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FOREWORD

CORONARY ARTERIAL disease is the most human of all illnesses. It never occurs
1n other vertebrates unless they are subjected to the most drastic changes in diet,
and js unknown among pamitive races of man It first appears with the pastoral
stage of civilization, and then only antong the most prosperous families Today 1t
is practically unknown among hundreds of millions of pcople who live on the
verge of starvation It enters miedical history with a prosperous kmight, one of
Willam Harvey's patients, becomes an established diagnosis—angina pectoris—
with Heberden’s robust squires, and enters the twentieth century with Osler’s
“business men, eating, dnnking and smoking to excess.” In the book prepared by
my colleague, Dr. Milton Plotz, this fascinating disease, of urgent concern to its
many physician victims, has been given a lively and thoroughly modern description

The history of coronary artery disease may be divided into three phases One
begins with Harvey’s second letter to Roplan, m which chronic illness termmating
n cardiac rupture 15 first described, and contmues up to the time (about 1926)
when portable electrocardiographs made 1t possible to confirm the diagnosis in a
large proportion of the cases with milder sequelae of coronary occlusion The next
phase, of overdiag! and overt with dietary prophylaxis, lasted about
three decades The year 1955 stands out because two series of cases published
that year proved that the classic six-week bed rest had raised mortahity, perhaps
even doubled it, and even the most conservative authorities m this field began to
put their patients on diets low 1n animal fat and cholesterol Meanwhile, Kinsell,
Ahrens, and Bronte-Stewart had proved that mn man the intake of saturated fatty
acids was probably more mmportant than the cholesterol intake m determiming the
level of plasma cholesterol

The era just dawming, when illness is managed by physiologic principles and not
by custom and when a great decrease in second attacks of coronary disease seems
attamnable, 1s fully described in the meticulous treatise to which Milton Plotz has
devoted many years of preparation—by study, by discussion with leaders n the
field, and by daily practical experience The subject demands a full and up-to-date
presentation, and the practicing physician and the beginner 1n medicine are fortu-
nate to have such a volume as Dr Plotz has given us

WiLL1aM Dock, M D

Professor of Experimental Medicine
State University of New York
Medical Center at New York






PREFACE

CORONARY ARTELRY disease has become the focus of medical and general mn-
terest 1o an extent which no one could have foreseen as recently as a generation
ago, It is secognized and properly dreaded wn the Western world as the chief de-
stroyer and cnppler of men n the years of their greatest economic and social
productivity.

Nevertheless, this important affiction ts relatively new in the annals of medi-
cme. It is less than two hundred years since Heberden described angina pectonss;
it is only m the twentieth century that acute coronary disease has been properly
classified and diagnosed  Stitl more 1mpcnam in the fast very few years our atti-
tude toward coronary ath has a plete change, a change n
concept so radical that a dition long regarded with hop and resigna-
ton 15 now approached with the fechng that we may scon hnow its cause and
possibly 1ts cure Instead of thinking of coronary sclerosis as an inevitable part
of aging, an attribute of we now see it as a disease, prob-
ably a metabolic disease, that s, like other diseases, susceptible of study with re-
gard to cause, pathogenests, treatment, and possibly prevention From indisputable
evidence i animals, coronary atheroma in its early stages is reversible, and we
hope it will prove so in man, In any case, as physicians and mvestigators we are
willingly pelied to face the probl of this disease in the same way that
we have done with ather illnesses but now with hape and confidence.

This philosophy, which lies behmd this monograph, 1s rapidly leaving the realm
of controversy. Bat no book on this subject could possibly be wntten today which
would not touch off heated, even bitter, dispute on some pomts Such matters as
the effect of diet and tobacco on the acteries of the heart, the use of anticoxgulants
and other drugs, etc, are among such topics. In all of these, I have presented vary-
g opnions as fairly as I could but have not hesitated to make my own aftstude
and practice as clear as possible

Since this 1s the ficst full-scale constderation of coronary disease m English in
some years, 1t 15 addressed 1o both general practtioners and specialists Pragnosts
and treatment of coronary atheromatosss and sts miore common compheations are
described as well as some problk less frequentl d

To shorten an
already long volume, most of the material on anatomy and phystology, of hitle
interest to the practicing physician, has been ommtted, but suitable references are
indicated. 1 regret that 1 must forego, too, a section on the fascinating but neces-
sanly incomplete Istory of this disease,
The first chapter, Basic Principles, introduces the subject by means of e
1%
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drawings which tllustrate current concepts of the coronary circulation as they re-
late to human disease. The next four chapters are given to a full discussion of the
statistics of coronary disease and 1ts causative factors as now understood. The
discusston of tobacco occuptes a separate chapter in order to limit the Jength of
the chapter on etiology and to reflect the popular interest now bemng evidenced
in this possible etiologic agent. Chapter 6 comprises an expleration of important
aspects of pathology and pathogenesis. The seventh, eighth, and ninth chapters
i a preh d jon of the chinical aspects of coronary artery
disease, including 1ts complications The section on electrocardiography is a full
one but does not replace material which is to be found n texts devoted enticely
to this subject The following chapter contains case reports selected to jllustrate not
only problems in cardiographic diagnosis but also other interesting aspects of
coronary disease The twelfth chapter 1s devoted to diagnostic methods, as yet not
widely employed, which seem useful and likely to become more popular The next
two chapters treat the ever-present problems of dufferentral diagnosis and prog-
nosis. The six chapters, from 15 to 20, comprse a section on treatment which
embodtes all those aspects of therapy which I consider worthy of mention, In
some Instances, modes of treatment of which 1 do not fully approve are men-
tioned because of therr entrenchment in modern practice up to now. Preventton
has a separate chapter m lne with the spint mentioned 1n earkter paragraphs
of this introduction The mcreasingly difficult and complex medicolegal aspects
of coronary disease are discussed in full in the Jast chapter
The preparation of this volume was atded by the advice, help, and influence of
many people I have profited from my position as attending phystcian for many
years a1 the Kings County Hospital where Dr Tasker Howard and Dr J Hamil-
ton Crawford encouraged a lively mterest 1n cardrac disease I am indebted to
Drs Fehx Wréblewsht, Alvin Bakst, Howard Eder, Murray Wemner, Paul Well,
and Bernard 1. Heller for advice on some chapters, to Drs A Loomis Bell and
Theodore Kamholtz for putting x-ray films at my disposal, to Mr Henry L Bayles
and Mr. A. Bertram Roth of the New York Bar and Mr Nathan Rabtnowitz of
the New Jersey Bar for reviewing the scction on medicolegal problems; to Mr
Herbert H Marks of the Metropolitan Life Insurance Company for hind assist-
ance in preparing the section on statistics, to the Royal College of Phystcrans for
permission to reproduce the portrait of Willizm Heberden used as the fronuspiece;
and above all fo Dr William Dock for constant help and encouragement I am
geateful 1o my secretary, Miss Ethel Ross, for self-sacrificing assistance and to
Mrs. Patricia Echevarra and Mrs Pear) Mark for other secretasial help I owe
special thanks to Mrs. Natalie Friedheim who, when I thought I had a completed
manusenpt, skilfully and tactfully took over the many details of preparing st for

publication.
MiLTON PLOTZ, M.D

Afase Vorl
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CHAPTER 1

Basic Principles

CARDIAC BLOOD SUPPLY

UNLESS CLRTAIN basic priciples are clearly
understood, the study of the coronary emrcu-
laon and s discases must deed be
wcomplete Ia almost no other branch of
medicine do accurate dragnosts and reasoa-
able treatment so depend on the uneguivocal
\nowledge of the chauges from good heatth
to discase Consderation of these basic
prnciples may seeve to clanfy the ambigusty
of nomenchamre which so confuses and be-
wilders the physician

The heart, hike any other muscle, depends
on sts owa bicod supply—the coronaty atter-

' v
BLOQD SUPPLY iy !

{coronory artery} ,/ . / MUSCLE

i '
Ll

FIG 1 Blood supply to a heors muscle ¥

tes (F1g 1) Except in unusuat crrcumstances,
the heart 15 not nounshed to any preat extent
by the blood within sts chambers winch 1t
pumps ot to the rest of the body Whea its
blood supply s completely cut off, the heart
tissue, like any other, wevitably dies

The blood m the coronary artemes, Iike
aay hqud w a pipe, depends on the force
of a pump for moton. The systale pres
sure in the mam coronary arlenes 15 the
same as that sn the root of the zorta (Fig 2)
The pressure i the catanary artesy may be

* AR the figures in Chapter 1 except the fast

are schematic and are not mtended to be evact
SEPILSTTAALONS

represented as atlustrated 1 Figure 34, With
moderate tncrease in the head pressure, the
coronary flow remaras largely unchanged
(Fig 3C). With moderate decrease in head
pressure, the coronaty flow 13 unumpaired,
but with sufficsently low head pressure, the
coronary flow may fall off (Fig 3R8)

Under most circumstances, the coropary
arcutatton wdegquately mevets the demands
of the heart But under certan condiuons,
such as lack of nutntive power or foree

ACRTA

HEART WAL
et wontrcte}

"« CORONARY
ARYERY

ACRTIC VALVES
FG 2 Ongm of coronary artery

of flow of the blood, the crrculation may no
longer be adequate even when the artertes
are mormal Defigemt putritive power may
occur in anenma, i any condifion causng
wsufficient ovygenaton of the artenal blood,
or in condiions causing lack of sugar or
other blood nutrients (Fig 4). Insufficient
force may be due 10 a drop 1 head pressure
10 tevels too tow for an adequate blood flow 1o
the musele, such as occurs when there is a
drop in the zortic blood pressure (see Fig
3B) O y. y

restore adequate blood flow, but if the ves-
sel 15 not completely patent the beart muscle
may suffer damage
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{a)

FIG 3 Pressure in coronary artery o, Normal, b,

In some cases in which the demands of
the heart muscle are excessive, the coronary
circulatron may be insufficient despite normal
blood quality, normal pressure. and normal
artertal patency Ordmnarily, extra work by
the heart muscle which increases its demands
for oxygen and nutrients, as n vigorous
exercise, hyperthyroidism, or any nse m
heart rate, is accompanied by an augmented
coronary flow to meet the demand (Fig 5
A-R). But when the amount of additional
work or the demand for additional bleod is

Adequate

pressure

Poor nutrmive .}

power of blood

FIG 4 EFfect on heort muxie of blood deficant in
nufritive power

CORONARY HEART DISEASE

decreased, €, increased

too great or prolonged, the coronary flow,
though increased, may be msufficient to
meet the demand (Fig. 5C) Such a situa-
ton 15 rarely tmportant when the heart is
normal, but may be harmful 1n cases t which
atheroma has dimmished the blood flow,
although 1t 1s stll adequate under resting
coanditions, Under conditions of extra demand,
the increase 1n blood flow may then be too
shght to provide enough blood (Fig 64).
Finally, the demands of a hypertrophied
heart, as in hypertensive heart disease, may,
at least m theory, cxceed the capacity of
the coronary vessels to supply 1t adequately
(Fig 68).

The most frequent cause of impared blood
flow to the heart 1s narrowing of the arterial
lumen due to (1) spasm (Fig. 74); (2)
obstructionn of the arterial orifice, as m
syphilitic involvement of the coronary ar-
tery (Fig 78); (3) obstruction by an em-
bolus, which usually occurs in bacterial
endocarditis (Fig 7C); and (4) thichening
af the arterial wall, by far the most important
cause of a reduced coronary flow and in the



BASIC PRINCIPLES 3

increase in
heart work

(b)

Disproporhionate increase <7 \
n work of heart \
}
{c}

FIG § Response of coronary flow to cardioc demand
for blood o, Heart at rest, b, heart at work, ¢, dispro-
portion between demand ond supply

vast majonty of cases the result of atheroma
(see Fig 64)

Normally, the mtima of the coronary wall
1 very thin (Fig 84) The atheroma may
be sumply an intimal plaque projecting some-
what nto the lumen of the vessel, the media
over the atheroma 1s thinned, and the ath-
eroma, unhke the mtima, contans blood

level, however, the heart does not receive
suffictent noursshment {(1schemia) and suffers
temporary or permancnt damage., Changes
within the coronary walls do not themselves
produce symptoms or signs, such as electro-
cardiographic changes. Only alterations 1n the
heart muscle lead to clinically mamfest signs
and symptoms. For example, advanced
sclerosts may ewst without any clinical evi-
dence, while moderate sclerosis accompanied
by 1schenua will result 1n symptoms, signs,
or both {(Fig 9 4-B)

A short period of nsuffictent coronary
flow, 1 ¢, 1schemia, will often cause cardiac
pain (angina pectoris) With a return of an
adequate coronary arrculation, the pain
ceases However, there 1s a strong Iikelthood
that the heart muscle suffers some permanent
mmpairment  after each episode of pam,
especially 1f prolonged or repeated often
enough

Sudden, complete block of a man coro-
nary artery may cause the death (infarction)
of the affected heart muscle (Fig 10}
Gradual or mtermttent occlusion may be
accompanted by gradual death ot heart mus-

vessels (Fig 88) Or, the ath may torm
a rmg around the vessel The width of the
lumen may be ummpaired or even widened
m the presence of atheroma, in which case
the circulation 1s not impaired On the other
hand, the lumen may be reduced, usually
eccentrically (Fig 8C)

A moderate reduction i the caliber of
the lumen may have no harmful effects
When the coronary flow falls below a critical

FIG 6 Coronary flow inadequote for cardiac de-
mands &, Coronary flow diminished by otheroma, b,
normal coronary orfery, but excessive demond by hy-

pertrophied heart

—~
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oy

OESTRUCTION \ )
OF QRIFICE \ \

(b}

N - R

te)

FIG 7 Couses of impared blood flow n corenary
artery @, Sposm b, obstructed arterial onfice, ¢ ob-
struchion by embolus

cle, with replacement by fibrous tissuc (Fig
1)

In many cases of tnfarction resulting from
mcomplete arterial obstructron, only the por-
nons most distant from the mam artery may
be affected (Frg 124) Thus, only the
subendocardtal layers, rather than the entire
thichness of muscle may be iafarcted, and
m such cases the mecrosss 1s usually patchy.
Subendocardial necrosis (Fig 12B) oceurs
most often n the feft ventricle (a), the
posterior papillary muscle (), and the left
side of the interventricular septum (¢) The
night sentricle () 15 seldom mnvolved in such
changes.

Normally, a collateral crreulation 15 of
small consequence, but in gradual occlusion
of a coronary artery or one of us
main branches the development and role of

such a circulation are most important. The
blood supplied by collateral vessels may be
a decistve factor in preventing the death of
the heart muscle, The collateral vessels may
arise from (/) a nonoccluded branch of the
same mam artery (Fig 134); (2) another
mam coronary artery (Fig. 13B); (3) et
tracardrac vessels (Fig. 13C}; (4) in theory,
at least, the heart may derive some nourish-
ment from its own Jumen (Fig 13D).

The heart muscle may die even when oc-
cluston js tmcomplete, provided the msut-
ficiency of coronary flow 1s severe enough or
prolonged enough (Fig. 14 A-F). This usu-
ally occurs when one or more coronary
artertes are considerably narrowed by ath-
eroma and the head pressure falls abruptly.
as i shock or hemorrhage, or when a col-
lateral vessel on winch the muscle 1s partally
dependent becomes occluded or spasttc The
same may tesult from partial occlusion of the
artery supplying the collateral vesse! In
rare mstances, necrosis of the heart muscle
may occur despite the absence of coronary
drsease.

Typical angmna pectonss occurs only if
heart disease ts present, in the vast majority
of cases, tmpairment of the coronary circula-
tion 1s the pnimary discase. The patient with
angma pectorts who 1s not anenuc, anovc,
or syphihtic, and who has no valvular disease
or cardiac enlargement, 1s therefore almost
certarn to have one or more narrowed coro-
nary arteries. Spasm alone seldom causes
angina pectoris except 1n the presence of
organic narrowing of a large artery

NATURE OF INFARCT

It should be obvious by mow that myo-
cardial changes depend largely on changes
i the flow of blood mn the coronary artertes
For a clear understanding of any clmcal
siuation, however, thesc chamges are best
considered separately.

What is the nature of the dead cardiac tis-

th ocardial infarct? G P'I"V’ an
infarct 1s thought of as a sudden, catastrophic
change 1n the heart muscle, casily identifi-
able by such climical features as pain, feser,
and leukocytosis The infarct is regarded as
a densc, homogencous area of necrotic tissue
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INTIMA
MEDIA

ADVENTITIA

O]

LUMEN —

FIG 8 Effect of otherocmo on orenct drudure o,
Normal artery, b, intimat plaque, <, nnghke atheroma

with clearly defined borders and extending
through the entire thickness of the heart wall
(see Fig 10) Such infarcts are often called
transmural infarcts, to indicate their extent
This 15 too great a sunphfication. An infarct
may be large and disastrous, and yet not be
homogencous or extend from pencardumm
to endocardium. It may be massive, and yet
wvolve only a fraction of the heart wall
thickness. The infarcted area may contain
istands of living tissue (Fig 15) The edges
of the necrotic area may be irregular, and
the boundary between dead and lwing tis-
sue may be ragged and indefizte The term
“major mfarct” better describes such infarcts
than the term “transmural infarct

As every pathologist knows, the number of
mfarcts 1dentsfied at postmortem exammation
out-number those clintcally recognized by 2 or
3 to 1 Crrculatory msufficiency may cause
considerable necrosis without any chnical
history of coronary disease. This discrepancy
1s explained 10 part by the fact that an mfarct
may develop rapidly or slowly, and that

fc}

MEDIAL
THINNING
' INTIMAL
PLAQUE

(b}

—— ATHEROMA

MEDIAL
THINNING

norrowing the lumen

slowly dying heart muscle 15 replaced by
fibrotie tissue (see Fig 11). Obwviously, not
all cardiac fibrosis ts the end result of coro-
nary disease, for there are many other con-
ditions which may cause 1t, but m most
nstances scar tissue m a heart 10 the presence
of advanced coronary sclerosis, possibly with
pounts of occlusion, 1s due to slow infarction.
The entire process may be clucally imper-
ceptible until there are signs of heart failure
or symptoms (especially angmma pectors)
arousing suspicion of coronary disease
Another category of 1nfarction, not as
dramatic or perhaps as important as major
infarction, 1s nevertheless 1mportant with
respect to accurate diagnosis and treatment
Whether 1t develops quickly or slowly, the
mfarct 1s small—small and circumscribed
(Fig. 164), small and patchy (Fig 16B),
or even entirely intramural (Fig 16C) A
typical small mfarct is illustrated n Figure
17 The imfarction may be somewhat more
diffuse, so that only a few fibers scattered
through a wider area actually die In such
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AREAS OF
FIBROSIS

FIG 11 Intermittent occlusian, with myecardiol fi
brosis

FIG 9 a, Advanced sclerosis in coronory artery, pro-
ducing no chmcol ewidence, b, moderate  scleross
with ischemia

FIG 10 Complete orteriol acclusion with myocordial
inforction (shoded oreat

&)

FIG 12 Sites of infarchon with incomplete orterial
obstruction (@ Subendocordial necross ‘bl locohon
of subendocardicl necroms
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FIG 13 Cardioz blood supply from collaterol ves
sels n, Colloteral vessel from ynoccluded bronch b,

cases, the metabolic function of much of
the surrounding muscle may be temporanly
impaired but thereafter regain ats vatahty
Fumally, there may be patchy arcas of
subendocardral necrosts (see Fig 124~0)

These infarcts, obviously neither massive
nor transmural, have long been known to
observant clintcians, and are bemg recog-
mzed with increasing frequency They are
usually inctuded in such categories as “good
nsh” cases, but [ prefer the term “mwmor
nfarciion™ for this category Often the diag-
nosis of a rumor wfarction 15 easy When

sollateral vessel from onother main artery, ¢, colloteral
beonch from extrocardice vessel d, from heart cavity

3 weeks, it seems highly probable that this
was a case of infarction, though not extensive
enough fo produce laboratory evidence of
necrosts When there is no laboratory proof
of mfarction and the $-T or T wave changes
last only a few hours or less, the electro.
cardiographrc  changes may be due to a

state of Lat g
what Master has called coronary suffi-
ciency

SUMMARY
Myocardial 1ofarction may occur slowly

cardtac pain 1s d with
graphic changes, usually in the S-T and T
segments, and there 15 laboratory evidence
of tissue necrosis (fever, leukocytosts, abrupt
mcrease in sedumentation rate, or a positive
result of the transaminase test), it 15 safe to
assume the presence of a myocardial nfarc-
tion

Even m the absence of laboratory evidence
of ussue death, some degree of infarction may
nevertheless be present, but the diagnosis
is then neither as easy nor as sure For ex
ample, in a case recently seen, angina pectorts
suddenly developed in a man, and T wave
inverston in the precordial leads lasted for

and mperceptibly, or more rapidly and with
more pronounced signs and symptoms The
mfaret varies greatly m extent For the sake
of convemence, infarcts may be classified as
major or mmnor But despite modern methods
of diagnosts and a high dex of suspicion,
some anfarcts will fal to be diagnosed or
classified

Certamn anatomric and physiologic features
that distinguish the coronary circulation from
that of other organs have made 1t difficult
to determnce the factors controilng the blood
flow to the heart

in general, the amount of htood reachmyg
a tissue depends directls upon the pressure
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FIG 14 Infarction with porhal occlusion @, Ciceula- i port by colloteral vessel (A) from onother maln
on impaired but odequare for most purposes; b, foll ortery 1B, ®, octluson of collateral vessel (A} resulting
. heod pressure result ng n infarction, ¢, hemorthage sn infarction, f, narrowed lumen of coflateral vesse!

. otherama resulng 1n inforchon, d, blood supply  due 1o spasm resulling un Infarction
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FIG 15 Irforcted muscle with ulands of hving tissue

of the blood delivered to its capilanies The
blood 1s propelled by \entricular conltraction,
and the flow 15 mamtained during diastole by
the elastic tecoll of the artenal walls This
forward movement is opposcd by the pe-
nipheral resistance to flow of the progressively
smatler vessels through which the blood must
course, and by the viscosity, or mternal fric-
tion, of the blood 1tself.

Physiologically, the coropary crcutation
15 umque i that the peripheral resistance
to bleod flow vanes throughout the cardiac
cycle as the ventricular muscle contracts and
relaxes The flow reaching the cardtac muscle
1s therefore the resultant of a pulsatile in-
flow from the aorta, and a pulsatile pe-
nipheral resistance

o) L] (2]

FIG 16 Minor infarchion o, Circymscribed b, patrhy
¢, ntromurot

Differences mn the anatomy and physiology
of the coronary vessels among various species
as well as among individuals of the same
species have not been stressed adequately 1
the literature Refatively few studies have been
made of the human coronary circulation be-
cause of the obvious difficulties nvolved
Despite this, conclusions with regard to the
coronary phystology of man have been drawn

freely on the basis of expeniments on lower
amimals Turthermore, knowledge drawn from
studies of the jsolated, denervated heart has
been applied too readily to man The physi-
ology of the coronany circulation has been

FIG 17 Smaft myocordial scar of nforct resulting
from occlusion of small bronch of anterior descending
coranary artery firom Gould, 5 E Pathology of the
Meart Springfield I Thomas 1953

reviewed cntically from different pomnts of
view by Wiggers, Anrep, Ratnoff and Plotz,
and more recently by Gregg, by Wégna,
and i several papers by Bing
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CHAPTER 2

Etiology and Statistics

INCIDENCE

It 15 widely thought, at least in the United
States, that coronary disease is on the in-
crease This belief I share bur with some mis-
givings Most published statistics inspire no
great confidence 1n such a belief

R 15 difficulr for those whose medrcal
education was acquired in the past decade
1o reatize how recent are the present con-
cepts of coronary disease, and how shift-
ing and tenuous the desciptive nomencla-
ture has been In this country, acute coronary
thrombosis has been diagnosed with assur-
ance only stnce about 1920 In England, the
chimical picture of coronary thrombosis was
introduced by McNee in 1925, As late as
1923, MacKenzie missed an easy diagnosis
of myocardral nfarction. and the term “vaso-
motor angina” was m common use “ Up to
30 years ago, what 1s now known to be
chronic c¢orenary disease was not different-
ated from ‘“chronmc myocarditis™, this term
even today is found on death certificates to
describe a condation which 13 far from nflam-
matory  nature There were no official
mortality stattstics for coronary drsease until

and interchangeably. To this day, one large
of; uses “arteri ie heart dis-
ease” for coronary disease, possibly with some
1eason but certamly with a resultant haziness

From an examination and evaluation of the
publish ! studies I have tuded
that all statisucs compiled before 1920 should
be discarded, or accepted only with the great-
est reserve, although they were honestly
collected at the time Even today, the only
valid statstics are those based on postmortem
examnation, chimical studies, carefully con-
trolfed and based on electrocardiographic ex-
amination though they may be, can be ac-
cepted only to a imuted extent Nor do post-
mortem figures completely solve the problem
of statstical analysis, since the vahdity of
autopsy studies themselves varies with the
technics used and with the vagartes of nomen-
clature What 1s to be done, for example, with
autopsy reports which Lst a certan number
ot hearts as having “coronary disease™ or
“caronary sclerosts” without stating whether
the changes were greater or more severe than
those accurrrng n the hearts of presumably
normal individuals? How are “coronary nar-
rowiag,” or “occlusion,” or even “myocardral

1929, when for the first time the J; !
Classification of Causes of Death gave “dis-
ease of coronary arteries’ as a category The
1948 revision Dsts coronary artery disease in
category A20 1, but arteriosclerotic heart dis-
ease n 4200 and angina pectoris 1 4202,
leaving foom for the perpetuation of error
The textbooks of the latc 1930's and carly
1930 discussed angind pectoris and coro-
nary disease as though the twa were entirely
aifferent condirons  Vatal statisties during
thys periad sl thisted “deaths from nngm:
pectoris.” Terms such as “coronary iC]CrD\IS,“
“coronary narrowing.” "C(.’ronary occlusion,’
and “coronary thrombosis”™ were used vaguely

" to be unless we know
thewr duration or their relation to cause of
death? How is “signtficant coronary sclero-
s»” 10 be udged, although this term s less
vigue than the pames previously used? I use
“infarction” whenever possible as a term
wiuch more accurately describes the signi-
ficant pathologic process, although I am well
aware that death may occur tn coronary

1 without d fe infarcti

Another difficulty 1n assessing published
statistics, even those panstakingly pathered
and sifted by hfe insurance companics, 15
that coronary diseasc has now become a
£ is Coronary or
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myocardial infarction may be found histed as
the cause of death 1 university medical cen-
ters merely becanse the diagnosis was most
likely, staustically, to fit a clinical situation
This practice 1s even more widespread among
general practitioners Sudden death 15 almost
invariably ascribed to  “coronary throm-
boss,” an assumption which every medical
examiner hnows to be wrong
Heart discase 1s now the leading hifler
in the Untted States, and within this category
coronary artery disease 15 the most frequent
It s the condiion most likely to hill or
strike the head of the family, the man be-
tween the ages of 40 and 60. It accounted for
about 40 per cent of all deaths duc to cardiac
disease 1n 1938, at one hospital, 1t was
responsible for 54 per cent of all deaths *
How prevalent 1s coronary atheroma {cor-
onary sclerosis)? It may be assumed that
seme sclerosis of the coronary vessels s
present in most persons who have passed the
age of 40, although not necessanily ac-
companted by lummal narrowing functional
changes More painstaking studies, with ac-
curate measurements of the type used by
Lober,™ are nceded
How prevalent 1s coronary sclerosis of suf-
ficent extent or degree to affect the fume-
tional capacity of the heart? At one university
hospital, narrowing of one or more coronary
arteries was found 1n 1629 out of 3000 hearts
examined at autopsy It 15 impossible to say
i how many of these the function of the
cardiac apparatus was impatred, but defimte
coronary narrowing, no matter 10 how large a
number 1t may be present, should be regarded
as a disease, or at least as an abnormal state.
“Significant coronary disease™ was found n
25 per cent of 2000 cases examined post-
mortem *** Another report states that 5 per
cent of hearts have scvere atherosclerosis
at some site 1n the coronary tree by the age of
40, and by the eighth decade about 60 per
cent of the coronary artenes are involved—
52 per cent of the left coronary arteries and
36 per cent of the mght® Severc sclerosis
(Grade 3 or more) was found i 18 per cent
of hearts 1n the 30 to 39 year age proup,
and a similar grade of sclerosis at some point
n the coronary circuit 1n the “average man”
over the age of 49 % In still another report.
35 per cent of hearts over the age of 35

showed at least one point of complete oc-
clusion, and more often 1f they fell mnto the
author’s Group I, however, only m about
half of these cases was coronary disease a
major factor in causing death ** A pretty
detinction which might be adopted meore
wulely has been made between coronary
disease, in which the artenes alone are af
fected, and coronary heart discase, 1 which
the myocardium 15 compromised because of
changes in 1ts circutation as the result of cor-
onary discase **

How often 18 myocardial wfarction the
principal cause of death® Avalable data do
not provide a complete answer, but published
statistics m the United States seem to indi-
cate that infarction 1s present w about 1 heart
n every 10 exammed at autopsy Among the
reported figures are* 7.8 per cent of 3559
autopsies,’® 865 unhealed infarcts m a senies
of 25,000 autopsies i Los Angeles, 1n a
series of autopstes 10 1927 24 per cent
showed mnfarction,® which rose 1n the fol-
lowing years to 67 per cent and between
1941 and 1945 to 141 per cent, ™ 147 in-
farcts (53 acute, 94 old) m a series of 1250
consecutive autopsies,™ 8 2 per cent of 2000
hearts exammned postmortem had infarcts,
at the Massachusetts General Hospual, 270
myocardial infarcts (105 recent, 165 healed)
were found in 2967 autopsies,**

What 15 the ncidence of “coronary at-
tacks” 1n the United States? An estimate
some years ago put the figure at 500,000
attacks a year, about 1 man of every 38 over
the age of 40 and 1 woman 1n 115 are stricken
each year ' Such estimates, rough as they
are, give some 1dea of the magmitude of the
problem Tables 1 and 2 gwe the latest
availab'e figures The Metropoltan Life In-
surance Company'™ reports a mortality rate
from coronary heart disease of 1087 per
100,000 for 1953 and 104 8 for 1954, This
decline 1 1954, part of a general drop 1n
cardiovascular and renal diseases n 1954,
may perhaps be related to the influenza
epidemic in 1953, and the absence of one n
1954, wn the company’s experience, outbreaks
of respiratory disease usually hasten the death
of many persons with chronic 1llnesses

Statistical studies from other countries are
few Bntish ivestigators, handicapped by
the samc lLmutations as ours, come to about
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Tasre 2. MORTALITY RATES, WHITEL PrRsoNs,
FROM HEART Diseast, 1950-1952¢ 130

Males Females
Arteno- Arterio-
Total  scleronc,  Toral sclerotic,
Age heart including  heart including
in years disease coronary dhsease coranary

evaded, life expectancy nses, and the age
group (over 60 years) 1n which artenial discase
may be expected to be a greater factor grows
larger. To conclude that coronary discase 13
more prevalent than formerly, the data would
have to be broken down into age groups, and
the diagnostic methods would have to be
Only a himuted number of such

AVERAGE ANNUAL DEATH RATIS PTR 100,000

1-74 3433 2403 1712 955
1-4 47 o1 55 01
5-14 39 0t 35 0.1
15-24 84 08 70 o5
25-34 294 103 155 21
3544 140 4 880 479 143
45-54 4993 3654 1640 764
55-64  1,176.7 870.7 5113 3050
65-74 24929 1,7193  1,5743 9476
PERCENTAGE OF TOTAL MEART DISLASE
1-74 1000 700 1000 562
1-4 1000 2 1000 10
5-14 1000 21 1000 23
15-24 1000 94 1000 69
25-34 1000 350 1000 137
3544 1000 62.7 1000 298
45-54 1000 732 1000 466
55-64 1000 740 1000 597
65-74 1000 690 1000 602

* Congenital and syphilitic heart disease, and
theumatic fever, are included in thss study.

® Adjusted for age on basis of total United
States population, 1950

the same conclusions as we do. In Austraha,
the death rate from coronary occlusion rose
from 11 per 1000 between 1920 and 1925
to 45 per 1000 between 1943 and 1946, the
nise s greater than can be explamed on the
grounds of aging of the population or of
better postmortem diagnosis.* Such figures
and conclusions, too, although gathered con-
scientiously, must be viewed with reserve,
for the same reasons as apply to figures in
our country.

As has already been noted, changing fash-
jons in diagnosis constitute one source of
error in evaluating statistics on heart discase
Another source of error 1s the gradual in-
crease n the age level of the American
population. As death from some causes, espe-
cially infectrous discases, is successfully

statistical studies of sufficiently large series
arc as yet avalable The fecling which most
of us have that coronary disease 15 genmnely
on the increase 1s stl largely an article of
faith. An excellently studied series in Chicago
indicates that there has been httle or no
change n the frequency of coronary heart
discase 1n the past 34 years but that there
has been a striling increase in incidence in
persons below the age of 50.** Lee and
Thomas have found a great increase 1n the
incidence of coronary disease at the Barnes
Hospital of St. Lows in the past three decades;
they wonder if mncreases in smoking and dairy
fat ingestion are responsible.=*

SUDDEN DEATH
Coronary

disease, coronary
15 not the cause of
sudden and unexpected death, as may be
clearly scen from available statistics 1 124
9 These show that cardiac and aortic dis-
casc account for less than half of the sudden
deaths,

In the expenence of the New York Medi-
cal Examuner’s Office, 44 9 per cent were due
to cardiac disease, and about two thurds of
these (30 4 per cent of the total) were coro-
nary artery disease *® The numerous other
causes of sudden and unexpected death arc
listed 1n detail by Gonzales and associates.”®
Of course, the percentage of the deaths due
to coronary disease mught be higher were
autopsies performed more frequently i the
case of sudden death of older individuals
(Tig 18). Only m 25 per cent of the coro-
nary cases were fresh thromboses found In
a fourth of them there was no infarction,
cither because an effecttve collateral circula-
tion was present, or, a more likely reason,
because the patient had died before myo-
cardhal nfarction could occur Of the three
fourths with fresh infarction, antecedent
fibrosis could be seen only in half. Advanced
occlusive coronary disease was found in 75

espectally
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Not

coronary

Thrombosrs

Non-thrombotic
disease

FIG 18 Couses of sudden deoth

per cent of the cases with coropary disease
{(re, of the 304 per cent of the total), bur
there was no evidence of fresh clots Of this
group, 50 per cent had myocardial fibrosis
and another 5 per ceat myocardial infarction
In such hearts, with coronary flow already
reduced, unaccustomed exertton or emotion
may increase the myocardial demands on the
airculation beyond the eritrcal pomnt In the
presence of such acute coronary nsuffictency,
ventricular fibrillation or asyswle may stop
the heart abruptly **

Gonzales and associates go a step further
and say  “Occastonally even a normal heart
with mtact coronary circulatton and myocar-
diwm may stop suddealy because of an
unusual stran brought about by severe phys-
cal effort ™ They cuie the case of a 17-year-
old boy who swam 15 fect underwater n a
race, after completing 1, he was able 1o hit
himself out of the pool to the ledge, where
he collapsed and dicd Autopsy revealed a
dilated heart of normal weight without evr-
dence of coronary, myocardial, or valvular
discase In this case, 1t was concluded that
the combranon of anowa, severe physical
exertion, increased heart actian, and the in-
abidity of the coronary artenes to dehver
pormally oxygenated blood to the myocar-
dwm  resuited n sudden cardiac death
Others, 100, have noted simelar (nstances. The
explanation given by Gonzales and assoctates
may well be correet. nevertheless, 1t 1s not
the only possible ote. Other organs and other
mechanisms mav be involved

ETIOLOGIC FACTORS

FAMILIAL FACTOR
There ate appsrently good reasons for
believing that coronary discase is wn many

cases famihal Four tumes as many cases of
cardiovascular disease were found in the m-
mediate families of one series of patients as
i a control group ** In another semes, 45
per cent of the patients had a famuly history
of heart disease.”” Other reports also pomnt
i the same direction ** ¥

Especially convincing evidence 1s provided
by a study of the famuties of a senes of 100
young adult patients ** 37.1 per cent of the
fathers had died from coronary disease, as
compared to {85 per cent n a group of
controls; the figures for siblings were 8.6
per cent for siblings of the patents, and 1
per cent for the controls The evidence was
agamst the mherttance of coromary discase as
a dominant or a recessive simple mode, but
poiwnted to famihal transnussion, possibly to
a muluple-factor condition with at Jeast one
donunant factor The younger the patient, the
mote Uikely was a positive family history

There are several posstble explanations of
the fanubal mcidence of coronary disease
(7) The patterns of coronary archiecture
may be familtal (2) There may be 1nherited
differences 1n the structure of the coronary
mitma (3) There 1s mmpressive evidence of
fanuha) patterns m Jipid metabolism, notice
able even among clderly patients (4) The
body habitus (somatotype) 1s probably ge-
neticaily determined (5) Other famihal fac-
tors than gencuc ones may play o role, e.8,
cating and smokimg habits, Tiving conditions,
psychic habuus, or occupation.

