myocardial infarction is generally understated. It is considered benign and not
likely to affect mortality unless there is sinus arrest or profound bradycardia. Mild,
vagal bradycardias, or blocked extrasystoles, are rarely of clinical importance (31,
75, 105, 134). Slower rates are hemodynamically deleterious and also open the car-
diac cycle to a greater risk of ectopic activity such as bigeminal beats (which further
depress effective output) or ventricular tachycardias (bradytachycardia syndrome).
While atropine or Isuprel are a logical recourse, in many of these patients, pacing is a
valuable backup (134). This is especially true in the patient with recurrent sinus
arrest who should be paced rather than depend on Isuprel or atropine.

Pacing is increasingly used to treat tachyarrhythmias in myocardial infarction (1,
16, 31, 47, 49, 56, 77, 85, 94, 117). Their incidence is much higher than that of the
bradyarrhythmias, about 20 to 30 percent with an approximate 50 percent mortality.
They are commonly associated with cardiogenic shock or heart failure. Normally,
the upper physiologic rates function as a compensatory response to increase cardiac
output by increasing beats per minute instead of increasing stroke volume, but ex-
cessive rates reduce output and potentiate hypotension and heart failure. An in-
farcted heart is at least temporarily, in this category (26). The tachyarrhythmia may,
as in ventricular lesions, be in response to the irritation of pericarditis, secondary to
ischemia and responsive to catecholamines. Rapid rhythms can be approached by
using over-riding rates (10 to 20 beats over the spontaneous rate) to capture and
suppress the underlying irritable mechanism and gradually bring the paced rate down
to a normal physiologic level. Very rapid pacing rates can be used as a brief blocking
drive. Antiarrhythmic drugs (see Chapter 2) can be used in high doses, backed by
pacing at a normal rate to prevent over suppression (26, 117). Overdrive, not in ex-
cess of 140 to 180 per minute, can also be used to capture ventricular rhythms. Here,
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overdrive is used with greater caution as, depending upon the failing state of the
heart, fibrillation can be induced at lower rates of overdrive. It is frequently used in
demand mode at physiologic rates in the ventricle as a back stop, again, for drug use
(13, 34, 124, 125).

A cookbook prescription for pacing (63) the heart in myocardial infarction is dif-
ficult to expect. Pacing in myocardial infarction usually is by the temporary
approach. If the three modalities for the use of a pacemaker are kept in mind, good
usefulness can result. For the bradyarrhythmias, the ventricle, in the absence of AV
conduction, or the atria (via the coronary sinus electrode) with intact AV conduc-
tion, can be stimulated to contract and maintain a rate in physiologic ranges. In
tachyarrhythmias, the pacer can be overdriven to suppress underlying irritable ec-
topic foci and “bring down” the tachyarrhythmias as its rate is reduced. Alter-
natively, it can be kept at a normal rate as drugs are used to reduce irritability with
the pacemaker as an overshoot safeguard against bradyarrhythmia.

Summary

In the bradyarrhythmias, a good working plan is to pace on standby in anterior wall
myocardial infarctions if the patient arrives at the hospital in second- or third-degree
AV block, or if bilateral bundle branch block develops later. In diaphragmatic
(inferior) myocardial infarctions, it seems reasonable to prophylactically pace on
standby for a Mobitz type II or third-degree AV block, but not plan to put in an
electrode for the first-degree or Mobitz type I (Wenckebach) AV block. The pacing
has not proved to be of prophylactic value in hemiblocks associated with acute
myocardial infarction. (Hemiblocks are discussed in detail in Chapter 15.) Mortality
may not improve dramatically, as pacing will not reverse deaths by cardiogenic
shock or congestive heart failure due to massive muscle damage. It should prevent
asystole and be useful in damping ventricular tachycardia or fibrillation by suppress-
ing frequent or multifocal extrasystoles much of the time. It will surely allow slight
relaxation from some of the sense of crisis an unstable case may bring to the cor-
onary care unit.
In the following situations, artificial pacing is recommended:

1. Symptomatic bradyarrhythmias of any origin or mechanism (particularly com-
plete AV block in anterior myocardial infarction)

2. Bradytachyarrhythmia syndrome

3. Drug-resistant tachyarrhythmias

4. Bilateral bundle branch block, right or left bundle branch block with acute
onset in anterior myocardial infarction

5. Mobitz type II or complete AV block (even asymptomatic).
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Chapter 5 Treatment of Cardiogenic Shock

CALVIN L. WEISBERGER, M.D., NicHOLAS RUGGIERO, M.D., and
EwarDp K. CHUNG, M.D.

General Considerations

In this era of the coronary care unit and electrocardiographic monitoring of patients
with acute myocardial infarction, a major problem is that of cardiogenic shock.
Some 10 to 20 percent of hospitalized patients with acute myocardial infarction ex-
perience “pump failure” or cardiogenic shock (2). Of these patients, 80 to 100 per-
cent die as a direct result of the shock state (27). Various approaches to the manage-
ment of this entity have been used by different investigators (11, 21, 29), and yet, a
significant controversy exists as to the ideal therapeutic approach with a proper
selection of various pharmacologic agents in cardiogenic shock.

Cardiogenic shock is defined as a clinical state in which the heart is no longer in-
trinsically capable of maintaining sufficient cardiac output to meet the requirement
of body functions. This condition is characterized by (31):

1. Systolic blood pressure less than 90 mm Hg in normotensive individuals or a
reduction of more than 30 mm Hg in systolic blood pressure in known
hypertensive patients.