AGE FACTOR

The madedce of coronary disease is &
function of advancing age: the older the
wdividual, the more hhely 15 the presence
of coronary discase. Corrclation between
coronary arlery changes and agng may ’bc
wentfied atmost from birth, and this in-
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creases with age'®? ¥ In addition, athero-
matous changes which should be considered
pathologic occur with increasing frequency
I each successive age grou|

The adult type of atheroma may be found
at any age, although rare, 1t has been re-
ported m children and young adults under
the age of 20 (The medral calcffication in
infants, which is somewhat more common, 1s
not of concern at this pomt ) The histologic
features and involutionary features are about
the same at alt ages, except that in the
younger patients there may be somewhat
greater fibrous tntimal proliferation and some-
what less calcification, Furthermore, in these
patients, the earlier the coronary discase
appears the more apt 1s 1t to be an isolated
lesion without associated arteriosclerosts else-
where * The fatal lesion 1n young individuals
may consist only of a small plaque mn a
single coronary artery, every other vessel
Gacluding the other coronary arteries) re-
maining supple and free of any trace of
disease **

The age-specific morbidity rate (number
of cases related to total number of lhving
persons 1 the age group) cannot be gwen
exactly, 1t may be nferred, however, from
the available figures for the ages at which
myocardial infarction 1s noted and the ages
at death. The mean age for first attacks
{presumably of major myocard:al infarctton)
1s about 59 or 60, various reports give it
as 60 (58 for men, 64 for women) =
58,7, 59,1 604, 57 for men, and $3
for women, with more than one third of the
patients suffering the first symptoms between
the ages of 50 and 592 The last report
cited states that the decade between 60 and
69 was the next i frequency, and the one
between 40 and 49 the third most frequent
In one interesting series, the meidence of
coronary attacks in men reached a high peak
at age 55 to 59, and then fell sharply, in
women, the mise was slow and steady from
age 40 to 70, without the drop noted mn
men '™ The incidence seems to decrease
slightly in the very aged, this s probably due
to the survival of a few mdividuals with
remarhable hearts '™ Nonetheless, classic cor-
onary disease, with all 1ts attendant changes
1s found even m extremely ofd persons, and

one report describes 9 patients over the age
ot 100

The average age at death, according to
one study, is 615 (609 for men, 62.9 for
women) "' Table 2, which shows the ex-
perience of the Metropolitan Life Insurance
Company," gives evidence of the steep rise
i mortality rates with advancing age, this 1s
also borne out by all published figures for
all types of individuals and both sexes

PREMATURE AGING

It has been suggested that arcus senils
s found more frequently n pateents with
coronary disease and that its incidence in-
crease  with hypercholesterolemia, * but
other mvestigators have challenged this sug-
gestion,”™ among 100 young adult pattents,
only 5 had an arcus senilis, and their serum
cholesterol content averaged 275 mg per
100 cc®

Young patients with coronary disease often
appear 2 decade older than their chronologic
age Mesomorphs, in general, scem prema-
turely aged, partly because of the coarse,
heavy wrinkling of their skin, they also reach
puberty 1 to 1% years earher than other
chitdren, Gertler and White conclude "It
15 reasonable to suggest that mesomorphs
at all ages are physically 109 older than their

it 1 age ™ This pr thought

deserves further nvestigation

Many cliscians, myself 1ncluded, have
thought that young patients with coromary
disease have gray hair or are bald more
often than ts the case among young people
generally  Gertler and White did not find
this to be true mn thewr study However, of
the last 30 patients under the age of 45
whom I have seen, 25 were either noticeably
bald or gray, it would therefore seem that
this 1s sull an open question. Since baldness,
In addition to being a function of masculinity
and genetic factors, 1s also one of advancing
(not advanced) years, it may be that m-
dividuals subject to coronary sclerosis “live
faster” than others

RACE

For a discusston of the racial and geo-
graphic factors 1 coronary discase, see Chap-
ter 3

VT
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SEX

Many aspects of coronary disease are
controversial, but no one disputes the fact
that 1t 15 domrnantly a disease of the male
sex. In youth, the paticnts are overwhelm-
wgly men: this predommance begms to dis-
appear n older age groups, and n old age
both scxes are equally vulnerable Disre-
garding age, the ratio of men to women, as
gnen an clinseal reports ranges hetween S
to 3% and 13 to 1,'* a summary of the data
gnven for seven carefully studied series yields
aratio of 4 to I (1716 men, 429 women)

The male preponderance 1s modified by
advancing age, up to the age of 40, men far
outnumber women. 1 one sertes of 100
panents only 3 were women,™ i another,
of 88 patents, the only woman under the
age of 55 had had a brlateral cophorecromy
at the age of 18! The figures m old age
are quite different m one sertes of 100 cases
studied at autopsy, 11 of 16 nondiabetic
women were 70 years or over,” in another
sertes, 65 per cent of all the men were over
50, but 86 per cent of all the woman, with
the average age of hnown onset being 533
for the men and 589 for the women,
a third scries. the ages at onset were 58 4 and
62 4, respectively ¥

We cannot readily explam why the male
of the species is more vulnerable to coronary
disease than the female In certan animal
spectes, spontancous artersal disease 15 much
more frequent in the male than m the female
Although there 1s some evidence that n
man the mttma of the male coronury artery
1s thicher at birth than that of the female,*
the number of cases on which this 1s based
» still too small for to be

and at an carlier age m women with diabetes
than i nondiabetic women. In one senies
of 87 female patients, 84 per cent had
hypertension;* in another series, 49.4 per
cent had antecedent hypertension (in con-
trast to 29.7 per cent of the male patients) ;¢
m a third series, diabetes and/or hypertenston
were found in over 90 per cent of premeno-
pausal women and in 70 per cent of post-
menopausal women with coronary disease.™™*
The statistical evidence about obesity, which
is commonly beld to be an accelerating
factor in women, is equivocal; 1n one series,
64.6 per cent were obese '™ Coronary ath-
eroma may occur at an earlter age in women
who have undergone surgical castration.®”
It has been stated that the lower the social
class, the more likely are women to have
coronary disease*® The sigmificance of this
finding 1s obscure, possibly, medical advice
ts sought later by the economrcally de-
pressed.

The female mortahty rate from coronary
disease is usually higher than that of the
male " %3 453 per cent for women and
37 1 per cent for men in one reported series.’®
This difference may be largely ascribed to
the fact that coronary disease usually strikes
women at a later age than men and that
women more usually suffer from complcat-
g disease, such as dabetes or hypertension.

1 coronary as dis-
tngmshed from cimscally evident discase,
occurs almost as often  women as i men,
the process appcars later 1 women, the
involvement jn women m their sixth decade
bemng of about the same extent as in men
i their fourth decade However, the ath-

reached .

Other theories about the relative immunity
of the female include a different and pos-
sibly better lipid metabolism, less muscular
work, smaller ientricular mass, pertodic
blood loss, lower normal hematocnt Ievel
and blood viscosity, arteriolar dilatation at
the menses, and vascular changes at the
menses. ™

A aumber of factors may accelerate or
favor the occurence of coromary discase
women: among these are dubetes, hyper-
tension, obesty. and surgical  castration.
Thus, coronary discase devclops more often

m men 15 usually more scvere.
According to Barr,®® who has summartzed ail
the evidence, the mvolvement 1n women fn-
creases steaddy with age, nor s there any
indication of sudden increase with the meno-
pause Newther, however, ts there any cleae-
cut evidence for assuming that the menopause
is without influence. Even i the fourth
decade, the nvolvement in women is 70
per cent or more of that in men vamus'ly.
the pronounced sex difference is in the in-
cidence of chncally evident disease rother
than m anatomic invehement of the coro-
na.r)7 arteries
et
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WEIGHT AND BODY BULD

Obesity or overweight is considered by
many to play an important role n the oc-
currence of atheromatosis. Tor example, one
report states that there 1s a “statistically
significant relationship between obesity and
atherosclerosts,”** and another that “m our
present state of knowledge the prevention
and correction of obesity is the most plausib'e
treatment of atherosclerosis.”™** In one series
of cases of infarction proved at autopsy, 23
per cent were obese.™ Other reports state.
one third of the patients with coronary dis-
ease were obese;™ 28.1 per cent of the men
and 52.6 per cent of the women were over-
wesght,? 87 per cent of a series of 77 women
patients werc obese,” in a senes of BO
fatal cases under the age of 34, 73 were
overweight,”” 49 of 108 patients werc
obese,”™ 35 per cent of another series were
obese,™ n two series of young pateents, the
majority were obesc** ** A number of m-
vestigators have concluded that obesity 1s
more common 11 sufferers from coronary
disease than 1n the general population,'*> or
that abesity predisposcs to coronary scle-
rosis ™ 7 From published figures, 1t would
seem that overweight plays a more umportant
role 1n women than in men, the coatrary
opimon has been expressed by some ob-
serverst 13

Experimental  atherosclerosis was  more
easily induced 1 heavier rabbuts than in the
lighter ones '*t

Leanness, as such, according to some, has
uts reward n a relative immumty to ath-
eroma,}! ** however, when atheroma does oc-
cur m the underweight, the mortality rate 1s
apt to be higher®

The role of the b'oed Lipids i obesity s
discussed 1n Chapter 4,

The theory that obesity 1s a predisposmng
factor in coronary disease has been scriously
Questioned 1n recent years The causal rela-
tion of obesity to coronary disease 1s doubted
by Ryle and Russell,”* although they graat
that it may add an extra load to a heart
which 1s compromised; only 3 per cent of
their male patients and 9 per cent of thewr
female patients were obese Other invest-
gators have not found any correlation be-
tween body weight and atheroma,” or that
obesity 1s an important causative facln.r.

9 or that obesity has any ¢ffect on athero-
sclerosss af hypertension and age are ruled
out.”

Gertler and White, who made an intensive
study of the problem of coronary heart dis-
ease 1n the young adult, concluded that the
100 patients in ther nvestigation (97 men,
3 women) were not overwerght as compared
to a control group Using the Sheldon sys-
tem for classifying physique, they found a
significant correlation between coronary dis-
ease and a particular body biild or habitus—
the endomorphic mesomorph—rather  than
with body weight The mesomorph 15 a fat,
muscular persen, 1 contrast to the ecto-
morph, who 15 a long, lean individual (not
necessanly an cmaciated one) A coronary
ailment, according to Gertler and White,
s least likely in the ectomorph, the few 1n
thewr series with coronary discase had some
mesomorphic characteristics In general, the
group mth coronary disease exhibited the

sties (1) ver-
tical measurements—stature, span, and total
face, hand, and chest lengths; (2) ncreased
harizontal measurements—hand and nose
breadths, and (3) mcreased depth measure-
ments—upper chest and total chest depths
Evidence confirming the findings of Gertler
and White may bz found in the autopsy
studies of Spain and co-worhers ' They
found a hegh degree of corre'ation between
mesomorphism, « elevated serum  B-lipoprote
ms, and coronary discase

As can be scen, the various reports rarse
a3 many questions as they answer, What 15
obesity? Is 1t the same as overweight? What
norms are being used? Are the people of the
Utnted States, as a group, overweight? Do
common factors—genetic, neural, and other
—produce both obesity and atheroma? Are
there common metabolic faults? Do occupa-
tional factors predispose to both conditions?
Does obesity act by overtaxng a diseased
heart” Does correction of overweight bene-
ficwally affect existing atheroma? Is the im-
portant factor a reduction in total calores

or the i or of
some specific dietary fraction, such as fat?
Is excessive weight in women, who are sub-
ject to atheroma at 2 later age than men,
an important causattve factor? What rela-
tion, 1f any, has overweight to the develop-
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ment, or speed of development, of coronary
disease 1 any one individual, even granting
that genetically determined habitus 1s more
mportant®

Until questions such as these arc answered,
the best advice to give our patients, and
the coronary-disposed public in general, 1s
to avoild overweight In the young male,
obesity probably does not contribute much
to the genesis of coronary drsease, 1 older
men, and m women, its importance seems
somewhat greater The mere process of
weight loss may reduce the hipoprotem and
cholesterol contents of the blood, should
these lipid fractions prove to be causative
1 atheroma, we would be provided with a
most persuasive argument for weight redue-
ten

OCCUPATION

Much that has been written about the as-
socration of certan occupations and coro-
nary disease may be true, but it has largely
been based on clmucal wmpressions rather
than on a sound statistical foundation The
problem has two aspects: (/) Are coronary-
susceptible 1ndividuals apt to choose particu-
lar occupations® (2} Does the mature of
certan occupations increase the nsk of cor-
onary disease’

TasLL 3 ESTIMATED MFEan ANnusL Deatn
RaTE PER 100000 FOR Various CATEGORIES,
1933-1937

Age
Group (yr) Torals
3531 45-54 5564
a 47 109 375 154
b 37 150 304 140
< 36 147 357 128
d 29 124 253 107

A few studies and some official statistics pro-
vide data which 1n part answer the questions
In a study™ of deaths from coronary oc-
clusion among white men in Philadelphia be-
tween the years 1933 and 1937, the total
fisures were scparated 1ato four categories®
G’roup a, professional men. Group b, pro-
pricors, managers, and officials, Group c,
clerks and salesmen, and Group «, workers,
the results are shown n Table 3 The stand-

{coronary) heart disease for men in England
and Wales, for the year 1951, grouped ac-
cording to occupation are-%

Standardized

Group mortality ratio
1 150
u 110
ur 104
v 79
v 89

Group 1 includes professional and stmular
pursuits, Group II represents intermediate
occupations, such as that of farmers; Group
11, skilled workers, eg., transport workers,
clerical workers, armed forces; Group 1V,
partly skilled workers, such as mime and agri-
cultural workers, and Group V, unskilled
laborers, such as buildimg and dock workers
The most recent study 1s a statistical analy-
15 of coronary disease among the employees
of the London Transport Executive durng
1949 and 1950 The mcidence and case-
fatality rates among the more scdentary
workers—dnvers, telephone operators, execu-
thes, and clerks——were higher than among
the employees domng work requinng greater
phystcal activity—conductors of buses and
trams and letter carriers These findings were
tested 1n three ways (/) The analysts was
repeated for the years 1951 and 1952, the re-
sults obtamned were the same as for the pre-
vious years (2) An analysts of the Registrar
General's mortahty figures for coronary dis-
ease and for occupations, 1930-1932, sup-
ported the hypothesis that, during middle age,
mortality from coronary discase as a whole
1s lower among workers 1n occupations ealling
for heavy physical effort than among those
whose worh 1s ight (3) A 2-week samphng
ot the death certificates of all men hetween
the ages of 45 and 74 reported as dying from
coronary disease showed that a smalles num-
ber of men whose occupation was classificd
as “heavy™ died 1n the first attack than of
those hsted as “hght” workers The invest-
gators nterpreted these data as supporting
therr provisional hypothesis. “Men in physi-
cally active jobs have a lower ncidence of

* Number of deaths among men in 3 gtven
group expressed as a percentage of the pumber
of deaths that might have been expected in 23
standard pop of the same sex and age.

ardized mortality rato* for arter
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coronary beart disease in middle age than
have men 1n physically inactive jobs More
important, the discase is not so severe in
physically active workers, tending to present
first in them as angna pectons and other
relatively benign forms, and to have a smaller
carly case-fatality and lower early mortahity-
rate.” Paul White,*™ too, states: “One has
the definite impression that it 15 dustinetly less
common in the lean laborer or farmer.”
Gertler and White found that coronary
disease 1n their young adult patients, most
of whom were city dwellers, was not confined
to any one occupationat class but that the
mcidence was relatvely higher among those
in managerial and executive positions, Other
reports state that 67 per cent of the patients
were business executives or men m small
i quiring great individual effort
and imuative,®? and that the lowest rates
were found among coal muners and quarry
workers, agricultural and chermical workers '
Economic factors have been proposed by
some, for example, coronary disease dispro-
portionately affects the rich (a widely held
theory),* the incidence 1s much higher
private patients than n those 1n hospitat
wards,*> citation of mortality rate figures to
show the higher cidence of coronary dis-
ease 11 the more favored economic groups '™
Physictans have long insisted, rather wryly,
that coronary atheroma is the “doctor's dis-
ease ™ Some trustworthy statistical studies
would seem to substantiate this idea,” »° 1%
while others cast doubt on the thesis!® M3
Surgeons, obstetricians, and gynecologists are
reportedly even more vulnerable than other
members of the medical profession * It seems
more probable that physicians share the
special susceptibility, whatever the cause may
be, of those generally classified as managers
and executives
Some have chajlenged the hypothesis that
coronary disease has a predilection for cer-
tam occupations;ts % 5 1 one study, the
gh incidence of “working class” patients was
found to be mamly in one ecthme group
(Jewish) ¥
That the varsety of opinions creates con-
fusion 15 hardly surpnsmg Both statistics
and inferences are open to question, and the
only thing that may safely be concluded 15
that coronary disease seems 1o Occur some-
what less often among manual workers

A number of questions nced td be
answered:

I. In what way does physical actrvity, as
such, reduce the tendency to atheroma, if 1t
does? Does 1t operate by inducing weight
Toss, or by p ding, an outlet for agg
feehings which otherwise might be harmful?
Does sp: e, and exee:
exeraise, such as weehend golf, tenms, or
handball, affect the arteries adversely *°

2. Do certam occupations generate emo-
tional tensions that may be physically harm-
ful? Although 1t has been suggested that
coronary discase js “peculiarly associated
with high pressure intellectual activity™'® 1t
seems unbikely that atellectual actiity, m
itself, would affect the human organism m
this way.

3 Ts 1t possible that the men who choose
hghter work for reasons of health could
affect the wvital statistics to an apprectable
degree? This aspect has been largely ignored,
yet i any industry there 1s always a certain
amount of such transfer

4 Should data based on occupation be
weighted for such factors as sex, race, and
urban versus rtural lving? Few statistical
studies have taken any of these factors into
consideration

5 1s is not possible that the apparent cor-
relation of occupation with coronary disease
18 actually a correlation with dietary habits m
dulferent economic and soctal groups?

Gertler and White have sensibly sug-
gested that the chowce of occupation may de-
pend on the mdividuals somatotype Meso-
morphy 1s associated with a dnving tempera-
ment, which 1n turn dictates the way a per-
son hives

A reasonable conclusion would seem to be
that coropary discase 1s somewhat loosely,
but definutely, associated with certain occupa-
ticas Most of the evidence apparently powts
to the explanation that mndviduals of a par-
fticular temperament seek certam work rather
than that factors connected with the work 1t-

self “coromary P "

ROLE OF OTHER DISEASES

HYPERTENSION.  An smportant rol¢ m
the etiology of coronary heart disease seems
10 be played by hypertension, and staustical
studies on the whole indicate this clearly
There 1s a wide spread 1n the figures given,
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depending on the source matertal used and
the definitions of hypertension and coronary
disease. The common assumption that cardrac
enlargement necessarily means antecedent
hypertenston 15 fallactous,’” while it may
often be the case, there are other causes of
hypertrophy. However, hypertension is with-
out doubt frequently found 1n patients with
coronary disease, and indeed has even been
described as the most important cause The
interesting suggestion has been made that the
reduced coronary flow resultng from coro-
nary sclerosts may lead to hypertension as a
means of increasing the head pressure 1n the
coronary arteries **

Published data have been interpreted as
mdicating that hypertension precedes coro-
nary occlusion 1n 25 to 75 per cent of cases,
as p to a hyp rate
of 2 to 11 per cent 1n the general popula-
tion ** Other figures are- (/) Hypertension 1s
found 3.4 times as often mn those with coro-
nary disease as among otherwise normal in-
dividuals.** (2) There 15 some degree of coro-
nary sclerosis 1n 90 per cent of hearts of those
dying with hypertension, and antecedent hy-
pertension 1n 75 per cent of all patients with
coronary disease ** (3) Hypertension was
present in 46 per cent of cases cited in the
hierature.™ (4) Antecedent hypertension was
found n 61 per cent,””® in 58 per cent,”'> 1
57.9 per cent,’” in 54 per cent,” and i 41
per cent ¥

The generally conceded influence of sex
on this correlation 1s sigmificant *° Excluding
patients with a diastolic presure under 90,
the mncidence of prior hypertension was 29.7
per cent an males and 49 4 per cent n fe-
males 10 one series,'® by the new critena for
high blood pressure proposed by Master and
assoctates,* the figures were 27.2 and 71
per cent, respectively. Other figures to be
found m the literature are. 37 2 and 63 per
cent, respectively,™ 48 and 69 per cent,* 36 8
and 67.2 per cent,™® 38 and 64 per cent, ™
392 and 65 per cent,” and 489 and 794
per cent =4 Qbviously, coronary disease Is
even more Likely to affect women with hyper-
tension than men.

Antecedent  hypertension 1s found the
oftener, the older the patient. Among young
patients with coronary disease, the incidence

of hypertension was only Ittle higher than
normal.}* =
Expenimental hypertenston also seems to
have a detnimental effect. Cholesterol- and
pylihi duced  ath in
dogs was mtensified by hypertenston produced
by mmjecting silica mto the renal arteries, s 104
There 1s no reason to believe that persons
with hypertension undergo different coro-
nary artersal changes than persons with normal
blood pressure. The changes in the coronary
artenoles 1 malignant hypertension were
found to be most inconsistent *® (1) there was
marhed variation 1 different arterioles mn the
same case and 1 different segments of any one
arteriole, (2) the early changes, which con-
sisted of an ncrease 1n the medial nucler and
hyperplasta of the internal elastic lamella, do
not progress at the same rate or to the same
degree as stmilar arteniolar changes else-
where Occastonally, the coronary vascular
tree 15 unaflected despite widespread vascular
disease ™ There 1s some evidence that the
serum beta-globulins are mcreased m both
clinical and experimental hypertension #* A
posstble genetic rclationship between the two
condittons 1s discussed by Thomas, who
says “at 1s likely that the same heritage is ex-
pressed more often as hypertension 1n females
and as coronary artery disease in males ™ Pos-
sibly, the relatively lngher imcidence of infarc-
tion among persons with hypertension may be
due to the greater oxygen necds of the left ven-
tricle when mamtaining higher pressures and
the greater seventy of the atheromatous
process ¥ According to Wilens and Efster,””
hypertenston provides “a positwve filttation
pressure agaunst a permeable endothelial sur-
face, thus enabling Iipid-containing substances
to enter the mtima, . There 15 probably
a threshold vatue of filtration pressure below
which fluid entering the mtima is largely de-
voud of Iiprd ™
On the other hand, some do not beleve
that hypertension Js an mportant etiologic
factor m coronary disease. Thus, Sigler®T
calls attentron to the fact that the blood pres-
sure 1n young (under the age of 40) patients
with coronary disease 1s normal; in patients
over the age of 40, the incidence of raised
blood pressure 1s no higher than might be
expected i an aging population. When higher
blood pressure levels than are usually con-
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sidered normal were used as normal values,
Master and co-worhers** found a relatton-
ship between hypertension and coronary oc-
clusion only in men over the age of 65, and
n women

DIABETES MELLITUS There is a defi-
nite causal relation between dibetes and
heart disease Coronary atheroma develops
much more frequently in diabetics than in
the general population, and coronary discase
appears at an earher age and 1n severer
form Diabetics with coronary disease dic at
a younger age than nondiabetics, 1t was found
in one study.®

The first to note the presence of diabetes
and angina pectons in the same patient was
Scegan,™® in 1864; 20 years later Vergely®®

gested the p aof a ioastup and
proposed that the urme of all patients with
angina pectorns be examined for sugar.

The likehihood of death due to myocardial
wfarction is more than twice as great for the
drabetic as for the nondiabetic, In one series,
the mcidence of death from coronary occlu-
sion was 108 per cent for the diabetic and
4.2 per cent for the nondiabetic,’** Coronary
occlusion or myocardial mfarction was found
1 43,8 per cent of diabetics and in 20.1 per
cent of controls in a postmortem study.
Other reports, although varying greatly in
cntenia and type of material, nevertheless
point to a comparable preponderance of heart
discase n diabetes. The percentage of patients
with chnical diabetes 1n whom coronary oc-
clusion occurs is variously given as 7.9 per
cent,* 8 per cent,* 11.2 per cent,'*® 14 per
cent,™ and 175 per cent® About 1 1 10
patients with coronary discase treated 1n an
outpatient clinic had diabetes.*

Women with diabetes are even more vul-
nerablé to coronary disease than men or than
nondiabetic women; they are fourteen times
as apt to have coronary occlusion as women
without diabetes. On the basis of published
figures, 1t has been estimated that 309 per
cent of the women and 8 3 per cent of the
men with severe coronary disease are dia-
betics ™

‘The hkelihood of arteriosclerotsc heart dis-
case developing 1n a diabetic is a function of
the patient’s age and the duration, rather than
the scventy of the diabetes %% *1 Oq the other

haad, some have claimed that if the disturbed
carbohydrate metabolism 1s well controlled,
onset of atheroma may be detayed.” ** The
presence of hypertension increases the like-
Wthood of coronary disease in diabetics.?®

Not everyone subscribes to the theory of
a close relation between diabetes and coro-
nary disease. One study of matersal from the
Mayo Chinie concluded that the incidence of
alt grades of coronary discase 1s no greater
w diabetics than wn nondiabetics, when coro-
nary discase occurs n the diabetic, however,
1t is apt to be severe.® Another report states
that diabetes has no sigmficant effect on the
mortality ratc 1n coronary disease.””® Diabetes
had no cffect 1n inducing arteriosclerosis of
the aorta, although this is a somewhat dif-
ferent problem ™

Why the dubetic 18 patticularly vulnerable
to coronary disease 1s a question still Jargely
unanswered Hypertension, which 1s not es-
pecially frequent 1o diabetes, 1s probably of
small importance. In this connection, it is

that m the pul y
artery and its branches is not rare in the
diabetic, hypertension in these cases, in the
absence of increased pressure 1 the lesser
ciccuit, can play only a small role,

With the exception of rheumatic or syphi-
lihe infection, the etiologic role of mfection
m arteriosclerosts is generally held to be
munor, if any While infection, with its result-
ant toxemia and opportunity to damage vessel
walls, 15 extremely frequent 1n diabetes,*
and artenitis 1s often seen, particularly with
neighboring 1nfection of soft parts, this is not
a factor in the production of atheroma

There 1s little evidence that the disturbed
metabolism of carbohydrates and proteins in
diabetes bears any relation to coronary dis-
ease Severe coronary disease has undoubtedly
developed in many drabetics whose blood
sugar has been kept within normal limits by
msuln In explanation 1t has been suggested
that fluctuating blood sugar concentrations
or acidosis may cause intermuttent swelling
and thereby a weakening of the intercellular
substance of the intima The effect of acidosis
on the arteries 1s not known; while reversible
T wave changes have been descnibed in dia-
betic shock,™** #*! these are without doubt the
result of electrolyte disturbances rather than
of cardiac 1schemta Unexplained acidosis in
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dabetes should lead the chnician to search
for an unrecognized cardiac mfaret.

In alloxan-drabetic rabbits, Itile or no
atherosclerosis develops, despite a nise m
blood cholesterol level Healthy rabbuts, on
the other hand, become arterioscleratic when
fed cholesterol, but when such rabbits are
rendered alloxan-diabetre, the artertal deposits
of lipid do not regress **

One theory of the diabetic’s increased sus-
cepubifity to atherosclerosts 1s based on the
disturbed lipid metabohism in diabetes, Hyper-
hpemia, 1n some cases severe, Is usual in
drabetes, especially when 1t 1s poorly con-
trolled, but no correlation has yet been es-
tablished between the blood lipid level and
the ncidence or severity of the coronary
disease 1n drabetics ™' ' #* An abnormally
high concentration of chylomicrons has been
reported,* and the Sf 35-100 class of lipo-
proteins appears to be wncreased 11 diabetics
with penipheral vascular disease ¢ *°

It 15 noteworthy that the glycogen content
of the heart 1s increased in duabetes The
special tendency for glycogen deposits about
the margins of wfarcted or fibrotic areas
may mean that these muscle fibers are unable
to utihze glycogen as fully as healthy muscle
Stnce plucose 15 essential (or heart muscle,
it has been suggested that excesstve glycogen
storage by the heart may represent an effort to
tide the heart over any period of deficit n
usable carbohydrate Apparently, the heart 1s
not harmed by the peesence of the eutra
ghcogen, but in other respects cardiac metab-
olism 1s constderably deranged in drabetes *%

QTHER METABOLIC DISORDERS  The
etiologic relation of hypoglycemea and hypo-
calcemta'® to coronary discase has been
suggested, but the evidence 1s shimpy and
both factors may be disregarded until further
proof 1s avallable
Porphynia i association with tafarcuion
has been deseribed 1n 1 case’®
of uric acid bolism have
been hinked with coronary discase Gout and
artertosclerosts are both diseases which affect
males predommnantly, and occastonally are
found n the same patent 1 have seen 3
cases n whuch the first attack of gout foflowed
close on the heels of an infarction, and 3
cases ate reporfed 1 the hterature? In a

thorough mvestigation of urc acid metab-
olism i drabetic pattents with coronary dis-
ease, the average value of the serum uric
acid was found to be 513 (+0.12) mg. per
100 cc 1 the group with coronary disease,
4 85 (=0 07) in matched controls, and 4 64
(=0.6) in unmatched controls.”® Levels above
6 mg. per 100 cc were found 1n 22 per cent
of the coronary group and 1n only 6 per cent
of the unmatched control group. The invest-
gators felt that the blood Jevels of uric acid
and Iipids were closely related, but that an-
other constant was even more important than
the level of serum uric acid alone-
K=serum unc acid (mg /100 cc.)

X lotal serum cholesterol (mg /100 cc.)

serum Jiptd P (mg /100 cc.)

The suggestion 1s made that uric acid may be
an mnnmal d agent (surf t
agent) which furthers cholesterol deposttion,
especrally if the serum Iipids are unstable

GALLBLADDER AND BILIARY TRACT
It 15 widely believed that there is 2 close re-
lation between the coronary arteries and the
gallbladder Thus, it 15 often assumed that
patients with gallbladder disease are more
susceptible to coronary discase, and that re-
flexes from the gallbladder and biltary tract
inttate  changes n the cardiac cwrculation
which adversely influence the heart and make
a definite diagnosts difficult,

In one sengs, 9 per cent of the men
and 7 per cent of the women had gall-
bladder disease; thesc figures seemed to
be well m excess of the probable ncidence
of 5 to 6 per cent 1n the general population,'®
In contrast, another study reports an in-
cidence of 13 per cent among paltents with
coronary disease and of 22 per cent in a cop-
trol group of the same age, race, and scx
Data based on postmortem matenial do not
support the theory of a relationship between
the two conditions* *#* It has been sug-
gested that infection from the palibladder
may mcrease the likelihood of coronary dis-
ease,"" but the merely fortuttous and oOc-
castonal coincidence of the two common
ailments of mddle age scems much more
Jtkely Were carelul staustecal analysis 10 &5-
tablish the exwtence of a relatonship. 1t
would probably be found in the fact that both
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conditions may be related to disorders of
hiptd mietabolism

Decrease in coronary flow after biliary tract
stmulation has been reported'* ¢ ¥ and
demed =" ™1 In animals, increasing the in-
trabthary tension by a small balloon i the
gallbladder gave varying results, the effect,
if any, was always in the same dwrection as
on the blood pressure and was abolished by
prior use of atropine.”” Observations on man
are somewhat more convincing, but give no
real clue as to why cardiac changes occur.
Distention of the common bile duct at opera-
tion or pressure on the gallbladder may 1n-
duc: :mgmal pain.'**  Electrocardiographic
or nver-
ston of T waves, and angmal pamn have been
reported in acute gallbladder disease, after
cholecystectomy, the pan disappeared and
the electrocardiogram reverted to normal ** 7

Whatever the effect of bihary tract re-

GASTROINTESTINAL TRACT Statisti-
cal evidence that coronary disease is more
common ameong patents with peptic ulcer,
as some have clatmed, is scant ** 1% 11 v
Postmortem data scems to indicate that the
assoctation s forturtous #** This 15 my opin-
jon, too™* The high-fat diets usually pre-
scribed n the treatment of ulcer may ac-
celerate the course of an already established
coronary atheroma.™ Jt has been suggested
that peptic ulcer, by stimulating the vagus
nerve excesstvely and for a long time, may
reflexly affect the coronary artenies '™
Other diseases of the gastrointestinal tract
seem fo have Iittle relation to coronary dis-
ease One report states that 17 per cent of
patients with coronary disorders had diver-
ticult, as compared to 5 percent of controls.”

VACCINIA Eight cases of infarction have
been reported in men over 50 tn the second

flexes on the heart may be. its

week after for smaltpox. This. 1f

true that a d 1s difficult
at times In general, it may be safely as-
sumed that a patient with angina of effort has
coronary disease, whatever the state of his
biliary tract It is also safe fo assume that
a patient with gallstones or a galibladder
which cannot be wvisualized by careful and
repeated roentgenography has chronte cho-
lecystiis When the signs and symptoms point
both to coronary disease and to gallbladder
discase, the chimical assumption should be
made that the patient 15 suffering from both
condittons, until the contrary s proved. In
some cases, the dragnosts may not be clear
until  after cholecystectomy, 1f then, but
no case should a pattent be subjected to an
operative procedure m the absence of clear-
<ut roentgenographic or physteal evidence of
gallbladder disease No patient of mine
undergoes surgery 1f there ts no defimite
roentgenographic mndication, on the other
hand, precordial pain even of the classic
angmal variety, 15 1 rare cases h:

, will be a matter of clinical ympor-
tance 1™

SEASONAL FACTOR IN MYOCARDIAL
INFARCTION

At least 1n the northeastern United States
the time of year seems to affect the incidence
of infarction shightly In one senes, 30 per cent
of attacks tooh place in the winter months
(December through February), and only 20
per cent in June through August,® Other re-
ports contain stmular figures,™ *2 61 per cent
of patients in one series suffered attacks in the
autumn and winter ** Even in the mild climate
of Los Angeles, a similar seasonal incidence
was found, thes was ascribed to the greater
number of infections in the colder months

Other investigators, however, have not found
any appreciable seasopal varation,!'s 142 1%
one report, for example, notes only a shght
mncrease 1n November, and 2 somewhat greater
mortahty i March and November **

The stress of extreme heat or cold would

tmproved after removal of the gallbladder
In most mstances, cholecystectomy has no
eflect on the concomutant coronary disease,
if present, In any case, the operative risk of

Ib 1 d patients

surgery m I-prep.
with coronary disease 1s hittle, 1f any, greater
than sn patients with normal hearts »

scem to be de In Texas' and i Ala-
bama** the greatest number of attacks occur
m July and August, the pertod of greatest
heat Simular observations have been reported
for Egypt,”** but another Texas physician
noted more attacks dunng the wanter
months ** Of the last 500 cases of infarction
which I have observed, 55 per cent occurred
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between November and Apnil. In my experi-
ence, the number of cases nises rather abruptly
atter a heavy snowfall, often m automobile
drivers who attempt to push a car out of a
snow drift.

Cold weather usually makes angmal pan
worse and considerably reduces exercise toler-
ance; the reverse 1s true of pleasant, warm
weather. Patients who feel better 1n the sum-
mer, 1t has been reported, react favorably to
vasadilator drugs, the prognosis 1s not as good
1 patients who do not respond to these drugs
or to warm weather.”

EMOTIONAL AND PSYCHOGENIC FACTORS

Psychogenic factors and the emotrons may
play 2 role m the pathopgencsis of coronary
sclerosis, m the production of carduac pam,
and in the precipitation of myocardaf mnfarc-
tron

ROLE IN PATHOGENESIS OF CORO-
NARY SCLEROSIS The stresses and
strans of lfe today which were absent m
former days are commonly advanced as an
explanation for the possibly tacreasing preva-
lence of coronary disease. To my mind, this
1 a singularly unconvinaing theory The fears,
anvieties, and emotiona) stramns ungder which
our forbears hived were undoubtedly as great
as ours, and there 1s every reason fo suppose
that life was just as nerve-wracking then as 1t
15 now Not so long ago, men were thought
to be more vulnerable than women to arterial
disorders because their ives had more anxie-
ties and strams This 1s no longer current
belief, 1 coronary disease, teo, we will have
to look elsewhere for an explanation of its
increase,

The thests that persons with coronary dis-
ease exhibit a special type of personahty pat-

nonty. Compensatory worhers (the job serv-
ing as a defense agamst anxicty). Sociable and
well liked.”

Dunbar's detarted study by psychiatric inter-
views of hospitalized patients with coronary

and her have ap y

futnished the basis for most of the optnions
found 1 the Iterature. Both Dunbar and
Arlow concluded that a clear-cut constellation
of personality traits can be detected 1 inds-
viduals with coronary artery disease, The pa-
tents in the series studted showed a high
record of previous tliness, a high marrtage rate,
and had large families, there was a decided
trend toward completion of whatever schol-
astic urut was undertaken, as well as a tend-
ency to stich to one job for many years, to
work long hours “under considerable stress
and strain,” and not to take vacations. There
was little interest 1n sports or hobbies, but
marked mterest 1n philosophy and intellectual
purswits They exhibited considerable evidence
of control, “presenting a surface calm with
Inttle of the appearance of strawn that 1s evident
m patients with hypertensive cardiovascular
disease ™

Relatively few neurotic trans were found,
but as children these patieats tended to be
stubborn and sell-willed, and were apl lo
brood, constipation durning childhood was
common. The psychodynanmuc importance of
their childhood conflicts with authonty was
emphasized by the mvestigators There was an
early competttive relationship with a much
feared and envied parent (usually the father);
the defense h for
dealing wrth thus focal conflict were repsession
and identification. These mechanisms served
the purpose only mnadequately, for the patient
continued to re-experience his old conflict
with authority repeatedly as be unconscrously

the orginal situation in

tern has been accepted by many 2
for a decade or more The theory has been
propagated most actively by Dunbar,’ Arfow,*
and the Mennmgers,”¥ A summary of the
views of several investigators of the behavior
patterns and personahty factors in persons
with coronary artery disease, as given by
Gitdea and cited by Muiles and associates™ in-
cludes: “Great need for and respect for au-
thority. Unremusting workers Stick to one oc-
cupation. Compulsive. Low awareness of body
symptoms Feelings of msecunity and infe-

new forms The compulstve drve to success
by means of hard work and self-discephine
brought no graufication or rehief from tension

The “apparent steength and extreme brittle-
ness of the defenses” was noted, as well as
that their only strength was in the fact that
therr “highly umfied and ngdly crystallized
ke role is culturally well adapied and Sery
rewarding " When this “Itfe role,” which had
served as a major defense against inner pov-
erty or insechrity, was threatened or injured
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by outward circumstances, the patient became
psychologically self-destructive and fell prey
to somatic accidents, such as coronary occlu-
sion.

Because of the faulty identification with the
father, the patient suffers from a deep-scated
tack of conviction about himself; this accounts
both for the compulsive competitiveness and
for the traumatic effect of failure, when it
occurs.  Being inwardly convinced that he 15
a sham, the patient cannot accept success, In
Arlow’s opiion, “The coronary pattent thus
evades a neurosis by means of a character
deformation. He pays the price, however, in a
pre-disposiion to this somatic disease, To-
gether with constitutional and other factors
this longstanding unabated tension helps con-
sohdate the predisposition to the development
of this illness ™ And Dunbar concluded, “This
personality constellation plays an smportant
role in brnnging about the coronary accident

coronary patients had tended to work harder,
under more stress and strain. . . . Only a few
more of the coronary patients than controls
showed a consistent tendency toward compul-
sive striving, ascetic sclf-disciphne, and great
need to ‘get to the top’ in thewr chosen work ™

Therr data suggested that “the major factors
1n the genesis of atherosclerosis included male-
ness, body bmld, and some intrinsic metabolic
fault, probably inhented.”

Miles and assoctates thought that so far as
the general adjustment after the coronary at.
tack was concerned, the correlation between
the patient’s character structure and his adap-
tation to life scemed to be close. Patients in
whom the 1llness caused the collapse of their

1 as strong and men usu-
ally suffered from severe and prolonged
anxiety, dep and neurotic sy
after the attack The convalescence of the
majonity, however, was not marked by severe

and has a bearing on prog and
management.”

On the basis of a careful, detailed study
of 46 patients with coronary discase and of
49 controls, Miles and co-workers'** 1% were
unable to confirm Dunbar’s and Arlow’s con~
clusions They note that some of the discrep-
ancies might lie 1n the different socioculturat
composition of the two groups of patients
Dunbar’s group of 22 patients was 59 per cent
Jewish; their 46 patients were 35 per cent
Jewish They found that the mcidence of
“coronary personality” was more than twice
as great in the Jewish group, all but one of
whom had fathers who had emigrated from
central or eastern Europe, in many cases there
had been a good deal of emphasis on educa-
tion, matenal success, and a rise i soctal
scale In Dunbar’s study no allowance bad
been made for these factors, so that her pos-
tulated relation between personahty and coro-
nary disease might 1n fact not be as close as
she thought.

Companison of specific personakity traits 1n
the patients with coronary disease and in the
controls revealed only very slight differences
A shghter tendency to introspection and
greater difficulty 1n handling aggressive tend-
encies was noted n the coronary group as
compared to the control group, but on the
whole the simitarities between the two groups
were more stnhing than the differences “The

i

neurotic 3

The mechamsms by which psychic and emo-
tional impulses are translated mnto organic
changes are still largely unknown, it seems
only barely possible that they may occur. Itas
known that fear can produce electrocardio-
graphic changes ™ 1* Bombardment of the
coronary vessels by nerve impulses which may
affect the vessels' tone, the release of epi-
nephrine and other endocrine secretions which
wfluence the coronary circulation, changes in
the body’s internal environment by way of
altered metabolism of lpids or other sub-
stances, singly or in combination, conceivably
might affect the vessel walls eventually. But
whether they actually do is still largely con-
jectural, there 1s no real evidence that such
factors are important in the genesis of athero-
sclerosis

ROLE IN CARDIAC PAIN Emotional
strain, especially if unpleasant, often produces
anginal pan 1n patients with angma pectoris,
which 15 an organic disease since it 18 almost
always a of coronary
Once considered a neurosis pure and simple,
the emotion-induced anginal pam is 2 true
cardiac neurosis. Emotional tension can in-
crease the heart rate, elevate the blood pres-
sure, and raise the cardiac output =°

A study®? of two groups of patients with
cardrac disease, one with heart pain and the
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other with cardiac nsufficiency but without
parn, revealed that four fifths of the first group
and only one fifth of the second had some
psychologic disorder before the onset of
cardrac symptoras In many patents, the pain
seemed to be a late manifestation of a chronic
anxiety state and had often been precipitated
by a disturbing emotional event. This was
found not only in patients with functional pamn
but mn true angina pectoris as well The atten-
tron of a pattent with an organic leston may
be facused onr the diseased organ, and the
shunting of the emotional stream to the site of
least resistance thus made easier This 1s an
important factor in caustng a state of nvalid-

here is whether emotional shock can cause a
major infarction, as some believe,®” ¥ The
fact that an mfarction has been known to fol-
low an emotional upset is no proof of a causal
relationship. Nevertheless, in a few cases [
have had little doubt that an emotional shock
actually caused a myocardual mfarction. There
i3 no incontrovertible proof nor 1s the mech-
antsm entirely clear, but I must conclude that
such cases, although rare, do occur.

Jt 1s somewhat less doubtful that sudden
death can occur from a severe emotional
trauma Death from a “proken heart” 1s
more common in fiction, but 1t may occur
in real hfe—John Hunter and Phip V are

1sm i a patient with myocardial
and marked anxiety. the pain pathway, once
established, grows increasingly easy to use
Cardtac mmiery 1s a spectal form of cardiac
neurests. Patients with functional pawn will
often, 1f questioned closely enough, acknowl-
edge Lnowng someone with closely similar
cardiac symptoms—a friend, a relauve, ar
even someone of whose symptoms they have
read However, one must guard against 2 mis-
taken diagnosis of mimicry The wife of one
of my pattents with myocardial infarction m-
sisted that she had symptoms closely resem-
bhing those of her husband In view of her
anuety and the long, trymg peniod through
which she had just passed. cardiac mumecry
scemed a posstbility The el I3
however, showed the changes of a recent
wfarction.

IATROGENIC FACTORS™ Careless, or
even prudent, remarks by the attending physt-
c1an or by well-meamng friends may wntensify
the dutress of the patient with true angina
pectanis. The utmost care must be exercised
ot to renforce the patient’s anuety and to
avord the inductton of an unwarranted in-
validism (see Chapter 11 for dlustrative case
histories)

PRECIPITATION OF INFARCTION Al
though most patients with coropary disease
withstand emotional bouts without much
harm, coronary msufficiency, as manifested by
anginal pam, may be induced by excessive
cmotion. Such a state, if prolonged, probably
teads ta some degree of structural cardac
damage But the problem to be considered

Boas® as possible mech-
anisms the outpouring of epinephring, which
may induce ventricular fibrillation (especally
1 the presence of coronary disease), or pos-
sible vasomotor changes which might induce
anoxta and fibrillation

Another precipitating factor 1s the short-
ened clotting time and the mcreased viscosity
of the blood which emotronal stresses (an-
xiety, fear, anger, hostlity) may n-
duce ™ ** ¢ jt has been reported that they
also promote hypercholesterolemua ***

ACUTE HYPOTENSION AND OPERATIVE
PROCEDURES

Stnce the head pressure m the coronary
artertes 1s identical with that in the root of
the aorta, aortic hypotension will result 12 a
fail 1 the coronary pressure In the presence
of a reduced coronary flow, any further re-
duction may cause muscle necrosis

Sustamed shock or hypotenston may cause
4 major myocardial infarction in a patient
with coronary discase. Even when the arteries
are normal, shock may end in subendocardial
mfarction 1 have seen fatal infarction m
persons with corontary disease follow acci-
dents with crushing injuries as well as from
prolonged hemorrhagic shock due 10 astro-
ntestinal  bleeding.  Prolonged hypotension
due to bleeding from a peptic ulcer is par-
neutarly dangerous i the older age groups
or m those with a history of coronary drs-
ease. The old practice of dependmg on the
fall  blood pressure to stop the hemorrhage
1s particularly pernicious in such cascs; early
transfusion is the proper trealment,

The sudden drop in blood pressure in-
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duced by drugs when testing for the presence
of a pheochromocytoma may cause acute
coronary wsufficiency. In a casc recently re-
ported, a drop n blood pressure from 160/90
to 95/40 was followed by severc substernal
pan and T wave inversion ™

Now that patients in the older age groups
and those formerly considered poor risks are
safe for surgery, postop ve in-
farction 1s becoming more common  The nisk
of cardiac damage 1s great if the blood pres-
sure s permitted to fall, especially when
spinal, local, or pentothal®! anesthesta 1s used.
Any form of ancsthesia in which the patient
1s awake has the further hazard of the pa-
tient’s apprehension and fear. Adequate seda-
tion should therefore be administered and
the blood pressure kept at safe leve’s when
spral anesthesia 1s used

With general anesthesia, oxygen should
be used liberally to guard aganst anowa.
Muscle-relaxant anesthetic drugs, which di-
minish the movement of the diaphragm and
the accessory respiratory muscles with re-
suMtant decrease in the venous return to the
heart, may also cause anoxia,)? 3%

Wasserman and co-workers®® have re-
viewed the Uterature on acute hypotension
and postoperative infarction and have added
25 cases of ther own In addition to the re-
duction 1n coronary blood flow which may
result from operative hypotension, they found
stasis and narrowing of blood vessels due to
circulating epmephrine, increase 1 the num-
ber of platelets, and a decrease in the anti-
thromboplastic actvity of the plasma, In the
postoperative pertod, an tacrease n blood
platclets and circulating fibninogen are con-
tributory factors.

PHYSICAL STRAIN AND TRAUMA

Most cases of myocardial mfarction have
no definite history of a precipitating factor
or event People tend to ascribe any mus-
fortune to some antccedent occurrence, but
the skullful physician can usually sift this out
without great difficulty On the whole, there
1s little reason to imenminate unusual physi-
cal exertton, overindulgence 1n food, m
sports, or in travel, sexual excesses, 1

emotion can be assured that myocardial in-
farction cannot be avoided by a completely
vegetative existence,

In one carefully studied series,™® precipt-
tating causes could be established only mn
9.5 per cent, they consisted of severe emo-
tional upsets, upper resprratory tract infec-
tions, operative procedures, severe exertion,
insulin overdosage, and disturbing dream.
Other reports give unusual exertion preced-
ing the attack m 2'** and in 25 per cent.*®
Still others report much hegher figures, 1n one
series,” vigorous activity preceded the at-
tack i 22 per cent; in another,* it may have
been “a factor i the development of infarc-
tion™ 1n 21 per cent Judging from studies on
young adult patients, strenuous activity prob-
ably precipitates acute attacks more often m
the younger than in the older patient* In
one series of patients, all under the age of 40,
the attack occurred relatively more often
after exertton than durmg mild activity or
sleep,”™ the vicums had been m the Army
only for a short time, which may indicate
that the ngors of Army life played a pre-
cipitating part In another series, 3 young
soldiers died at stool, bearing down at stool
(the Valsalva maneuver) 1s “notoriously
dangerous for cardiac patients "™

Further discussion of the relation of phy-
sical strain and trauma to acute mmfarction
will be found 1 the chapter on medicolegal
aspects of coronary disease.

OTHER POSSIBLE PRECIPITATING FACTORS
Many conditrons closely related in time
with the onset of myocardial infarction have
been described While they cannot be ac-
cepted as being causally related to the -
farction, they are being lhisted here merely
as conditions which preceded mfarction
Gelatin nephrosis,”™® mtravenous saline 1n-
Jections,™ Friedreich’s ataxta,'™ diphtherta,’”
and temporal artenitis™ have all been reported
1 association with 1nfarction or “coronary
occlusion 7 Polycythemia has been both in-
criminated as a cause of coronary thrombosis
even without atheromatosis,’™ and freed from
blame '™ [ have scen several cases of myo-

upsets, or bad dreams, however, all of these
may precipitate angmal attacks The timud
patient who resolutely avoids all exertion or

cardsal n with poly-
cvthemra vera A distinct thrombotic tend-
ency 1s characteristic of polycythenua, Coal-
gas porsoning 1s followed by cardiac sequelae
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in less than 1 per cent of cases; a single,
rather inconclusive case of infarction has

been descnbed 1%
1 £

P p g—tor ex-
ample, allylamine potsoming in dogs™'—can
damage the coronary arteries The lestons,
however, are not comparable to atheroma m
man, although 1t 15 just possible that 2 similar
effect nught occur in man

There 1s ne evidence that excessive adhe-
stveness of blood platelets has any relatron
to mfarctton in man ©

Occlusive disease of peripheral artertes and
coronary sclerosis are often seen in the same
pattent,” this 1s scarcely surprising, stnce
both are conditions which affect the middie
aged and the old, espccially persons with
drabetes.

CORONARY ARTERY LESIONS OTHER THAN
ATHEROMA

Atheroma accounts for 90 to 95 per cent
of the lesions of the coropary artertes The
hist of conditions which may affect the coro-
nasy arteries in the remaming 5 per cent of
cases Is long

Aneurysms

Embolic and thrombotic diseases

Neoplastic disease

Trauma

Congenital anomalies

Medial calctfication of ipfancy

Inflammatory lesions syphalis; tubetculosts,
other bacterisl infections, rbeumatic fever,
polyartentis nodosa; thromboangutis obliter-
ans

MEDIAL CALCIFICATION OF INFANCY

proliferated ntinta; eventually, the medi
becomes extensively mvolved. Obstruction of
the lumens, recanalization, and infiltratron of
the vessel walls by various cells—round, glant,
and eosinophilic—may all be found m varying
degrees. M farction and caletf
tton may be present if the vessel is occluded,
The left ventricle and papillary muscles are
frequently involved. The course after onset 1s
short {days or weeks), and steadily downhill

The cause of the lesion is unknown
Stryker,” in his review, notes that severe
renal lesions were found 1n some cases. He
goes on to say:

« .« 10 these cases the arterial lestons may rep-
resent mefastatic calaification secondaty to an
altered calcium-phosphorus ratio m the blood
Simiar lesions are sometimies found m “remal
nckets” (renal osteodystrophy)  Altered caicium-
phosphorus ratios Tikewtse o¢cut jn primary pata-
thyroid hyperplasia and 10 pnimary or destructive
osseous discase, and thus these conditions also
may be etsologe factors Caletfication of artenes
has occasionally been observed following an -
take of excesstve amounts of vitanun D Other

AT 4 e e darad

~ .. . .
medial calcification, aed thus no one of them can
be accepted as the sole cause, The most atiractive
hypothests is that in all cases an embryonally
weak profoplasm s present in these infaots, and
on this poor ground substance any one of many
factors may act as a precipitaung mechanism
Such a factor has been postulated . . as a factor
1n arteniosclerosts of the adult type and may be
equally & factor in the wnfantle type

CORONARY NECROSIS OF NEWBORN
In 1949, Gruenwald'® reported 21 cases of
this di He found these lesions 1n 9.5

This lesion is app ly a distinct p i
entity. It has been given many names. medial
coronary sclerosis,”* and media} calcrficatron
with fibroblastic prohferation of the tima®™*
being two of the best. The most recent fe-
view™ of the subject lists 33 cases from the
tnerature®™ ¥4 (19 boys, 12 gils, 2 sex
unkpown), and a few ¢ases have been added
sinced® All cases have occurred 1 children
up o and including the age of 27 months.
The essential feston 15 found in the Jarger
caronary arterics. It consists of a ﬁbr‘oblafhc
pmhlcmu’on of the mtima and calcification
which starts close to the lamma elastica

interaa and spreadt to the media and 1o the

per cent of cases of infants who died before
the age of 3 days which came o autopsy
Usually, the fesion was found in infants who
had suffered some asphyxia. Occasionally,
simular changes were seen in the hver anen-
oles. The outer part of the media was con-
sistently affected. the inner media and the
mtima bemng spared No healing stages were
found Whether this condition 1s in any way
related to the medial calcification of infants
is conjectural.

INFLAMMATORY LESIONS  There is
Justle doubt that the coronary artertes, especi-
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ally the myocardial branches, may become in-
volved in the course of any infectious disease.
The lterature on the subject 1s not pro-
fic.? #¢ Evidence in favor of infection as
a cause of sclerosis includes the fact that
there is a direct anatomic pathway between
the paralaryngeal lymph nodes which drain
the coronary sinuses and the systemic circu-
Iation,"” On the other hand, other mvestiga-
tors have found Iittte evidence that infection
plays a role in the genesis of atheroma

Arteriis may arisc by cxtension from
neighboring tissues, or have a mycotic onigin.
Secondary thromboses may occur. Primary
arteritis of the coronary vessels has also been
described.

Obliterative endartentis has been noted by
some. Possibly, such cases were the end re-
sult of acute inflammatory processes The
coronary artenies are fairly often affected in
subacute bacterial endocarditis, and areas of
myocardial infarction are often found in this
disease,

The occasional occurrence of coronary
thrombosis due to *infectious coronantis” re-
sulting from coronary localization of a more
or less generalized arteritic process has been
reported.”*

Syphilis Syphilitic narrowing of the
coronary arteries is not uncommon 1n syphi-
htic aortitis It occurs in about 20 per cent
of such cases,” although higher figures have
also been reported. Myocardml

cardial infarctton has also been reported in
association with gumma of a coronary artery
and occlusion '

Syphilitic aortitis is productive and obliter-
ative, involving all three coats of the vessel
wall. The process usually begtns with an ac-
cumulation of small round cells around the
vasa vasorum in the adventitia, The inflam-
mation extends along smaller vessels and 1n-
volves the media and mtima In the media,
the muscular and elastic fissues are replaced
by infiltrations of lymphocytes and small
round cells; the intima is thickened by vascu-
lar inflammatory plaques These edematous
lestons may involve the entire root of the
aorta (girdle of Venus), mcluding the ostia
of the coronary arteries where they penetrate
the wall of the aorta Involvement of the
proumal portions of the coronary arteries 1s
said to be frequent because a branch of the
coronary artery supplies the first portion of
the aorta, where aortitis 18 most common.
Syphilitic lestons of the coronary arteries
distal to their orifices are uncommon

iltic and foscleroti

of the same coronary artery often occurs
The syphilitic Jesion may be distingwished
by the longitudinal wrinkling of the intima,
the edematous plaques around the ostia, the
thickening of all the vessel walls, the patency
of the terminal artery, and the perivascular
round cell mfiltration The arteriosclerotic
lesion 15 ized by the absence of

secondary to stenosis, however, is rare, occur-
ring m only 75 per cent of cases with steno-
sis The tnfrequent occurrence of infarction
may be due to the slow course of syphiitic
disease, which allows time for a

edematous plaques and of ntimal wrinking,
by the presence of yellow plaques throughout
the length of the artery, and by the hardness
and bnttleness of the vessel.

circulation to develop. Of 326 cases of myo-
cardia} infarction in one report, only 3 were
secondary to syphihis; the age of the patients
with luetic coronary narrowing ranged from
20 to 70 years In 72.5 per cent of the cases,
both coronary arteries were involved, when
only one artery was mveolved, jt was more
commonly the right. In most cases there is
an associated aortic insufficiency, and 1n
some ¢ases there may be aortic mural thrombi
and, rarely, coronary embolism Acute myo-
cardual 1nfarction has been reported in a 26-
year-old woman with presumed syphilitic
aortitis and coronary ostial stenosis ?** Myo-

of the ostia 1s more
apt lo oceur if the origins of the coronary
vessels are abnormally high mn the aorta The
process seldom dips down mnto the sinuses of
Valsalva
Tuberculosts This 15 an insignificant cause
of coronary occlusion, and rarely involves the
coronary arteries. If 1t does, miliary tuber-
culoss, or mediastinal or pericardial infection
is usually the cause.

Brucellosts Coronary jvolvement was re-
ported in 26 per cent of a series of cases of
brucellosis ¥**

Faatimn
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Salmonellosis Coronary artentis has been
reported in a case of sepsis due to mnfe

fic coronary angtitis supenmposed upont a
low-grade cardtis,”

with  Salmonella  choleraesis, var Kun-
zendorf '* There was thromboarteritts of the
left anterior descending coronary artery about
2 em from the aoric onifice, and mfarction
of the mvolved myocardium,

Malaria The coronary artenies have been
reported to be involved 1 malana '

Rheumatic Fever The subject of coronary

“Atypical” coronary disease has been re-
ported which 1t was thought might have been
“rheumatic,”?

Polyarterttis Nodosa ~ 'The coronary arter-
1es are involved 1n 70 per cent of the cases,
With the exception of the renal arteries, the
coronartes are the most often affected by thrs
discase

A number of reports have described this

artery invol fever was
reviewed by }\arsner :md Bayless,""* and by
Gross and co-workers ™ In the largest serres
reported since then coronary volvement was
found in all of 18 cases of rheumatic fever that
came to autdpsy,'™” and several other reports
give some cases ** ~* " The clinical impor-
tance ot rheumatic coronary artery dis-
ease 1s rather difficult to evaluate Some -
vestigators believe the changes are rarely of
climical significance, as compared to the myo-
cardial lestons *** #¢ Others think the lesions
tmportant *** '™ Chinscally significant occluston
of a main coronary artery 1s rare i acute
rheumatic fever, in | case, there was coro-
nary occluston with extensive infarction, and
1 another thrombosis of the left eircumflex
artery including the main trunk '

Opunion on the relation between rheumatic
fever in childhood and subsequent athero-
matous heart disease 1s divided Some hold
that there 1s no evidence to suggest such a
relationship ™ In one report, only 27 per
cent of cases of iafarcton that came to
awopsy had a definite history or the lesions
of previous rheumatic fever '™ Some ex-
amples of the assoctation of rheumatic fever
and coronary lesions are known It has been
suggested that lesions i the main coronary
arteries and 1n their branches may account
for some of the symptoms ot angina pectons
i chrontc rheumatic valvular discase

In 3 cases of sudden death 1o rheumatic
fever, distnctive lestons were found at the
base of the aorta, with hustologic evidence of
widespread vascular discase in 2 of them®
In all 3 cases, the coronary arteries showed
extreme fibrosis, cellular accumvlation, and
“collagenous” masses i the walls of the
arterics 1t was concluded that “the causc of
abrupt death mn each was an acute anaphylac-

lication of polyarteritis nodosa.” ¢ =
In one series of 23 cases, the coronary arteries
were mvolved 1n 17.* Myocardial mfarction
has been reported i 1 case ™™

Thromboanguuis Qbliterans Perla'™ was
the first to report 1nvolvement of the coro-
nary artertes 1n this disease. Since then a
number of cases have been reported.® ¥ ¢
v 16 2 In one series of 50 cases, 5 showed
mvolvement of the coronary arteries,® 1t an-
other sertes of 40 cases gathered from the
Iiterature i which autopsy reports were avail-
able, coronary occlusion was the cause of
death 1n 10," in a senies of 225 unselected
cases, there were only 7 with coronary artery
mvolvement;® | case of the disease and coro-
nary occlusion with recovery has been re-
ported.™ and 1 case with myocardial infare-
tion '™

CORONARY ANEURYSMS Except for
the aneurysmal dilatations of polyarteritis
nodosa, aneurysm of the coronary arteries is
rare Localized coronary artery aneurysm
has been reporrcd m 51 cases congenmtal, 15;
my tic, 12, ar 6, syphi-
litte, 6, purely mycotic, 1, theumatic, 1, and
unclassified, L¥** A double arteriosclerotic
ancurysm of the left coronary artery brings
the totat number to at least 52 The clinical
diagnosis has been made only once; a bulge
was noted i the auriculoventricular niche,
with pulsations not synchromzing with those
of the ventricle ** #2

Arteriosclerotic Anenry sm This type 15
found most commonly in persons past middlc
age The age range in 17 cases was 32 to 77
years, only 1 of the [7 was a womun, the
left coronary artery was involved m 13, the
nght, 1n 4, multiple Iesions were found in 3;
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and m 1 both the right and left coronary
arteries were involved 7 Extensive atheroma-
tosis of the coronary artery was present in all
cases, and the aneurysmal sac 1n many was
filled with thrombotic material, this probably
helped to prevent rupture. Of the 14 deaths
that could be attnbuted to cardiac causes,
only 5 were directly caused by the ancurysm
n 3 rupture of the aneurysm into the peri-

vegetations from the heart valves, fragments
of vascular thrombi, tumor tissue, fat, ar, or
foreign substances Since it 15 at times difficult
to establish that the occluding material has
not formed 11 sifu, a demonstrable source and
the mtegnty of the underlying artery should
be sought An electrocardiogram typical of
recent coronary occlusion can sometimes be
obtained

cardial sac, causing cardrac p m 1
rupture into the myocardium of the nght
ventricle, in 1 rupture wto the wall of the
pulmonary artery In the remaming 9 cases,
coronary occlusion or cardiac failure was
the cause of death In a case receatly re-
ported, that of a 69-year-old woman, angina
pectonis, and finally cardiac death, was pre-
sumably due to a large (5 cm) ancurysm
compressing the left coronary artery, the
coronary arteral tree showed only mnimal
changes otherwise ***

Multiple aneurysms of the right coronary
artery have been reported twice. " 1

Dussecting anenrysm The coronary vessels
may be involved in dissection either as a re-
sult of mtimal rupture of an arteriosclerotic
or aneurysmal coronary artery or by exten-
sion of a dissecting ancurysm of the a2orta In
1 such case reported, the dissection con-
tinued mto the wall of a coronary artery, re-
sulting i coronary occlusion and myocardial
infarction *° In several cases, an aortic
aneurysm dissected back to the annulus of the
aortic valves and 1nvolved the coronary
orifices The subject has,been reviewed by
Oram and Holt'™

Congenital Aneurysm This condition 15
discussed later in the chapter

Syphyliic Aneurysm
been reported 9

Only 7 cases have

Mycotic Aneurysm This aneurysm 1s of
embolic origin, and 1s most often encountered
1 bactenial endocarditis.®*

CORONARY EMBOLISM In compar-
son to thrombosis, embolism of the coronary
arteries 1s exceedmgly rare. Reviews ap-
peared m 1932,%' 1n 1940, and in 1953 %
Diagnosis was made duning life 1n 1 case.s
The embolus may consist of bacteral

to a coronary artery of car-
diac  valvular  vegetations 1s particularly
common 1n subacute bacteral endocarditis **
Usually, an aortic valve 15 1volved, in 1
case, the free end of a thrombotic vegetation
which at the other end was still attached to
sts origm on an aertic valve, plugged a cor-
onary artery and caused death Microscopic
embol are common, and multiple gross em-
boli have been reported Changes i the
myocardum are common petechial hem-
orrahages, scarring, recently infarcted areas,
and even perforation of the myocardum

Displaced fragments of thromb: arising 1n
peripheral vems may be carried to the cor-
onary arteries by paradoxtc embolization or
by other means, they may arise from ath-
eramatous aortic uleers, or they may have
their ongin in a thrombotic fragment in the
coronary arterial trec In 1 case, there was
a thrombus n the proumal portion of the
circumflex branch of the night coronary artery
from which a fragment had broken off and
lodged at the point where the posterior descend-
1ng branch leaves the right circumflex branch.**
In another case, that of an infant, the source
could not be demonstrated but it was
thought that the fragment might have come
from an umbilical vemn thrombus ** In a third
case, a coronary embolism arose from a

focus n a p y vemn.e

In 1 reported case, tumor lissue was car-
ned to the coronary artery by paradouc
embolism **

Fat embolism, while probably not as im-
portant as fat embolism elsewhere, should not
be overlooked as a possible cause of death
after trauma It produces “streak-like” hem-
orrhages in the myocardim, and fat drop-
lets are demonstrable microscopically in the
small vessels

Foreign material, accidentally injected mnto
a vemn, may plug a coromary artery, zinc
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peroxide was found m the coronary artery
w | case®

Taradoxic embohsm has been reported mn
4 cases;™* P22 g0 ) case, the pulmonary
circulation was not depleted and there was
no evident change m the right-left heart
pressure relationship, factors which some be-
heve to be necessary for the production of
this type of embolism.

Asr_embolism has been produced experr-
mentally,*"

Vanious theories have been advanced to
explain the rarity of embolism 1 the coro-
nary arterses. Maric'*® believed that a pos-
sible reason was the great difference in the
calibers of the aorta and the coronary ar-
tertes. Pavell and Benson'™ thought that the
nght-angled departure of the arteries made
1t difficult for emboli to lodge there. Saphir™
stated. “The various eddies at the mouths
of the coronary arteries as produced by
systole and diastole, and also the peculiar
flow nto the coronary vessels during systole
and duastole might explain the rare involve-
ment by embols of the mouths of the blood
current tn the aorta and the fact that most
coronary filling 1s in drastole might be fac-
tors ™

Since DeNavasquez*’ showed that nunute
emboli frequently enter the coronary artenes,
Chipps™ beheved that the factor determin-
ing the ranty of gross coropary emboltsm 1s
the size of the embolr. Emboli sufficiently
large to occlude the main coronary branches
are probably much rarer than mupute emboll
m bactenal endocarditis

THROMBOSIS There seems bttle doubt
that thrombosis effects changes m the vessel
wall, as originaity suggested by Rotikansky.
Dugwid even thought that thrombosis plays
a role jn the pathogenests of coropary ath-
crosclerosis It seems entirely possible that
such systemic diseases as sickle cell anemma
and polycythemua vera, which cause sludging
and thrombosis 1 small arteries, may affect
the artenal walls with the passage of time,

NEOPLASM A cardiac tumor may press
on the coronary arteries or mvade them, 1n
cither case causing occlusion Thus, n
case the nght coronary artery was cqmpletcly
occluded,” and in another the left circumflex

artesry was partially occluded by pressuce
from surrounding tumor tissue.” Or the cor-
onary arteries may be involved in metastatic
extension of breast cancer.'™

VARIATIONS AND ANOMALIES OF
CARDIAC BLOOD VESSELS

The coronary arteries exhubit great vari-
abihty, especially in the distribution of -
dividual branches, but there 1s no agreement
about the incidence of anomaltes Figures
vary from a fraction of 1 per cent to 40
per cent This wide range 1s largely the
result of differences in  classification or
nomenclature. Accessory cofonary artenes or
twigs frequently anse from the 2orta, these
may be considercd variations rather than
anomalies, with a resultant difference i re-
ported Thus, one i il
found such accessory vessels in 40 per cent
of hearts, Anomalies of sufficient degree 10
be climcally mmportant, on the other hand,
are extremely rare. In 6,800 postmortem ey~
amunations, only 4 anomalies were found
of sufficent extent to warrant mention ®

The anomalies of the cardiac blood vessels
ate as follows,

Anomalous Ongin
From common art¢rtal trunk or branches
From pulmenary artery ongin
left coronary artery
nght coronary artery
both coranary artenes
accessory cofopary artery
From combined aorta and pulmonary artery
Abnormal ongm from normal aorta
Unusually high ongin
Ongin from same sinus
From cardiac ventricle
Anomalous Number
Single artery
Muluple artertes
Ansing from aorta
Ansing from pulmonary trunk
Anomalous Distnbution
In myocardium
Abnormal communications with cavites
Abnormal commumcations with artenes
Abnormal communications with veins
Anomzlous Size
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Congenital Aneurysm
Dilatation at branching points
Of sinuses of Valsalva
Of coronary artery branches
Anomalous Veins
Anomalous drainage of coronary sinus
Atresia of coronary sinus ostium
Anomalous drainage of pulmonary veins into
coronary sinus

ANOMALIES OF ORIGIN  These may
be classified as (1) common arterial trunk
or branches; (2) origin from the pulmonary
artery; (3) abnormal origin from normal
aorta; (4) ongin from a cardiac ventricle,

(1} When there is a single arterial trunk,
there is usually a single coronary artery The
branches may arise anywhere, e g., aortic
arch, innominate artery, carotid artery; oc-
casionally, the branches may arisc from theic
usual position, in or near the sinuses at
the origin of the matn vessel.

(2) The primitive endothelial buds, which
later form the coronary artenies, develop
before the common arterral trunk 1s divided
by the spiral septum into the aorta and
pulmonary artery.”® A displacement of the
spiral scptum or of the endothehal buds
may result i the enclosure of the buds
within the pulmonary artery. A number of
variants of this anomaly have been identi-
fied

(a) Over 30 cases of the left coronary ar-
tery ansing from the pulmonary artery
(Bland-White-Garland syndrome) have been
reported 1> 49 0 8 84 136,25, 1 I nearly all
cases, the anomalous artery arose from the
pulmonary trunk, 1 case has been described
m which the ongin was the night pulmonary
artery In 20 who hved to adult hfe without

definite be-
tween the main coronary arteries was found,
In some of the cases there were sinusoids
1n the myocardium and epicardium A report
on 1 case makes a distinction between in-
fantile and adult types, the latter having
extremely dilated coronary arterics, probably
an adaptation permutting survival.® A report
on 2 additiorat cases of anomalous onpgn
of the left coronary artery from the pulmo-
nary trunk discusses the possible rcIatwnshAp
of this anomaly to

of Ife. The heart is greatly enlarged. The
T waves are usually inverted in the himb
leads, with low voltage and normal aus
deviation.”® There 1s no cyanosts, nor are
murmurs heard until failure sets in  After
several weeks of Iife without symptoms, the
patient may show difficulty m taking his
feedings, which are interrupted by crying
spells probably mndicative of angmal pain,

(b) The anomalous origin of the right
coronary artery from the pulmonary artery 1s
rarer and more benign than that of the
leftss

(¢) Only a few cases of the anomalous
origin of both coronary artertes arising from
the pulmonary artery have been reported
None survived early infancy. The anomaly
has been seen 1n association with the tetralogy
of Fallot *

(d) An accessory coronary artery arising
from the pulmonary artery 1s scen occa-
stonally, 1t 1s of no chntcal importance

{e) A coronary artery ansing from both
the aorta and the pulmonary artery has been
reported 1in 2 cases™ In each case, the
zorta onginated from both ventricles via a
high ventricular septal defect; the pulmonary
artery was completely atresic at its ongm,
with its distal portion beng supplied by a
Jarge branch of the left coronary artery in
one case and of the night coronary artery
s the other. This 1s analogous to the situa-
tion created by the Blalock operation The
anomaly 1s explained by the assumption that
faulty rotation of the aortopulmonic septum
results 1n the splitting of one of the endo-
thelial buds, so that the coronary artery has
two ongins—one from the aorta and the
other in the pulmonary artery

(3) Abnormal ongn from 2 normal aorta
may take the form of an unusually high
ongin or of an ongn from the same sinus,
An unusually high ongin was found 1n 80
of 1,000 autopsies™ Usually, the right
coronary artery s the higher one It may
nise as high as 18 mm above the level of
the free edge of the cusp More rarely, the
coronary vessels may anse at unusually low
fevels When both artenes have therr ongin
in the same smus, there 15 no functional
change 1n the heart, the vaniations are found

Many cases are fatal duning the first year

m persons who have had no
symptoms
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(4} Qg of a caronary artery from a car-
duac ventricle has been reported i 2 cases*
#? In one, a large coronary artery arose
drrectly from the night ventucular wall,?®
the infant died after 4 days of life

ANOMALIES OF NUMBER These may
be cither the absence of a coronary artery,
or the presence of mulnple artenes

A single coronary artery has been re-
ported 1 A6 cases, 29 m adulls, one of
whom was 2 woman GO ycars old ¢ % Most
often, this means merely a common aortic
origin of both caronary artertes, the siagle
artery then quickly dividing nto branches
which correspond anatomucally and fune-
uonally to normal coronary arteres* A
true single coronary artery Is a rar¢ anom-
aly ' A recent report collected 22 cascs
from the lterature and added 9 cases, the
left coronary artery was fsstag w17
cases, the night, n 11, the identity of the
mussing artery in 3 cascs was not evident
from the description %

Multiple arteries usually anse from the
aorta. and may number three, and more
rarely four The supplementary vessels are
small, and may be easily overlooked, they
are probably fauly common ** They occur
m either side, but more often on the nght
The left circumflex artery may arne inde-
pendently from the aorta’ In a senes of
100 bearts, multiple vessels were found m
40. The death of a 17 year old boy was re-
ported from infarction after occlusion of
one of two left coronary arterfes.’™

Multiple arteries atising from the pulmo-
nary are a rare anomaly,

ANOMALIES OF DISTRIBUTION  They
may occur: () in the myocardium, for
example the left arcumflex artery giving
rise to the posterior descendmg artery;
(2) as sbnormal communications with the
cawvities, for example a coronary vessel con-
necting the aorta with the left ventricle. with
the direction of blood flow from the ventricle

ANOMALIES OF SIZE Oceastonally,
there are striking vartations in the caliber of
normal vessels In some cases the arterial
system s umformly hypoplastic.'® In a
series of 81 autopsies, 4 hearts had coronary
arteries of umiformly small caltber, only 1
of these had coronary disease, 3 of the hearts
were hypertrophied,

ANEURYSM  Threc types of congenital
aneurysm are usually recognized ** (1)
dilatation at branching pomts, analogous to
“berry ancurysms of the bramn, (2) aneurysm
of the sinuses of Valsalva, often assoctated
with congenttal defects of the aortic valves,"™
and (3) dilatation of branches of the coro-
nary artenes, reported sn 6 cases ¥ YA
fourth category, (¢) arteniovenous ancurysm,
may be added, 3 cases have been reported in
the English Interature, 1n [ case, that of a
58 year old woman, the chinical features were
of a large patent ductus arteriosus but a
congenital communtcation between the left
crcumflex artery and the coronary stus
was found at autopsy *

ANOMALIES OF VEINS Varatrons
the venous system of the heart are common,
and often can castly be exptained on embry-
ologic grounds.'™ Only 6 cases have been
descnibed 1n which the coronary sinuses
opened directly mto the Ieft aurcle, without
other abnormahes ® The coronary sinus,
1f anomalous, usually drains nto a persistent
left superior vena cava which itself may
empty into the left auncle or into another
major vem. Coronary venous drainage into
a common ventricle has bzen described »*
There may be anatomuc variations i the
onfice of the coronary sinus ™ Atresia of
the ostium of the coronary swmus 1s rare.
Anomalous dramnage of the pulmonary veins
into the coronary sinus has been reported ¥
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CHAPTER 3

Geographic and Ethnic
Factors

THE GEOGRAPHIC distribution of coronary
drsease, msofar as 1t can be determined from
the meager and less than accurate data
avalable, supports somewhat the theory that
food habits may hase some bearing on the
disease  Most recent attentron has been
drrected to racial vaniations w blood hpids
and thewr relation to dietary habits and the
merdence of coronary disease Hereditary and
genetic factors, already mentioned, are re-
ceving scant attention m the current liter-
ature Nevertheless, they are important and
wmterest in them will doubtless be revived.
Navajo Indians have Ittle coronary disease,
although therr diet 1s typically Amerscan and
a genetic factor 1s Iikely tn therr immunity #'*

On the whole, the evidence about the dif-
ferences m cholesterol intake 1s that for any
group as a whole the mgestion and the
cholesterol blood level correlate roughty. The
correlation between dietary habuits and cor-
onary disease jncidence seems to be better
established. However, whether average blood
cholesterol values for a group can be con-
sidered “normal” 1s open to doubt It has
been pointed out that the tigh ammal fat
intake of the population of the United States
may account for the present national average
of serum cholesterol **

Mortality from all forms of heart disease
combined 1s considerably higher i the non-
white than i the white population m our
country, and the average age at death from
coronary disease has been given as St?.l
years for Negroes and 62.2 for the white
popu\ahon’“ Table 4 pwes the expertence

of the Metropolitan Life Insurance Com-
yany.""’ However, the mcidence of coronary

40

Taste 4 MoRrTaLITY RATES, COROVARY
ARTERY DISEASE, 1945-1949*%

Men Women

Age

(r)  Wihte Negro  Wihite Negro
25-34 74 68 22 49
3544 725 387 110 250
45-54 2547 1262 484 691
s5-64 5087 2417 1557 1392
65-74 8299 4105 3934 2693

* Data relate to deaths classified under cate-
gory 94A of the [nternational List of Causes of
Death, Fifth Reviston

disease tn the Negro here 1s behieved to be
comparatively Jow. In Canada, the mortality
rate from “angina pectons and coronary dis-
ease™ has been reported to be much lower in
Negroes than 1n white persons ® In a post-
mortem study of an Army sertes, only 3.8 per
cent of the cases were Negroes, as opposed
to the 10 per cent of Negroes mn the U.S.
Army © In Louwsiana, the mcidence rate
was somewhat lower among Negroes than
1 the white population * Coronary thrombo-
sis was said to occur one-fourth as often
m the Negro as mn the white;*™ the Negro
has an “apparent resistance” to myocardial
mnfarction * In view of the Negro’s suscepti-
bality to hypertension, the figures just cited are
noteworthy.** No racial differences have been
found in the incidence of advanced coronary
sclerosis or infarction in persons with hyper-
tension,

The climcal and pathologic features of
coronary disease in Negroes are reported by
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some to be identical with those in white
patients,® while others have suggested that
coronary disease in Negroes is apt to be
more severe than in white persons.