2. Urine output less than 20 ml/hr associated with various symptoms, including
diaphoresis, pallor, cyanosis, mottling, and altered mentation.

Many etiologic factors may produce cardiogenic shock. It may occur when the heart
is unabie to fill adequately, as seen in acute cardiac tamponade or ball-valve gbstruc-
tion (e.g., thrombus or myxoma) of the atrioventricular valves. Pump failure is more
commonly observed when the heart is incapable of emptying adequately. This may
be due to aortic valvar stenosis or insufficiency, mitral insufficiency, or cardiac
rhythm disturbances. In the case of acute myocardial infarction it is usually caused
either by an insufficient volume of normally functioning ventricular myocardium or
wasted contractile force by systolic expansion of the infarcted myocardium. Car-
diogenic shock is more likely encountered when myocardial infarction is complicated
by mitral insufficiency (due to papillary muscle dysfunction or chordea tendinae rup-
ture), ventricular septal defect, or rupture of the ventricular wall. The fundamental
controversy exists as to the best therapeutic approach to cardiogenic shock of the
acute functional muscle decrement type in acute myocardial infarction.

In the course of myocardial infarction, cardiogenic shock is observed more fre-
quently in patients with anterolateral than with diaphragmatic (inferior) myocardial
infarction. Patients with multiple myocardial infarctions (old or new), long-standing
hypertension, diabetes mellitus, and those over 60 years of age seem to be an in-
creased risk for development of cardiogenic shock (22, 35). It has been shown that
30 to 51 percent of the left ventricular myocardium is usually infarcted in patients
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who die of cardiogenic shock (14, 28). Frequently this is due to subendocardial ex-
tension of infarction from a narrow based transmural focus rather than being a
widespread transmural infarction (28). When the myocardial damage approaches the
critical extent, the left ventricle is relatively unable to eject blood against systemic
resistance. This is the reason cardiac output is reduced relative to tissue demand,
leading to a reduction of blood pressure with increased end-systolic and diastolic left
ventricular volumes.

The decrease in cardiac output initiates reflex catecholamine output, with positive
chronotropic, inotropic, and after load effects. These effects may cause the required
increase in cardiac output; they may also produce a positive feedback mechanism.
They increase the demand for oxygen by the myocardium, which, in the presence of
falling coronary blood flow, increases the metabolic derangement of myocardial cells
and can cause extension of ischemic or infarcted tissue. This extension would cause
a further reduction in cardiac output and failing pulsatile blood flow, perpetuating
the positive feedback circuit, while the microcirculation undergoes changes
characteristic of the shock syndrome.

Therapeutic approaches to this positive feedback mechanism have taken several
forms, including pharmacologic and physiologic techniques, mechanical circulatory
assistance, and surgical correction of coronary flow and myocardial infarctectomy.
The initial medical management of cardiogenic shock in the coronary care unit is to
identify the high-risk patient, as previously described, including also those who
develop a ventricular diastolic gallop with poor heart tones and hypotension. Ideally,
a pulmonary artery catheter and peripheral or central arterial catheter are inserted to
monitor the patient’s hemodynamic status precisely, including pulmonary artery
wedge and diastolic pressure, cardiac output, and systemic blood pressure. The op-
timal average wedge pressure during acute myocardial infarction (representing left
ventricular filling pressure), appears to be 14 to 25 mm Hg (9, 30), but this can be
titrated with cardiac output for the individual patient. In patients with cardiogenic
shock syndrome or just with falling cardiac output and blood pressure but whose
filling pressure are less than the optimal range, blood volume can be expanded rapidly
with appropriate solutions (colloid) and cardiac output sampled immediately when
higher filling pressures are reached. This determines whether volume loading has a
beneficial effect. If left ventricular filling pressures are raised progressively to the 20
to 25 mm Hg range without a beneficial effect on cardiac output, it must be assumed
that something more is needed. Traditionally, agents that augment myocardial con-
tractility, peripheral vascular resistance, or both, have been used. These agents in-
clude digitalis, isoproterenol, epinephrine, norepinephrine, dopamine, glucagon, and
other agents, such as steroids.

Various Therapeutic Approaches
Digitalis

Digitalis augments contractility in both the normal and failing myocardium (6). If
the glycoside caused a reduction in end-diastolic volume with an increase in cardiac
output and blood pressure, it could reduce myocardial oxygen demand. Nevertheless,
there is no clear evidence that digitalis produces the above-mentioned effects in car-
diogenic shock associated with myocardial infarction (6, 20). Therefore, it is
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Table 5-1. Drugs and Dosages in Cardiogenic Shock

Drug IV dosage Method

Norepinephrine 4-8 mg in 1 liter Microdrip to titrate mean arterial pressure (MAP)
of D5W or D5/S to 90 mm Hg or systolic BP to 100 mm Hg

Isoroterenol 1 mm in 500 ml of Microdrip to MAP 90 mm Hg or systolic BP
D5W (2 ug/ml) 100 mm Hg; arrhythmias frequent at doses

greater than 6 ug/min

Dopamine 200 mg in 500 ml 2 to 5 mg/kg-min up to 50 mg/kg-min to maintain

D5W (400 ug/ml) MAP at 90 mm Hg or systolic BP at 100 mm

Hg; average dose rate less than 20 mm/kg-min

Glucagon 10 mg in 50 ml D5W Average rate 4 mg/hr; glucagon not stable for
long periods and fresh infusion must frequently
be prepared (approximately every hour)

Methyl 30 mg/kg IV bolus every 4 to 6 hr
prednisolone

generally agreed that cardiac glycosides have little or no direct beneficial effect in
cardiogenic shock despite the probability that they do augment the contractility of
the functional myocardial remnant (6, 20, 29).