Various causes may be responsible for the
apparent racial differences: (I) Death of
the Negro at an earher age *» # The econo-
mically depressed state of a large part of
the Negro population n the United States,
the physically dangerous types of work, and
poverty with 1ts attendant ills all tead to
shorten life so that the “age of infarchion”™
is reached by smaller numbers But in Louss-
ville, coronary occlusion was found to occur
as often in the indigent Negro below the age
of 70 as in the indigent white* (2) If cor-
onary disease 15 in part a disease of over-
nutrition, the Negro's undernutrition may be
a factor m his relahve immumty Other
reasons advanced mn explanation of alleged
racial diff are  (3) Anatomic dif-

In Africa, the Negroes of Kenya are said
to have httle arteniosclerosis.'® The ncidence
of severe arteriosclerosis 1n the Bantus 15
significantly lower than that found m the
hospital populations of the United States or
Denmark ™ The blood cholesterol levels of
the older Banius (over age 40} are lower
than of the Europeans 1n South Africa, this
difference 1s not found 1n the young Bantus !
The fat content of the Bantu diet represents
16 per cent of their total caloric mtake, 1n
the “Negro” diet, fats make up 25 per cent
of the calories, but i the diet of the poorer
white population fats amount to about 35
per cent, and as the economuc level rises
the p cor dmgl
accompanied by a greater incidence of ath-
eroma.**

In Hawau, coropary disease 1s found among
all races; 1t seems to be more commeon among

ferences, thus, in the Baatu, the postenor
heart wall 1s reported to be more nichly
endowed with blood vessels than the heart
of the white European® (4) Less rapid ag-
g of the coronary arteries (in contrast to
the renal arteries), ie., less fraying of the
lamma elastica interna?® (5) Dilatation of
the coronary collateral crrculation, due to
hypertension (which 1s more frequent in
the Negro);®* this explanation can be ac-
cepted only with great wariness

T. M Stuth,*" 1n a thorough study of cor-
onary disease n the Negro, found among 400
patients 10 the Provident Hospital, Chicago,
155 with coronary disease. He concluded
that the merdence 1s about the same in both
racial groups, and that pain occurs Just
as often His mvestigation satisfactonly re-
futed the contention that dyspnea rather that
paint 1s the most promment symptom 1n the
Negro patient It 1s noteworthy that almost
half of the patients i his sertes were women
McVay and Keil report considerably less coro-
nary discase among Negro men than among
white men; this difference does not exist
among the women m their senies. They feel
that angina 1s not 2s conspicuous a symptom
among Negroes **

In summary, 1t secms just possible that
Negroes are less susceptible to coronary ds-
ease, but the evidence for any sigmficant
difference 1s far from convincing

b3 who are overweight, eat much
sugar and fat, and in whom dbetes 1s
frequent, and 1s comparatively rare among
the lean, active Japanese whose diet contains
httle fat s

In the Onent, lesions of the coronary ar-
teries are of rare occurrence Coronary dis-
ease 15 rare 1 the Okmawans,® * who are
closely related to the Japanese. From the
available data, 1t may be mnferred that cor-
onary disease seldom occurs n the Chi-
nese,*™ 3% 3% therr diet 1s Jow 1n proten and
ammal fat Chinese living 1 the United
States, however, whose diet more closely
approaches the Amencan one, are not as
immune to atheroma; this would seem to
pomt to a dietary rather than a genetic
factor as the determinant of racial suscepti-
bility.? A report on 10,000 Japanese autop-
sies states that the incidence of severe
coronary disease 1s only about a tenth of
that 10 the United States @ In this case, 100,
there is reason to believe that among the
Japanese of Amencan bieth (Niset) there
15 a greater incidence of atheromatosis than
m Japan®? Lumnal natrowing due to ath-
eroma 1s far less common in young Japanese
than m American soldiers of the same age
{under 30) killed 1 action There 1s a much
lower rate of “cardiovascular thrombosis”
among the natives of Ceylon than in the
Europcan residents there? * The nomadic
Khirgrs plamsmen, who consume unusually
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large quantities of milk and meat, have
a high madence of obesity, carly and ex-
tensive atherosclerosis, apoplexy, and arcus
sentlis ¥

In the Phitipine Islands, the villagers, who
are rice eaters, seldom have coronary drs-
ease; but i Manda the members of the
mercantile class, whose diet includes dairy
products, do have coronary disease *

Among the Indians of Peru, so far as
18 hnown, myocardial infarcuon does not
occur, that s not the case among other
ethmie groups 1 Lima™ An ecxhaustive
study® of the Guatemalan Indians revealed
that serum cholestero] of the rural lndans
of both sexes was lower than those of the
urban Indians or of the North Amertcan
Indians The rural Guatemalan Indians sub-
sist largely on a vegetarian diet, and consume
fac less protewn, tat, cholesterol, and total
calorres than the other two groups. The
B-lipoproteins were oaly shightly and jrregu-
larly lower i the rural males than in the
urban males, in the females, thes fraction
was often higher in the Guatemalan Indians
than 1n the North American ones

The available nformauon regarding ath-
eroma n the Eskumoes, some of whom at
Jeast copsume large quantitres of ammal fat,
is scanty and confusing® ** * *° Nothing
defiaite 1s known about the Eskimo dietary,
and autopsy data on their coronary artertes
1s lacking Statements on the mcidence of
atheroma, therefore are based entirely on
ndirect evidence

Coronary disease seems to be somewhat
more common among Jews than among their
neighbors Of 100 youag adult patients in
the Boston area, 27 per cent were Jewsh,™
stnce this 15 about double the percentage of
the total Jewish population in that area, the
figures are signuficant  The mcrdence of
diabetes, a frequent precursor of coronary
disease, 1s also igh an Jews In lsracl, 5t has
been noted that the tncidence of coronary
discase among Oriental Jews 1s not as great
as among those coming from Western Eu-
rope; white obesity ss probably less common
in the former, thew diet probably contains
just as much cholesterot ©*

In New York, 35 per cent of the calonie
intake is derived from fat, both 10 the Jewish
and Tatian dietary, but the antmat fat con-

tent of the Jewish diet is 10 per cent higher.
Hypercholesterolemia was found sn §2 per
cent of a group of Malian workers, and
14 per cent of a similar group of Jewish
workers, the incrdence of coronary disease
m the two groups with hypercholesterolemea
was about the same, but in two groups with
normal cholesterol levels the incrdence was
6.4 per cent m the Itahan and 15 per cent
in the Jewish group.®

Keys and co-workers™ have studwd the
diets and blood hipids of widely varied groups,
sncluding business and professional men in
Minnesota, soldsiers in the U.S. Army,
Neopotitans, Swedes, and Spamards of vary-
g mcome and acttvity, Bantus and Euro-
peans wm South Africa, and Londoners em-
ployed in light industry They found a direct
relation between the dictary fat content and
the serum levels of total cholesterol and
B-hpoprotemns 10 healthy men, this relation
was more marked 1n the mdde-aged than
m the young In areas where dets were high
n fat content (40 per cent of the calories).
the average cholesterol concentration was 25
to 50 per cent greater than in where the
dietary €at intake was low (20 per cent or
less of the calories}

Coronary disease decreased i Norway
and Sweden dunng World War 11, when fats
and eggs were 1 short supply, and rose
agan after the war, when these foods were
once more plentful. These observations con-
firm foadings during World War I m Central
Europe ' * The mcrdence of coronary sclero-
sis m Germany duning the years 1945 to
1948, when nutntion was deficient, and from
1950 to 1953, when food supplies were
adequate, was about the same, but the number
of cases of mfarchon mcreased sharply dur-
1ng the laiter period, differences m food m-
take may have been the decsve factor
i ths increase, although other factors, such
as increased cigaret smoking, may also have
played a part®

‘The incidence of coronary disease US
Army personnel was higher than in the
British army, whose consumption of eggs,
butter, 1ce cream, mik, and cream was much
Jower than that of our solders®

From the data, it would seem that the
so-called geographic and ethaic factors are



GEOGRAPHIC AND ETHNIC FACTORS 43

in reality not geographic or ethnic but econo-
mic and cultural The availabihity of high-
cholesterol foods, and the economic status
and food habits of vanous population groups
must be taken ito account in studying the
medence of coronary disease and the cor-
relation of its vanous components
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CHAPTER 4

Lipid Metabolism

CoronaRry ScLERosIS, hke other forms of
arteriosclerosis, has long been pessimistically
regarded as a degencrative discase about
which nothing could be done, as an inevitable
concometant of the aging process, Today,
1t seems much more reasonable to consider
atherosclerosis an extremely complex disease
m wiuch senescence plays only a part, a
metabolic disorder of mghly complex orign,
probably episodic 1 character, but which 1s
mn some manner mtimately connected with
the way the body metabolizes its hpids Other
factors are discussed in Chapters 2, 3, and 5
Although our hnowledge of this phase of
coronary sclerosts 1s far from complete, and
the p pl are
premature, the concept of this process as a
metabohic disease is a useful, probably sound,
working hypothesis

Coronary sclerosis has afflicted man for
many centuries, but 1t was only a hundred
years ago that the essential lesion mm what
1s now called atheromatosts was demonstrated
by Vogel to consist largely of lipid material.
Interest then lapsed until the begmming of
our century, when Windaus confirmed Vogel's
finding’s and Amnitschkow” produced the
lesion by feeding cholesterol to rabbits In-
terest in the subject revived as a result of in-
vestigations by Timothy Leary and others
Inveshigative acuvity 1s now widespread.

What 15 at present known with reasonable
certainty about hp:d metabolism? !z .xs no‘w

BLOOD LIPIDS

The term “blood lipids” 15 generally ap-
plied to a heterogeneous class comprising
all the fatty substances found in the blood,
grouped together despite therr dissimilarities
because of stnular solubilittes—they are all
biologic muaterials extractable by fat solvents
The most important of the blood hpids are
the neutral fats, the phospholipids, the cere-
brosides, and cholesterol. In the postabsorp-
tive state, the bicod normally contatns on
the average some 500 mg. of Itpids per 100
ml;* i pregnancy, in persons of pykmc
habitus, and n the elderly of both sexes,
the figure 1s somewhat higher No seasonal
variation has been found A small, vanable
portion of the blood hpids 15 n the form
of mucroscoprenlly vistble droplets or chylo-
mucrons, but the bulk of the hpids 15 col-
loidally dispersed and invisible,

PHOSPHOLIPIDS
Also known as phosp
the phospholipids are composed of about 80
per cent lecithin, 15 per cent sphingomyelin,
and 3 to 8 per cent cephalin, The two
teatures common to all phospholipids are:
(1) all contain a nitrogenous base, and (2)
all yield on complete hydrolysis norganic
phosphate, among other substances. Over
80 per cent of phospholipids contain choline.
In the presence of fatty acids, they are readily
d in all tissues, Normal fasting

hosphatid

certam that. (1) fat bolts s

connected with atheroma; (2) atheroma in
man contatns Lipid matersal, (3) lesions
closely resembling those of man can be
pmduced c(pen‘mcntally n some animals;
and (4) means have been fouad to prevent
and even reverse thesc Experimcntal' cl’fanges

plasma contams about 200 mg. per 100 ml.

CEREBROSIDES

These hpids contmn no phosphorus and
on hydrolysis yield a hexose sugar. They
are widely distributed in cells but are not
i m blood

For the rest, the b 15
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TRIGLYCERIDES (NEUTRAL FATS), FATTY
ACIDS
100 mi. of notmal f:mmg hlaod contains

tion, storage is mainly governed by esdoge-
nous factors which are not yet clearly known
Some of the cholesterol in the body 1s

225 mg (*-HO) of trigl
cerebrosides, It is probably only lhc increase
m these lipids which causes opalescence of
milky serum.®

The fatty acids which are really “free” in
solution are better called “unestenified” or
“non-esterified” acids. They form a small
percentage of the blood fatty acids which
are firmly, though reversibly, bound to the
Hood proteins. Heparn, probably acting
through a hipase, the “cleanng factor”, hy-
drolyzes the triglycerides of chylomicrons to
praduce these unestenfied fatty acids Fasting,
fat ingeston, epumephrine mjection cause
rises 1 the blood level of these acids and
carbohydrate feeding causes a fall. It may
be that this ipid fraction has its ongin
adipose stores and 15 concerned primanly
with the supply of fats to tissues for oxidative
metabolism.#

CHOLESTEROL
(Fig 19). This lipid 15 the chief proto-
plasmic sterol of animals; the plant sterols

g
SH—CHy~CHy—CHy~ Gt
CH,

HO
FIG. 19. Cholesterol.

are closely refated, but are not cholesterol
The plasma concentration of cholesterol is
apparently lgher in man than i other
mammals (Fig 20).% 1t 1s noteworthy that
spontancous atheroscleross 15 rare in ani-
mals, an excepion 1s the ground squirrel,
whose cholesterol levels are comparable to
those of man, and 1 whom

d, the rest 15 mgested m the food
In vitro, cholesterol can be synthesized from
acetate, with squalene probably as an inter-
mediate metabolite, whether this is the proc-
ess in vivo is stull undetermined About 4
Gm of total sterords—cholesterol, bile acids,
and sex hormones—are synthesized daidy, 1
large part by the lwver, with cholesterol ac-
counting for about half of the total, Cho-
lesterol 1ngeshon  probably depresses its
synthesis, thus tending to keep 1t at a con-
tant fevel 1 the body
The intermediate metabohsm of choles-
terol, reviewed in detaill by Bloch,” 15 sull
largely unknown, most of 1t 1s apparently
degraded and not excreted About 1 Gm of
total sterol 1s excreted daily 1 the feces,
100 to 150 mg. via the shin, and trace
amounts mn the unne It has been suggested
that adequate formation of certamn phospho-
uprds 15 necessaty for normal cholesterol
lecithin (phosphatidyl choline)
being the essential substance® The differ-
ences 1n species susceptibihity to cholesterol-
induced atheroma mught thus be related to
species differences in the capaaty to form
this compound

LIPOPROTEINS

The cholesterol in plasma, whether m
free or estenfied form, s always hound to
protein, The hipoproteins are giant molecules
composed of triglycendes, phospholipids, cho-
lesterol, and protein 1n varying combinations

ROLE IN ATHEROGENESIS

Evidence is accumulating of a refationship
between changes n the plasma content of

atheroma has been found

Normal fasting blood contamns 200 mg.
(*50) of cholesteral per 100 mi, com-
posed of 55 mg. (x15) free cholesterol
and 145 mg. (335) cholestero] esters. The
blood level mses slightly in some people,
not all, and variably with advancing age.
Cholesterol is normally stored by the body,
although refated in part to chofesterol mges-

Iiprds and but there s as
yet no absolute proof that these changes canse
the sclerosis,

CHOLESTEROL METABOLISM

A direct link between cholesterol metabo-
hism and atheroma formation mn man has
so far not been found, all the evidence 18
sult Wiite the d of
coronary disease 1 persons with clevated




CHAPTER 4

Lipid Metabolism

CORONARY SCLEROSIS, ke other forms of
arteriosclerosts, has long been pessimistically
regarded as a degenerative disease about
which nothing could be done, as an mevitable
concomitant of the aging process. Today,
1t seems much more reasonable to consider
atherosclerosis an extremely complex disease
in which senescence plays only a part, a
metabolic disorder of highly complex ongn,
probably episodic 1n character, but which 1s
in some manner intimately connected with
the way the body metabolizes its hpids Other
factors are discussed 1n Chapters 2, 3, and §
Although our knowledge of thuis phase of
ceronary scleross 1s far from complete, and
the therapeutic imphications are necessanily
premature, the concept of this process as a
metabolic disease 15 a useful, probably sound,
working hypothesis

Coronary sclerosis has afilicted man for
many centuries, but it was only a hundred
years ago that the essential lesion 1n what
1s now called atheromatosts was deronstrated
by Vogel to consist largely of lipid matenal,

BLOOD LIPIDS

The term “blood liptds” 13 generaily ap-
plied to a heterogencous class comprising
all the fatty substances found in the blood,
grouped together despite their dissimilarities
because of similar solubiltties—they are all
biologic matenals extractable by fat solvents
The most 1mportant of the blood Iipids are
the neutral fats, the phospholipids, the cere-
brostdes, and cholesterol In the postabsorp-
tive state, the blood normally contamns on
the average some 500 mg of hpids per 100
ml."® in pregnancy, in persons of pykme
habitus, and in the elderly of both sexes,
the figure 1s somewhat higher No seasonal
variation has been found A small, variable
portion of the blood lipids is wn the form
of mrcroscopically visible droplets or chylo-
microns, but the bulk of the hpids 1s col-
lordally dispersed and inwisible.

Interest then lapsed untl the
our century, when Windaus confirmed Vogel's
finding’s and Amtschkow’ produced the
lesion by feeding cholesterol to rabbus In-
terest i the subject revived as a result of m-
vestigations by Timothy Leary and others
Investigative activity 1s now widespread.

What 1s at present known with reasonable
certamty about ipid metabolism? It 15 now

PHOSPHOLIPIDS
Also ly known as phosphati
b of  the ph are of about 80

per cent lecitl;m, 15 per cgn! sphingomyelin,
and 3 to 8 per cent cephaln The two
features common to all phospholipids are:
(I) all contan a mitrogenous base, and (2)
all yreld on complete hydrolysts morgamc
phosphate, among other substances. Over
80 per cent of phospholipids contatn choline,
In the presence of fatty acids, they are reacily

h d i all tissues. Normal fasting

certain that (1) fat 15

d with (2) ath in
man contains hpid matenal, (3) lesions
closely resembling those of man can be
produced expennmentally in some animals,
and (4) means have been found to prevent
and even reverse these experimental d-.langes.

plasma contains about 200 mg per 100 ml

CEREBROSIDES

These Jipids contain no phosphorus and
on hydrolysis yield a hexose sugar. They
are widely distributed m cells but are not
i in blood.

For the rest, the is § |
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and there 15 no unusual tendency to coronary
disease * On the other hand, in myocardial
nfarction the cholesterol-phospholipid ratio
is increased, as compared to matched con-
trols® 2 Quite possibly, the importance of
the cholesterol-phospholipid ratio  denives
from the varying amounts of cholesterol m
the z- and g-lipoproteins The cholesterol—
a-lipoprotemn ratio, 1t has been suggested, 1s
the best biochemical indication of an ath-
erogenic tendency ** While the balance be-
tween the lipid fractions may be important,
some reports would seem to mdicate that
the total cholesterol-phospholipid ratio 1s no

passed through the arteral wall, and the
particles of mtermedtate size penetrated the
wall and were trapped intramurally ™ In a
third study, hyperhpemic rabbit serum was
separated so that the large-sized hpoprotem
particles were n the upper layer, mjection
of the lower layer only, which contained the
smailer particles, proved to be atherogemc
in normal rabbits.* Despite high cholesterol
levels, no ath develops m

fed, alloxan-diabetic rabbits, a large propor-
tion of this cholesterol is contammed 1n
lipoprotein particles larger than St 100 % An
aortic  perfuston technic n  guinea pigs

more 1mportant than the now
total cholesterol level * +

2 ALTERED HEPARIN LEVELS Hep-
arin, or heparinoid substances, are a normal
blood constituent In the presence of ad-
vanced atherosclerosis, the concentration of
these substances 1 the blood decreases,® as
well as the number of mast cells in the
tissues ©° #1 Mast cells are numerous m early
us patches * F , in these
patents, the clearng of postprandial hy-
perlipenuia by hepann 1s delayed *

3 ALTERATIONS IN BLOOD LIPOPRO-
TEINS As has already been mentioned,
the blood hipids (cholesterol, triglycerdes,
phospholtpids) are bound to protein and
form larger molecules of varymg size and
composition Since experimental evidence in-
dicates that the size of a particle 1n the blood
stream determines whether 1t penetrates the
intima, and, if 1t does, whether 3t 15 retained
or passed on nto the blood stream, the size
of lipid molecules may be of considerable

mmportance
A study of the effect of various substances
{polyvinyl alcohol, methyl cellulose, acacia,
pectin) on vessel walls revealed that the
size and possibly the shape of the large
1n these facihitates therr

that lipid of a par-
trcular size only were deposited tn vessel
walls 2t

LIPOPROTEIN CLASSIFICATION

The blood ltpoproteins may be classified
m severat ways (/) by chemical fractiona-
tion; (2) by analytic ultracentnfugation; and
{3) by electrophoresis With certan excep-
tions, all three methods give results which
correlate with each other reasonably well,
and which, chnocally speaking, pont 1o the
same direction.

CHEMICAL FRACTIONATION Ex-
tensive chemical studies of the lipoproterns
have been based on Cohn’s frachonation
method #10.%*  ** #* Of the total plasma
cholesterol, 25 per cent 15 contamed 1n the
a-lipoproteins, which are bound to z-globulin,
while 75 per cent 1s 1n the g-lipoprotemns.*

The z-hpoprotems are contamed in the
Cohn fractions IV+V+VI, and migrate with
the mobility of a-globulins * Their molecular
weight 15 about 200,000, and they contain
mere protem (50 to 60 per cent) than the
B-lipoproterns {25 per cent). The choles-
terol-phospholipid ratio 1s about 0 5

The g-lipoproteins are contained in the
Cohn fractions I+1II1. They are large spher-

uptake and retention m vascular walls, pro-
ducing lestons resembling atherosclerosis +*
Injection of heated pectin, which reduces the
size of its molecules, did not cause damage
of vessel walls in rabbits and dogs. In an-
other study which used vartously sized carbon
particles, the largest particles did not pene-
trate the mtima at all, the smallest particles

1cal weighing about 1,200,000,
contamning large amounts of water and 1m-
portant amounts of lecithin The cholesterol-
phospholipid ratio 1s about 13  These
contain less phosp

and more cholesterol than the molecules of
the x-lipoproteins

There 1s mounting evidence that the dom-
1nant factor in atherogenests may be a rela-
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tive excess of the B-lipoproteins, in other
words, a decrease i the ratio of z- to
B-lipoprotenn

Two thirds of the curculating cholesterol
n young women is m the g-fipoprotein frac-
tion, whereas 1n young men it 1s three fourths
of the cholesterol. With advancing age, the
cholesterol in the e-lipoprotein fraction mn-
creases, that 1n the B-lipoprotein fraction
decreases, and the sex difference disappears
The cholesterol content of the a-lipoprotein
fraction 1s uniformly low in atherosclerosts,

ULTRACENTRIFUGATION At high

ifug: speeds, lipop fractions
separate according to their densities. Gof-
man, who employed this method for exhaus-
twve studtes of the lipoproteins, both popular-
1zed and made the technic useful, and his
romenclature 1s now widely used, 1t is based
on the Svedberg unit, The fractions obtained
were given numbers according to therr flota-
tron constants (Sf), which are anafogous to
the sedimentation constants of the more usual
proteins.

nephrosis, and famthal hyperch

In mysedema, rhe mean total hpu, total
cholesterol, phospholipids, and g-hpoproten
are all sigmficantly mcreased 7 In biliary
obstruction, 2 conditron tn which hypertipe-
mia occurs regulatly aad often severely,
there 15 no tendency to coronary disease In
this conditton, abnormat hpoproteins have

The lipop can thus be graded by
molecular size eccording to flotation rafes
ranging from 2 to 40,000 Gofman divided
the lipoprotens mto four groups, ustng
Svedberg units as a measure of size. (1)
Larger than 100 Sf units; these are the
chylomicrons found i ahmeatary hpemta
with neutral fat comprising the major Ipd

been found, when d

of the molecules; (2) Sf untts 20 to 100,

by g
tion and electrophorests, they seem to be
Bhipoproteins, but when determined by
chemical fracttopation methods they appear
m Coho’s fractions IV+V+VI, where the
a-lipoproteins are located.

In patents with known coronary disease,
2 relative and absolute decrease 1a the plasma
albumm and q-lipoprotemn and an increase
mn the g-hpoprotem have been found These
changes occur even in the absence of hyper-

hol fa or of a nse sn the
cholesterol-phospholipid  ratio.

Postmortem study of 157 cases of sudden
death due to violence or natural causes has
contributed valuable wnformation ** A highly
signtficant (p<Q.1) correlation between lp-
ids and atheroma was revealed when the
serum g-hipop content, the pe.
and the degree of aortic and coronary scle-
rosis were compared, the over-all correlation
between the g-lipoprotein level and the ath-
erosclerosts was 84 per cent The correfa-
tion for the ectomorphic male was 60 per
cent, for the other groups 90 to 92 per cent.
These data are particularly meanmgful be-
couse climcal diagnosis, which is always
untrustworthy, was not a factor in determin-
ing the degree of coronary sclerosis From the
evidence, it would seem that, wuh the
exception of the ectomorphic male, any per-
son with a high B-lipoprotein level should
be regarded as a potential victim of atheroma.

these contam some cholesterol and conste
tute the largest fraction m alimentary ltpe-
ma, (3) Sf untts 10 to 20; these have a
molecular weight of 3,000,000, This group
may be further subdmvided nto three groups,
each containing about 30 per cent cholesterol
(4) Sf unus 3 to 8; thus group contawmns the
major portion ot the blood cholesterol

Some hold, although 1t has not been 1n-
controvertibly established, that under normal
conditions the lpoprotein molecule begins
as a chylomwcron (Sf over 75) and then
undergoes a stepwise breakdown to smaller
partcles as it oses its neutral fat, Heparmn
seems to play a role in this process

Gofman at first thought that the mter-
mediate sized lipoprotein particles (Sf 12 fo
20) were of critical importance n athero-
sclerosis in man, The serum concentration
of these hpoproteins is low i children, in
young women, and 1n animal species m which
spontageous atheroma docs not occur; m
rabbits, these lipoprotemns appear onty after
several weeks of a high-cholesterol diet, and
atheroma becomes evident only then™ In
patients with diabetes, nephrosis, and myo-
cardial mfarctiop, the Sf 12 to 20 lipopro
tems are ipcreased.

The atherogemc group of lipoprotetns has
recently been enlarged by Gofman to include
the Sf 20 to 100 class After a meal rich
in fats, there 1s a great mcrease in this ¢lass,
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and especially in the Sf 35 to 100 hipopro
teins, In Page's™ opinjon, this extension
considerably weskens Gofran's onginal hy-
pothesis about the atherogenic speaifienty of
the Sf 12 to 20 hpoprotens. As Fage poats
out: “The core of the problem 15 whether
these restncted classes of serum hpoprotemns
are, sn fact, the ones which signal developing
atheroma and whether they arc the ones
which appear 1 the blood vessels as ath-
eromatous deposit,”

Molecules of & particular Sf class cannot
be regarded as of uniform chenucal composi-
ton* The ultracentnfuge merely demon-
strates how a piven molecule behaves in an
arnficrat fietd of gravity, and it is a physical,
net a chemcal, constant that s measured.
The chemical nature of the molecules within
any given Sf class may vary from person to
person, of from ttme to fime i the same
sndrvidual

Whether or not the Gofman “particles™
are the cause of atheroma, Gofman per-
formed a signal service sn bnaging this

al

DIET, BLOOD LiPIDS, AND
ATHEROGENES!S

Were the veung problems of the effect
of diet solved, uncertainties in the treatment
of coronary disease would be clanfied and
considerable nformation about the cause of
atheroma supplied But informasion on this
subject 15 still so fwd and unsystematized
that one looks i vam for deaste answers
At best, one finds the unsettled oprions of
many workers from which a tentative selec-
tion can be made. No matter what school of
thought s selected, much lextual support
can be found for i,

Coronary atheroma 1 a discase which is
caused by many factors, all of which are ds-
cussed elsewhere sn this book  genene factors,
physscal and mental activity, mfections, di-
abetes, smokig, hypertension, ete may all
play some part It 1s our present concept that

b n hpnd bol an
mmportant etiologre factor, probably the domi-
nunt one. §t 1 hughly llely that the other

phase of Iiprd fism and
to popular attention The problem 15 now
being carefully studied by the Unted States
Health Service at Bethesda by means of
co-operative follow-up by four laboratones
of 12,000 persons whose lrpoprotem levels
had earher been estabhshed
Ultracentnfugation  usmg 2  somewhal
hugher density (121) than that employed
by Golman 1s preferted by Lewis and Page.”
By combiamg this method with electro-
phoretic deternuaatons, they believe that a
somewhat better picture of the serum lpo-
pratein carepostuan ts obtamed thaw by esther
method aloge.

ELECTROPHORESIS The Upoprotemns
have also been studied by the mugratwon
of their protemns when subjected to paper
or zone electrophoresis® 71 % %6 17 Tiyg
method hos 1he advantage of bewnpg cheaper
and simpler than the other methods just
desenibed, but 3t 18 only just begwang to
fend Hself 1o accuraie quantiatne anatysis *
It has been shown by electrophoresis that the
a-lipoprotmin-—g-hipoprotem  ratwo 18 sigmifi-
canily lower than pormal i the presence of
estabhished coronary sclerosss ™ #

harm the body
by way of us handhng of Iipids In any event,
although the case 5 stifl far from conclusive,
the bulk of the evidence 15 that the diet 1

with der in
the blood liprds and that these disorders,
turn, are responsible for the develapament af
coronary atheroma, There s even some sug-
gestion that the final step, myocardud in-
farction from thrombosts at the ete of nther-
oma, may be determined by defeets fo fipht
metabolism although this ss stiff a subject we
Anow lntle about. The reader s cautionef
therefore that the author, although he pro
poses to give considerable attenton to i
at this pount, 1s far from conndermg this the
only etiologie agent m atheroma

OIETARY CHOLESTEROL RESTRICTION

The average consumpuon of chalesserst
i this country 13 probably less thun 1
day, although the proportion of calurey (44
per cent) supplied by fat is bigher then o
any loowa populaton group in the wotd
Cholesterol coRSUmplion 18 the 7,104 ~parer
bas been estsmated (o FANRC betueen 20xs 207
800 mg dady per capita  fp py; oy oo
the upper lumat s ety t) frriy tre &%
groups, §oT example, the wserepe it o ET
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men diets for New York Jews was closer to
1000 mg, and the highest daily sntake, 1500
mg., i my knowledge was that of a Middle
Westerner who ate vast quanutes of meat
In contrast, the cholesterol consumption of
the Italan population here 1s much smaller
because so much of ther deetary fat 15 in the
form of olive oil.

What effect reducing the dietary cholesterol
alone has on the level of serum cholesterol
1s still a matter of controversy Most clinical
reports are based on experiments i which
other dietary constituents (total fat, pro.
teins) and caloric intake are also restricted,
and therefore cannot be accepted as con-
clusive Some workers find that animal fat
restriction does not affect the serum cho-
lesterol * ™ There 1s somewhat more evidence
that such diets will decrease the level of blood
cholesterol and the “atherogentc™ Irpopro-
tiens * 4 31202 21 9 A nvestigators report
that the nature of any given patient’s response
1s unpredictable This unpredictability 1s a
common finding wn almost ali human hpid
studies Most recent evidence points to a low-
ening of the blood lipids when vegetable fats
are substituted isocalonically for those of ani-
mal onigm * ** ¥ ¥ 2 The geographic data
are presented elsewhere Certainly, strict vege.
tartans have lower blood cholesterol levels
than vegetarians who eat dairy products, and
i both groups the levels are lower than wn
the general population *

In animals with cholesterolunduced ather-

ROLE OF UNSATURATED (ESSENTIAL)
FATTY ACIDS

Currently, the greatest interest ts focusse
on the nature of the fatty acids in the dietar:
fat

Malmros,*™* when ustng corn ail, reduces
the blood fevel of cholesterol i pattents wit!
familial  hypercholesterolemia. Some metr
culous and promusing studies are¢ those of
Abrens and s stafl at the Rockefeller In
stttute 1n New York They find that the sub
stitution of plant fats for ammal fats on an
ssocatoric basis results i a reduction of the
levels of blood cholesterol and g-phospholipid:
whether the wmtial blood figures i their pa:
tients was tugh or normal This fall s en-
hanced by the use of corn oil as the major
or exclusive fat Patents fed on comn ol
as the sole fat had no rise m blood cholestero}
when 2 Gm or more of puce cholesterol was
added to the diet each day. If all the fat 1s
given as corn oll, the greater the amount of
fat ingested, the Jower the blood cholesterol
level For example, 1n 49 subjects on a fat-free
diet m whom the blood cholesterol decreased
21 4 per cent, a further decrease of 10 to 13.8
per cent occurred when corn oif was added to
the det. additton of butter resulted m a
sharp mcrease n levels

In the light of thes, 1t 15 reasonable to
wonder whether the structure of the fatty
acsds mvolved is responsible for the greater
efficacy of some vegetable ails than others
There 1s growmg evidence that the degree of

oma, it has been amply d d that

h ceases when chol 15 with-
drawn from the diet and that the vascular
lesions may regress 1n part or completely. To
assume, however, that a similar effect obtains
1 man 1s an unjustified conclusion, although
admuttedly there is no evidence that it does
not. Qur knowledge of all the factors con-
cerned, such as the role of endogenous cho-
Jesterol, 1s still so meagre that no definite
posttion can be taken on whether athero.ma
formation 1s affected by dietary restniction
There is a hitle clinical evidence that it may
indeed be s0 **

Some investigators feel strongly that the
crux of the dietary problem 1s the amount of
total dietary fat, regardless of whether it 1s
anmal or plant 0 origin, and that it 1s neces-
sary to reduce it all to affect the blood bipids

4032

beneficially.

may be dectsive Corn il con-
sists almost entirely of highly unsaturared
tnglycerides. It contains about 57 per cent of
Iinoleic acid which has a high 10dtne number,
ndicating a large degree of unsaturation.
When more saturated fats are taken, the blood
cholesterol Jevel rises If cottonseed o1l 15
gwen, a blood cholesterol figure 15 reached
which rises when the o1l 1s saturated by hy-
drogenation  Sinclawr,”™ and Bronte-Stewart
and associates”™ pursuing a sumilar fine of
reasomng, argue persuasively for the impor-
tance of highly unsaturated “essentral fatty
aods” (EF.A), especully hnolerc aeid
Diets rich 1n saturated fatty acids but low
sn EF A, or vitarun B, (needed for the con-
version of linoleic acid to arachidonic acid)
will, Sinclair feels, result in the formation of
cholesterol esterified with saturated fatty acids,
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a form of cholesterol more likely to be stored
1w artertal walls as atheroma. Soybean oil,
linseed oi, millet seed, and walnut are other
sources of unsaturated linolenate

EF.A may be saturated when fals are
hydrogenated or deep fned. The relatve im-
munuty, if it exists, of the Eskimo to atheroma
despite Jus high animal fal jntake may be
because so much of lus tood is in the form of
unsatorated marme fatst on the other hand,
whale o1l prepared for use in oleomargarine
i d, h d and thereby
by hydrogenation An arresting observation
is the finding by Swclair that in expenimental
anjmals, males are about five times as sus-
cepuible 1o EF A deficiency as are females.

In this connection, other accessory factors
may be iavolved in the abnormal lipid metab-
olism which may result i atheroma Schroeder
poiats out:

Vitamin B, or pyndoval phosphate may be in-
volved This ubiquitous coenzyme not only acts
as boglases and but
promotes the conversion of linoleate to arachido-
nate and linolenate to hexaenoate in rats, thereby

the ot partly

fatty acids Furthermore, deficient states in mon-
keys result in subiotimal Yesions microscopically
adentical with those of early atheroscleross (pro-
viding a locus where hipids are deposited?); and
deficient monkeys fed cholesterol exhibit much
highec blood-levels than do controls, This heat-
Iabile, hght-unstable cocnzyme v low 1n many
pracessed foods, and many dictaries may be mar-
ginal during winter seasons, Does a partly defi-
ctent man handle lnoleate or even oleate less
readily than one with adequate amounts of this
witarun?

The second influence 1s, strange by aay, in trace
metals Pyndaxal probably requires 4 {race metal
for activity; on two decarbotylases that
metal 15 possibly zne Curran has shown that
chrommm increases hepatic synthesis of cho-
lesterol and fatty acuds it cats by 150%, vanadium
depresstng synthesis markedly and even reducng
aortic hpids by a half mn cholesteral fed rabhily
Furthermore  a chelating agent which v nt
metabahised, c¢thylenediamine tetea acetate, re
duces plasma-cholesterol markedly and. rapudly
when given intravenously and often reduces 1t to

Bantu levels® when given orally There are
vamable but often refatvely farge amounts of

abnormal” trace elements 1o Amencan human
tissues from all caties stodied, with fewer 1 Amer-
scan shlffborn wnfants and traces to sone in the

tissues of “raw” African natives (I H Tipton,
persopal communicatton)  Renal and hepatic
cadmum, a decarboxylase inhibitor, chromum,
tn, htanium, nickel, and lead are some of the
“abnormal” metals found, of which several are
pp the results of “civth " showing
marked differences in these three groups, Some of
these are antimetabolic Cadmwm 15 especially
high and accurnulates with age. Can ant abnormal
trace metal affect a pyndoxal enzyme system so
as to cause a conditioned local deficiency? If so,
Iiprd metabolism nught be altered.»

William Dock pomts out 1n a personal
communication:

The reason why saturated fats are sa fmpartant
is becomng plain. Endogenous plasma cholesterol
is largely estenified wath unsaturated fatty acids,
the cholesterol in atheromas, as MacArthur
pointed out in 1942, 15 largely estenfied with the
commonest saturated fatty actd, palmitic acrd
The bile of normal people on low fat diet pro-
vides 1.5 Gm. of cholesterol 2 day On fatty drety,
and in those with hypercholesterolemra, this may
Tse to 3 Gm or more In any event, about 70
per cent of the bile entering the duodenum, in
food or bile, it reabsarbed. If this absorbed ¢ho-
lesterol is estenified with fats with jodine numbers
around 125 (that of corn oil), the blond cho-
lesterol does not rise appreciably, If evtenficd
with fats wuh iodine numbers under 90, there 1
significant nse Since butter and beef fat have
Aumbers under 40, and coconut o1l has an fodine
value of 7, 100 Gm. a day of these may double
the g.plobulin-bound cholesterol ta the bload of
3 healthy young subject, and provides the iners
ester found tn the atheromas Ten epgs a day amfy
double or triple the cholesterol availabie firr
alimentary absorption, but changing from ft4
Gm of unheated fish or corn ol to 1) G, of
fat from fned eggs may cause a ten. 1, r:u;r' -
012 increase m avanlable saturated Lugy it
Since the dairy Products and eggy, wo gbvngopr
n the dict of those prone to corgn,, o

ry dinens

contain both cholesterol and satur et gopr e s
2 it

not remarkable that it has faken s, ’R‘,' '"

* <t

any the Significance of the 4o, o
tercoteris

which the RUSIANS €YOKEd 1 1,361, o goors
T3 by fordivg

wrumal fat oc pure cholesterot,

On the basis of all pyg Slrey, §
been permuting my potiers, - r,; f‘"““' e
fat qmostly n the form o ¢y vez L;,
o) up to thisr calone pu, e v -
been redicing the aoe fm:,v‘ m;r_:_
vealty checking fhe g, o 04T D
detecon of those ¢y poey st

W mprs =
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reduction. Response to this regimen varies
with the individual, much as it does to msulin
or other drugs or to obesity diets In some
patients, moderate restriction of ammal fat re-
sults n a marked decrease in blood lipids,
espectally cholesterol, in many more, fat re-
striction for a fong time 1s necessary to effect
such a reductton. It 1s probable that the essen-
tial fatty acid content of fats 1 the dret should
be at Jeast 5 per cent if the serum cholesterol
15 to be hept down

Schroeder has proposed a somewhat similar
regimen.”™* He reduces the ntake of saturated
fat by about 50 per cent and provides 05
Gm. linolenate each day by use of soybean a1l
1 salad dressing, sauces, and cooking In
addution, he guves § to 10 mg of pyndovine
and 1 0 Gm of the calcrum complex of ethyl-
enedramune tetra-acetate.

Dietary protein may be as mmportant as
dictary fat m the metabolic background of
atheroscierosis *° As a rufe, the protemn Intake
1s directly correlated with the fat intake It
has been established that the serum achpo-
protein fraction definitely nises m protemn
depletion due to plasmaphoresis or to a pro-

i doses of 5 to 6 Gm immediately before
meals fo 14 suhjects, 12 of them hyper-
cholesterolemc, for 22 weeks, with periods of
placebo control; n all of them the total
serum cholesterol was decreased, the effect
becoming evident at the end of the first week,
with further declines subsequently.’ No tend-
ency to “escape™ was noled for periods vp
to 18 weeks Neutral fats and the Sf 10 to 30
and 30 to 100 hipoproteins also decreased No
decrease m phospholipids occurred

Best and associates’™ point out that the
blood cholesterol level 1s apparently regu-
lated by an efficient homeostatte mechanism,
a farly constant level berng mamtamed in
dynamic equilibrium The average Iife span
{regeneratron ttme} of a molecule of plasma
cholesterol is about 12 days, cholesterol 1s
h berag lized or
excreted and replaced by synthesis or absorp-
tion from the 1ntestinal tract The absorbed
cholesterof includes that 1 the food and that
excreted by the fiver 1n the bile; since both
are n the form of free rather than of esterified

cholesterol, 1t 15 assumed that their absorption
m the mtestinal tract 1s the same The effect
ts th more effi than a mere Te-

tein-free diet, or ra states of mall and
chronic wasting, states in which the meidence
and scverity of atheroma are decreased

striction of dietary cholesterol,

It has been supgested that endogenous
cholesterol synthests vanes inversely with the
supply of duetary cholesterol.” The constant,
effect of sitosterol over long

SITOSTEROLS The sitosterols are the
most of the ph Is, the plant
sterols  Results of vestigations of these

sterols may prove to be important m solving
some of the problems listed here There are
at least five varieties of sttosterols—aj- a3y
are B~ and ysitostesol The last two are
somers and are closely related to cholesterol.
Investigation at present 1s concerned With
B i, and it 15 thes which 15
teferred to hereafter as siosterol. B-Sitost-
erol, the principal sterol of cottonseed ol
tall oif, and wheat germ osl, 15 poorly 2b-
sarbed by the body, y-sttosterol 1s the prin-
crpal sterol of soybean otl, 1t does not have
the same effect as B-setosterol **

Chucks on an atherogentc, high-cholesterol,
mgh-fat dict, when grven sitosterol, had Jower
plood cholesterol levels and considerably Jess
atheroma formation * Patients on their usual
diets with supplementary crude soy bean

pe‘;:ods of time supports the hypothesis that
this substance blocks the reabsorption of
endagenous cholesterol excreted in the bile,
as well as the absorption of ingested cho-
lesterol. Tt has been suggested that stimulating
the excretron of bile, making more endogen-
ous cholesterol available to the blocking
acton of I, potentiates hyp )
emic achion of the latter ™

By what mechamism sitosterol interferes
with cholestercl absorption is not clear, The
muxture of sterols, it has been suggested,
causes formation of nonresorbable crys-
tals.5¥ ® Another suggestion, based on findings
1n rats, 1s that the plant sterol interferes with
the estertfication of cholesterol, and hence
with sts absorption ** Whatever the mechanism
may be, the sitosterol shonld be taken as close
to the meal as possible, to assure complete

i No adverse reactions have been

1 fevels.
sterot showed lowered
sutosterot, in the form of a hquid (JO‘mI.
contained 98 per cent pure sterol) was given

reported The substance may be given m the
uquid form, or as a biscuit.?
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‘The fall in serum cholesterol with sitosterol
administration is confirmed in other studies®
Sitosterol was given in the form of biscuits at
each of the 3 meals; larger dosages (1510 25
Gm. daly) seemed to be more effective’
Plasma cholesterol reductions of 10 to 14
per cent were noted 1n 6 of 10 pattents given
sitosterols,)™ My own experience, and that of
others not yet reported, seems to indicate
that the effect of sitosterot 1s trregular Signifi-
cant falls in blood cholesterol occur 1 about
two thirds of the patients who take sitosterol,
but there is no way of predicting what the
response will be. Investigators have noted that
success with sitosterol occurs pricipally in
patients 1n a “hypercholesterolemuc state,™
which 1s not a disease entity but a mixed
group with varying charactenistics, further-
more, “sitosterols” are far from being of unt-
form composition, so that there are at least
two variables so far,®®

Electrophoretic studies have revealed that
the p-lipoproteins decrease after sitosterol
administration ** Combmed with the observa-
tion on its effect on the Sf particles, 1t would
appear that sitosterol reduces not only the
total cholesterol but also the Jipid fractions
usually werimaated in caustng atheroma

With dosages of 7 Gm. of sitosterol daily,
the blood cholesterol did not decrease®
Sitosterols were found not to have an effect
on mtestinal ab of mn

to 20 particles.™ The population studies by
Keys and co-workers™ (see Chapter 3) dis-
close that in groups with a generally low
level of blood cholesterol there 1s some corre-
lation between the cholesterol concentration
and relative obesity, but that in groups char-
acterized by high serum cholesterol levels
there is little relation between these levels
and obestty. The overweight are generally con-
ceded 10 mamfest more pronounced fluctua-
tons in cholesterol values than persons of
normal weight. The blood cholestero! m the
overweight decreases with dietary restriction,
in those of normal weight 1t does not > *

The fiber content of the mgested food may
have some beanng on the problem of diet
and cholesterol values.""? Diets low o fat are
high 12 restdue and contam large amounts
of crude fiber. The cycle of intestinal absorp-
tron and excretion of cholesterol m the mn-
teshnal tract may be felated in some way to
thrs fact

The role of weight changes and caloric
intake has not yet been determined exactly,
A study of 24 women on diets coptainmng
approximately 1400 calories and 50 to 80
Gm of fat, who Jost 15 to 60 pounds at rates
of 0.6 to 2 pounds a week, and of 12 women
who remained on free drets and lost no
wetght, disclosed that weight loss was unac-
companted by a decrease m blood levels of

T
man or rats, and caused no changes in the
plasma cholesterol of 6 patients after 6 months
of treatment.””

Should stosterol fulfill s early pronmse,
some patients with coronary disease will find
fe more bearable Use of sttosterol three
times a day will then be indicated for patients
who cannot or will not maintamn a dret which
will Jower the blood lipids For the majority
of patients, who follow the prescrtbed diet by
and large, stosterol for one meal a day ar
for the occasional splurge will mean a great
deal At the moment, the evidence pornts
to only very restrained optimism with regard
10 the use of ths sterol m treatment

OTHER FACTORS

Factors inherent 1 the individual may
modify or nuthfy the dictary efforts to con-
trol the blood Iipids

Obesity scems not to be assocrated with
hyperchotesterolemea® or an excess of Sf 12

or other hpids, 1f anything, these
blood constituents seemed to increase
shightly ™ Caloric wtake as such has hetle
mfluence on the blood hipids, any noticeable
effect may be secondary to altered fat me-
tabohism commonly assoclated with changes
in calone intake

In contrast are the findings 1 3 healthy
young men on measured diets contamng 150
to 175 Gm. of fat but varying n other con-
stituents, doubking the calonc intake did not
affect the serum Iipuds when the weght was
kept down by esercise, with activities re-
stricted and werght gain permmtted, the cho-
lesterol increased sharply and the g-hpopro-
tems increased in 2 of the 3 subjects, with
weight loss due to restricted caloric tatake,
the high serum Iipids prompily fell to theur
former levels  In my patients, I have almost
never seen a decrease n serum cholesterol,
whatever the regimen, when the patient was
ganmg weight Observations that weight foss,
regardiess of the subject’s nutritronal state at
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the start, was assocrated with decreased levels
of all three classes of Sf lipoprotewns and
of total cholesterol, and that weight gain,
despite low dietary fat, was accompanied
by an increase in these constituents, confirm
the ghove findings.”™ Walker™ concludes
“If elevated serum hipid levels contnbute to
the causatton of atheroscleross, weight re-
duction 1s a proper treatment for this disease.”

In general, w seems a lttle easier to briag

have found that patients on this dret manifest
few symptoms winch can be directly charged
to the diet,

Ewidently, thercfore, the basic human need
for fat 1s not known, It 1s probably advisable
not to reduce the daily fat quota befow the
pomt at which it provides less than 15 per
cent of the datly caloric requirements. In any
case, patients on low-fat diets should be
gwven supplementary tat-soluble vitamins

down an abnormally high blood ct 1
level than to effect a decrease 1n a normal
level, but the difference 1s not striuag The
vaniation in the mdividual’s response to dietary
measures presents greater difficutties
Although 1t now seems possible that
drastic reduction of dietary fat will lower the
blood cholesterol, the procedure may be
dangerous In ammals, such reduction, with
carbohydrates substituted to make up the
necessary calories, leads to fatty degenera-
tion of hiver and kidneys This may be due to
a lack of essental unsaturated fatty acids
Rats on a dict  which fat supplies less than
10 per cent of the calories soon show *changes
m compostion ot body lpid suggestive of
ageing "™ Dogs need at least 16 per cent of
their calortes as fat and more than 1 per cent
as unsaturated fatty acrds 1n order (o sur-
vive
The mimmal fat requirements of man have
not been established. The scant observattons
on persons who have been completely de-
prved of fat for long periods seem to indr-
cate that falty acids ave a dietary essen-
tial ’¢ 1% Some workers have suggested that
such a defictency may occur in patients treated
with Kempnet’s nice diet,** but others found
ne evidence of sigmiicant liver damage after
long periods of this diet ¥
When Page™ cut hus own fat consumption
drastically he suffered from gastrowmtestinal
disturbances, depresston, and  rontability.
Weakness, gastric disturbance, constriction mn
the chest, or sense of impending collapse have
been seported n some patients on Jow fat
diets®? On the other hand, patients on the
practically fat-free nce and frwit dct for
many moaths, whom I followed closely,
seemed to suffer no i} effects, after an inttial,
uspally considerable Joss, the werght stabihized,
and aside from grumbling about the diet the
patients had few complaiats, Others, too,

Can fs of fat, espe-
cially cholesterol, cause or tncrease atheroma
formation? This 1s not, as some believe, the
obverse of the question whether low-fal drets
will prevent atheroma formaton or cause
it to regress, for the basic implications of the
problem are quite different.

Feeding uousual quantittes of cholesterol
to some ammals, € g, rabbits, quickly causes
coronary atheroma Other animals, ¢ £, dogs,
are more resistant, and additional traumatic
means must be used. In still others, athero-
matosis cannot be mduced by dietary means,
The differing behavior of the vartous animal
spectes 1s reported n detail by Katz and
Stammler

So far as man 1s concerned, some nvesti-
gators report that excessive ingestion of
cholesterol does not raise its level in the
serum ** % Others bave reported the con-
trary, thus, all the serum lipids increased in
1 subject fed fatty pemmtcan for 6 days®®
the serum cholesterol increased mt subjects
on a meat and fat diet excluswely,'"™ the
blood cholesterof rose significantly after -
geston of large quantitres of egg yolk
powder ™

While most of the observations on the
effect of fat mngestion on human blood have
been made on normal subjects, a more pertt-
nent questron 1s what happens when large
quantittes of ammal fat are ingested by a
patient with coronary disease Such subjects
have already performed the “expenment of
nature” and have conclustvely demonstrated
that their coronary artertes cannot satisfac-
tonly handle the hpids presented to them

In an avestigation of mme, reported m
detail elsewhere,*” three groups of 27 patients
each were closely studied. ANl the members
of the three groups were muddie-aged men.
Group A consisted of patients with Anown
coronary disease (previous intarcuon or un-



LIPID METABOLISM 55

equivocal angina pectoris). Group B com-
prised patients with coronary disease, matched
as closely as possible for severity and stage
of riness with Group A. Group C consisted
of patients without evidence of cardiac dis-
easc and with normal elecirocardiograms;
afl had duodenat ulcers and were on a high-

might not eventually have resulted in vascular
testons.

A summary of the data obtamed {o thus
study is given 1 Table 5, From the observa~
TaBLE 5. EFFECT OF DIET OV THrRE: Groups

(27 MwoLE-AGED MEN IN EacH GROUP) wiTh
Various CONDITIONS

creanm, high-fat diet le 1 every
respect to thé diet of Gmup A. Groups B
and C were tahen from outpatient files, their
records being matched as far as possible, with
regard to age, height, werght, and occupation,
1o those of Group A.

A year or more after the diagnasis of cor-
onary discase was made in Group A, peptic
ulcer developed m every case; there were
typical symptoms, and the diagnosts was
confirmed by roentgenography. All the
patients, on thewr own imuative or as directed
by the physician, went on a high-miik, hugh-
cream diet, 1 most cascs the Sippy diet or
some modificatron of 1t Withi 7 months
after the start of this diet, 10 patients, all
between the ages of 38 and 55, had died In
aft 10 tases, orrumsiantial evidence pointed
to cardiac infarction as the cause of death,
1 6 of them lhls could be conﬁrmcd by post-
mortem
of one or morc man coronary arteries was
found in all 6 cases, and fresh thrombus
was present in 4 Of the remainmng 17 patients,
non¢ dred within I year, but m 12 of them
symptoms of angina pectoris appeared or
grew worse withn 3 months of starting the
diet, 1 14, the cardrac conditron grew worse
durmg the first year, and 7 had new nfarc-
tions These figures, 1o my mnd, strongly
suggest that a high-anumal-fat deet 1s harmful
to persons with coronary disease My subse-
quent observations on this type of patient
have confirmed thesc figures

In Group B, the condiion of 9 patients
deteriorated durning the year of observatton,
5 suffered wfarctions, and 3 of them died

In Group C, subjective or objective signs
of heart disease developed 1n only | of the
27 patients durmg the year of observation,
this patient had nuld angina pecrons, but
there were no changes in the electrocardio-
gram 1t cannot be concluded from this that
damage may not have started, or that con-
unwng the high-fal diet i thes age group

Effects
Ce mdmn

Death 1n
1 year Injarcuon

det
Group mnoll

A coronary disease,
duodenal nleer,
high-cream et 10 22 24

w

coronary disease,
usuat deet 3 5 2

13}

pormal heart,
duodenal ufcer,
highfat diet [ 0 1

tions just described, and substantiated by
data on a larger series (still unpublished), I
am Jed to conclude, st least as 2 working
hypothests,  that (1) High-ammal-fat
(cream) diets seem to cause deteriaration in
the chinical course of coronary disease. (2)
Sinufar diets cause no  obwvious cardiac
changes, 1n a I year period, m men of the
same age whose hearts are normal,

In 6 of 14 patients with coronary disease,
angma pectorts developed, not immediately
but 3 to 5 hours after, the ingeshon of a fat
meal * This pertod cancides with the herght
of postprandial permia 1 have so far been
vnable to detect similar changes m my
patieats.

There 1s strong evidence that fat tgestion
may increase the nisk of increased blood
clotting The Itpids may play an important
70le 1w vizo blood coagutation, but 1t has
not yet been established thot they do so i
viro when the platelets are npormal, por s
the mechanism clear ™

BLOOD 1IPIDS, HORMONES, AND
ATHEROMA FORMATION

The suspiion that the endocnine glands,
espeerally the gonads are i some way related
to the pathogenesis of athcroma is ines-
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capable Some aspects of this problem, as they
relate to sex differences 1r coronary disease,
were discussed in Chapter 2. Here the pos-
sibility that the glands’ effect on the blood
vessels may be mediated by changes m the
blood Iipids will be examined

Expertmental studies have furnished the
bulk of the available evidence. The conclu-
stons drawn from such evidence obviously
cannot be applied without further ado to
other species of animals or t0 man, but they
are nevertheless suggestive The review by
Katz and Stammler*® 1s comprehensive and
supplies an indespensable bibliography.

GONADAL HORMONES

In ammals, kpid metabolssm and athero-
genests are affected by admustration of
thyrord hormone or adrenocortical sterords
and by disturbances 1n pancreatic functon,
but m no clear-cut or conclusive fashron. The
effect of gonadal hormones 1s much more
definite, however. Coronary and aortic
atherosclerosts ordinanly develop i choles-
terol-fed cockerels, but concomitant admin-
wstration  of estrogens  prevents athergma
formiation The fact that aortic atherosclero-
sis contmues to develop points up the ob-
servation that antherosclerosis advances at
varymg rates, presumably in response to
differing conditions 1n different parts of the
vascular bed During the hen's egg-producing
season, when there 1s endogenous estrogen,
dietinduced coropary artery disease 1s also
prevented Estrogen has a prophylactic action
even m depancreatized chicks or m those
with byperadrenalism and steroid diabetes
induced by ACTH or corticoids In addition,
estrogen prevents the hypertension usually
induced by cortisone or DCA This 1s of
some 1nterest, since hypertenston apparently
accentuates atherogeness 1n antmals with

away from that currently thought to be
atherogenic.

The estrogens scems to be effective in
therapy as well as in prevention. Admin-
istration of estrogens seems to have a bene-
ficial effect on both the lipophage and the
fibroblastic clements of coronary atheroma
in ch I-fed chicks with ad: d cor-
onary lestons, despite continwed cholesterol
feeding The coronary arteries of chicks sacrni-
ficed within a few weeks after starting estro-
gen therapy showed almost no lesiops. It
scems clear, thercfore, that coronary atheroma
15 @ reverstble process in this species.

In cocherels, estrogens have the same
antiatheroma action even when androgens
are given at the same time; however, the
femmzing effect of the estrogens 1s pre-
vented. Unfortunately, this effect 1s not
duplicated 1n man

In rabbits, neither exogenous hormones
nor endogenous ovarian secretton seem to
have any suppresive influence on cholesterol-
induced coronary atheroma 2 *

The cholesterol and phospholipid concen-
trations arc normally about the same tn male
and temale dogs But when atherosclerosts 1s
induced by thiouracit and cholesterol admin-
sstration, the phospholipid and  cholesterol
concentrations, as well as the cholesterol-
phospholipid ratio, rise to higher levels 1n the
male than n the female; this more precipitous
nse starts soon after the start of the ex-
peniment.”®

EVIDENCE IN MAN The concept that
estrogen influences the blood Itpids in man 1s
receiving Increasing support from accumulat-
mg evidence

Normally, the x-lipoprotein~3-lipoprotemn
ratto 1s relatively greater 1n young women
than 1n young men of the same age® In-

experimental distacbances of lipid

Concurrently with preventing coronary
atheroma, the estrogens exercise an cffect
(probably a necessary iniermediate ::\cnon)
on the plasma lipids The phospholipids are
increased, so that the plasma cholesterol-
phospholipid ratio shitts toward normal
There 1s 2 simultaneous stuft in the a-lipopro-
tein—ﬁ-llpoprmeiu rato and i the ultra-
centnfugal spectrum of the plasma Iipopro-
teins. In each case, the change 1s in a direction

creasing of a;-hpop
have been reported in  postmenopausal
women *

Admiustration  of estrogens, whether
ethynyl estradiol (Estinyl), estrone sulfate
(Premarin), estradiol benzoate, or dwethyl-

I, to p f patients produced
a starthng result: the cholesterol m the
a-Ttpoprotein fraction increased and that in
the g-poprotein fraction dropped” The
cholesterol-phospholipid ratio of the whole
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plasma and in the g-lipoprotemn fraction fell.
In most instances, the plasma cho1eslew]
Tevel also The

bpid values finally appmached those of
healthy young men After 2 cumulative effect
for several weeks, a plateau is reached, but
when estrogen is discontinued the lpids
promptly return to pretreatment levels In
another series of patients, ethyny! estradtol,
025 to 1 mg. daily by mouth, resul(ed in a
i fall 1 the chol

ratio, m half of the cases this changc wns
due to a lowering of the serum cholesterol, in
the inder to ! phospholipid
levels.®® In 20 hyp men

phosp

discase, women who have undergone surgical
castration do mnot enjoy the same im-
munity?* >
Some il have found imp:

ment in both symptoms and electrocardio-
grapbic pattern 1 patients with coronary
discase treated with estrogens ' Decreased
coronary atheroma has been reported in pa-
tients treated with large dosages of estrogen
(men for prostatic cancer, women for breast
cancer).™ No change 1o the incrdence of chest
pain or n the electrocardiogram was found
n one series of patients with coronary dis-
easc given ethynyl estradiol 3% Rcsul(s up

with coronary disease, ethynyl estradiol in
doses of 02 to 0 6 mg. daily caused a 25 per
cent decrease in the mean plasma cholesterol
level (almost entirely chalesterol esters), the
plasma phospholipids remaimned constant so
that the at ly high chol 1-ph
pholipid ratio dropped to normal ™

In a study of the relationship between the
fonadal steroids and atherosclerosis m 16
subjects,” it was found that: (7} Hypogon-
adism in either sex, other endocnine functions
remaining intact, 1s associated with a Jugh

1 @)

1-1tpop

increase these hipoprotens; normal thy?oxd
function, howevcr. may be a prercqmsne
(3)And one,
reduce a;-Ipoprotein cuncentmnons. (4) In-
creased ay-lipoprotein ons are often

to ber, 1954, in a loag-t
tion of this phase of their work, were re-
ported by Katz and co-workers to be promis-
ing®

Effective dosages of estrogens mvariahly
produce undesirable side
mastia, loss of libido, suppression of sperma-
togenesss, atrophy of tubular and Leydig
cells; irrttability, depression, and a teadency
to salt and water retention (most undesirable
n heart falure) may occur.®®

For many years, testosterone was given to
patients with coronary disease for no better
reason than that st had a nonspecific “tonic
effect.” It now appcars, on the basis of a
number of reports, that the androgens may
have an undesirable effect w coronary dis-
esse In hypogonadal men,

associated with lower levels of a.-ltpoprotemn,
and vice versa (5) Results of el P

y reduces the serum concentration
of ar-hipoprotein, and this effect 1s not pre-

suggest that steroid-induced changes 1n lpo-
protein levels are due to changes in the Iiprd
fraction rather than in the protetn motety.
Estrone sulfate, 5 mg by mouth daily for
2 to 25 weeks, caused a sharp decrease in
the cholesterol and total bipid levels in al-
most all of 17 men ** The greatest reductron
occurred between the second and tenth weeks,
with continued therapy, however, the blood
levels returned to pretreatment levels In pa-
tients with coronary disease, the scrum g-lipo-
protetns and the Sf 12 to 100 particles fell
when estrone sulfate was admmistered, 005
mg per kifogram of body weight, intrave-
nously * In the normal male, diethylstilbestrol
was found to increase the serum level of
ayhpoproten @ Whereas  premenopausal
women are relatively exempt from coronary

vented by gens A t was
found to decrease consxslcnlly the total cho-
lesterol 1n the a-hpoproteins, Small doses of

Y the app )
beneficial effect of estrogens oa the blood
ipsds, 10 marked contrast to the findings
chicks Androgens therefore cannot be given
w the expectation that they will merely neu-
tralize the fermmazing effects of estrogens
without adversely affectng the liprd metab-
olism Androgens have been found to render
the hpoprotein pattern of the cunuch, the
eunuchord, the normal male, and the normally
immuee premenopausal female “more ather-
ogemc”, the suggestion s made that the

their action
by depressing androgen production via sup-
presston of pituttary gonadotropin or by
neutralizing circulating androgens ™
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The demonstrated action of sex hormones
on the blood lipids 15 of great theoretic and
pracucal smportance Since these blood con-
stituents are shown to be subject to hormonal
coatrol, both the causes of coronary disease
and the therapeutic implications need careful
consideratton

THYROID GLAND AND LIPID METABOLISM

It 15 usually accepted that hypothyroidism
(myxedema) tncreases the tendency to coro-
nary disease,”” ™ this takes the form of
classic athcroma, and probably 1s related to
the crease m blood hpids The fact that
the blood cholesterol 1s high 1 myxedema
has been known for a long time,** more re-
cently, it has been established that the mean
total hipid, total cholesterol, phospholipids,
and g-hpoprotein are all increased while the
o-lipoprotems change only shghtly. * These
deviations from normal are qualtatively the

this abnormality is normal; 1 the homozyg-
ous indwidual, however, atheroma may de-
velop at an early age, Xanthoma tuberosum
15 the form of the dwsorder in the homozy gous
The bloed cholesterol level 1s not influenced
by dietary measures, lipotropic substances,
or thyroid extract.

Cogent arguments are advanced by Adlers-
berg for the concept that hypercholester-
olemra, atheroma (espectally in persons be-
fore age 50), and xanthomatosis are different
aspects of an snborn error of metabolism with
1mportant genetic factors, In the majonty of
his patients with coronary discase below the
age of 50, the serum cholesterol levels were
highs one third to one half of thewr siblings
afso had high blood cholesterol levels, and
many had arcus senihs and xanthelasma; a
few had xanthoma Genetic analysis revealed
that these mdviduals fitted mto a 1.1 mende-
han ratto, and the metabolic defect was prob-
ably d as a tratt, He sug-

same as those found m P yp
lesterolermia, a condition 1n which coronary

gests that the heterozygotes are those with
! J coronary disease who carry

disease 15 frequent, 1 d however,
the mse sn g-lipoprotem is not as great* It
1s therefore possible that different mccha-
aisms are responstble for the blood lipd
changes 1n the two conditions The admini-
stration of sutosterols reportedly induces a
reductton of all the bleod lipids 1 myxe-
doma

OTHER DISORDERS OF LIPID
METABOLISM

p
one gene responsible for faulty lipid metab-
olisnt, the homozygotes are the ones who
carry two genes and have famulial xantho-
natosts Wheeler,™™ 100, conciudes that hyper-
cholesterolentc xanthomatosis is an inherited
disorder transmutted by simple mendelian
donunance
In essenttal or idiopathic hyperhpema,
which 15 usually held to be a benign disease,
the serum contatns large quantities of neutral
fat and turns milky on standing As a rule,
the serum concentration of the phospholp
and cholesterol, both trec and estenfied, 1s
d. The di 15 not without

Duabetes mellitus, myxed and  the
nephrotic stage of chromie glomertjonephrius
are charactenzed by high blood levels of
chalesterol and a high mcidence of coronary
disease. There 15 also a heterogeneous group
of disorders characterized by disturbances of
fipid metabolism, assocrated 1 some cases
wsth skin deposits of hpids and/or ather-
orng 1t 62 108 120

For the metabolic disorder 1 which there
is a characteristic increase of the fotal blood
cholesterol, a normal proportion of cho-
festerol esters, and an mcrease i phospho-
lipids, Witkmson'® prefers the tern{ vessential
familial hypercholesterolema.” 4L1fe expec-
tancy for the heterozygous 1ndividual with

danger of 7 patients with an average age of
46, 4 showed defimte evidence of premature
atherosclerosis ' Others are of the same
opinion, and propose that xanthomas of the
extensor tendons of the fingers, tuberous
xanthoma, and coronary disease occur quite
f ly in both yperhip

and primary hypercholesterolemic Xantho-
matosts® (Figs. 21 and 22). Table 6 gives
the differentia} diagnostic features of the two
conditions.

Three types of xanthomatous skin lesions
may oeccur n coronary disease xanthefasma,
xaathoma tuberosum, and xanthoma diabeti-
corum




FIG 21 Idiopathic hyperhpemio 1Top' Tuberous  butocks and kneo 1Battom Tuberous xonthomos on
aonthomoy on honds  Middle, Eruptve xonmomay oh  elbows (From Lever et al®t)



2 Primary hypercholesterolemic xanthomatosis
hihelasmas of eyelids (Middle Jeft} Xanthomas

distal fo knuckle of middle finger (Botom) Xonthomas
of patellar tendons (From Lever et ol %)

es tendons (Middle nght) Tendon xenthoma
ELASMA ‘hyperchol th * and
known as hel coronary may be found m about

Iy appears n the fifth or “suxth decade
and occasionally earlier The lesion
, of a soft, yellowish plaque which 1a-
the eyelid and especially the inmer
. Coronary disease, hypertension, or
s is present 1a at least one third of the
s with this lesion
blood cholesterol level is tnereased
cent, and in 20 per cent or more of
. advanced coronary disease is pres-
Jo definite pattern of SF particles has
ound. Thannhauser®® concludes that
ion is “always a symptom of familial

50 per cent of the patients. Elevated levels
of blood hpids are said to occur m 50 per
cent of cases of xanthoma of the eyelids
alone, in half of these (25 per cent of total}
there is evidence of cardiovascutar disease ™
This coincides closely with my own experi-
ence In any event, all patients with xan-
thelasma should be carefully followed.

XANTHOMA TUBEROSUM

This lesion may appear at any age, but 18
most common in young adults, developing at
a much earlter age m males than i females.
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Tawtg 6.

DrFFERENTIAL DiagNosTIC FEATURES OF FAMILIAL HYPERCHOLESTEROLEAIC

XANTHOMATOSIS AND IDIOPATHIC HYPERLIPEMIA

Duagnostic feature Xanthomarosis Lipema
Serum Clear Turbid
Cholesterol level Increased Increased
Phospholipid Tevel Increased Increased
Neutral fat level Normal Increased
Electrophoretic pattern B-Lipoprotein always increased e, or a,+p-Lipoprotemn ele-
vated

Chemical protein fraction-

a,-Ltpoprotein normal, f,-Lipo-

a-Lipoprotern normal, 8-Lipo-

ation protein greatly increased protemn greatly increased
Glycoproteins @, arlipoproteins notmal, - oy, orLipoprotemn normal, g-Li-
hipoprotein  moderately - poprotein moderately elevated
creased
Sedimentation rate Increased Increased
Xanthomas
Papular Absent Common
Tuberous Common Common
Eyelds Common Absent
Achitles tepdon Common Absent
Patella Commoan Absent
Extensor tendons of fingers Present Present
Hepatosplenomegaly Absent Common
Abdominal eramps Absent Possible
Coronary disease Cormmon Common

The sites of predilection for the yellow to
brown papules, nodules, or plaques (some-
times tumors) are on the extensor surfaces
around the large joints, especially the elbows,
knees, hips, and heels The axillas, palms,
soles, tendon sheaths, and synovial rem-
branes may occasionally be affected The
coronary arteries are involved in 40 to 50 per
cent of the cases. Hypercholesterolerma is ex-
tremely common and may be severe. The St
20 to 100 hpoproteins are considerably in-
creased ™

XANTHOMA DIABETICORUM

Another name for this condition 1s xan-
thoma eruptivum, The lesion resembles xan-
thoma tuberosum, but 13 of smaller sze and
oceurs in greater numbers Diabetes melhtus
is the condition m which it occurs most
frequently, and there ss usually an associated
hypercholesterolemia
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CHAPTER 5

Tobacco

THERE 1s no longer much doubt that smok-
mg affects the circulatory apparatus, although
the effect 1n some individuals 1s much greater
than 1o others. That smoking aggravates
existing disease also seems probable, but
whether it can induce disease m healthy tis-
sue is a matter of controversy

In normal man, the cardiovascular changes
that occur with smoking are. (/) mcrease
in beart rate, (2) increase in systolic and

were noted  On rings of human coronary
artery, nicotine has no effect or it constricts
them In the whole animal, however, the
effect of nicotine closely resembles that of
epinephrme, causing an mcrease in blood
pressure and 1n coronary flow In the isolated
rabbit heart, small amounts of nrcotine in-
creased the coronary flow, 1 touc doses it
reduced the flow ® Smoking has been re-
ported to rase the blood sugar,? but the

diastolic  blood pressure, (3)

* oy i ectopic

contractions, and (5) occasional electrocardio-
graphic and ballistocardiographic changes

Nicotine 1s probably ible for the

effect 15 * In beart-lung prepara-
tions m the anesthetized dog, nicotme at
first increases (he coronary blood flow, this
1s followed by a prolonged reduction m flow
1n rate of onset and duration that

changes in the crrculatory system produced
by smoking Cigarets made of cornsilk or
of a practically nicotine-fre¢ tobacco do not
cause these changes Smoking of denicotm-
ized or of filter-type cigarets produces bal-
hstocardiographic changes, although in one
study 1t was found that the ballistocardio-

produced by prturtary extract.t

MECHANISM OF ACTION

Nicotine does not act, as some have sug-
gested, by stmulatiog the adrenal glands
In h animals, mcotine has

gram 1s less seosiive to the
cigarets than to regular ones™ A cigaret
with 2 mcotine content of 0.23 per cent
(% of a regular cigaret) may produce the
same physiologic response as the mtravenous
adminsstration of 06 mg. of micotine alka-
lord.*® The changes after smoking a pipe or
cigar, chewing tobacco, or taking souff are
less marked Nicotine given sublingually or
parenterally will cause the same changes as
smoking. The worst offenders, apparently,
are the regular cigarets.

Pharmacologic investigation of the car-
diac reactions to micotine has given incon-
clusive results In a study of revived human
heart, perfused under constant pressure ac-
cording to the Langendorf method, a decrease
in coronary flow and an ncrease m the

P
no effect on the blood flow, indicating that
epinephrine probably does not mediate ts
effect.”® The fact that Intravenous admmstra-
tion of small amounts of nicotine induced
crreulatory effects without concomttant hy-
perglycemia was a further indication that
adrenal secretions do not play a role in the
action of mcotine The speed of the bal-
Iistocardiographic reaction to smoking makes
it scem unlikely that the effect of micotme
1s mediated wia the prtuitary gland®
Whether or not nicotine jmpairs the coro-
nary 1s stll in. Accordi
to some, coronary spasm is possible, and
does occasionally occur in smoking; atropine
given before smoking prevented electrocar-
drographic changes.® * 37 Bryant and Wood®
that in € ! cases smoking

rate of amphtude of vent
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can cause angina pectoris not induced by
exertion, and that this symptom and the
electrocardrographic changes are the result
of coronary spasm But the failure of nitro-
glycenn to abolish the electrocardiographic
changes induced by nicotine has been cited
as evidence that coronary spasm is not a
factor 1n producing these changes **

Results of expersmental studies in animals
strongly suggest that micotine stimulates the
hypothalamic-pitutary axis. This releases
vasopressin,® which in turn constricts the cor-
onary arteries jn animals,' and possibly m
man,* Some suggest that this s the mecha-
nism by which smoking mught cause a reduc-
tion in coronary blood flow,® there 15 no
direct evidence, however, that this mecha-
nism operates in man Low-grade exposure to
carbon monoxide and allergy to tobacco
have also been proposed as possible causa-
tive factors *

Others, on the other hand, are of the
opinton that increased heart work, as shown
by the rise i blood pressure and m heart
rate, can lead to myocardial ischerma®t *
Stilt others hold that the ballistocardsographic
changes are not due to cardiac ischemia,
since changes 1 the electrocardiogram or
angtnal patn are seldom encountered 1n sub-
jects with ballistocardiographic changes after

EFFECT OF SMOKING

In a study® of 28 healthy subjects, the
heart rate increased an average of 18 beats
per minute in 25 after smoking 1 cigaret,
the average increase in blood pressure 1 16
of the 28 was 16 mm Hg systohc and 10
mm  dastolic. Electrocardiographic changes
other than tachycardia were found m 16,
they of P of
T, and T waves i 13, and of mmor changes
n the P-R aterval or in the amphitude of
the main complex m 3 cases Sigmficant de-
presston of the ST segment and mverston of
T waves wn varous leads was found m 2
subjects, both had persistent precordial pain
and coronary disease had been diagnosed
Admmstration of 3izo gram of nitroglycenin
before smokwng did not prevent the appear-
ance of
diographic changes after smokmg m any of
the subjects Since this confirms earler work™®
showng that amyl mitrite does not prevent T
wave changes induced by micotine, 1t was

that coronary ion did
not cause the changes.

The most pronounced changes due to
smoking are found mn the presence of some
degree of coronary mvolvement. In the
absence of coronary involvement, the electro-

coronary jon  (except
possibly mn collateral vessels) would there-
fore seem unlikely * The last-mentioned be-
heve that mcotne acts prmeipally by ats
direct effect on the myocardium, although
coronary and peripheral arteriolar constric-
tion or pooling of blood 11 splanchmic veins
may play a role
The rare but undoubted occurrence of
angma pectonis and ischemtc changes in the
clectrocardiogram lead me to believe that
smoking probably can cause relative coronary
msufficiency, which may be the result of a
disturbed coronary flow, or, more likely,
of an ncreased metabolic demand of the
heart muscle Chest pain radiating to the left
arm duning smoking was a complaint of 3
of my patients 1 to 2 weeks preceding an
acute nfarction A similar case has been
reported in the Iterature ® Presumably, this
occurred duning a penied of relative coro-
nary insufficiency, which is so often premont-
tory of infarction,

15 affected only shghtly, and i
a relatively small number of persons’
Ischemic c¢hanges mn the electrocardiogram
after smohing were first reported n 1939
1m 2 pattents with angina pectonss ¥ Bryant
and Wood® then summarized the hterature
and added 16 patients with angmna in whom
electrocardiograms were taken after smok-
aing 2 cigarets Minor T wave deviations were
found m 11, these, correctly in my opinton,
were attributed to changes 1o heart rate and
were considered withn normal bmits Un-
ivocal detertoration that of
cardiac 1schemia was found i 2 cases.

In a study' of 46 subjects (18 normal, 23
with coronary disease, and 4 with peripheral
vascular disease), 2 mg of mcotine biar-
trate, corresponding to the amount of ntcotine
absorbed by inhaling cigaret smoke five
times in 1 mmute, was given by ven Some
members of all three groups showed shght
electrocardiographic changes, 1 4 of the
patients with coronary disease there were
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major changes, and 2 of them who were
suffering from spontaneous angina felt pan
at the time the changes w:rc noted on the
electrocardiogram.

The ballistocardiogram is more sersitve
to the effects of smoking than the electro-
cardtogram Changes m the ballistocardio-
gram were first noted by Levy and assoct-
ates, #* * who found an increase 1n heart rate
and cardac output Later, using Mhigh-fre-
quency recording, Dock and co-workers?
demonstrated varations which ranged from
those which mught be considered within
normal limits (nise n rate and in 1-J amph-
tude} to distinctly pathologic changes (I
wave decrease during expiration, or stniking
changes 1 dastolic waves—decrease w1 I
with tall L} In one study,® 400 normal sub-
jects were tested after smoking 1 cigaret,
abnormal tracings were found n 10 per
cent—S per cent of those under the age
of 30 and 15 per cent 1 those between the
ages of 30 and 40. The most typrcal change
was a decrease 1o the size of the H, I, J, and
K waves, with marked notching of the J
wave A shallow I wave was the next most
common finding. In another study,"” ballisto-
cardiographic changes were rarely produced
i healthy subjects under the age of 40 who
smoked 1 cigaret, and only ly in

severest anginal pain occurred when the
patient exercised after smoking.” In about
half the cases, I or 2 ounces of whiskey m-
proves the ballistocardiographic response to
smoking; thus 15 aseribed to the effect of
the whiskey on the peripheral circulation
rather than on the heart or coronary ves-
sels 3

Smoking 1s more fikely to cause ballisto-
cardiographic changes m persons who are
without objective evidence of
impatrment but compluin of dizziness, or
palpitation, and i patients with throm-
boangutis  obliterans, Raymaud’s disease,
peptte uleer, or hypertenston,”

TOBACCO ANGINA
This entity was first named and described
n 1899, by Huchard™ It occurs for the
most part i persons with typical angina
pectoris in whom evercise or smoking in-
duces attacks, or m whom smohing reduces
the tolerance to exertion In another group,
a smaller one, smoking s the only precipitant
of anginal pain  Abstmence from tobacco
eliunmates all attacks m some members of
both groups In a third, extremely small
group, definite angma occurs without other
evidence of coronary disease. Some have
d this as an ind of vasocon-

healthy subjects over the age of 40

strictton of the coronary artertes However,

In 40 pattents with evidence of coronary
dsease, the ballistocardiogram became ab-
normal m 38 per cent after 1 cigaret.” In
most patients with healed mfarcts or with
angina pectons, smoking will cause further
changes 1n an abnormal ballistocardiogram, or
change a hitherto normal tracing into an ab-
normal one, It wilt do so much more regularly
than erther exercise or eating, ths effect 1s the
basis of a useful test i differential diagnosis
(see Chapter 12) Even in a pauent with
chimcal evidence of a completely healed
wfarct, only a few puffs on a cigaret may
be sufficient to cause deterioration in the
tracing. Qceasonally, 10 2 patient with angina

the b diogram bas mvartably been
abnormal m such cases and the individuals
affected were as a rule not younger than
25; 1t therefore seems much more likely
that smoking nduces true angna only m
those whose coronary arterics are alrcady
somewhat narrowed Russek and co-work-
ers," who object to the term “tobacto angma”
on the ground that the condition 1s not a
true angina pectons, define a chnrcal entity
which they call “tobacco heart”, this condr-
ton may be associated with precordial
discomfort, ectopic beats, paroxysmal tachy-
cardia, dyspoea, dizziness, and changcs m
the drogram or b

All the symp and changes disappear

pectorss, whose usual b

abnormality is dimtnished by ex:rcnsE. smok-
ing will produce marked changes 1 the
ballistocardiogram In I such case, the elec-
trocardiogeam  was  normal even after a
double Master test, w another case, the

when the patient stops smokmg Chnical
improvement was reported m 16 patients
with angma pectons who stopped smoking
after a positive ballistocardiographic test;
1n 7, the chest pam disappeared completely



TOBACCO 67

STATISTICAL EVIDENCE OF EFFECT OF
SMOKING

In 1938, Raymond Pearl™ reported that
the Iife expectancy of smokers was shorter
than that of nonsmohers, the lessening m-
creasing progressively wih the amount of
smoking At about the same tme, a study of
100 men under the age of 40 with coronary
discase disclosed that 93 per cent of 88
men in this age category were smokers™
The incidence of coronary disease in patients
under the age of 50 at the Mayo Clinic was
pgreater among smohers than among non-
smokers; the same seemed to be true of the
50 to 59 year old group A recent report
states that the relative incidence of coronary
dsease, especially m the younger age groups,
was one and a half times greater i the
smokers than 1 the nonsmokers ® Coronary
disease 18 reported to occur twice as oflen
in smokers as mn nor the p

of other types of tobaccos because the latter
group was very small

The investigation 1n the United States,
the most etensive so far, 1s a by-product of
the interest of the American Cancer Socrety
in pulmonary cancer. The smoking history
of 190,134 men between the ages of 50 and
69 in various parts of the country was ob-
tained in the first 5 months of 1952, Follow-
up studies on 187,766 (99 8 per cent of the
total) were obtained after 18 months A
total of 4854 (2.6 per cent) had died, and
details of the certified cause of death were
available for 4710. The tnvestigators were
surprised to find an apparently defintte re-
lationship between coronary disease  and
cigaret smokwog  Since it seemed unlihely
that the origmal survey mcluded men who
were already senously sll, the deaths in this
first peniod ancluded a particularly high

that smoking may mﬂuence the mlcsnnal
absorption of fat and the chylomicron coo-
tent of the serum 1s suggested ® Another
study indicates that coronary disease occurs
earlier and that death occuss at an earhier
stage among heavy smokers ** The percent-
age of patients with coronary disease who
are “excessive” smokers 15 vanously given
as 13 per cent, 17 per cent 244 per
cent,* and 50 per cent” A Swiss study'
which included [49 men over the age of 50,
found that 67 per cent of those with cor-
onary disease and 255 per cent i the
control group were nonsmokers; 45 per cent
of the patients and only 28.5 per cent of the
control group smoked more than 20 cigarels
a day, the younger the patient, the more
hkely 1t was that he would be a heavy
smoher

Two recent studies® ** provide the most
impressive statistics on the role of tobacco
1 corenary disease The first was from Great
Britain, the other from the United States,
The Britsh study® was pnmanly one on the
mortality in the medical profession, 230
deaths were attributed fo coronary disease.
The mortality rate of those over the age of
35 rose from 3.9 per 1000 among the non-
smohers to 52 per 1000 among smokers of
25 Gm. or more of tobacco a day No data
were given for the relative mortality rates
of cigaret smokers as compared to consumers

proportion due to acute disease, coroaary
disease accounted for almost half of the
total number of deaths The coronary death
rate was 95 per cent higher among regular
crgaret smokers between the ages of 50 and
64 than among nonsmokers; 1t was 120
per cent higher among those smoking more
than 20 cigarets a day at the time they
were questioned. In the group between the
years 65 and 69, the difference was only
15 per cent. No mcreased mortality could
be discerned among cigar and pipe smohers.