Glucagon

Glucagon is a pancreatic hormone that increases myocardial contractility. This
effect is mediated by activating cyclic AMP. It does not appear to be affected by
beta-adrenergic blocking agents. In man, glucagon results in increased cardiac out-
put, heart rate, and mean arterial blood pressure, with a slight reduction in systemic
vascular resistance. The increments in the above parameters, however, are not great
with glucagon. Therefore, its use in cardiogenic shock would seem questionable (29,
38), except for patients with myocardial depression due to beta-blocking drugs.

Catecholamines

Catecholamine drugs such as isoproterenol, norepinephrine, and dopamine are
widely used pressor agents. Their pharmacologic properties are fairly similar to each
other with respect to the heart. They all possess beta-adrenergic stimulating effects
to various degrees. Stimulation of beta-receptors accelerates heart rate, increases the
force of myocardial contraction, and dilates some muscle arteriolar beds (3). The in-
creased myocardial contractility and accelerated heart rate concomitantly increase
myocardial oxygen consumption (19, 25).

Isoproterenol essentially stimulates only beta-receptors. In studies of patients with
cardiogenic shock, it has generally caused an increase in cardiac output with or
without a rise in systemic mean arterial pressure (21, 24, 37). This drug uniformly in-
creases heart rate, and ventricular irritability is a frequent untoward effect of its use.
Isoproterenol has been advocated for use especially when bradycardia-associated
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hypotension is present. The decrease in total peripheral resistance seen with this drug
may also be of benefit in selected cases.

Norepinephrine has mixed alpha- and beta-adrenergic effects. Besides causing in-
creases in heart rate and contractility, it also causes an increase in peripheral
vascular resistance. In most studies of patients in shock, it raised mean arterial blood
pressure at least temporarily (5, 24). Its use must be monitored closely through an
intra-arterial cannula and through controlled administration. Excess norepinephrine
can easily raise peripheral resistance to levels that would present an intolerable after
load to the failing myocardium and exacerbate the positive feedback mechanism of
shock (1).

Dopamine is a precursor of norepinephrine and possesses both alpha- and beta-
adrenergic effects. It has been claimed that one effect of dopamine is to dilate both
the renal and mesenteric systems. Dilation of renal arterioles obviously would be of
great advantage in the patient with oliguria secondary to shock. Its use might also be
beneficial, in general, in the hypotensive patient with increased systemic vascular
resistance but who requires additional inotropic support (13, 18, 29, 37).

Steroids

Other pharmacologic agents that have been used are the steroids. These agents have
been shown to exert the following effects when used in pharmacologic doses
(approximately 100 times physiologic levels):

1. They decrease peripheral vascular resistance.
2. They decrease coronary vascular resistance.
3. They increase cardiac output.

4. They increase coronary blood flow.

In addition to several other effects, the steroids counteract myocardial depressant
factors (16). Their use has been shown to reduce the size of experimental myocardial
infarction and they may, through a related effect, increase myocardial compliance

(19).

Afterload Reduction

One of the newest pharmacologic concepts of treating cardiogenic shock, is after-
load reduction. The rationale for afterload reduction is that some patients may be in
pump failure, which is exacerbated when the left ventricle is required to pump
against very high systemic vascular resistance. In patients with cardiogenic shock,
when left ventricular end-diastolic pressure is elevated, the cardiac index low, and
mean blood pressure elevated, normal, or just slightly low (80 to 90 mm Hg)
peripheral vasodilating agents have been used (14, 16). It is hoped that by decreas-
ing systemic vascular resistance, the ventricles will be able to empty more efficiently
and blood pressure will be maintained by increased cardiac output. Presumably the
net effect would be to break the positive feedback circuit of the shock syndrome and
allow the left ventricle to stabilize at a functional level. The principle drugs used to
reduce the afterload were regitine and sodium nitroprusside (16, 29). Their use is
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Table 5-2. Physical Signs of Low Cardiac Output

Physical signs Pathophysiology

Small femoral or carotid pulse volume Decreased stroke volume

Decreasing intensity of heart sounds Decreased stroke volume, low cardiac output

Cold, clammy extremities Sympathetic mediated vasoconstriction and
stimulation of sweat glands

Sinus tachycardia Possible compensation for low stroke volume

Confusion, lethargy, somnolence Decreased cerebral blood flow

Concentrated urine less than 30 ml/hr volume Compensation for decreased renal blood flow

Tachypnea Compensation for decreased Po, or for acidosis

Mean arterial blood pressure less than 80 to Low cardiac output

90 mm Hg

Mean arterial BP — systolic + 2(d1astohc))

3

still in the research stage and requires invasive monitoring of both left ventricular
end-diastolic pressure, systemic pressure, and cardiac output. Similarly, the delivery
system for a drug, such as nitroprusside, must be able to prevent a too rapid and
fatal massive reduction in systemic resistance.

Combined Drug Therapy

The literature is filled with studies of various agents in the treatment of cardiogenic
shock. Each agent has therapeutic advantages as well as inherent dangers in a given
situation. If the medical treatment method reverses the shock syndrome and the
patient is able to perfuse without assistance, then a specific method has been
successful. From a statistical viewpoint, no drug regimen has shown to improve the
overall survival rate in cardiogenic shock. Recent reports have, in fact, demonstrated
relative increases in the area of myocardial infarction with the use of pressor agents

(19).

Mechanical Circulatory Assistance

Several types of mechanical devices to assist circulation have been tried in an
attempt to augment circulatory hemodynamics while decreasing the work load on
the heart. Basically, these devices are of two types: pulsatile and nonpulsatile. The
basic example of a nonpulsatile pump is the heart-lung bypass, which employs a
roller device to deliver a constant flow of blood to the arterial system, augmenting
both systolic and diastolic pressure. Since this system is asynchronous, i.e., it pumps
through all phases of the cardiac cycle, it presents the myocardium with an increased
afterload, thus increasing myocardial oxygen consumption.

The pulsatile system is synchronized to the cardiac cycle. The most widely used
example is the intra-aortic balloon (11), which consists of a flexible balloon catheter
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that is introduced into the aorta through the femoral veins. This is connected to a
console, which senses the patient’s electrocardiogram and triggers a pulse of carbon
dioxide or helium to inflate the balloon in diastole. Another sensing function ensures
the balloon deflates at or before the beginning of left ventricular systole. The effect
of this balloon is to augment mean blood pressure by increasing diastolic blood
pressure (25). This also increases coronary blood flow in diastole. The device
produces little or no afterload increase because the balloon deflates before or at the
beginning of systole. The net effect is to increase systemic perfusion pressure while
increasing coronary blood flow and decreasing myocardial oxygen consumption.
The complications associated with intra-aortic balloon pumping include rupture of
the balloon, systemic embolization, and myocardial rupture (11, 32). The rupture
probably occurs because patients who otherwise would have succumbed to massive
myocardial infarction survive longer. There has been extensive experience with the
balloon pump (11, 24, 32); the overall complication rate has been low and its use is
initiated easily. Almost all patients show beneficial effects hemodynamically while
on the pump. However, the overall mortality in patients with myocardial infarction
associated with cardiogenic shock remains at 80 percent (32).

Several other methods of mechanical circulatory assistance have been used, but
no study has shown that any particular method is superior to others from a
hemodynamic viewpoint.

Surgical Approach

The other main line of treating cardiogenic shock has been coronary aortography
and emergency coronary bypass surgery (34). The goal of this approach is to iden-
tify the anatomic lesions and to surgically improve coronary circulation in the hope
that the size of the myocardial infarction will be minimized and, by augmenting flow,
enable the heart muscle to function more efficiently. The surgical approach is, of
course, extremely valuable when a ventricular aneurysm is thought to impair
ventricular dynamics (26). On the other hand, surgical treatment for cardiogenic
shock may produce various surgical and postoperative complications. The large
series of patients treated surgically show that this form of therapy is feasible but that
the basic mortality statistics have not been altered (12, 26). The question of quality
of life of surgical survivors as compared with medically treated survivors has not yet
been answered.

Comments and Conclusion

The controversy over the best therapeutic approach for cardiogenic shock has been
fueled for years by reports of successful results with one approach or another.
Surgeons claimed that only by revascularizing the myocardium can survival be im-
proved. Various medical investigators have made and are still making claims for im-
proved statistics with one therapeutic regimen or another. However, a review of the
literature on this subject clearly indicates that at present one point is not controver-
sial—no current therapeutic approach to cardiogenic shock of the muscle decrement
type has significantly altered the basic statistics on mortality.
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Therefore, what can be done about the problem is of concern. As in every other
area of medicine, the primary goal should be to prevent cardiogenic shock. If our in-
ability to prevent myocardial infarction is accepted, then we can attempt to discover
whether or not cardiogenic shock can be prevented once myocardial infarction has
occurred. During the acute stage of the infarction, there is a zone of ischemic
muscle surrounding the infarcted area, which is potentially salvageable (8). However,
cardiogenic shock is frequently produced when the ischemic muscle is not salvaged.

Let us consider ways in which this ischemic tissue can be saved. There are two
major therapeutic approaches to the problem. The first is to decrease the oxygen de-
mand of the myocardium and thereby reduce the requirements of the threatened car-
diac muscle by preload and afterload reduction, as with nitrates. Myocardial oxygen
consumption may also be reduced with propanolol (23). The treatment would be
similar to that of angina pectoris. Some patients who are dependent upon increased
peripheral resistance or beta stimulation can be expected to suffer from this type of
regimen. These patients would, in general, be those who suffer from chronic con-
gestive heart failure. Therefore, propanolol would be contraindicated in these
patients. Severe bradycardia would be another contraindication to the use of beta
blockers in patients suffering from acute myocardial infarction (23), unless an ar-
tificial pacemaker were inserted.

The use of agents to improve delivery of oxygen to the ischemic area could also be
considered. If the concept of inflammatory cell infiltration of the infarcted and peri-
infarcted area is accepted, then the use of corticosteroids would be a reasonable
attempt at muscle salvage. The effectiveness of this approach in the experimental
animal has already been demonstrated (3). Presumably the steroids would need to be
given only for the first few days of myocardial infarction, until the acute process
stabilizes. It has been suggested that long-term steroid therapy in acute myocardial
infarction may predispose to poor ventricular healing and myocardial rupture. No
clinical study has yet demonstrated that the use of steroids in the early stage of
myocardial infarction decreases the incidence of cardiogenic shock.

Other agents have also been shown to minimize the size of infarction in ex-
perimental animals. These agents include hyaluronidase, glucose, glucose-insulin-
potassium solution, and mannitol (3). They may affect sludging of the microcircula-
tion and lead to improved circulation to the endangered peri-infarction tissue.