An editonial i the Brinsh Medical Jour-
nal™® on the results of the two studies just
cted states”

The agreement between these two mvestiga-
tions—the one large-scale, the other smaller but
based on a more homogeneous population—makes
a1t difficult to belteve that the association is ot
real Whether 1t 1s causal can, in the long run, be
most effectively proved by secing whether ab-
stennon from crgasettes brings about a reduction
m the mortality from the discase Some wall
doubtless prefet 10 belteve that the habit of smok-
ing and death from coronary disease are related
only in that both are the producs of a third and
¢ommon cause. Occupation requinng oaly hight
physical work, which has been shown to be as-
sociated with coronary thrombosts, might, for
example, provide greater opportunities for heavy
aigarette smoking The assocration would, how-
ever, need 1o be very strong o account for those
obtained ameng doctors
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Another factor which might have been
mentioned 15 that persons with the same
kind of cmotional and pervous tensions
might be addicted to smoking and suffer
from coronary disease. Sull another pos-
sibility is that nicottne may disturb lpd
metaboltsm m a direction harmful to the
coronary arteries.t* 1 There is as yet no
convincing demonstration that mcoune dam-
ages the coronary vascular tisue If coronary
vasospasm does indeed oceur, 1t 1s conceivable
that mnumerable, repeated episodes could
ulttmately cause structural damage.

THERAPEUYTIC AND PREVENTIVE
IMPLICATIONS

Well publicized though all of the fore-
going may be, the normal, healthy jndividual
will no doubr pay little attention to it Most
persons are skeptical about thetr posttions
on a graph But upon the physician devolves
the duty of presenting these data to his
patients, the followmng, 1 particular, must
be warned that smoking 13 an added risk
to the heart (/) patients with bad fanuly
histories, diabetes, obesity. or hypertenston,
all of whom are Iikely to be vulnerable, (2)
patients with circulatory symptoms after
smokmng, eg., tobacco angina or tobacco
heart, (3) patients whose electrocardiogram
or ballistocardiogram shows changes after
smoking

In the case of established coronary dis-
ease, the problem 1s more serious and im-
mediate  Stnce all evidence pomts to the
fact that micotine can be harmful, I have
for some tme been advising complete ab-
stention from smoking to all such patients
Some cardiologists permit use of tobacco
o patents with mactive heart disease if this
gives 1 and if, p
bly, 1t does not induce angina For my part,
1 would rather not assume the responsibility
of deciding that a patient will not suffer
any ill effects. For the occasional patient who
finds jt “tmpossible to give 1t up,” a change
from cigaret smoking to pipe or cigar may
be tried. But complete abstention is the only
wise procedure 1f angina of electrocardio-

graphic or bal!ls\ocnrdwgmphlc changes oc-

cur with smoking.

SUMMARY

It has been definitely established that:

1. Smohing causes temporary disturbances
in the vascular tree of some normal persons

2 Individual susceptibility to the cardio-
vascu'ar effects of smoking varies widely.

3. The effects of cigaret smokng are much
more marked than those of cigar or pipe
smoking

4. In the presence of coronary disease,
the vascular system reacts much more readily
to smoking.

5. The effects of smoking are due to ntco-
tine.

A number of questions not yet definitely
amswered ale

1 Does nicotine cause spasm of the cor-
onary artenies or does 1t act directly on the
myocardum?

2 Does nicotine cause structural damage
to the coronary arteries® Expenimental proof
1 lacking, so far

3 What 1s the cause of the mere common
occurrence of coronary disease m smokers
thyn m nonsmokers, as would seem to be
borne out by statstrcal studies?
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CHAPTER 6

Pathology

KNOWLEDGE OF an organ's structure, its
functions and therr interrelations, and the
changes wrought by disease, when mtegrated
with chnical findmgs, forms the essential
fabric of chinical medicine, The slow de-
velopment of one or more strands of this
fabric, or the abifity to synthesize them
has always bampered the physician. Nowhere
1 chpical science s the truth of this so
evident as m the study of the coronary ar-
tenies, but n no other field was the integra-
tron carrred out so successfully and so swaltly,
once the fundamental threads were recog-
nized Loose ends may stil puzzle the clini-
cian, but a clnicopathologic pattern has been
so well defined that the many pans and
confusion which attended the development
of this pattern can scarcely be reahized now

ANATOMIC CHANGES WITH AGE

Defimte changes occur 1n the walls of the
coronary arteries with advancing age® The
precse place for the shadowy dividing line
between the changes of disease and those of
normal aging 1s often difficult to discern,
and 1n many cases morbid histologre changes
seem to be those of accelerated senescence.

The earhest changes mn the anterior de-
scending coronary artery may be found at
bucth, The lamma elastica mterna sphts and
a new elastic muscular layer forms between
the inner hmuttng lamella and the lamina
elastica A hyperplastic layer, composed of
connective tssue on the mner side and
hyperplastic elastic tissue on the outer, de-
velops on the wner side of this quscular
layer, and may be recogmszed ducing the

first decade of hfe, the two compenents of
the hyperplastic layer are at times difficult
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to dstinguish. If the inner hmiting lamella
has undergone considerable splitting, its
hmits are not easily recogmized and the nner
portion of the mtma 1s then called the
diffuse layer. The changes m the varous
coronary arteries do not develop at a uniform
rate For example, the lamina elastica interna
in the postertor descending ramus may not
split until the end of the first decade and the
hyperplastic layer may not appear until the
third In the anterior descending branch,
beading may be detected in the first decade
and calcfication 1n the third, but in the
posterior descending branch netther 15 nor-
mally found until the seventh decade

The coronary arteries undergo greater
stress than other muscular arterres Proof
of this 1s the commeon finding, even m early
youth, of a buffering layer of fibrous tissue
and smooth unstriped muscle 1 the sub-
endothehial mtimal layer, especially in the
proumal portion of the left coronary artery
Several factors account for the vulnerabiity
of these arteries ** (/) They originate at the
aortic ring, where the attenial pressures are
highest (2) Dunng part of the cardiac
cycle they are under a peculiar double stram,
subjected on the one hand to the pressure
of blood ejected from the aorta and on
the other to the simultaneous resistance
duning systole resulting from compression
of the wmtramyocardial branches by the con-
tracting myocardium. (3) Two anatomic fac-
tors probably also play a role—the course
of the left coronary artery, which onginates
almost at right angles to the aorta and then
abruptly changes 11s path so that 1 yums
parallel to the aortic wall; and the branch-
ing off of the large circumflex artery. The right
coronary 15 somewhat less subject to exces-
stve strain, so that it suffers less frequently,
at least in the eather decades of life, from
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FIG 23 Schemotc representation of filtration theory
of atherogenesis A, normal plosma hpids, normal ar
teriol wall, B, hyperhpemic plasma, normol artenat
wall, greater pid retention 10 arteral wall, C, normal
plasma hids, orterial wall with thickened Intima and
fragmented internol elasuc lamina, lipids pass through
orterial wall (From Page *"

atherosclerosis In later hife, lesions are found
on both sides with almost equal frequency

INTIMAL LESION

1t 1s now a widely accepted concept that
the earhest atheromatous lesion of the cor-
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onary arteries n man 1s probably in the
mntima  Although early changes m the ar-
tertal wall have been observed, most of our
theories are based on the inferences drawn
from older lesions 1n man or from ammal
experiments, The weakness of such reason-
ng 1s apparent, nevertheless, 1t provides the
framework for what is at the very least a
reasonable working hypothesis (Figs 23,
24},

Leary** formulated this theory as follows
The early lesion of coronary atherosclerosis
18 ntimal, and lesiens of the media, and less
often of the elastica, are secondary Four
stages may be distinguwished 1 youth: Lipt-
dosis, phagocytosts, fibrosis, and necross. In
the first stage, free Iipid 15 deposited beneath
the mtimal endothelum and accumulates as
fine granules m the intimal ground substance.
In the second stage, phagocytes resembhing
fibroblasts pick up the lipid esters, forming
the so-called foam cells, the esters are then
split nto finer droplets which eventually
disappear The foam cells anse locally m
the subendothehial connective tissue, and
etther migrate to deeper sites in the artery
or, m p 15,
the growth of fibrous tissue. The fibrosis,
which 15 the third stage, may be focal or,
more often, diffuse, and consists of reticular
strands between the cells which mcrease m
thickness until the cells disappear. The lesion
1s apt to affect one side of the artery rather
than run evenly around 1t, so that the re-
sulting plaque 1s crescentic In the fourth,
or necrotic, stage, the lipid cells accumulate

PLASMA VESSEL FILTRATE
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FIG 24 Schematic representation of posioge of
Iipoproteins through orteriat walf, Lpid laden Lpopro.

tein disrupted wihin the wall _producing an imsoluble
residue which provokes tusve reaction {From Page )
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without adequate supporting tissue and with
poor vascularization, and the deeper layers.
next to the media, become necrotic Lym-
phoid infiliration, previously absent, may
now become conspicuous, In some cases, a
focal fibrinoid necross, different n character
from the slow nutritional necrosis, appears
n the relanvely well nourished fibrous tissue
near the lumen and extends to the endothelial
layer. Thes fibrnoid substance may represent
organizing fibrin,™* but more probably s
partially necrotic collagen * Surface throm-
bosis sometimes follows this type of necrosts

A somewhat different reaction 1s found
m older idviduals, and occastonally 10
younger ones Fibrosis 1s mintmal, but scar-
ring persists from earlier Jesions The new
cells penetrate deeply, form large collections
with eventual necrosts, and free the lipid,
thus formung an “atheromatous abscess "+
The cavity 1s filled with choelesterol crystals,
some viable liprd cells, cell detritus, and a
flud contaag esterified or free hpid The
termunal process 1 the abscess may take a
number of forms (7) Calctfication may
occur after liberatton of glycerin and cho-
lesterol, with formation of caleium soaps,
this 15 a Jate, ummportant process. (2)
Hemorrhage into the abscess is possible,
either directly from the arterial Jumen or
from surrounding blood vessels (3) Finally,
the abscess may rupture The consequences
of such a rupture 1n the aorta may not be
serious, since the contents are washed away.
In the coronary artenies, however, the con-
tents serve as & nucleus for a thrombus or
they plug the lumen with » semisohd mass,
which may cause sudden deats This sort
of “downstream” embolus must be rare, I
have never seen an example of which I could
be certain

The Iamma interna elastica foses its -
tegnty early, spliting mto fragments and
even disappearing Rarely, 1t is pushed ahead
of the plaque. The media atrophies and thins
out. The adventitta, too, shows changes
LJ rl e i PC\'IVaS’
cular and consisting 1n part df plasma cells,
is often present Occasionally, this process
is assoctated with newly formed vasa vaso-
um, so that the chnical picture may resemble

syphibis.

\‘nast;; Y‘:ygszigalots do not aceept the the-
ory that the earliest or primary lesion 1s m

the mtima. Thus, Crawford and Levene
basmg their opiion mamly on studies of
the aorta and iliac arteries, have suggested
that medal thinning beneath plaques, rather
than being the result of pressure or of
disuse strophy, 15 an essential part of the
atheromatous  process, “comparable to a
shallow aneurysm partially or completely
filled by the plaque of inttmal thickening.”
Accordmg to Bevans and associates,® the
early lesion i caning atherosclerosis (i~
duced by chofesterol and thiouracil) consists
of lipid deposits m the media, The same is
apparently true o chicks ®* Evidence pre-
sented by Lanstng and associates™ would
seem to indicate that the primary pathologic
process, which they termed elastocalcinosts,
1S a progressive increase, with age, in the
calerum content of the meda, mamly
or on the elastic fibers The sequence of
events, as envisaged by them, 15°

Aging and locaf factors

Medzal efastocalcinosis
Inttral Jeston Fibrosis
Caletficatton Cholesterol  plaque, ul-

ceration, necrosis, and
secondary calcification

Such a concept has the advantage of ex-
plaming the dissociation between caleifica-
tion and chol P 50 )}
observed For example, deposits of lime are
found accompanted by rmnimal lipid infittra-
tion; heavy deposits of Jipid are sometimes
unaccompatued by intimal calefication; in-
timal fibrosts may occur without cholesterol
or calcium depasition in the intima.

A small but important group of observers,
led by Dugud,® # believes that atheroma
starts with thrombus formation on the watl
of the artery, the plaque being secondary.
After the thrombus 1s lard down tn the artery,
1t is covered with endothelium and jncorpor-
ated into the arterial wall; once organized,
it forms a fibrous thickening of the wmtima,
Stoce the thrombr alse undergo some fatty
degeneration, a combination of lipid change
and fibrosis results Not all atherosclerosis
is of thrombotc origin, but they feel that
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there is good resson for assuming that the
atheromas which narrow the vessel started
as thrombi,

According to Moon aad Rumehart,? the
earltest intimal lesion is a subendothelial
proiferation of fibroblasts, with depostiron
of mucoid ground substance. They frequently
found a fragmented lamma elastica interna,
and phagocytized sudanophilic hipid materal
within globular macrophages in the mtima
Enos and associates report finding these
processes 1n early lesions, and emphasize the
factor of stress sn determtning the locahza-
tion of atheroma

ARTERIOLAR LESION

The coronary artetioles are remathably
immune to pathologic changes, even i the
presence of severe lestons 1 the main
branches. Diseases notoriously tafed

narrowing of the arfental lumen or by a com-
plete occluston of the blood vessel.

PROGRESSIVE NARROWING

The course of an atheroma, once 1t has
tormed, may be divided into four stages, the
entire process bemg vanously known as
atheromatosis, sclerosis, arteriosclerosss, or
ather Stage 1 1s ptomatic;
Stage 2 15 one of cardiac symptoms, es-
pecially angina pectons, Stage 3 1s that of
gradual infarction (fibrosis), and Stage 4 s
acute infarction. The asymptomatic stage 15
always present early in atherosclerosis The
second stage may be skipped en route to
Stages 3 and 4, but often accompantes Stage
3. Acute infarction, the last stage, ss seldom
reached without passing through either of
the two preceding stages

STAGE 1 This is the stage of the rela-
tively The lesion

with arteriolar lesions elsewhere tn the body,
such as malignant hypertension, cause few
changes in cororary arterioles. P

appears grossly as a grayish white, or more
often yellow:sh somewhat elevated plaque
Its 15

changes in the smait vessels, when they oc-
cur, are seen most often i the substance of
the left papiilary muscles and under the
epicardium, rather than m the myocardum
The arteriotar lesions were studied tn detad
n a sertes of 71 cases, wncluding a unique
case of widespread infarction of the myo-
cardium with normal man coronary arteries,
the coronary arterioles 1n this case showed
severe hyahmzation, whereas elsewhere in
the body the arterioles appeared normal *°
It 15 not Anown whether the patient had suf-
fered from hyperteasion

This relatve freedom of the coromary
arterioles from pathologic changes should not
lead 1o the concluston that the smal'er cor-
onary vesscls are unimportant tn the cpusa-
tion of farcion On the contrary, as I
have stressed clsewhere (see Chapter 1},
changes in small artertes, arterioles, and even
capitlanies, especially if they represent col-
Iateral vessels, may be the determmmng factor
an causing infarction

MECHANISM OF ISCHEMIA

Atheroma of the coronary artertes pro-
duces ischemia and infarction by a progressne

that of the yc)k oi a shghtly more than
medsum-botled egg The arterral lfumen 15
at first not marrowed by the plaque, and the
heart muscle 1s both anatomucally and func-
tionally perfectly normal

Atheromatous plagues are found in other-
wise healthy adult hearts; they may form in
any of the coronary arteries (more often
w the proximal portions), and they may
remain stationary or spread along the borders
or begin to bulge mto the lumen. The deeper
parts of the plaque may degenerate wtd a
soft, mushy, lpud-contatnng mass, with
eventual calcification Sometimes the plaque
becomes fibrotic i the absence of much
lipoid material The media underlying the
plague usually thins owt, Oceasionally, the
plague encircles the artery.

Thickemung of the artenal wall 15 pot
necessanly followed by narrowing of the
lumen Aschoff* called attention to the dilata-
tion usually scen 1o the artertes of the aged.
Atherosclerosis, according to Duguid,® com-
monly results 1 widenng of the vessels (Fig
254). The artertes are elastic tubes which
dilate wath cach pulsation and then contract,
not by muscular action but by elastic recost
Whea the media adjacent to an atheroma
becomes thun, s elasticity 1s impatred, retorl
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15 reduced, and the lumen grows wider This
theory would account for the enormous ath-
erosclerosis that 1s sometimes found at au-
topsy, with httle muscufar imparrment as
revealed by histologic examunation, m in-
dividuals who during life had no symptoms
of coronary sufficiency.

STAGE 2 The plaque may enlarge suffi-
ciently to narrow the lumen by bulging nto it
(Fig. 25B) or by encircling the vessel, i which
case 1t may become eccentric so that a some-
what crescentic plaque may partially occlude
the artery. In any event, the atheroma must
attaw considerable size before it interferes
with bload flow. Pathologists are often sur-

FIG 25 Frozen sections of the same region of the
left descending coronory ortery from 2 indwiduals,
same magnificohon (Al A 67 year old mon without
history of cardioc disease (8) A 3) year old man
who died suddenly without ony known previous heart
ottack, but who was said to hove complaned of m
digeshon in his last 3 weeks (From Dugud ond Rob-
ertson 22

prised to find extenstve damage of vessel
walls without concormtant cardiac symptoms
or structural changes in the heart muscle
The coronary flow may be entircly adequate
to the needs of the resting heart, but tnade-
quate to meet an inéreased demand for
blood This 1s the pomt at which the first
symptoms of angina pectorss become mani-
fest

STAGE 3 With narfowing of the coro-
nary artenies, myocardial nourishment is im-
paired This must lead fo gradual death of
tissue, or slow infarction. At any rate,
normal muscular tisspe 15 slowly replaced
by fibrous tissve, usually i patchy fashion
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and conficed to the area of the heart sup-
phed by the narrowed arterses. This stage
15 sometimes referred to as  myofibrosis
cordis, If the scleroms s wadespread, the
fibrosis may be diffuse.

It is a reasonable assumpton that each
bout of angna pectoris, which in effect is
an episode of coronary insufficiency, shphtly
damages the myocardwum, so that fibrosis
may result in the long rup. In many instances,
howeser, fibross may take place without
any carduc pain Decompensation may be
the earliest presenting complaint of coronary
heart disease

For many years, this stage was hnown as
theome myocarditss, The identification of thrs
condition as coronary disease, rather tham
iflammatory disease as implied by its name,
represented a great forward step in diagnosis
Threughout the stage of slow infarction, 2

colfaterat 8 i

meager subsistence to that area of the heart
But when that area suddenly needs more
bload, or the blood no longer brings sufficient
nowrishment, or 2 entwal trekie of biocod
carned by a smalfl collateral vessel fails to
arfive because 1t s blocked off or there 15
not enough pressuze to push 1t aleng, nfare:
tion 15 inevitable despite the patency of the
mam artenes. The sitwation 15 much ke
that of 2 man accustomed to gaod lving who
is suddealy forced to get along at subsistence
level To others, he may seem the same man
as before: his outward appearance and be-
havior, hike that of the sclerotic heart, may
be unchanged But depnved of the very few
penmes he needs Kor bare survival, he wilt
suddenly and unexpectedly collapse So the
damaged heart, which functrons when alt
conditions reman constaat, weli break down
after a seemungly shght change

5o that the heart suffers less damage than
might be expected from the extent of the
atheromatous changes 10 the blood vessels
One, two, or even three main arferes may
be almost or even completely ocetuded with-
out the of acute and

m the presence of at feast pantly
patent blood vessels almost wvariably denotes
severe sclerosts of several artemes. In my
experience, wmfarction dees not occur when
only a smgle artery s sclerotic, as 1t may
after complete occlusion of an artery. Even

even without chnat complats.

STAGE 4 The stage of acute infarction,
which most cases of coronary sclerosts never
seach, 13 usually preceded by Stages 2 and/or
3, and often both concurrently Stage 1 s
never skipped, and rarely are both Stages
2 und 3 passed over | have seen no authentic
example of dwect transten from the fest
to the fourth stage except when some catas-
traphe, such as shock, supervened and then
onty rarely The coronary asteries of patients
whe suffer an acute sofarction after severs
hypotension but withous coropary occlusion
will almost mvartably be well into Stage 3

Complete occlusion ot the mun coropary
artertes 15 not necessanily followed by acute
mfarcuon Qn the other hand, the reverse
process—acute mfarction an the presence of
sull open, though narrowed blood vessels—
may occur As the vascular lumen sassows,
coronary flow may hecome sharply reduced
and yet be sufficient for himited demoands
Cotlateral vessels may mid by bringing blood
from other parts of the heart, so that just
enough blood arrnes o provide a very

a of blood amving from some-
where else will keep the inteprity of the
muscle intact.

COMPLETE ARTERIAL OCCLUSION

CORONARY THROMBOSIS  The cause
of alt wnfarctions was for a long time con-
sidered to be a clot wuhin the artery, and
the condition mow propesly termed myo-
cardsal mfarction was called coronary throm-
bosis Today, of course, we know that
thrombosis 13 not the only cause of coronary
occluston, and that wfarchion sed coronary
occluston do not pecessanly accompany each
other. Nevertheless, thrombosis remans the
most frequent cauase of sudden, complete
blocking of a coronary vesse! A thrombus
need not occlude an artery suddenly, it may
be mural at first and only Tater occhude com-
pletely. Hnstologically, the older
may be seen next ta the vessel wall, with the
newer clot adacent to ™

Thrombosis may occur without beng fol-
lowed by mfarcion Collateral circutation
may be adequaie to sustam the hfe of the
muscle, o the patient may dee too quickly
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for infarction to become evident.’ The
thrombus may retract quickly, especially if
the vessel wall around it relaxes Figure 258
shows this mechamsm. the lumen contains
an old organized clot which, judging by s
shape, onginally filled the lumen but then
contracted encugh to allow blood to pass
It has been suggested that the nitrites may
be useful in coronaty thrombosis by re-
heving spasm and thus promoting thus sort
of ameliorative process ** 2

The exact frequency of thrombosis 1s hard
to determine An old thrombus, transformed
by absorption, organization, canalization, etc,
may not be identifiable at autopsy and be
passed over as part of the vessel wall The
thrombus has even been suggested as the
prnimary leston ¥ # Thrombosis of a small
but vital collateral channel may result
m muscle necross, but the cause may
not be recognized at autopsy Still another
difficulty 1s that clots formed before and
after death are hard to distinguish from each
other Jt was long thought, even by Osler for
a time, that clots were formed after or im-
mediately before death and did not con-
tribute to the final cardiac episode

On the basis of autopsy studies, throm-
bosis 1s the responstble factor n about half
of the reported cases of mfarction. In one
series of 8D cases, all soldiers nnder the
age of 35, recent clot was found mn 29%
In another senes. also of young patients,
less than one third of the cases had throm-
boss ** Thrombosis was found in 45 per cent
of patients dymg of coronary disease, more
often in those with hypertension,'* another
teport gwes the figure of 61 6 per cent of the
cases.® Among 126 fatal cases of acute
myocardial infarction, thrombosis was pres-
ent 1 544 per cent,” of 45 instances of
coronary “occlusion,” 32 had thrombosts *

Several theones attempt to explain why
thrombi form and why they are found ex-
clusively at the site of atheromatous plaques

1. Stasts and eddying of the blood at the
site where the mtima 1s raised by a plaque ®
“Ths factor 1s probably of some rmportance

2, Acute inflammatory changes in the
mttmal lesion.1 %2

3. Breaks in the plaque surface. Rupture
of an “atheromatous abscess,” especially m
the aged, 15 thought 1o be a frequent event,"*
in 32 instances of thromb, all were located
on “atheromatous ulcers "™

4. Presence of fibrinord matensal. This
material may be found m a plaque with an
overlying clot, Its relatton fo thrombus forma-
ton is so far purely conjectural.

5. Hemorrhage mto an atheroma Such a
hemorrhage 1s frequently found beneath a
thrombus, and presumably bears some causa-
tve relation to 1t

COMPLETE OCCLUSION BY ATHEROMA

A coronary artery may be completely
bloched by atheroma both in chrome and
m acute nfarction In recent farction it
15 almost mvariably associated with more
or less severe sclerosis of other coronary
arteries  Multiple  atheromatous occlustons
of the same vessel are often encountered,

INTRAMURAL HEMORRHAGE

The inttma normally contams na blood
vessels, but the intima of a diseased artery
has caprllanies, most of them near the intima
and some mmmedately beneath the endo-
thehum The more fibrous an mtimal leston
15, the greater the vascularization; Jarge ath-
eromatous plaques with wide cholesterol
clefts have the fewest vessels.*® Rupture of
the intimal capillaries may be caused by one
or more of the following ® (1) increased
pressure wathin the capiffaty lumen, (2) -
creased fragiity of the capillary wall, as m
vitamm C deficzency; (3) dumnished support
from the surrounding atheromatous tissue

The most common etiologte factor in in-
creased 1ntracapillary pressure is permanent
or temporary hypertenston  Unltke  other
capillaries, the ntimal capillaries do not lie
at the end of a long sertes of arteries or
artersoles which absorb much of the pressure;
they communicate directly with an artery in
which the blood pressure 1s relahvely high,

ting that of the g aorta

in cases 1 which the hel 15 intact
and the intimal lesion has not undergone
recent change. Reduced blood flow m acute
hypoteasion and heart failure, or 1ereased
wiscosity of the blood, may be contributing

causes.

l:n:;mal hemorrhage occurs five times as
often in patients with hypertenston as in those
with normal blood pressure, accordmg to
Patterson, he suggests that transient hyper-
tenston may be responsible for hemorrbage,
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especially in cases of sudden stram or injury.

Inadequate support of the capillaries by
the surrounding degenerated, atheromatous,
softened tissue allows the intracapillary pres-
sure to dilate its walls to the pownt of rupture,
m such cases, calcification of the abscess is
a protective mechanism On the other hand,
it 15 alsa believed that the intimal vessels
are adequately supported by collagen bands *
Another possible mechanism, proposed by
Roberts,” 1s© “Angulatton of a semingid
coronary artery by the beating of the heart
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- man’s cases, the coropary arteries showed
advanced atheromatous lesions, and the
hemorrhage was usually into an atheromatous
plaque Bleeding never extended into the
media, but multiple small bemorrhages were
scattered throughout the intima i most of
the cases, esp Ily beneath the il
Focal of red cells sur d
the capillaries vasculanized the mtima m the
regton of the hematoma. The cells were
frequently intact, indicating fresh hemor-
xhage, in some cases there was lysis and

would m time cause bending,
stretching and then rupture of these subin-
timal vessels ”

and pig No
clinical slgns distinguished these cases from
those of ordinary coronary throraboss, some

FIG 26 Occlusion of coranary artery by tromural
hemorrhage fkeff) Section through descending branch

of the left coronary artery, a, massive hemorrhage inta
vessel woll, b, intact endothelial lining ¢, patent lumen

A vicious cycle of hemorthage—healng
=>new vessels 1 granulation tissue—hemor-
thage Tnay thus be created * Younger capi-
faries, such as are found in fresh granulation
tissue, are more fragle and therefore are
more likely to rupture than older ones'!
The hemorrhage may be so large that com-
plete occlusion may result even without a
break in the endothelal hining of a formed
thrombus In a series of 41 completely
blocked coronary artertes, 6, or 146 per
cent, were the result of

[Right} Section 3 mm distal to feft figure, o, intramyra}
hemarrhage, b, intact endothehiol fimng and absence of
thrombus, ¢, fumen occluded by hemorrhage {From
Wartman

patients died suddenly, others more gradu-
ally Sull another mechanism may cause
occlusion without thrombosis  writatton and
spasm ot the media from a small and other-
wise innocuous hemorrhage.®

Several reports have described a break in
the endothelial lining of a coronary artery
just beneath a thrombus® ** 3 42 Such
breaks 1n the ntima may be related to throm-
bus formation * * Rupture of an atherom-
alous “abscess” plays a role i the

alone™® (Fig 26). The importance of serial
sections is stressed, for otherwise an old
lesion, consisting only of a rtesiduum of
hemosiderm in a plaque, may be mustaken
for a canalized thrombus, In all 6 of Wart-

** In a study of the pathology
of coronary thromobosis, a {resh break was
commonly found in the fibrous lining of 2
hpoid plague, with blood elements penetrat-
mg mto the atheroma, in some cases, there
was thrombus formation on an atheromatous
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plaque in which thinnmg out and separation
of the fibers i the plaque’s lining also per-
mitted mfiltration of blood elements.*® In a
series of 41 occluded arterics, 14 showed a
combination of intramural hemorrhage and
thrombosis ** Patterson,” who firmly believed
that mntramural hemorrhage and overlying
thrombosis were related, suggested that an
intimal hemorrhage may. produce occluston:
(1) by il a coronary th b which

rhages are found in a fanly large number
of coronary occlusions Thus, m one sertes
there were 12 per cent, in anothes, hemor-
rhages within athetomatous fibrous plagues
were found  almost all patients who died
suddenly of coronary discase and were below
the age of 607 These hemorrbages were
usually muluple and varied n age from
fresh blecding to areas of iwon-contaming

15 the case m most instances: (2) by a large
occluding hemotrhage without thrombosis,
found 1 13 per cent of cases, and (3} by
causing coronary spasm Intramural hemor-
rhage need not result in complete occlusion
of the coronary vessel. In about a third of
such cascs, there 1s only increase in the size
of the plaque, first from the added blood
and then by the products of repair

The appearance of the lesion may not
reveal whether inuumal hemorrhage has oc-
curred, with subsequent rupture mto the
lumen and thrombus formation, or whether
the mtima ruptored first, with extravasation
of blood from the lumen into the initma
Wartman® believed the former to be the
more ltkely

1f 1t be assumed that the thrombus formed first,
then it 15 difficult to explain the formation of a
hematoma in the wall of a vessel, because, if the
oceluston were complete, no blood ¢ould reach
the affected portron, or, if the occluston were only
partial, 1t would seem logtcal to assume that the
mural thrombosis would protect ithe inttma ana
tend to prevent the development of 2 hematoma
Agam m some of the cases which have been
studied, the hemorrhage within the vessel wall 1s
of greater age than the thrombus as indicated by
the finding of hematogenous pigment within
PHEEVRY d of b &' & OTg:

whereas the thrombus shows none of these
features

Intramural hemorrhage ntay possibly be
of inflammatory rather than degenerative
origin. Acute mflammatory reactions 1o the
jatima have been found in 2 cases of fresh
coranary occlusion.! Of 11 cases of coronary
ocelusion assocrated with jntimal hemorrhage,
syphilue changes were the cause of the
hemofrhage w1 case®® The patient was a
34 year ofd woman who died suddenly, her
right coronary artery, the one wusually -
valved in syphilis, was completely oceluded
by the hemorrhage,

“There scems little doubt that such hemor-

P The thrombi occurred more
often with old than with fresh hemorrhages
Intramural  bleeding  with nverhzng'mg
thrombus was found 1 16 7 per cent of 126
cases of recent nfarction ® Indeed, this lesion
has even been called “the commenest mech~
amsm of complete occlusion of the lumen
of a coronary vessel#* Inttmal hemorrhages
of varyimg degrees were found m 54 of 135
cases of coronary disease.”

CORONARY COLLATERAL
CIRCULATION

The normal circulatory path of the blood
in the heart 1 aorta—coronary artery~scapil-
lary—s>coronary ven—sright side of heart,
About 60 per cent of the blood in the mtra-
cardiac circulation follows thrs path through
the coronary sigus (Fig 27) About 40 per
cent flows along other pathways, sidetraching
the capillaries, the coronary vems, the coro-
nary sinus, or all of these. In the simplest
variation, some blood 1s brought strarght
back to the heart chambers, especsally on
the night side, through the coronary veins
which empty directly into the cavities 10-
stead of via the coronary sinus Venous blood
may return via small venules and capillaries
which may form a direct connection between
the small vemns and the auricles and ventrt-
cles, providing 2 guick way for getting blood
back to the heart without 1its getung 1nto the
larger veins, This system, properly known
as the thebesian system, 15 distal to the capil-
lary bed, m contrast ta the vessels of Vieus-
sens, which go from the artenioles mto the
heart chambers without involving the capil-
lary circufation Some feel that 1t is dufficult
to distinguish the arteriolummnal vessels of
Vieussens from the venoluminal vessels of
Thebestus © Comparatively liftle is known
about the vessels of this large intramyocardiat
network—whether they are always capillary,
arterolar, or venular o size, whether they
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communicate with each other, and how they

with the it system of
arteries and vemns. The thebesian vessels are
found principally 1 the night side of the
heart. They are also fairly numerous in the
left ventricular wall, but are rare in the left
auricle, This agrees with Thebesius’ concept
that the function of the system is the rapid
dramage of venous blood from the myocar-
dium, On the right side of the heart, a thin
and highly trabeculated wall with refatively
few veins provides the short route necessary

VENOUS FLOW 1

1 ARTERIAL FLOW

\/, Extra Cordiac Anasto

[
|
|
|
|

A Mo Coronary Ane.,
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of the spongy spaces tn the embryonic myo-
cardwum, are larger and more rregufar than
capilartes, and their walls consist of smgle
layers of endothehum The artentoles break
up and enter the sinusoids; the latter anasto-
mose freely with other simusoids and capil-
fanies, and enter diectly mnto the cardiac
chambers, usually deep withn the intratra-
becular spaces Direct shunting from the
arteriole to the venous side of the circulation
by way of arteriolar-venous vessels 1s pos-
sible, but is rare and probably unimportant **

Second Main
Coronary Artery

=

—\

\ Pencordium

Myocardhol
Woll

Nteeasmae e o

Thebesian Vessel

FIG 27. Collaterc! arculation of the heart AL,
ortenio-lymingl  vessels, AvA, orferiovenous anastorm-

for the return of blood 1o the heart cavities,
on the left side, there 1s a thick veatricular
wall, with sts definite and efficient system for
the relauvely long route back to the mght
side

One method of bypassing the coronary
sinus avoids the capillary and venous sys-
tems entirely, the blood being carned back
to the heart chamber via the small (arten-
oluminal) vessels just mentioned, which con-
nect the arterial branches with the heart
cavittes The arteriosinusoidal  vessels, de-
scribed by Wearn and associates,® are an-
other means of shunting the venous blood
‘These myocardial sinusowds, probably relies

Endocardiom

oses, laA, interartenal anastomoses, 1sV, arterio
sinusoidat vesssls SIV  sinusotdal lumina] vessels

These vessels may be of fauly large caliber,
glass microspheres as large as 75u i di-
ameter, and therefore too large to pass
through the capillary circulation, return
through the coronary sinus when jected
into a coronary artery. Although not con-
clustve, this experiment seems to demonstrate
some sort of arteriolar-venous shunt

ARTERIOARTERIAL SHUNTING

It has long been conceded that the muscu-
lar area supplied by an occluded artery may
be nourshed by collateral vessels demved
from other coronary arteries While such
collateral artercartenal channels may exist
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n the normal heart, 1t 15 unhikely that they
function except under special conditions.

An arterial anastomotic circulation nor-
mally connects capillaries and other very fine
branches,® and some belteve that with ad-
Vancing age anastomosis occurs between large
precapllary vessels* 8 Whether larger in-
terarterial communications are active during
life 15 not hnown, but there is httle doubt
that they are potenttally active or can guickly
develop This 1s amply demonstrated by the
fact that watery solutions mjected nto one
coronary artery are always found m the
others Since particles of lead agar suspenston
of 40u diameter did not pass through, it was
ferred that collaterals of this caliber or
larger are not normally present 1 the human
heart But an experiment using a lghter
opaque matertal contaiming red blood cells
seemed to show that the collateral channels
are large enough to accommodate red blood
cells castly, the presence of collaterals be-
tween one large artery and another scemed
likely, although they might be smaller than
40p diameter.® ** ™ The existence of inter-
artertal communications may therefore be
safely assumed, although effective flow
through these channmels 1s probably absent
until the pressure tn a coronary branch ts
sufficiently reduced through narrowing of the
artery ™

In summary, then, the normal heart has a
few collateral vessels, mostly of capillary
size, others, somewhat larger, do not tunction
ordinanly but may be useful in time of
trouble,

In effect, the coronary arteries are end
artertes during health In young persons, sud-
den occlusion of a major vessel can be and
often 1s abruptly fatal, The leston i such
patients 1s frequently confined to a sing'e
vessel, or sometimes to a small part of a
stngle vessel, and the heart has not yet braced
itself for a major occlusion by developing a
collateral ¢rreulation

Fortunately, since atheromatosis 1s a slow
process, there is usually time for a collateral
circulation to develop, so that incomplete or
complete occlusion of a major vessel need
not be an unmutigated disaster Sc]emsx‘s and

1 t of 1s @

and there is little evidence of

P!
cess,
ous Pro ¢ the

trouble until the degree or speed of

occlusion outstrips the compensatory ability
of the new circulation

Recent studies™ mdicate that the collateral
crreulation is of greater importance n cur-
tagling the extension of the infarct than mn
preventing tissue necrosts atself 1f a major
vessel ts occluded. In contrast to earleer find-
ings of other mvestigators,® it was found that
a major coronary occlusion is almost in-
vanably followed by mnfarction, but that the
size of the affected area 1s controlled by the
effectiveness of a collateral circulation

DEVELOPMENT OF COLLATERAL CIRCULATION

An  adequate collateral cuculation s
brought wto existence either by the openmg
of pre-existing but nonfunctioning channels
or by the formation of new vessels Several
factors favor the development of a collateral
circulation

I Almost certanly, pressure gradient
changes 1n coronary arteries are mamly re-
sponsible for openng dormant shunting chan-
nels or new ones Pr Ty
empty interartenial vessels fill with a stream
of blood flowing toward the occluded artery,
espectally its peripheral end Changes 1n -
tramural and intraventricular pressure re-
lationships may also account for a reversal
of blood flow, 1f any, from the heart cham-
bers to the coronary arteries

2. Release of histamine or some other
metabolic product, such as a nuclerc acid
derivative, tn or at the borders of an
1schemic area of myocardium, may pcssxhly

the or of
neighboring collateral vessels This hypoth-
esis is as yet almost purely specutauve The
development of new vessels as the result of
biotactic reactions may have some such €t
Pplanation *

3 Relative cardiac anoxia, whatever means
produce 1t, sttmulates formation of anasto-
moses Anenia, cor pulmonale, pulmonary
emphysema, cyanotic congenital heart dis-
eas, all induce the development of new chan-
nels Anoxra 1s the most powerful coronary
dilator known and causes an increase in col-
laterals, whether “by increased cardiac work,
coronary artery insufficiency or decrease 1
the amount of circulating oxygenized hemo-
globm.™* Increasing anastomoses have been
noted ta the following condttions, in the ab-
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sence of coronary disease, rheumatic valvular
disease, congenital cardac  malformations,
hypertension, bronchial asthma, obesity, and
anemia; it 1s assumed that the anastomoses
were the result of a response to ncreased
myocardial demand.®t

4. Other factors may be neural (reflex)
mechnnisms, increase in venous pressure, as
by ligation ot the coronary smus, and new
channels through adhesions, ete.

The possible routes for a compensatory
collateral circulation are (/) interarteral
communications, (2) extracardiac anasto-
moses, and (3) reversal of blood flow.