There is a possibility that earlier surgical intervention for myocardial
revascularization may be an answer. If the metabolism of the myocardium is studied
by sampling the effluent from the coronary sinus, some indications of the state of the
myocardial circulation can be gained. In the patient with acute myocardial infarc-
tion, the concentration of creatine phosphokinase (CPK) in coronary sinus blood
usually is higher than that in the systemic circulation. By sampling lactate in the cor-
onary sinus effluent, the extent of myocardial ischemia present can be inferred. That
is, aerobically metabolizing myocardium uses lactate as a substrate, and conse-
quently the concentration of lactate in normal coronary sinus effluent blood is lower
than that in systemic arterial blood. When the myocardium is ischemic, hypoxic, or
otherwise impaired metabolically, it may shift to the anaerobic type metabolism and
begin to produce lactate (12). The extent to which lactate is produced correlates with
the volume of ischemic myocardium (12). By measuring the above parameters in
high-risk patients with extensive lactate production, large areas of ischemic myocar-
dium could possibly be salvaged by reparative surgery following coronary
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arteriography. A study of this nature is in progress at the Thomas Jefferson Univer-
sity Hospital (34).

In conclusion, there is no single regimen or combination regimen, including drugs,
or surgery, or both, which alters mortality from cardiogenic shock. However, new
methods, as suggested previously in this Chapter, may be shown to alter the in-
cidence of this syndrome and thus the mortality rate from it.

In the absence of proof for any specific prophylactic approach, we suggest, for
the present, the following regimen: (a) Pulse, blood pressure, and urine output should
be monitored very frequently (preferably continuously) every hour initially in any
patient with acute myocardial infarction who belongs in a high-risk group for car-
diogenic shock. Any patient whose systolic blood pressure is less than 110 mm Hg or
whose respiratory rate is greater than 28 per minute belongs to this category. (b)
Chest pain should be alleviated with intravenous morphine, administered in small
doses (5 mg) as needed; oxygen may be given. (c) In any patient who shows signs of
falling cardiac output, such as an increased sinus heart rate, a decreased femoral
pulse volume, a drop in blood pressure heart sounds of decreased intensity, altered
mental status, or a urine colume less than 30 ml/hr, a pulmonary artery catheter
should be inserted and wedge pressures recorded if possible (9, 33). Wedge pressure
or pulmonary artery diastolic pressure should be maintained at approximately
20mm Hg or at an optimal level determined by serial cardiac output studies, as
wedge pressure is raised using albumin dextran or saline. The cardiac index should
be greater than or equal to 2.2 liters/min-M2, When the cardiac index and mean and
arterial blood pressure (80 to 90 mm Hg) can be maintained with these methods, no
further steps are needed. If cardiac index, blood pressure, or both continue to fall after
adequate ventricular filling pressures are assured, vasopressors would then be
recommended. Isoproterenol or dopamine, to titrate mean arterial blood pressure to
90 mm Hg would be our choice (5). When a patient does not respond to these
measures, others, such as myocardial revascularization, should strongly be con-
sidered (35). In treating the patient in cardiogenic shock, precious time must not be
lost. If the left ventricle is operating under an inadequate filling pressure (wedge),
rapid elevation of wedge pressure to more adequate levels, by administering a colloid
solution {albumin, dextran) will probably result in positive hemodynamic improve-
ment (increased blood pressure and cardiac output). Similarly, the effect of pressor
agents should be rapid (14). It cannot be emphasized too strongly that the best hope
of successful therapy lies in detecting cardiogenic or impending shock early and
correcting hemodynamic abnormalities immediately, before the syndrome is well
established.
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Chapter 6 Serum Digitalis Level—Practical Value

JAMES E. DOHERTY, M.D.

General Considerations

Although digitalis serum levels were reported for [**C] digitoxin by Okita et al. (15)
and later for [*H] digoxin by Doherty, Perkins, and Mitchell (4), it was not until
Lowenstein (12) reported glycoside inhibition of rubidium uptake by the red cell that
a reasonably practical method for determining digitalis in serum and excreta became
available. The development of antibodies to digoxin reported by Butler and Chen (2)
lead directly to the accurate and practical radioimmunoassay of digoxin developed
by Smith, Butler, and Haber (18) and its counterpart for digitoxin reported by Oliver,
et al. (16). In this chapter we shall attempt to briefly examine the value, pro and con,
of serum assays for digitalis.

A number of questions will be asked to bring out important points about serum
levels of digitalis. They will be answered in both a positive and negative sense.
Finally a critique will be given and some guidelines provided for the rational and
appropriate use of this new tool in cardiology—the digitalis serum level.

100
10 }
Digoxin
concentration
(ng/g)
( logarithmic
scale)
I |—
Fig. 6-1. Mean and range of
plasma, skeletal and myocardial
muscle digoxin concentrations.
Note the wide range of myocar-
dial: plasma concentrations (39:1
to 1_55:1). Reproduced with per- Plasma Skeletal Myocardium
mission from Coltart et al. Br. muscle

Med. 1. 2:318, 1972. (ng/ml) (ng/g) (ng/q)
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Controversial Opinions

Question 1: Does the digitalis serum level reflect the level of digitalis at the tissue or
myocardial level where digitalis is expected to exert its major therapeutic action?

No. Reports published by Coltart et al. (3) indicate a rather striking lack of cor-
relation between serum digoxin and tissue levels from human papillary muscle ob-
tained at the time of valvular surgery. This would seem to indicate that there is no
consistent relationship between serum and myocardial levels; thus, serum levels are
valueless for clinical assessment (see Figure 6-1).

Yes. Doherty, Perkins, and Flanigan (5) reported a rather rough, yet still close,
grouping of left ventricular serum ratios in postmortem examinations performed on
patients who received tritium-labeled digoxin. Subsequent studies by Murphy and
Doherty (14) in rabbits indicate an even more direct relationship between myocardial
and serum levels under carefully controlled experimental conditions. Further, in
tissue turnover studies in 34 dogs, Doherty et al. (6) demonstrated that the half-times
of heart tissue digoxin closely parallel those observed in serum.

It may be conclusively stated, from analysis of these data, that accurate serum
levels of digitalis should reflect the left ventricular tissue level of digoxin. Whether or
not serum levels would prove useful in the management of patients depends on cor-
relation with toxicity to the glycoside, inotropic effects, and underdigitalized patients.

Question 2: Does the serum level of digitalis reflect the toxic effects of the drug as
suggested by other clinical parameters, such as the electrocardiogram; visual, gas-
trointestinal, neurologic, and other general noncardiac symptoms?

No. Fogelman ef al. (11) report no correlation between the toxic effects of digitalis
and serum levels obtained in their study of 104 patients at Los Angeles County
Hospital. Wotman et al. (22) report there is not a reliable relationship between serum
digoxin level and toxic effect, but indicate that salivary electrolytes will unmask
digitalis intoxication not detected by serum levels. Thus, one may conclude that
serum levels of digitalis have no relationship to toxicity.

Yes. Smith and Haber (20) report a high degree of correlation between the usual
clinical manifestations of digitalis intoxication (cardiac and noncardiac). Over 90
percent of digitalis toxic patients had serum levels of 2.0 ng/ml and greater degrees
of correlation have been demonstrated by other investigators (19). A high degree of
correlation exists between elevated digitalis serum levels and digitalis intoxication,
thus establishing this relationship as a valuable clinical measurement in the presence
of digitalis excess. Duhme, Greenblatt, and Koch-Weser (10) noted a reduction in
digitalis toxicity when serum levels are available, indicating that use of the assay will
reduce adverse reactions or toxicity to digoxin.

Question 3: Does the serum digoxin level measure the lack of effect of digoxin as
shown by low digitalis levels in the underdigitalized patient who will benefit from in-
creased doses of the drug?

No. Fogelman et al. (11) and Wotman (22) failed to relate underdigitalization to
the patient’s clinical status. Digitalis serum levels were of no value in assessing the
patient who required additional digitalis.

Yes. Smith and Haber (19) demonstrated low digitalis serum levels with lack of
digitalis effect. This area, however, is more difficult to analyze, as so many symp-
toms of digitalis intoxication are also manifestations of serious heart disease; i.e.,
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arrhythmia, heart block, or heart failure. An accurate history is of more value than a
digitalis serum level in this instance. Clinical judgment of any problem in digitalis
dosage is of greatest importance (7), but it is useful to monitor judgment with
digitalis serum levels.

Question 4: Does the digitalis serum level show optimal control of digitalized
patients.

No. Fogelman et al. (11) find no difference in toxic, nontoxic, and optimally
digitalized serum levels in patients. Digitalis serum levels are of no value in the
management of cardiac patients.

Fig. 6-2. Serum digitalis levels.
Note that the scale for digi-
toxin is shown on left vertical
axis, digoxin on the right in
nanograms per milliliter. A
considerable degree of overlap
is present and one must apply
clinical judgment for appro-
priate evaluation.

Yes. Doherty (7) and Smith and Haber (19) and Shapiro, Narahara and Taubert
(17) demonstrated the value of the serum digitalis levels in the management of the
cardiac patient. A serum level of 0.5 ng/ml to 2.0 to 2.5 ng/ml usually is associated
with good control of cardiac problems for which digoxin is indicated. Figure 6-2
shows optimal, underdigitalized, and toxic levels of digitalis serum levels. The
overlap should be noted and may vary slightly from one laboratory to another.

Question 5: Does every cardiac patient on digitalis need a digitalis serum level?

No. Fogelman et al. (11) and Wotman et al. (22) indicate no relationship between
serum level and clinical effect, so there is no help here! It is also costly and un-
necessary if there are no problems with management of a patient.

Yes. It will reassure the patient and the physician regarding status of medication
(7) and will assist in evaluation should problems develop in the future.

Question 6: Does the digitalis serum level cost more than it is worth?
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No. The rubidium assay and the radioimmunoassay are no more expensive than
an electrocardiogram and are a great deal more help to the physician in a clinical
situation in which the patient’s exact digitalis status must be known.

Yes. Since it has been shown to be of little or no value, money is wasted and the
best interest of the patient is not served.

Question 7: Does one need to know the level of serum immediately if the data are
to be of value?

No. Although it is and would be of great value to know the serum level im-
mediately in digitalis intoxication, no further digitalis should be used, regardless of
the serum level, if clinical judgment favors digitalis toxicity.

Yes. Immediate help is often needed to assess life-saving measures. An accurate
serum level would be very helpful in this situation. Mortality and morbidity of
digitalis toxicity is so bad an immediate 1-hour answer is needed.

These simple questions emphasize the problems faced by the physician and car-
diologists in managing the cardiac patient on digitalis (usually digoxin).

Critique and Summary

A few simple guidelines are in order for the best interpretation of serum digoxin
levels. The first of these is a knowledge of digoxin blood levels and pharmacokinetics
to help know when serum levels are required.