INTERARTERIAL COMMUNICATIONS
This may occur 1 occlusion of the left an-
terior descending artery. The blood leaving
the aorta then enters the right artery or the
left circumflex branch, and some of this blood
passes via channels which connect arterioles
to the ischemic area formerly supplied by the
occluded artery, It has been esttmated that
from 25 4 cc. to as much as 105 cc of blood
Per minute may fiow through the penipheral
end of an occluded artery The average
amount of blood diverted to ischemic areas 1s
about 4 10 45 per cent of the total flow
through a maimn artery. Furthermore, 1t the
descending or circumflex arteries are OG-
cluded, 64 per cent of their collateral flow
vill onginate from other coronary artertes.
About 87 per cent ot the collateral flow to
an occluded right coronary artery will ongi-
nate from the left coronary, which means that
asubstantial portion of the y flow
must be denved from other sources It 1s
Probable that the number and usefulness of
these mtercoronary anastomoses vary consid-
erably.f®

Three pathologic types of interartenal an-
astomoses have been distinguished.” (/)
connections between two branches of a coro-
nary astery or those bndging a gap between
twWo parts of the same vessel, (2) complete
dependence of the vesscls distal fo an occlu-
sion on another coronary artery for their blood

ventricle, to the right of and parallel to the
antensor mterventricular groove, (2) m the
region of the postersor mterventricular groove,
and (3} n the interventricular septum,

EXTRACARDIAC ANASTOMOSES  Frrst
described by von Haller,” these bianches
were largely overlooked until Wearn and asso-
ciates™ once more brought them to attention
Anastomoses were found between extracardiac
organs and the coronary arteries through thesr
penicardial tat branches, which leave the
heart around the aortic onfices, pulmonary
arteries and vems, venae cavae, and in the
nterventricular pericardiat reflections These
branches anastomose extensively with the peri-
cardiophrenic branches of the internal mam-
mary arteries and the anterior mediastinal,
pencardial. bronchial, superior and mferor
phrenic, ntercostal, and esophageal branches
of the aorta The channels, though of small
caliber, are numerous, and collectively may
form a fairly large anastomotic channel The
normal direction of blood flow 1n these vessels
15 not known so far, nor 1s 1t certain whether
they constitute a useful compensatory path-
way, Anastomotic channels are sometimes
found i the pericardial adhesions which form
after myocardial infarction, but they are by
no means constant and there 1s no evidence as
yet that such channels help to sustain myo-
cardial viability Antmals have hved after
hgation of a coronary ariery and vemn, but
promptly succumbed to cardiac fmlure when
the extracardiac anastomoses were Sev-
ered®  The possibiity of routing blood
back to the heart thraugh such extracardiac
anastomoses 1s the basis of one type of oper-
ation proposcd for the treatment of coronary
heart disease.

REVERSAL OF BLOOD FLOW This 15
the last possible means of compensatory
nourishment of an ischemic area, and per-
mits the heart wall to be nounished directly
from the cardiac cavities, Under such circum-
stances, the blood would flow through the

supply, (3) “convergent an. LY
which one or more artertal branches receive
blood from both coronary arteries
Interartenal communications between mata
Coronary artenies are found tn greater num-
ber. (1) 1n the antenor portion of the nght

arteriol , or
vessels toward the heart wall. Particulate
matter 1njected into the ventricular cavitics
was found m the capillanies of the ventricular
walls even when there was no possibility of 1ts
getting there through the coronary arteries **
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Some believe that reversed blood flow through
thebestan vessels is extremely unlkely.® ™
When the coronary ostia are occluded, the
pressure gradients may permit flow from the
ventricle mnto the lumnal vessels and sinus-
otds.® Pressure differences betweeen the right
and left ventricles determine the directton of
flow 1n the luminal vessels on the night side
of the heart When the pressure 1o the left
ventricle 1s greater than in the night, there is
no sigmficant flow toward the heart wall;
however, when the right ventricular pressure
13 greater than the left, the blood flows mio
the Juminal vessels and toward the coronary
artertes.

Robertson™ at one ume felt that such a re-
versal was most unlihely and theoretically
groundless The most favorable time for such
a flow would be 1n aurcular systole, when
the intraventricular pressure Is nising but the
coronary inflow 1s falling off This 1s just the
time when the pressure within the heart wall
is nsing and venous blood is about to be
ejected. If the contraction of the wall m an
sschemic area 1s weak, conditions for reversal
of flow should be somewhat better. Robertson
found that a thebesian reverse flow, if it
occurred at all, was not sufficient to marntamn
Irfe 1n an amimal with a igated coronary artery
and with severed extracardtac communica-
tons This was true even when the coronary
stnus was ligated to increase the venous pres-
sure and dilate the thebestan veuns.

There 1s therefore ample evidence to mdi-
cate that, at least theoretically, it is posstble
for the heart wall to recerve some of its blood
supply from the ventricular cavitigs,” No evi-
dence, however, exists that such a flow does
or can take place on the left stde of the heart,
where infarctions are most common. Even
could venous blood somehow be brought back
to the heart, it s highly improbable that such
blood, with 1ts Jow oxygen and high carbon
dioxde contents, would be of any use in
nounishing poorly vitahzed tissues. Flow of
bleod from the right auricle fo the coronary
smus toward the heart wall is anatomically
possible, but there 1s no evidence that 1t

oceurs.

SPEED OF DEVELOPMENT OF COLLATERAL

CIRCULATION .
Tn othet carefully studied regions of the

ot ve ot T3Py

with remarkable speed. Occlusion of the
femoral or carotd arteries results i an almost
immediate mcrease of penipheral arterial pres-
sure and retrograde flow. High values are
soon observed, and a pulse appears withia a
few hours or days ® In the coronary arteries,
the process 1s a2 more leisurely one. When a
coronary artery s suddenly occluded, the
1schemic area ceases to contract m about |
rnute, thts would not occur were an effec-
tive collateral vessel ready to take over at
once.** The retrograde coronary blood flow
after abrupt occlusion (5 approximately onty
05 to 58 cc. per punute,® and many days
elapse before the value of 30 to 40 cc 1s
reached ®

The collateral crrculatton 1s ineffective early
m acute coronary occluston,” 2 to 3 weeks
are probably required for a functionatly sig-
mificant collateral circulanon to develop * Ex-
periments on the domestic prg, which, unlike
the dog, does not have relatively large nter-
arterial connections, emphasize the slow de-

p of after acute

Nevertheless, there ts probably some early
effective collateral circulation, since snfarcted
areas are generally smalfer than the mass of
muscle supplied by the occluded vessel”

‘The clmical importance of this 1s obvious
If the oxygen demaads of the myocardium
can be reduced by decreasing the work of the
heart (re, chinical rest} until the collateral
curcutation 15 well developed, infarction may
be prevented, provided the ischemic area is
relattvely small But when the metabolic de-
mands of the heart are increased by exercise,
valvular disease, or bormonal shmulation dur-
g the time when the compensatory flow
is stll small, death of heart ussue 1s much
more apt to occur.

MYOCARDIAL LESION

When the heart stops shortly after complete
occlusion of a coronary artery, therc may be
no pathologec changes in the myocardium In
most cases, however, myocardial infarction
will occur, provided the mvolved artery 15
Jarge enough and the occiusion is sudden.
Obviously, the exact sequernce of events, espe-
crally the ttme sequence, cannot be observed
in man 1 vno While some analogies may be
Jdeawn from the expenimental ligation of coro-
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FIG 28 Character of cellular exudote ot vorious

nary arteries 1n ammals, they must not be
pushed too far. In man, occlusions generally
occur in a vascular tree which 1s the site of
atheromatosis, often of the most advanced
degree, Conditions m experimental animals,
with one ligated artery and the rest apt to
remain normal, are not comparable, Further-
more, the canme heart hag freer arterial
anastomoses than does the heart of man,'®
1t is therefore scarcely surprising that infarcts
seem to heal more rapidly in the dog than in
man. Compared with the long, detailed m-
vestigation of coronary artery lesions, myo-

————————EER————
———ere
et
~—ee R ——
———————
et

stages after cordiac Infarchion  (From Lodge Patch 46)

cardial changes have had httle study In many
cases, the exact time of onset of the infarc-
tion 1s difficult to establish, until the careful
studies of Willus of Mallory and co-
workers,” and of Lodge-Patch,® lutle was
known of the sequence of pathologic changes
w the myocardum (Tables 7-8, Fig 28}.
The descriptron that follows 1s largely based
on these studies

During the first 3 days, gross detection of
an area of infarction may be difficult The
first noticeable change 1s that the muscle 1s
paler and dryer than normal, with occasional

FIG 29 Myocardol scars resulting from coronary

sclorosis (Feom Ball 4)
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TabLe 7. HisToLooiC FEATURES OF MYOCARDIAL INPARCTS IN MAN IN RELATION T0 TrME

Hours Days
9 12 40 2 3 4 5 7 9 10 13 15 34 35
+ o+
Congestion and -+ + + 4+ + 4
terstittal edema + + + + + o+ +
+ 4+ + 4+ 4+ + 4+ 4+ 0 0 0 0 0 0
o+
Necrotic muscle + + + 4+ + 4+
+ oA+ o+ o+ o+ o+ o+
O + + 4+ + + + o+ o+ + + 4+ 0 0
+ 4+ o+ o+ o+
Nuclear degenera- + + + 4+ o+
ton E R S S S S
L S S R T S S S S A
+ o+
Polymorphonu- + 4+ o+ ¥
clear leukocytic + + o+ o+ o+
infiltration + 4+ + 4+ + 4+ + 4+ 4+ 4+ + 4+ 0 0
+ o+
Plasma cells and Lo+ F o+ o+ 4
Iymphocytes 0 ¢ o0 0 0 0 + + + + + + + +
+ o+ 4+ 4+
Pigmented macro- + 4+ o+ o+ + o+ o+ 4
phages 0 06 0 0 + + + + + + + + + +
+ o+ o+ 4+
Fibroblasts and + + + + + + +
scar tissue + o+ o+ o+
0 06 0 0 0 + + + + + + + + +
+ o+
Collagen + o+
+ 4+
¢ o0 o0 0 0 0 0 0 0 0 + + + +

From Cook ¢

hemorrhagic areas. On the fousth day, 2 fine
yeliow border, the result of leukocytic in-
fitration, can be dstingwshed; this area be-
comes broader and may turn somewhat
greeash by the sixth to the eighth day. A
reddish purple zone around the infarct ap-
pears after 8 to 10 days, the result of many
newly formed capillaries. As muscle fibers die
off, the myocardium becomes thinner, and a
definite depression can be scen in cross sec-

tion, With tume, the central area of dead tissve
decreases, and only small sslands, completely
surrounded by granulation tissue, are found
after 3 to 4 weeks As the granulation tissue
grows older, 1t becomes paler and more gela-
tinous, due to an 1ncrease in collagen content
and the compression of captllanes At 2 to 3
months, the infarct is shrunken, whute, 2nd
fibrous; thereafter Inttle change is found (Fig
29). The pericarditis, which in the early stages
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TaBLE 8. RELATION OF AGE oF INFARCT To Historocic FEATURES
Polymor-
honk Blood wes- Plasms
clear lew- sels, con- Pigmented cells,
Age of kocyte wne  mective fis. Removal of  piacro- Iympho-
‘nferct Necrons  filtration o Tibers phoger  Eosmophils  cytes  Collagen
1 day Eos + 0 0 ° 0 [ 0
2days b+ E 0 0 0 [ 0 [
3 days g At 0 ) 0 ] 0 0
4 days T A S S s e 0 0 0 0 0 0
Sdays Attt + + 0 0 0 0
6days  A++++ A4+ e + + + + 0
7 days +++ ++ ++ + + + [
2 wecks +4 + +++ A R +++ +
3 weeks + + 4t e+ + ottt ++
4 weeks + 0 gttt A 0 44+ ++
2 months + 0 +44+ + +++ 0 +++ +++
3 months + 0 i+t + +4+ ] 4+
4 months 0 to + 0 ++++ ” ++ 0 4 g
§ months 0 to + 0 +++4 ? + 0 + 4t
6 months—
1 year [ 0 4+ ? + ] + A+t
1 year and
aver 0 0 4+ ° + 0

From Mallory e ol ¥

was manifest as a thin, easily detached layer
of fibnin, has by this time turned into a white
area of fibrosis

The microscopic features are necross,

rare, as 1$ extravasatton around the muscle
fibers. The erythrocytes are found in distended
venules and capillanes, eventually, the cells
break up and the hemosidenin 1s removed by

s Y connec-
tive tissue formation, and removal of dead
tissue  Presumably, necrosis of the muscle
fibers, and to a smaller degree of the blood
vessels and supporting structure, starts at
once, but the first anatomc changes are ob-
served after 5 or 6 hours. The muscle fibers
then appear more hyaline and stain deeply:
they may be swollen gnd contain variously
sized cosmoplulic granules or large, srregular
cross bands The stnations do not disappear
entirely, dead tissue 1s gradually removed, but
some fibers may persist for months The
necrosis 15 fairly uniform throughout the area
of wnfarction, aithough there may be a layer
of surviving tissue 03 to 05 mm thick along
that portion of the endocardium accompany~
ng the thebesian vessels into the myocardium

HEMORRHAGE Only rarely are myo-
cardial nfarets purely anemic or purely
hemorrhagic. Focal hemorrhagic areas are
found frequently, diffuse hemorrhage 15

P

POLYMORPHONUCLEAR LEUKOCYTE
INFILTRATION Leukocytes appear on
the first day at the border of the infarct At
first they are present only 1n the interstitial
tissue and around the blood vessels, later, they
spread 1n various directions, mcluding, to a
hrmted degree, the necrotic muscle fibers
They do not penetrate deeply, so that the
central area of Jarger infarcts 13 not infiltrated
The polymorphonuclear leukocytes increase
i number for about 4 days, some show de-
generation, blurnng of outhne, and nuclear
fragmentation as early as 48 hours, by the
fourteenth day, however, all have disappeared
Exactly what role these cells play m farc-
tion 15 not known They have no function
which can be recogmzed histologically, they
do not phagocytize dead tissue, but they may
produce an enzyme of importance 1n the heal-
mng process Eosinophils in varying number
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may be found n the mfarct from the fourth
to the eighteenth day.

NEW BLOOD VESSELS AND CONNEC-
TIVE TISSUE Small, newly formed
blood vessels grow in from the periphery
toward the center after the fourth day. In
some infarcts, however, the central area re-
mams poorly vasculanzed, Basophilic fibro-

PERICARDITIS If pericarditis occurs at
all, fibrin can be found after 24 hours. Or-
ganization of the fibnn begins after the
cighth day and 1s complete by about 4 weeks

MURAL THROMBI Organization of
mural thromb begins on about the nuth day
and is complete on the sixtcenth day, Fresh
thrombt, presumably due to cardiac dilata-
tion, are found 1n old mfarcts

blasts, often with mutotic figures, 'y
these blood vessels and are present in in-
farcts 4 to 23 days old Unltke infectious
Iesions, fibrin 15 not the stimulus for this 1n-
growth, for lttle fibnin 1s found. Newly
formed collagen fibers are present at about
12 days. At 3 weeks, the collagen 1s proms-
nent at the peniphery, and at 2 to 3 months it
has reached 1ts maximum This collagen n-
creases the strength of the fibrous scar

REMOVAL OF NECROTIC TISSUE Si-
multaneously with the ingrowth of blood ves-
sels and connective tissue, mononuclear cells,
probably histiocytes, begin to remove necrotic
tissue at the periphery. These cells penctrate
the fibers and phagocytize them. The frag-
ments may be seen within the cell, but event-
ually disappear, apparently as a result of
complete dissolutton. Part of the Iipofuscin 15
removed by these cells, but numerous pig-
mented macrophages may be found in the
mfarct. Some of the macrophages may also
have ron-contamting pigment from broken-
down crythrocytes These cells may be pres-
ent for months, but are not usually found 1
nfarcts which are more than a year ofd.
Foci of lymphocytes and plasma cells appear
at about the same time as the macrophages,
but are never as pUmMerous

LIPID The presence of fat depends
Jargely on the suddenness of the occlusion.
When the infarcted muscle 13 the site of pro-
longed ischemia due to gradual reduction
the blood supply, fatty degeneration occurs
The amount of fat decreases with increastag
age of the nfarct.

CALCIFICATION Old infarcted areas
may contam deposits of calcium, sometimes
massive ¥ True bone formation has been re-
ported m 2 few cases.!®

Cook’s® findings, 1n a study of 20 paticnts
and 13 dogs, were much the same as the fore-
going description (see Table 7). The healing
process i both was generally very stmilar.
No Karsner foreign-body giant cells were
found in the human lesions Hemorrhage was
more prominent 1 the experimental lesions,
and they tended to heal much more rapidiy
Blood vessel and connective tissue proltfera-
tion appeared on the fourth day m the human
lestons, fibrosis and contraction were found
after the third week.

The findings of Mallory and associates
have on the whole been confirmed by Lodge-
Paich He, too, reports that during the first
week, the histologic picture reveals the age
of an mfarct with an accuracy 1n a range of
4 hours, in the later stages, the age of the
leston cannot be esttmated quite so accurately,

LOCALIZATION OF INFARCT

RELATION TO CARDIAC MUSCLE
BUNDLES Anatormsts have long recog-
nized that the ventricle 1s made up of several
separate muscles, but not untl the careful
investigations by Robb and Robb™*" did

and pathologi: 2! the 1m-
portance of ths fact. The following descrip-
tion 1s based on therr reports and those of
Muate and Bledsoe® and of Wartman and
Souders ** Two factors which make study of
the muscle bundles difficult are- (1) the
heart muscles lack fascra and there is some
interlacing, and (2) occasional vanations in
the normal pattern

The muscular bands of the heart, consisting of
two superficial and two decp muscles, are re-
markably constant, and with only occasional van-
ations are found in all hearts Mall named those
that originate from the Jeft (aortic, bulbar) sid¢
of the beart the superficial (SBS) acd decp
(DBS) bulbospiral muscles, those from the night
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or venous side, the superficial {SSS) and deep
(DSS) swospiral muscles A fifth muscle, the
scroll muscle, may be added to these.

The superfical muscles originate near the
muteal and tricuspid onfices and sprezd down-
ward, forming a superficial layer about I mm
thick over both ventrcles, except at occanional
points ncar the base of the heart where the DSS
can be secn through fenestrations At the apex,
the fibers form a vortex 2nd penatrate to the -
teror of the ventsicles, there they lie under the
endocardiom, spitaling upward and surroundmg
both ventricular caviues, to attach dicectly ar -
directly to the tendons around the

antenor papitlary muscle. The blood supply of
the first part conusts of superficial twigs of the
nght cwcumflex artery and the nght Iateral
branches of the left antenior descending anery;
the second and third portrons are supphed by the
distal thied or tess of the left antenor descending
artery

Expenimental lesions produce elevation of the
R-T segment in all three Teads, with concomtant
T wave nepativity

Deep Sinospiral Muscle  The DSS onginates

from the of both
angs It encircles both ventricles horizontally
and the basal two-tbirds of the left

tncular onfices

The auncles, the Ieft ventricular apev, and
the mterventrcular septum are formed entirely
By the superfictal muscles

Superficral Bulbospiral Muscle  The SBS
anses from the conus tendon, the pulmonary root,
the lefi trgonom fibrosum, and the anterior,
fateral, and posterior curvature of the left atnio-
ventncular nog. The ongin of the muscle varies
somewhat, but 1t wvanably covers at least the
apscal two thirds of the left ventrcle and ose
third of the nght ventnele It spirals downward
1o the apex, penetraung 1t and forming the -
fenior {postenor) papillary muscle 1n both the
nght and left ventricles In its intramusal portion,
1t enarcles the apex of the left ventricle once,
forming the postertar pattion of the lawer third
of the septum In the night ventncle, st gves many
fibers to the antenor papillary mosie and & few
to the left papitiary muscle

The blood supply of this musele s denved from
vanous sources Several superficial twigs from
branches of the left aircumfex artecy supply the
anteror aod laterat regions of the first part. The
fibers at he conus sesave their blood supply
from the first branch of the mght crrcumflex
artery or from prowsmal branches of the antenor
descending artery 1n 85 per cent of cases, the
postenor superficiat and papillary portions are
supphed by the nght coronary anery, less olien,
by the Jeft or a combination of both.

An expenmental Iesion of any part of the
muscle produces dapresuion of the R-T sepment
m lead [ and R-T elevation in leads 31 and 11
of the electrocardsogram

Supesfical Sinosprral Muscle  The 5SS arises
around the tncuspad area and spraly downward,
covenng most of the basal poruon of the aght
ventricle posterrarty and much of the nght ven-
tricle anteriosly ks second part plunges deeply
10 eocircle the Jeft ventneuwlar apes, here con-
tnbuung the anterior lower third of the septum
The thurd porton of thir muscle becomes the

ventricle. Toward the apices there 15 a deficiency
of muscle, the gaps being Hlled 1n by the super-
ficral muscles. The descencing branches of the
nght ewcumfiex artery supply the nght part of
the DSS, the first Jarge left collateral branch of
the feft anterior descending artery and descend.
10g twigs of the left ciscumfey artery supply the
1eft portion; penétrating branches of the anterior
and postenor descending arteties supply the
septal portions of the musele Qcelusion of the
proumal portton of the left antenor descending,
of the begramng of the left crrcumflex, or of the
nght circumflex artenes will therefore mvolse
the DSS

Expenumental lesions produce an elevation of
the R-T segment in Jead f and 2 depresnon of
the R-T sepment 1n lead 3 Involvement of the
septurn will resalt m a deep Q wase,

Deep Bulbospral Muscle  The DBS 1 con-
fined entirely to the left ventncle. The muscle
forms a strong cticular cuff surrounding the
mitra} onfice and the aorta The muscle fibers
form three mterweaving bands Braaches of the
feft coranary artery supply the blood for this
muscle

Physology Fach of the vemncular muscle
bundles apparemtly has speerfic fuscons The
two functions of the superficial muscles are: (1)
fisation of the apieal fulcrum o that the septum
and the weak-walled apices do not bulge dunag
systale, {2) fixaton of the aunculoventrculas
valve leaflcts, thus preventng repmrptation suto
the avmcles dunng systole  Development of a
rutral muemur after apical snfasction may be ex-
planed by the madequate tension of the damaged
muscle on the vahes, rather than by dilatation of
the fibrous rings at the base of the heart

The DSS, which forms the masn mass of the
nght ventncle, has an expufove function and 1
probably responuible for mantenance of the pul-
monaty auculaten  The Ieft portion of the
muscle, together with the DBS, protably empises
the left ventricle Injury of erther portion of ths
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muscle causes a drop in blood pressure,

The DBS helps to expel blood from the left
ventricle and is essentral in maintaining the aoriic
pressure toward the end of systole Expenmental
injury of both superficial muscles and/or the
deep smospiral muscle is compatible wth survival,
but the animal dies 1f the deep bulbospiral muscle
15 damaged

Infasction often follows the muscle bundles
with hittle overlap. Occasionally, only part of
the muscle crrcumierence 1s mvolved; the
subendocardium may be mvolved, while the

bepicardium  remains , or the
posterior portion of the decp bulbospiral
muscle 1s damaged but not the anterior The
superficral muscle bundles are more often
affected than the deep muscle bundles The
deep smospiral muscle is the one least af-
fected, and nght-sided infarction 1s there-
fore uncommon

No constant relahon has been established
between the artery occluded and the sue of
an mfarct. In general, however, occlusion of
the night coronary artery leads to infarction
i the deep muscles, especially the postertor
and basal portions, disease of the left antertor
descending artery affects both superficial
muscles, anterior and apical portions, while
mvolvement of the circumflex attery affects
either the deep or superficial bundles® In 2
sertes of 72 cases, three types of mfarction
were disinguished, and therr frequency noted:
(1) full tiuckness, involving two or more
muscles except at the left apex, where enly
one muscle may be mvolved (27 cases);
(2) massive, extending through a large part
of wall and always volving at least two
muscles (29 cases); (3) lammar, usually -
volving only one muscle (16 cases). Cardac
rupture was found only with full thickness
farcts, often when old and new mfarcts
were 1n the same place, No case of rupture
was found with old infarction alone. Aneu-
rysm oceurred twice as often in full thick-
ness mfarcts as m both other types combined.

LOCATION OF CORONARY OCCLUSIOI:I
Most coronary occlustons occur in the proxi-
mal parts of the main coronary arteries,
within the first 4 cm, of the feft or right
cosonary vessels, of the first 2 em. of t%le left
anterior descending branch or the left circurn-
flex artery. The older the patient, the more

Iikely is multiple involvement in any combi-
nation of vessels affected.

The most vulnerable artery by far is the
left coronary. The first 2 cm. of the left
anterior descending branch constitute jn effect
the heart’s death trap., Some idea of the
magnitude of the percentages involved may
be gained from a summary of 1,465 occlu-
stons from several sources:™ 20 25 85 87

Sute No of occlusions
Left man arter; 71
Left anterior descending branch 834
Left circumfiex artery 21
Right mam artery 37%

There 1s no constant relation between the
site of infarction and the artery occluded.
Among the determinmg factors are the par-
rowmg of other vessels, the effectiveness of
collateral vessels, and vanistions m the dis-
tobution of arterial blood. Occlusion of a
small vessel may, by reducing the total flow
to a given area below a eritical level, cause
“anfarction at a distance.”

Almost all infarctions affect the left ventrr-
cle “Pure” nght-sided mfarction 15 exceed-
ingly rare, accountwng for about 2 per cent
of all cases, almost invartably, nccrosts of the
nght side 15 an extenston from the [eft
Whether there is any area of predilection for
infarction 1n the left ventricle is hard to de-
termune © Figures vary, but on the whole
seem to show that the ncidence of anterior
and posterior infarcts 1s about equal, posstbly
with some predominance of the anterior
surface Two sets of figures (Tables 9-10),

TABLE 9 S(TES OF INFARCTION IN A
SERIES OF 556 Cases®™

Number of Cases

Recent  Healed

Site wnfarct  nfarct
Antertor 190 222
Posterior 109 122
Septal s 5
Right ventricle 8 22
Antenor and posterior 45 62
Total 357 433

both of carefully studied cases, are repre-
sentative. i
Septal lesions alone are rare, but extensions
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TaBLE 10. SITES OF INFARCTION IN &
SERIES OF 458 Cases®

Number

Site of eases
Antenior 179
Posterior 144
Anterior subendocardial 17
Postenor subendocardial 6
Posterolateral 17
Posterosepial 19
Anterolateral 10
Extensive postenor and lateral 10
Anteroseptal 33
Septal 4
Unideniied 18

to the septum are common. Of the 190 cases
with fresh anterior infarcts (Table 9), 72
showed extension into the adjacent septum;
of the 109 fresh posterior infarcts, 35 ex-
tended into the septum. The size of the af-
fected cardiac area ranged from 0.3 X 0.1 cm
to 12 x 15 cm.

The lateral wall of the heart is mvolved
more often than was formersly believed In a
study of 106 cases, left lateral wall mnfarcts
were found m 179 per cent; right lateral
wall, n 0.9 per cent; posterobasal, in 255
per cent; anteroapical, in 54.9 per cent®
Somewhat Jower figures are reported i other
studies, for example, 5 left lateral lesions
among 153 cases of infarction.®

FIBROSIS

Cardiac fibrosts may occur at the site of a
healed infarct; 1t may also occur in the ab-
sence of mfarction in chronic ischemia of
the heart due to long-standing coronary nar-

atine content of infarcted areas is half that of
uginfarcted areas. The same general rule
applies to the creatine in the heart muscle
as to other muscles: the highest content is
found in the most active and efficient muscles,
In the heart, the left ventrscle, which 1s the
more active part of the beart, contans 170
to 180 mg. creatine per 100 cc., as compared
to 130 mg n the right ventricle, the less
active part In congestive heart failure, these
figures are reduced by about 30 per cent. n
infarcted areas, the levels are stif lower

REGENERATION

Comparatively little has been added to the
terature on the regeneration of heart muscle
since a review in 1912 ® There 1s little evi-
dence to indicate the existence of regenera-
tron Heller® beheved that regeneration oc-
curred, especially in toxic degeneration, and
that the primary muscle bundles multiply by
lengitudinal dwiston and sphitung of nuclei.®
Others have thought that the “muscle giant
cells” found close to infarcted areas are an
indication of regeneration Saphir and co-
workers™ suggested that these cells mmght
not represent a regeneration attempt but re-
sult rather from a foreign body reaction, they
found no grant cells, but did find apparent
hypertrophy of muscle fibers in areas sur-
rounding infarcts Karsner and Dwyer® saw
no evidence of myocardral regeneration, the
nuclear changes which were present they re-
garded as degenerative rather than mitotic.
After cntically examining the theory that the
connective tissue found in myocardial -
farction may be formed from muscles cells
or “cells of muscle origin” as a result of
anaplastic or retrogressive changes, they con-

rowing While 1t 15 beheved that pl
tissue death and sub: by

cluded that of the wmfarct 15 due

fibrotic issue wall not occur after less than 20
mmnutes of sschema, it 1s pot unlikely that
repeated bouts of anoxemia in angina pectoris
of long standing may lead to fibrous scarring
of the myocardium which eventually results
i myocardtal weakness and faillure Ischemia
1s not the only cause of cardiac fibrosis, for
example, hyperplasia of the interstitial con-
nective tissue 1s sard to be invanably present
in cardiac dilatation from whatever cause
The chemical composition of the myocar-
dium may be affected by ischemia, The cre-

to p of pi g
tissue and blood vessels and 1s not materally

different from cicatrezation in other organs.

CHANGES IN CARDIAC SIZE

The size of the heart 10 coronary disease
varies greatly, In 2 study of 113 cases, 45 of
the hearts (40 per cent) weighed 400 Gm or
Iess, even in the presence of advaaced nar-
rowing or obstruction of large artenes, in 12
of 24 cases of complete occlusion of one of
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the main branches, the heart weight did not
exceed 400 Gm,* In another sertes of 94
cases, 25 of the hearts did not weigh more
than 400 Gm* A roentgenographic study of
the heart m 200 patients who had survived
corontary thrombosts for at least 3 months
revealed no defimte enlargement m about
one third of the cases after 3 years, despite
the fact that occlusion had recurred m some
of the patients 5 Other 1avestigators, too, have
concluded that there is no relation between
cardiac hypertrophy and coronary disease.®*
52

On the other hand, certain clinical reports
would seem to indicate the existence of such
a relatonship, Parkinson and Bedford™ felt
that he only factor producing cardiac en-
largement may be imfarction Smuth and
Bartels™ found hypertrophied hearts in most
cases after coronary occlusion. In 2 series of
122 cases examined postmortem, no other
cause for the enlarged hearts was apparent,
and 1t was concluded that heart weight 1s a
function of the degree of coronary sclerosts ™
Some degree of hypertrophy has been found
with ncreasing severity of the sclerosis, and
a considerable ncrease m size when con-
gestive heart failure supervenes *

Ammmal expermments have added little to
the chnical evidence In ome study, higatron
of coronary arterses m dogs produced car-
diac infarction, but after 319 days there was
stll no evidence of hypertrophy.** Another
study reported hypertrophy after exper-
mental ligation of canine coronary arterres.™
Repeated injection of epmephtme resulted i
enlargement of the heart,* Cardiac enlarge-
ment {n arteriovenous aneurysm has been
attributed to deficient myocardal nutrition,*
It is well known that cardrac hypertrophy may
be caused by anemia, this hypertrophy, how-
ever, may be due to the increased work which
the heart must do* Rabbits with coronary

h ferosis due to a high chol 1 diet
had significantly enlarged hearts, atheroscler-

osis of the aorta, systemic arterial hyperten-
sion, aortic valvular defects, myocardial 1n-
fammatary disease, and other effects of the
diet could be excluded as factors in the
pmducﬁou of the cardiac enlargement.®” Al-
though the possibility that the effect on l.he
heart might be either a direct one, or an in-

direct one mediated by the endocrine glands
could not be excluded, the conclusion was
reached that the coronary atherosclerosis as
such produced the hypertrophy and that
ischema played a role. Other workers from
the same laboratory found that the choles-
terol content of the myocardium was jn-
creased m these amimals, but that this could
not account for the increased weights of the
heart,® They concluded that myocardial
ischemia alone could be the sole cause of
cardiac  hypertrophy Similar results have
been reported 1n chicks *

In 2 thorough chuncal study of the sub-
jeet, with an analysis of 1645 autopsies, the
possibelity was snvestigated that coronary
sclerosis and its resultant ischemia, conges-
tive fatlure, or myocardial damage, as evr-
denced by myocardial fibrosis, could produce
cardrac enlargement.*® All cases with hyper-
tension were excluded The conclusions
reached in this study were- (/) there 1s a
close correlation betweenr coronary sclerosss
and hypertension, and the latter usually ex-
plains any increase 1n heart weight (2) There
15 po cvidence that coronary sclerosis, heart
failure, or myocardial fibrosis produces car-
diac hyp phy. This 15 ly the
same concluston as that of Bell and Clawson,*
who maintained that cardiac hypertrophy is
not caused by coronary disease, and that it
1s more likely that coronary sclerosis occur-
ning in the course of hypertenston fends to
prevent further cardiac hypertrophy. Every
one who has wnitten on the subject, includng
Maun, has reported cases of heart enlarge-
ment which could not be explamed on the
basts of hypertension or any of the other
commonly accepled causes

From a review of the literature, and from
my own expertence, 1 am led to believe that
an enlarged heart may oceur in some cases
of coropary disease m the absence of hyper-
tension, valvular disease, or heart fatlure.
In most cases, significant or repeated failure
will result 10 enlargement, although occaston-
ally, despite several intensive episodes of
cardiac failure the heart at autopsy was found
to be small In 1 case of advanced involve-
ment of the coronary arteries with myocar-
dial fibrosts, and heart fature for 3 months,
the beart weighed ooly 325 Gm
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CHAPTER 7

Angina Pectoris

THE HiSTORY Of coronary artery disease
started almost full grown with the account by
Heberden of its most spectacular symptom,
angina pectoris, His report 1s a masterpiece of
clanty and completeness, and httle has been
added since to improve the chmcal descrip-
tion,

The typical case of angina pectons presents
a picture so characteristic that 1t can hardly
be confused with any other syndrome.” The
features of such a case are: (7) pam which
1s primarily substernal or precordial; (2)
radiating pain to the left shoulder or arm, (3)
pain brought on dunng or immediately after
exertion, emotion, or chilling; and (4) quick
relief by rest or miroglycern  Any patient
who complains of pain with these four fea-
tures has both the symptom (angina pectorns)
and heart disease, atheroma of marn coronary
arteries, in the vast majosity of cases Atypical
symptoms often plague the physictan, but the
common forms of angina are wdentified with-
out trouble

MAIN CHARACTERISTICS

LOCATION OF DOMINANT PAIN

The first and most bitter complamt 1s of sub-
sternal or precordial pain An accurate diag-
nosis hecomes difficult only when the domi-
nant pam 15 felt in some other location, or
the radiaung pain takes precedence i the
patient’s awareness over the chest pain, or the
pam is mimmal or docs not occur, In over
half the cases the pain ts substernal,”” and 1n
most of the rest it 1s Just to the left of the
sternum 1n the precordial area. Rarely s the
dominant pain farther to the left; although
it may spread as far as the apex or the Jeft
costal margn, 1t 1s almost never felt there

93

principally. Except in the rarest cases, the
pamt 15 not exclusively abdomunal, 1t may,
however, extend to the abdomen In patients
complaining of abdomunal pam 1t will as a
rule acteally be subxiphoid or at Ieast have
some supradiaphragmatic component, even
though the severest pain is not felt in the
thorax, Paio 1s never felt at or below the
umbtlicus, except as an atypical radiation

RADIATION OF PAIN (Fig. 30)

The typical radiation 13 to the left shoulder
and arm, possibly extending to the fingers
The area of radtation after it has reached the
arnt 15 almost invarably on the ventral sur-
face, narrowing at the wrist 5o that it 1s usually
hmited to the ventral surface of the Ittle
finger. The pain may extend m 2 continuous
band from the precordism up to the shoulder
and down the arm, or with a gap so that two
separate areas of pain may be distinguished

The left side of the neck and the left side
of the face (e g. teeth or ear) are the next
most common areas to which pamn radrates
Less commeon stil! is pain radiating to the left
scapular area, the right arm, or both shoulders
and both arms, such pan raduaton is an
added source of confusion when the chnical
picture 1s not clear Even rarer sites are the
midback and the lower abdomen Radiated
pain 15 sometimes felt in the upper abdomen,
especially an the night upper quadrant in the
presence of gallbladder disease. This 1s an
example of the predilection of pain to radi-
ate to areas zffected by other diseases

The undeviating, individual pattern of pain
radiation is 1ts most charactenistic feature
Any gradual or sudden change 1n the pattern
1s an indication that further cardiac changes,
usually tacreasing coronary narrowtng, have
taken place
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FIG 30 Radiation of anginal pain, (Top) Typical
rodiation  (Bottom) Atypical sites of rodiation, front
ond back (Adapted from Phizer “Spectrum® 1 the

The referred pain 1s 1n some cases the most
annoying symptom 1 angina pectoris and the
one which brings the patient to the doctor.
In such cases, however, skillful questioning
will disclose the presence of thoracic pain as
well. The middle-aged patient whose chief
complaint is pain 1n the left shoulder or arm
must therefore be questroned closely Rarely,
thete may be no thoracic component, the
only pain felt being i the area of radiation;

JAMA, May 29, 1954)

sooner or jater, however, pain in the chest
atmost invariably appears. Diagnosis in such
cases calls for special alertness

CHARACTER OF PAIN

Io describing the thoracic component of
their anginal pain, patients most often use the
adjecttve, constricting, or some such synonym
as squeezing, tight, cramping, heavy, or press-
ing The pamn 1s less often described as burn-
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g, bonng, stretching, aching, viselike, or
choking, The word “pain™ is more often used
by the doctor than by the patient, who often
prefers the term “pressure.” An outstanding
feature 15 the pan’s vague location and char-
acter, In true angina pectoris, the patient finds
1t much more difficult to describe his symp-
toms accurately than in neurotic or noncardtac
anginal pain, Seldom is the pain sharp, when
the patient uses this word he generally means
that it 15 severe rather than lancinating or
pricking. The term aching, as used by pattents,
more usually applies to the radiated pain, The
patient may not usé the word Ppam at all, but

P of a or of

h the wary will not
fall into the pitfall of not recognizing this
complaint as one of anginal pain

In one sertes, 40.2 per cent of the patients
described the chest pam as constniching, 32.5
per cent could not find a descriptive term; 95
per cent said the pain was aching, 1 3 per cent
complamed of “numbness,” and 1.3 per cent
felt sharp or lancinating pam ™ In another
sertes, 61 per cent of the patients complained
of pressure and heaviness; 42 per cent, of con-
strictive,
or viselike p:nn 4 per cent, of achmg, dull,
gonawing, throbbing pain or discomfort; 32
per cent, of tightness, 14 per cent, of chokng,
13 per cent, of sticking or knifelike pain, and
10 per cent, of burming pain * In my own
series of 500 cases of unequivocal angina
pectorss, 70 per cent uscd the term “pressure™
or some equivalent word to describe their
symptoms, and an additional 18 per cent used
such a term on close questioning,

Other characteristics are somewhat less 1m-
portant Onset or refief of the pam 1s seldom
extremely sudden As a rule, the pawt budds
up gradually and usually lasts a minute or two.
When 2 shorter duration (a few seconds) 1s
described, the panient bas probably under-
estimated the time considerably, On the other
hand, rarely does the pam last more than a
few minutes, and almost never as long as half
an hour If 1t does, fresh coronary narrowiag
or muscle inl: must be The

Certarn negative characteristics are useful
in diagnosis. The paint 15 seldom sharp or Jan-
cinating, rarely throbbing or synchronous with
the heart beat, and not often of extreme in-
tensity although 1t may be accompanied by
angor mortis or a sense of impending dis-
solution The disagreeable sensations aroused
by the patn are out of proportion to its 1nten-
sity, probably due to reflexes to the skin with
resultant vasoconstriction and reflexes to the
gastromtestinal tract which reduce tonus and
produce a sinking feeling tn the eprgastrium.

The pain of angina pectons 15 not made
werse by brenthmg “The pamn which bears a
drrect to
laugag, yawnmg ot other respiratory acts,
13 in all probability not angina pectors ™* Pain
consistently induced by one mwotton, such as
bepding or squatiing, 1s not a sign of angina
pectonts. Changes 1a body position, with the
exception of recumbency, do not snduce or re-
leve the pain of angina pectoris.