Figure 6-3 indicates comparative serum digoxin levels after intravenous (IV), in-
tramuscular (IM), and oral (O) administration. Note that plateau levels (indicating
equilibration between serum and tissue) occur 2 to 4 hours after IV, 5 to 6 hours
after O, and 10 to 12 hours after IM administration. If serum is not obtained at these
times after administration, they will not reflect myocardial levels and will not be
meaningful.

Special problems occur with hyper- and hypothyroidism, renal disease, dialysis,
and the laboratory performing the analysis. Patients with hyperthyroidism are apt to
be unusually resistant to therapy and the reason appears to be lower serum levels
from a comparable dose of digoxin. These patients often have atrial fibrillation also,
and serum levels required to block the AV junction are usually higher than those
necessary for an optimal inotropic effect. Therefore, doses larger than usual are fre-
quently required in thyrotoxicosis should the physician elect to attempt control with
digitalis glycosides in these patients. Patients with myxedema (hypothyroidism), on
the other hand, are easily intoxicated with digitalis and the “usual” doses frequently
result in higher serum levels. Therefore caution is advised in the use of digitalis in
thyroid disease. Serum levels of the glycoside are very useful in monitoring treatment
in these individuals (18).

Renal insufficiency, long known to prolong the T} of digoxin, because of reduced
excretion (9), may easily lead to digoxin intoxication. Serum levels are quite helpful
in determining the appropriate dose of the glycoside in patients in whom excretion is
compromised. One should be aware, however, that, serum level obtained by radioim-
munoassay may be lower than expected because the sample chemoluminesces in the
scintillation detector. N

Renal failure also causes changes in the metabolism of digitoxin—more is con-
verted to digoxin (21). Since the T4 of digoxin in the anephric subject and digitoxin in
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Fig. 6-3. Serum digoxin turnover. Comparative serum digoxin concentration is plotted on the vertical
axis, time in minutes on the horizontal. The important feature here is recognition that plateau serum
level (straight line function) is not attained after intravenous administration until 120 minutes, oral 300
minutes, and intramuscular 720 minutes. Serum levels should be obtained after these times by the
appropriate route of administration for a meaningful serum level which approaches equilibration with

myocardial level of the drug. Reproduced with permission from Doherty, J. E. and Perkins, W. H. Am.
J. Cardiol. 15:170, 1965.

the patient with “normal” renal function are similar, often no change in dosage is
necessary when using digitoxin in patients with renal insufficiency.

The increasing use of peritoneal and hemodialysis in renal failure increases the
usefulness of serum levels in these patients who may require digitalis. Peritoneal or
hemodialysis will not remove excessive amounts of digitalis from the body (1, 21).
Digitoxin is not readily dialyzable because it is protein bound (13) and digoxin,
although not highly protein bound, is dialyzable, but serum concentrations of digoxin
are so low that little is available for dialysis. For these reasons, dialysis is not
recommended for digitalis intoxication. The dangers of removing potassium with
dialysis may actually precipitate digitalis toxicity.

Increasing use of powerful diuretic agents, such as furosemide and ethacrinic acid,
often result in hypokalemia and digitalis toxicity. This is a problem area because nor-
mal levels of serum digoxin may be associated with digitalis intoxication in the
presence of low serum levels of potassium. Hypomagnesemia produces similar fin-
dings.

Table 6-1 outlines problem areas relating to the use of serum glycoside levels in
the clinical management of patients. If one is to use serum levels to increase his
knowledge of the patient’s status, these factors should be borne in mind.

Finally, does the serum level of digitalis glycoside need to be available immediately
(4 to 6 hours) for best use? Yes, this is desirable; however, it is not absolutely
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Table 6-1. Pitfalls in Interpretation of Digoxin Serum Levels

A. Normal or low serum levels of digoxin with toxicity are often seen with:
. Hypokalemia
. Hypomagnesemia
. Lung scans or radioisotopes “on board”
. Myocardial infarction
. Hypoxia
. Myxedema
B. High serum levels of digoxin are sometimes seen without toxicity in:
1. Infants and children
2. Renal failure (with high serum potassium, uremia, or both)
3. Antituberculous therapy
4. Atrial arrhythmia
C. Low serum levels of digoxin with large oral doses may occur with:
1. Hyperthyroidism
2. Intestinal malabsorption (sprue) and rapid transit syndromes
3. Abnormal metabolism
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necessary. If toxicity to digitalis is clinically suspect, it would be unwise to be unduly
influenced by a low serum level. The serum digoxin level should not carry any more
weight than any other laboratory examination. One is measuring nanograms
(billionths of a gram), and errors may occur in the laboratory. We have found that
serum levels of digoxin useful in patient management (16) even when reports are
received several days later. It measures the state of digitalization at that time and
provides an objective guide to future management.
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Fig. 6-4. An algorithm which has proved useful in patients with arrhythmia and suspected toxicity to
digitalis.
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Serum levels of digitalis have been criticized because of the “overlap” of normal,
underdigitalized, and toxic patients (Figure 6-2). This is somewhat of a handicap, but
if the physician uses the serum level with wisdom and knowledge of the pitfalls
associated with the assay, meaningful analysis may be accomplished and will result
in improved patient care.

Figure 6-4 is an algorithm that can be used to assist in the evaluation of
arrhythmia, which may be associated with digitalis excess. This diagram shows how
a rule of procedure may be used when one employs serum levels of digoxin in clinical
practice. Naturally, all of the pitfalls of interpretation should be appreciated when
one uses this chart.

Finally, we do not recommend a serum level on every patient that is digitalized!
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Chapter 7 Factors Modifying the Efficacy of Digitalis

EpwarDp K. CHUNG, M.D. and Lisa S. CHUNG, M.D.

General Considerations

Digitalis is one of the oldest and one of the most commonly used drugs in our prac-
tice. Yet, it is not always possible to determine whether digitalis is definitely indicated
or not. Needless to say, two major indications for digitalization include (a) the
management of congestive heart failure and (b) most supraventricular
tachyarrhythmias, particularly atrial fibrillation with rapid ventricular response,
provided that the above-mentioned are not digitalis-induced (11). On the other hand,
a true contraindication to digitalis is digitalis intoxication (11).

In many clinical situations, the efficacy of digitalis is not satisfactory and conse-
quently, the incidence of digitalis toxicity becomes high. Various factors including
electrolyte imbalance, thyroid function, renal function, and so forth, significantly
influence the therapeutic result of digitalis (7, 11, 14, 23, 27, 30). In addition, in
certain clinical entities, such as idiopathic subaortic stenosis (see Chapter 14),
digitalis is not only ineffective but it is also often harmful (11).

The danger of applying a D.C. cardioverter or carotid sinus stimulation to patients
with digitalis intoxication has been stressed by many investigators.

Various Clinical Settings

In many clinical situations, the efficacy of digitalis is not fully evident and its dose
has to be altered significantly for the best therapeutic outcome (7, 11, 14, 23, 27, 30).
In addition, in certain situations, such as in acute myocardial infarction, some
physicians consider digitalis contraindicated, whereas others use this glycoside
without much hesitation (7, 11, 14, 23, 27, 30).

Such various clinical settings will be discussed in this chapter because significant
controversies exist among physicians.

Age

The incidence of digitalis intoxication increases with age in the adult population out
of proportion to the increasing incidence of heart disease (13, 18, 19). The reasons
for this are considered to be small body size and decreased renal function (18, 19).
Therefore it is recommended that the dose of digitalis be reduced according to body
weight and degree of renal impairment. Approximately a 50-percent reduction in the
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dose of digitalis is suggested in elderly patients who weigh less than 100 pounds or
have an elevated blood urea nitrogen or serum creatinine level (18, 19).

The danger of digitalis intoxication in the premature, the newborn, and the infant,
is greater than that in older children, and digitalis requirements in these groups are
much less (29, 33, 34). However, it has been shown that younger children require
higher doses of digitalis per unit weight than do adults (33). The factors contributing
to the higher dose requirement of digitalis in infants include poorer absorption, more
rapid excretion, and greater end-organ resistance (33). Because various factors
change rapidly in younger children, such as fluid and electrolyte imbalance, underly-
ing heart disease, degree of absorption and excretion of digitalis, and so forth, a daily
requirement of digitalis should be determined carefully. The usual dose of digitalis in
different age groups, in children, is described in detail elsewhere by this author (11).

Electrolyte Imbalance

It is well documented that digitalis intoxication is frequently encountered in
hypokalemia (11) (Figure 7-1). Hypokalemia alone can cause cardiac arrhythmias as
well as predispose to digitalis toxicity (11, 20, 39). The serum potassium level is often
normal or near normal in patients with advanced congestive heart failure during
digitalization, even when there is marked depletion of potassium in the myocardium
and in the total body potassium store (26). The potassium concentration within the
myocardial cell is most likely the basic factor in the relationship between
hypokalemia and digitalis toxicity. Therefore, electrocardiographic findings (promi-
nent U waves, peaking P waves, or both) should be used in diagnosing intracardiac
hypokalemia rather than serum potassium level alone (Figure 7-2).

Potassium is considered the agent of choice in the treatment of various digitalis-
induced tachyarrhythmias (11). This is particularly true when there is significant

Fig. 7-1. Atrial fibrillation with nonparoxysmal AV junctional tachycardia (rate: 78 beats per minute)
producing incomplete AV dissociation and frequent ventricular premature contractions (marked V).
The QRS complexes indicated by X are ventricular captured beats. Note prominent U waves suggestive
of hypokalemia. Rhythm disturbances in this tracing are induced by digitalis.
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Fig. 7-2. Sinus bradycardia (rate: 57 beats per minute) is the basic rhythm. Marked hypokalemia is
manifested by prominent U waves (marked U).

hypokalemia. Potassium may also be effective in terminating digitalis-induced
tachyarrhythmias even if the serum potassium level is normal. It should be noted
that potassium is capable of producing a prolongation of the refractory period in the
AV junction. Thus, potassium administration may increase AV conduction distur-
bances and is contraindicated in the treatment of digitalis-induced AV block,
although there is evidence that it may abolish digitalis-induced AV block associated
with marked hypokalemia (11, 26). Hyperkalemia is considered to provide relative
protection against digitalis-induced arrhythmias.

Somylo (38) pointed out that magnesium ions have an antiarrhythmic action and
are capable of abolishing arrhythmias induced by digitalis. At present, it is evident
that hypomagnesemia frequently predisposes to digitalis intoxication (28, 35, 36).
The antiarrhythmic action of magnesium is rapid and of short duration.
Hypokalemia and hypomagnesemia often coexist, and the latter leads to a decrease
in intracellular potassium (36). This combined electrolyte imbalance further
predisposes to digitalis toxicity. Hypomagnesemia should be looked for carefully in
digitalis intoxication, particularly when in those various clinical situations commonly
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