Anginal patn s precipitated more easily
after meals and 10 the presence of “abdomenal
distention,” In etther case, belching or loosen-
ing a tight belt may bring relief, thus may be
a cause of some difficulty i differentiating
angmna from gastric disorders Comstipation
does not affect angima, but the act of defeca-
tion, especially 1f it requires much breath
holding or squeezing, may cause anginal par,
In some cases, ingestion of tood has been
reported to prevent anginal pam, hypo-
glycena may have been a contributing factor
m the pam of these patients. Dysphagia does
Dot accompany angina except 10 the presence
of defintte cardiac enlargement.

Palpitation accompanying chest pain 1s a
rare complatmnt, except in the neurotic patient.
Qa the other hand, ¢ctogic beats may result
10 heart conscrousuess aod be wterpreted by
the pattent as pain In an occasional case,
paroxysmal tachycardiz may induce angina
Ppectoris, especially in the presence of coronary
disease, the history will then show that the
pa‘pitation preceded the onset of pasn. Hyper-
thyroidism, which increases cardtac work, is

pam of true angina pectoris appears comcr-
dentally with or immediately after the precip-
wtateag factor The amouat of effort or exertion
which wifi produce pamn may vary from day
to day and from hour fo hour.

often p by p and n-
creases susceptibility to angmal pain, Other
conditions which must be constdered when
the patent complans of both angna and
paiy are hypoglycerma and
hyperadrenalemia
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RELIEF

The angina of cxertion 1s usually releved
quickly by rest. Nitroglycenn or amyl nttrite
Ppromptiy relieves most aitacks of angmnal pan,
whatever the cause may be, as a corollary,
chest pain not influenced by nttroglycenin 1s
not duc fo angma pectorts. In patents jn
whom mitroglycerin no longer is effectne or
m whom much [arger doses than usual be-
come necessary for relef, further cardiac

RECUMBENCY AND ANGINA

Actvity in the recumbent posttion 15 usu-
ally less distressing than in the upright posi-
tion. For example, coitus mduces angina far
less often than docs walkmg, despite a greater
increase in heart rate, A scvere form of angina
pectoris (angma decubitus) s brought on
merely by lymg down. But not all angima
suffered at mght occurs as the result of the

damage (coronary il or my L
necrosis) should be suspected Patients in
whom recumbeney brngs on angmal pain
often obtain relief by sitting up.

SYMPTOMS OTHER THAN PAIN

These may be present during or immedr
ately after an attack Stngly or in any com-
bination, there may be sweating, weakness,
tremor,  tamting, collapse, vertigo, and
dyspnea Nausea or vomuting are rare., except

positton; the pan may be an
angina of effort or due to some other cause

i LJR’ &l I s 7
tachycardia, chilling, nocturnal dyspnea, or
nughtmares 1 have found the Jast to be a fre-
quent cause of angina pectons or paroxysmal
dyspnea, Disturbing dreams may raise the
systolic pressure as much as 70 mm , and may
cause an increase 1n heart beat of more than
20 beats per munute ** Psychotherapy may be
necessary to alleviate the terniying symptoms
which are brought on by mght-

when the attack 15 prolonged or
is m the offing, these symptoms can be ex-
plained by the reflex changes m intestinal
tonus produced by coronary msuffi Any
of these symptoms may replace thorzcic parn,
n part or completely, especially . pa-

mares.

ANGINA DECUBITUS
This 15 a severe form of angina pectors
brought on by the recumbent position. It

ttents with a igh pam h But even
1 such patients there will be some parn 1n the
thorax or In an area of radtatton or pam will
soon appear in the clinical picture

Painless angina (angma sine dolore) 1s
rarer than panless mfarction. This ranty may
possibly be ascribed to the difficulty of diag-
nosts m the absence of typrcal pam or radia-
tion of pamn

The pattent with anginal pan 15 often
highly suggestible, In his cagerness to be

ly develops 1n many patients with
typical angina pectorts The ttme from first
onset of angina to the death of the patient
1s not significantly different whether angina
decubitus develops or not, but once angina
decubrtus sets m, the prognosts 1s poor, the
duration of Iife bemng reported as only 28
years*2 It 15 a safe assumption that angma
decubitus 15 a sign of advanced coromary
discase.While the cause of angina decubitus 1s
not clear, the reduction mn blood pressure

helped, he attributes any subjective 1mp:
ment to the last therapy tried It 1s erroncous
to assume that pain tn organic discase, whether
1t 1s angna, ulcer, or cancer, is not alleviated
by suggestion Any regimen prescribed with
an air of confidence by a cheerful and per-
suasive advisor 1s usually helpful for a tume

In a patient whose personal life is 1 good
order, angtnal attacks are fewer and less
severe, whereas adversity and emotional stress
have the opposite cficet. Pleasurable activity
is much less likely to bring on an attack than
other, equally strenuoss but less pleasant ex-
ertrons. Thus the patient less frequently re-
potts dustress from a walk to the theater than
from walking to work

which panies the bent positton
may be partly responsible. In the presence of
advanced coronary sclerosis, coronary flow 1s
at best just above a critical level, so that de-
pression of flow below this level results in

1schemic pain.

DIAGNOSIS

HISTORY

An accurate history 1s most important i
correct diagnosis A definite diagnosis of
angina pectons can be made 1f the history
discloses the four complaints hsted at
the begmnning of this chapter. The patieat may
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have any number of neurotic manifestations
m additron, but the diagnosis, if made on the
basis of this history, is safe and unlikely to
be overthrown

The dragnosis becomes dufficult only in
those cases in which one or more of the char-
acteristic symptoms are absent or there are
atypical symptoms For example, the patient
may describe the pain as knifelike, or the
pain may be referred to the back or the ab-
domen instead of 10 the left shoulder or armt.
Corroborative evidence of

coronary disease. Border-line cases may create
diagnostic uncertainty, but a careful history
and the use of vanous diagnostic aids wall 1n
most cases establish the diagnosts without too
nruch difficulty.

CARDIOVASCULAR DISEASE

Any evidence of cardiovascular disease 15
of positive value, and the diagnosis of angina
becomes more defintte as any conditon such
as hypertension, which increases the suscep-
tbility to 15 d In addt-

disease or of coronary insufficiency is im-
portant in such cases. The former suffices
1f the history is strongly suggestive of angina,
the latter 1s desirable for a clear-cut diagnosts
and 1s essentral in completely atypical cases
An illummating companson of the fe

tion, all the factors which play a role in the
pathogenests of coronary disease, such as age
or sex, must be evaluated, although they may
be of small help in any given case Any
physical sign pomting to the vessels, such as
cardiac murmurs,

tions of chest pan in true angina pectoris and
1 “functional” states 1s summarized 1n Table
11, adapted from a report of Master and asso-

dinimished  pulse 10 Ihe lower extremities,
or retinal changes, is significant, as 1s nter-
muttent claudicatron of the legs

SIGNS OF CORONARY INSUFFICIENCY

The presence in the immeduate fanuly of
coronary discase, early or sudden death,
angina pe¢tors, hypcncns:on diabetes melli-
tus, or

TasLe 11 CHEsT PAIN IN J0D Cases EacH oF
Coronary DiseasE anp Funcrionat
DISTURBANCES
Coronary  Functional
Pain disease es
Type
Constrcting 42 17
Stickmg 13 14
Aching M 45
Pressure 61 52
Location
Substernal 41 23
Precordial 30 44
Chest
Entire 22 3
Left 19 2!
Right 1 1
Bach 3 4
Eptgasttium 4 1
Onset
Effort 91 34
Emotan 53 25
Spontaneous 31 €6
Meals 28 10
Cold 23 3
Cortus 13 2

ciates ¥ It 15 noteworthy that some of the
patients with true angina had atypical manifes-
tations while some patients with functionat
disorders  reported @ few  symptoms of

makes the diagnosis of :mgma pectornis more
likely but 1s not conclusive evidence for such
a diagnosts

The pattent must be thoroughly examined
for the posslble presence of dmhe(es mellitus,
or
any other condition associated with a high
blood cholesterol Jevel Among the conditions
which ympatr the qualty of the blood reach-
sng the myocardium, anemia 1s the most ltkely
disease to produce angina Hypoglycema and
chronic anoxia have to be ruled out. Of the
conditions which increase cardiac  work,
hyperthyrordism and paroxysmal hyperten-
sion due to adrenal tumor are the most im-
portant

The electrocardiogram may give evidence
of recent or old myocardial infarction, when
this is combined with a suggestive Mistory,
the diagnosis of angwma 1s practically certain.
Nonspecific electrocardiographsc changes, in-
dicating bundle branch boch. mtraventr:-
cular block. or conduction defects, or changes
m the mamm or T wave complexes, which
point to cardiac damage, wdicate, 1n the
absence of rheumatic or syphiinc dlscasc‘
coronary g with resultng
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FIG 31 Sensory nerves of the heart (From White and Smithwick The Autonomic Nervous System, 2nd ed .
1941 Courtesy of the Macmillan Ca)

scarnng, at Jeast in older patents If the trac-
ing shows the pattern of ventnicular stram,
cardiac hypertrophy or hypertenston may be
present. If the electrocardiogram 1s normal or
the changes are not specific for damage asso-
ciated with coronary cardiac discase, further
efforts to find electrocardiographic evidence
of coronary insufficiency should be made (see
Chapter 10), Even 1n the presence of estab.
lished past myocardial 1nfarction, it may be

advisable fo ascertain whether the patient’s
complaints are truly of anginal origin

PAIN PATHWAYS FROM THE
HEART

It is highly probable that pan sensations
travel the same path from the heart to the cen-
tral nervous system whether the parn is caused
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by transient angina or by myocardial infarc-
tion (see Fig 31)

Sensory axons from the cardiac plexuses
run along the muddle and inferior cardiac
nerves and over the upper three thoracic ram1
Apparently, painful stimuli are not trans-
mutted along the superior cardiac nerve and
the supenior cervical ganglion, nor are they
conducted along thoracic ram: lower than the
third dorsal segment

Stimult conducted along the middle and 1n-
ferior cardiac nerves are carried back to the
first thoracic segment, all afferent pamful
sensations must therefore pass through the
first three thoracic segments, which act as a

leneck. This of course the neuro-
surgical procedures mvolving severance of the
afferent p The ion of the

fewer than 90 per cent of patients, In view
of the frequency with which coronary oc-
clusion or myocardral infarction is found
at autopsy, it 1s evident that angma pectonis
of the classic variety or of sufficient seventy
fo bring the patient to a physician occurs 1n
less than half or even a third of all cases of
coronary disease

There is litle correlation between the
sevenity of heart damage and the pain which
the patient suffers Small lesions may pro-
duce intractable angina; on the other hand,
extensive infarction and scarring of the heart
1s often painless In most such cases, difer-
ences m collateral circulation account for
the varation 1n subjective reactions, the cur-
rently held theory of transient coronary in-

cardiac sensory merves is strictly umlateral,
interruption of the nerves on one side may not
ehminate the pain felt on the other side of
the midline.

Anatomnically and phystwologically, the car-
dizc afferent nerves are not, strictly speak-
ing, part of the autonomic mervous system,
they are, 1 fact, displaced somatic neurons
By defimtion, the autonomic nervous sys-
tem 15 only d with gl secre-

ily explains
most cases of angmnal pain (see Chapter 1)
Intermittent ischemia or, possibly, anoxia
causes cardiac pam, probably through inter-
mediate chermcal changes

But this theory fals to explam every case
of anginal pain, especially those cases m
which the paimn 1s completely disproportionate
to the morbid cardiac changes*® It seems
reasonable, therefore, to fall back for an ex-

tion, smooth muscle, and visceral activity.
‘The nerves to the heart, however, are mixed
nerves which carry sympathetic motor and
somatic patn fibers; the latter have therr cells
of origin 1n the posterior root ganghons, therr
central processes enter the postertor horn of
gray matter, and the peripheral portion runs
1 continuity through the paravertebral gang-
Lions and cardiac nerves to the heart

CAUSES OF CARDIAC PAIN IN
CORONARY DISEASE

The relationship between angina and coro-
nary artery disease was recognized almost
immediately after Heberden first described
angma pectoris.® Classic angma pectons 1s
practically always the result of heart disease
—in well over 90 per cent of the cases,
coronary artery disease, and of valvular dis-
orders 1n most of the remainder But the ob-
verse does not follow; while angina 15 the
most dramatic and the most frequent symp-
tom of coronary disease, it occurs in far

on varyng pan susceptibility 1
th:s, as m all visceral, pain Some mdividuals,
with a high pan threshold (whatever the
reason for it may be) will feel little or no
anginal distress; others, who are hypersensi-
tive to pam, will suffer early and severely
from angma In any event, no attempt should
be made to correlate closely the patient’s
complaints and the extent of disease. Angina
1s often compatible with long life

The three possible sites for the ongin of
anginal pam are the aorta, the coronary
artertes, and the myocardium. All of these
wssues seem to have sensory nerve termunals,
so that theoretically they can be the sites for
the origin of pamn

The aorta as the site of pan has been pro-
posed, since numerous fibers ascend from
the aorta to the cardiac ganglions and then
take the same route through the upper
thoracic sympathetic ganglions as do fibers
from the heart itself The aortic ongin of
some cardiac pan therefore cannot be ex-
cluded However, on the basis of experi-
mental and postmortem studies, 1t may be
safely concluded that cardiac pam can be



100

produced in the heart itself, and that in most
cases of typical angina pectorts and myo-
cardial 1nfarction 1t has such an ongw

Another source of cardiac pain was be-
Lieved to be the mechanical action of disease
processes. While the presence of a thrombus,
as such, does not cause pain by distending
the artertal lumen, 1t was thought that a sud-
den increase 1o coronary pressure proumal to
the obstruction might produce the pain. This
theory however, is based on an erroneous
physical concept and may be abandoned 3

Although vascular spasm mght possibly
stimulate sensory nerve endings and thus
cause pain, it 5s unlikely, stnce the coro-
nary branches contam nsufficient muscle
fiber for such mtensc spasm to be probable
Of course, this does not exclude the possi-
bility that coronary spasm may induce rela-
tive cardiac 1schemia and angwal pan

In an expenimental study, pam was pro-
duced 10 dogs by causing tension on the walls
of coronary vessels without so affecting coro-
nary flow as to produce electrocardiographic
changes * Presumably, the pam 1n this ex
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formed by resting muscle, but much more
slowly than by an actively contracting one.
While anoxemia probably does not play a
dominant role in the formation of P factor,
1t probably accelerates such formation. The
P factor secems to be acid in character and
to be closely related to the factic or phos.
phoric acrds formed during muscular catab-
olism, After experimental coronary ligation,
it forms rapidly 1n the heart at the expense
of glycogen. In man, the factor is probably
neither potassium nor lactic acid, since neither
is increased with muscular ischemra,

‘Whatever the nature of the chemical agent
may be, 1t seems likely that most cardiac pamn
1s caused by chemcal irmtation—probably
by products of anerobic metabolism—aof sensi-
tive tissue

Transient ischemia of nerves resulting from
reflex spasm of the vasa mervorum has been
suggested as a mechanism, or at least as an
additional mechanism, 1 cardiac pain and
especially m referred pan * Ligation of a
coronary artery causes the vasa nervorum n

peniment was not med by any ch 1
stmulus  The investigators maintamed that
proponents of the *ischemic theory” had not
demonstrated expermmentally that pan can be
produced by a chemical sumulus m the ab-
sence of any mechanical factor

The most widely held theory now 1s that
1schemia produces the cardiac pain  There
15 every reason to believe that ischerma
occurs durng all or most attacks of angma
pectons Two possible mechanisms have been
proposed to explan the production of pain
by scherma. (1) lack of oxygen or oxygen
debt, and (2) imtatmg metabohtes (P fac-
tor) formed by contracting muscle.’®

In some patients, breathing low-oxygen
mixtures (as 1n Levy's anoxemia test) will
causc cardtac pain However, as has been
demonstrated,’® the oxygen in nspired awr

the Ieft upper extremuty of animals to con-
tract The imp of this finding 1n con-
nectton with disease 11 man remains to be
evaluated

It has been persuasively proposed that an
angual attack on effort or emotional stress ts
the result of an acute nflux of norepinephrine
and epinephrine into the myocardium » These
catechol amines mduce excesstve local oxygen
consumption and hypoxia regardless of the de-
gree of cardiac work, if the coronary arteres
are sclerotic and cannot dilate, the hypoxia
will exceed the pain threshold.

DISEASE PROCESSES CAUSING ANGINAL
PAIN

Smce angma pectons of the classic varety
is almost invarably the result of transtent
coronary 1nsufficiency, anything which re-
duces the flow or its effectiveness or increases
the bolic d ds of the heart may re-

may be depleted to the pomnt of p

electrocardiographic changes without causiag

pain in patients with known angma pectoris.

Conversely, anginal pain 15 often produced

in the anoxemua test without corresponding
ST e

This substance, Whatever 1t is, may also be

sult 1 angina, especially in the presence of
atheromatosis.

ANEMIA As first observed by Herrick
and Nuzum,* angial pan occurs frequently
i all types of anemia, especially in paticnts
with some degree of coronary disease™ Al
though total coronary flow is increased 1
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anemia, there is nevertheless a relative coro-
nary insufficsency, for the blood 15 deficient
in oxygen and other nutrients. The follow-
ing case histories are i

severe. Pain 1s not a feature of rutral in-
sufficiency.
Precordial pain has been noted n aortic

Case 1. A man of 60 suffered pam in the pre-
cordium and left shovlder on the slightest exer-
tion. The electrocardiogram showed left bundle
branch block. He had pernicious anemia, with an
erythrocyte count of less than 1,000,000 After
treatment, the blood count returned to normal
and angmnal pain occurred only after strenuous
effort, but the electrocardiogram remained un-
changed.

Case 2: A 55 year old man with peptic ulcer
suffered several episodes of gastnic hemotrhage
There was no hematemesis Each bout of hemor-
rhage was ushered 1n by an attack of anginal
pain The electrocardiogram clearly indicated the
presence of organtc coronary disease

Case 3- A 34 year old man with a hiatus hernia
and gastnc bleeding was first seen in delinum;
tus erythrocyte count was below 500,000 He had
suffered from angina pectons for some months
and had been under the care of a cardiologist.
The electrocardiogram showed a flattening of
the T waves 1n all leads, with a slight inversion
1 lead L. The angina disappeared and the electro-
cardiogram reverted to normal as soon as the
anemia was corrected During a S year follow-up,
no evidence of coronary disease was found

VALVULAR HEART DISEASE AND
PULMONARY HYPERTENSION

Cardrac pain 1s occasionaily a vexing prob-
fern in chromc valvular disease, even when
there 1s no gross cardiac enlargement fo pro-
duce diffuse aching pmn  Chronic endo-
carditss, as such, usually causes atypical paimn,
but sometimes the pain may be the classic
angina of effort Nothnagel® seems to have
been the first to report cardiac pa in valvu-
far heart discase; he noted pair 1n 18 per
cent of his patients with mitrai stenosis; in
some of the patients, there was an associated
angina pectors. In a series of 741 patients re-
ported by Levine and Kauvar,”® 26 per cent
had angina, the average ape at onset was
over 50 years Postmortem examination of 16
of these patients showed that in 3 the coro-
nary arteries were normal. Stuckey has re-
viewed the Diterature and has added 34 cases
of cffort angina 1 mutral stenosis (85 per
cent of a series of 400 patients); the stenotic
Tesion in all 33 patients was classified as

5 % This lesion 15 often found
1n assoctation with mutral stenosts, but chest
pain may undoubtedly occur in young m-
dividuals with aortic insufficiency but without
mutral or coronary lestons Operative pro-
cedures which relieve the msuffictency do,
fact, alleviate thus pamn ™ In a carcfully stud-
1ed series of 100 patients with aortec nsuffi-
ciency, angma pectoris was noted m 50 per
cent, regardless of the age of the pattent In
none of the cases studied at autopsy were
organic changes m the artenes found. The
observers offer the following possible expla-
nations for the cardiac pain decrease n coro-
nary flow because of the lower drastolic blood
pressure; “sucking” action of the regurgitant
stream on the coronary arteries, the Bernoull:
pninciple, 2nd relative coronary msufficiency
related to the large left ventricular mass 2™

Aortic stenosis 15 not infrequently assocr-
ated with precordial pam, either in the form
of a rather severe ache unrelated to exercise
or with all the attributes of angina pectons
Aortic stenosis also resembles coromary dis-
ease 1n 1ts fendency to cause sudden death
A reduced systolic volume flow has been
found 1n this condition, resuliing in a reduc-
tion of coronary munute flow *° Aortic steno-
s1s, which unlike aortic 1nsufficiency 1s found
w the older age groups with possible coro-
nary narrowing, ts no doubt an aggravating
factor in cardic pam Two mechantsms play
a role 1n this cause of pamn. ({) the hyper-
trophied left ventricle, which may have a re-
duced blood supply due to coronary narrow-
g, must perform icreased work, and (2)
a diminished cardiac output. Calcareous
aortic stenosis, there 1s some reason to be-
lieve, occurs more often m persons with an
elevated blood cholesterol level.? Angmal
pain has been reported to occur in 28 per cent
of patients with aortic stenosis, whether the
condition 1s congemtal or acquired

In a series of 448 consecutive cases of con-
genital heart disease, anginal pam was a
complaint 1 48 per cent 6 of 26 patients
with aortic stenosts, 6 of 38 patients with
severe pulmonary stenosis, and 6 of 30 pa.
tieats with pulmonary hypertension.” All of
these patients had two features in common
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an obstruction to the blood circulation and
evidence of a low cardiac output, both clmi-
cally and by catheternization

Results of cvercise tolerance tests are often
positive mn the angina assoctated with valvular
disease. Nitroglycerin does not prevent the
changes,* so that coronary artery narrowing
does not account for the coronary msuffi-
ciency It s noteworthy that coronary smus
catheterization and the mitrous oxide techmc
of Kety and Schmidt performed i 6 patients
with advanced mutral stenosss revealed the
coronary blood flow to be significantly re-
duced **

Pulmonary hypertension 1s a major feature
m many of the patients under discusston here
and may be ap mmportant factor m produc-
ing pawm, Pulmonary hypertension angma
(angine pulmonaire hypercyanotique) was a
term first wsed by Vaquez and Groux ™
Many such cases have since been reported
For example, 3 of 6 patients with 1diopathic
pulmonary hypertension had angina,® 6 pa-
tients with pulmonary hypertension of varied
etrology had chest pain sdentical in character
with true angma which was not reheved by
nttroglycerin and of longer duration *® The
pain 1n the latter group was often accom-
panted by dyspnea and was rehieved by oxygen
or aminophylline The reason for the pain m
f 'y hyp i1s not d,
myocardial anoxia, low cardiac oufput with
cardia¢ ischemta, and distention of the pul-
monary artertes have all been suggested

coLp

The induction of anginal pain by cold 1s
strtking, Cold bed sheets and cold drinks or
wind are a common precipitant of angma,
and pain is induced by shighter physteat effort
10 cold weather than m mild. T wave inver-
sion has been found after drsking iced
water;¥* 2 cases of myocardial infarction 1m-
mediately following the dnnking of cold
water have been reported ** In a study of this
phenomenon 1t was found that the exercise
tolerance of patients with angina pectoris was
decreased n a cold room or if the patient
held an ice cube in a warm room (analogous
to bewg warmly dressed m cold weather but
with the face exposed); cardiac work or out-
put was not increased, and it was concluded
that the effect of cold 15 probably the resutt
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of a reflex—either vasoconstriction or the
prevention of vasodilatation, which may affect
the nonrigrd collateral vessels rather than
the fairly ngid mam arteries” In a study
using a standard test consisting of the applica-
tton of an ice cube to various parts of the
body for 2 to 15 minutes, 3 of 20 patients
with  angina  showed  electrocardiographic
changes, some normal subjects had transient
T wave depression; sites especially sensitive
were the antenor forearms, the nose, the
nipple area, and the abdomen. This suggests
that chilling of the nose may be as important
in jnducing pain as the breathing of cold arr
Occasionally, the reactions to the test were
delayed, and the effects scemed to be accentu-
ated after meals.

EXTRACARDIAC PAIN

In susceptible patients pain elsewhere in
the body alters the T waves of the electrocar-
diogram and may mduce angina? Pressure
on an area to which pain is usually referred
or on a sensitive area of the skin, subcutane-
ous tissue, or muscle may precipitate an
angmal scrzure.

ECTOPIC RHYTHMS

Tachycardra, whatever its cause, may re-
sult m coronary msufficiency, especially if
the rate is over 150 Paroxysmal tachycardia
often causes cardiac pam. Angioa, 100, 15
sometimes associated with ectopic beats. In
a review of the ljterature, 1t was pomted out
that qumsdine or procaine amude (Pronestyl)
may give reltef.* It is a matter of conjecture
which 1s more mportant—cardiac 1schemra
producing irregularity or irregularitres in
rhythm causing ischemia.

In the vast majority of cases, angina pec-
tons »s the result of coronary disease. In the
remainder, there 1s almost always some sort
of heart disease. Jt may be safely assumed
therefore that the patient with typical angina
pectons without evidence of other organie
heart lesions has coronary narfowng with in-
termuttent ischentia (Fig 32).

FIG 32 (Focing poge) The efiology of angina pec:
toris. &, as found In 130 cases; B, coronary ortery dis
ease and anging_pectorls; C, coranory occlusion ond
angina pectorss (Courtesy of Dr H. L. Blumgart)
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CHAPTER 8

Myocardial Infarction

MosT PrySictans are familiar by now wath
the clinical picture of major infarction, Never-
theless, even the most alert cmcran may fasl
o diagnose this condition Frequently the
path finds aa i on p
examinaticn of a patient who has died, or who
seems to have died, of other causes. No doubt,
as dugnoste methods ate perfected, thes
situation will be less common,

Infarction is often foued in during

far athex dutt but some
cases are averlooked because they do not con-
form to the classic prcture, U

Preathlessness on exerion, whrch should sug-
gest the hikelihood of coronary disease These
symptoms, howeier, may not be senous
enotigh 10 make the patient seeh medscal ad-
vice; a sense of pracordiat oppression on exer-
tion or excitement may be shight or not too
troublesome, of the sympioms may be re-
ferted to ofher sites. Thvs, for example, epi-
gastnie distress may be presem for months
before an acute occluston Anmual exanuna-
ton of any person over the age of 30 should
therefore inchude carefol electrocardiography,

enugh, less severe grades of cardiae tofare-
tion (munor mfarction) are missed even more
often A clearer concept of major infarction
wouldt f22d 1o Tore accvrate diagnoses of both
major and minor mfarcts

PRODROMAL SYMPTOMS

The pam of myorardal infarction may
come on with starthng suddenness As late as
1946, Casndy™ stated: “ft s quite common
for coronary dusease to be enprely Jatent usul
sudden death occurs ™ But we now know that
mfarction 15 mote commonty the ead result
of cardiar thanges which produce P

a chest and a scrupulots
evaluation of all symptoras, this would reduce
the modence of sudden and unetpected car-
diac deaths 10 a very small number, although
some “sudden™  Jeaths, especrally s the
younger age groups, will always be encoun-
tered

In a fauly large number of patents, the
symptoms precede aa acute mfarcton by an
anterval of pot more than 3 wechs The figures
range from 93 per cest to 100 pev
cenp® T M B 00 Of {39 carefally
studied cases, 29 per cent gave a history of
preceding prodromal symproms of 3 months’
duration at the most *

“The typreal, agomnng pain of infarchon 18

and signs, af umes quite obvious and some-
nimes so shght as o be eastly overJooked, It is
deeadedly wotommon Yo have no warning of
wnfarction The great or small omens are (1)
those which have persisted for some timte, and
{2) those which mmeedarely precede the
atute eprsode by a penied of a few hours to
3 weeks, at the most

The symptomy of tony duration are very
frequent; they may powmi directly to the
£opronaty arteries—previous infarction, angma
PECtoTis, tte.~or they may wnpheate the beart
w a general way, for evample, wmcreasug

1os

P Y ¢ pam of varymg nature,
severity, and duraton which then abruptly
changes tts chacacter Many patients, with or
without pre-euisting angna pectons, may
sufler for weehs from a dult precordial pam of
longer duration than that of angma, of un-
typieal distnbution, and not promptly reheved
by rest, but more often, thus peniod lasts only
£ to 48 hours I have noted prodromal symp-
toraz e at least SO per cent of my patients,
vsually within 2 days of the final, crushing
tlow The pan may radite, ajthough less
frequently thas m angma, 10 the nech, back,
oFf upper cxtremity, and may ¢ven over-
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shadow or replace the precordial pan The
radiated pam 1s more Iikely to be of a burn-
mng or aching character, rather than the crush-
ing pam of mfarction® Rest and muld
anodypes, such as aspirin or codene, afford
some rehief from the pain which, however, 15
often transient 1z any case.

‘The pathotogtc changes which precede com-
plete occlusion of a large vessel may take the
form of (1) hemorrthage into a sclerotic
plaque, (2) rupture of an atheromatous
abscess, (3) incomplete thrombosis, (4}
coronary artery spasm, (5) gradual increase
1n size of an atheroma, or (6) ¢dema of the
atheromatous plaque Coronary msufliciency
results of course 1n pain, but it 15 just as prob-
able that the prodromal pam may be caused
by a small infarct which expands unul larger
areas are compromused,

CORONARY HEART DISEASE

the pulse 15 penerally high; cyanosis and
dyspnea are often marked. (7) The rectal
temperature rises within a few hours, and
may reach 103° F. or bugher, (8} The seds-
mentation rate and the leukocyte count in-
crease, (9) The intensity of the first sound
at the apex 15 1n general definrtely dimmished,
and a friction rub or some irregulanity may be
heard

PAIN
The ¢auses of cardiac pam are discussed
1 Chapter 7.

CHARACTER The adjectives used by
the patient to describe the pain of infarction
are: crushing, constricting, viselike, pressing,
burning, sharp 1s seldom used. Qccasionally,
the patient may be unable to descmbe 1t

I prodromat p were

measures could perhaps be taken to prevent
4 mayer nfarction Or mimmuze (s results
Anticoagulant  therapy, rest, and other
properly applied methods at this point mght
avert disaster Obviously, despite all preven-
tive measures, a large vessel will sometimes
become pletely before sufficient
collateral circulation can be estabhished.

CLINICAL FEATURES OF MAJOR
MYOCARDIAL INFARCTION

a 1y, and will only say that 1t 15 extreme
and agonizing One characterssuc of the pain
has been suggested®® as useful mn the diagnosis
and progoosis of an acute infarction: the pam
1s typically intermittent, severe pata being fol-
lowed by brief pertods of compatative reltef,
succeeded mn turn by renewed paroxysms of
pan If the parotysms become increasingly
sntense, and the pertods of remission fewer
and of shorter duration, the tmmediate prog-
nosis 15 poor, conversely, if the remussions
grow longer, the patient wsually recovers.
Sterncrohn®® described this syndrome prctur-
esquely as “labor pains of the heart,” and

parcd them to closely repeated attacks of

The classic case of
presents the tollowing features. (/) The pa-
tient 13 2 middle-aged man who has had some
warning symptoms of heart disease (2} Fol-
lowing a vartable, but short, period during
which the pam gradually grows more jntense
and other sympioms increase, a stage of
marked distress 1s reached, the pain is usually
severe, and the patient frequently has a feel-
ing of impending death. (3) The only
effective remedy for the pain may be large,
frequently repeated doses of morphine. [
The patient is restless and anxious, 1n com'rast
(o the rigwhity and ummobility of a patient
during an attack of angina pectons; his face
is ashen gray; perspiration is profuse; the
extremittes are cold and clammy, (5) Nausea
and vomuting aré common. (6) The blood

pressure may be normal of high at first, but
2s a e drops shatply withun a few hours,

angina pectorts These observations have been
noted by us too

When the area of snfarction 1s small, the
pan may not be severe, and it 15 these cases
which may be overlooked Cardiac pain, even
when transient and atypical, should always
arouse the suspicion ot infarchion, especially
mn a patient with known coronary disease or
any of its precursors

LOCATION AND RADIATION The
Jocation and radiation of pajn are about the
same as in angtna pectonss, Predomtmantly,
the pam of a major myocardial wnfarction is
in the anterior chest. As a rule jt 1s rather
diffuse, but the patient usually points to the
sternum as the site of the pan, so that it may
best be described as substernal; pain largely
to the left of the sternum, which may be
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desenbed as precordial, occurs somewhat less
often, pain dominantly in the apical or nipple
area is rare, Total absence of pan in the
antenior chest is unusual, and close questton-
tng will generally reveal the presence of some
pam in the chest. In exceptional cases, pain
may be felt only in the left arm or shoulder,

107

twenty-five times more likely to be affected.®®
1t should be remembered that the chambers of
the right heart and the sinoatrial node are
right-sided structures In general, the severer
the pain in the left arm, the more likely 1s
there to be referred pain in the nght arm too
The Iikelihood of referred pam to both arms

rarely, the pain may be only abd
16 of 240 cases in one series,® and in 1 re-
ported case, the only manifestation was rectal
tenesmus &

Radiation of pain (see Fig. 32) 1s common
—in one series, in 67 per cent of the cases,™
in another, in three fourths of the patients (83
per cent of those who survived and 57 per
cent of those who died).” Most

with ad age; among 58 pa-
tients over the age of 50, there was pam n
both arms in 30,4

RELIEF  The pain of major infarction
15 not relieved by rest or mtroglycertn,
stronger drugs bemng required, usually m large
and [requently repeated doses Even intra-

the pain s referred to the left arm or shoulder.
often pain is felt in the epigasttium, or the
right upper abdominal quadrant, Rarely, pain
may radiate to the back; in 3 of 66 cases pan
was felt in the cervical or lumbar vertebrae.
Bizarre radiation has been reported, as in 1
case in which the patient “nearly had his
mastoid process opened for coronary throm-
bos1s." In a recent report, Sigler™ wrote:

Radiation of pamn was most frequent fo the
various parts of the upper extrenuties and to the
back of the chest. Next most frequent areas of
radiation were the epigasttium and abdomen, and
least frequent, the head and meck. Frequently
radiation occurred to more than one area in the
same case In two cases radiation occurred to the
lower extrermities, and in one, to the kidney re-
gions In many cases the sensation i the area of
radiation was different from that in the area of
its onigin In some cases the man pain onginated
n varous areas outstde of the chest and radiated
to the antenor chest Pain occurred relatively
more frequently in the entire anterior chest or 1n
the retrosternal region and had a tendency to
radiate relatively more often to the head and back
n anterior left ventncular wall infarction than
in posterior wat) nfarction In the latter, patn
wag relatively more frequent mn the precordial
region and radiated relatively more often to the
neck, upper extremittes, or epigastrium, and it
was relatnely more frequently absent than in
anterior wallinfarction Cerebral, pastrointestinal,
and respiratory disturbances were commoner in
postenor wall infarction

Radiation to both arms is refatively com-
mon, occurring in about on¢ fourth as many
cases as of raduation to the left arm alone,
When only one arm is involved, the left 1s

venous ad! of morphine may not
afford relief. The pain abates somewhat after
the first day, and after the second day opiates
are seldom necessary. Rarely does pam persist
after the fifth day.

OTHER CHARACTERISTICS  Respira-
tion rarely influences the pam of infarction;
10 per cent of one scries of cases noted more
severe pain on deep inspiration.’*? No per-
cardial or pleural friction rubs were present in
any of the cases, 50 that the explanation for
the pain 1s not clear. In penicarditis associated
with the
seldom 1nduces pain.

Often, the patient attempts to keep on work-
tng despite the pain of the infarction, 1n con-
trast to the patient with angina pectoris, whose
pamn makes any effort impossible, or to the
malmngerer.®

‘The pain of infarctron, it has been reported,
15 more hikely to subside 1f the heart fails, and
1s less severe in the presence of congestive
heart fatlure 1 have not been able to confirm
this observation,

P

PROGNOSTIC FEATURES The seventy
of the pain seems to bear little relation to the
ultimate outcome; patients with mild pamn are
just as Iikely to de as those with unbearable
pain A more favorable prognosts has been
reported for patients with radratron of pan
than for those with pamn in one site.” * The
poor prognosis reported for patients with
purely abdominal pain* may be duc to the
fact that in such atyptcal cases the diagnosis
is mssed at first, and the treatment is delayed.
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“PAINLESS” INFARCTION

Pamm 15 wsually a conspicuous feature of
coronary drsease, but even advanced athero-
matosts may be present without causing pain
and may be overlooked because the cardinal
symptom, pam, is absent. Advanced disease of
coronary arteries, at times with severe infarc-
tton, is often found by the pathologist, al-
though the chmeal fustory contaired no men-
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stand, For the statistics to be of value, many
factors must be teken into consideration.
The person who has galhtred the figures—
the p ist or the chini

ﬁgures based on autopsy m.ncnal nrc ob-
viously higher, since the patient m whom
diagnosis might have been missed during life
can no longer be queried, an the othes hand,
ﬁgures based on chmtcal surveys cannot be

ton of pam. Acute painless my
mfarction, however, occurs only rarely, and
even rarer 1s the absence of symptoms or
“pam equnalents” m the presence of myo-
cardial 1nfarction. The abundant hiterature on
thrs aspcct of the problem 1s confused and
) Fallure to d between
painless infarction and symptomless or stlent
infarction 15 a common error  The figures on
the incrdence of pamless mfarction vary all
the way from 1 1o 75 per cent of cases.® 7 *
H1,20,20.40 6 TL TS 5T 8L S8 10 100 [ ope
study 1t was found that 98 per cent of pa-
tents under the age of 30 whose histories
were rehable suffered pain, and 84 per cent
of an older age group, “simple narrowing”
of the arteries, rather than thrombosis, was
present m a higher percentage of those with-
out pamn.® No conclusions can so far be
drawn about which attacks—the first or sub-
sequent ones—are more often pamless In a
senies of 28 cases studied postmortem, 4 had
single fresh mfarcts, 11 had both fresh and
old snfarets, and 13 had old nfarcts only.*®
In another report, 7 3 per cent of 136 patients
had pamless infarctions, of these, 5 had
dyspnea, 4 had gcncr:\l wenl\nch, 3 had pal-

y accurate unless they
have been chccksd by postnortem exanmna-
tion, the history competently taken, and
cases of mfarction developing during coma,

gestive fmlure,
and postoperatively excluded Cases of sudden
death must also be excluded.

History-taking 10 corapary occlusion 15
beset with many pitfalls. (1) The patient may
be in no condition to answcr questions (2)
Pamr may not be a prominent or presenting
symptom and may be overlooked in the pres-
ence of such dramatic findings as sudden con-
gestive failure or pulmenary edema (3) The
Iocation and/or the radation of pain may be
atypical, or the patent may so word his com-
plant that he gives the ympression of not
being n pam “ Gomplamls of pamful or

such as di t, con-
strictron, substerml pressure, dull chest ache,
distress, may be difficult to classify as parn,

In one well-studied series, 1t was found that
1 91 per cent of the cases of recent infarction
proved by autopsy, 1n which an accurate
history bad been taken, the classic pan of a
coronary attack had been present ** Thus figure
would have been even higher, had the correct
been made or suspected chntcally

prtations, 2 plained of ! discom-
fort, 2 were 1n syncope, 1 complained of
nausea, and 1 of vertigo®™ A careful analysis
of 1200 cases of myocardial infarction, not
all of which were of a major type, revealed
that “In 4.4 per cent there was no pan n
any form; m 83 per cent the pam was felt
10 other arcas than in the antenior chest region,
and 1 2.9 per cent the puin was very mild and
wsignificant, making a total of 156 per cent
cases 1 “hnch p:un was of no help 1w the
Seboes ebs e woes ot Of

+d was

. dhag-

nosis™
“The reasons for such a wide variation in

published figures are not difficuit to under-

and the patient closely questioned Only 4 per
cent of the cases were painless-by the mgd
crteria of the investigator, while another 4
per cent suffered from sensations described as
constriction in the chest, burming, pressure,
choking, mndigestion, or chest discomfort

Even those cases which can be accurately
classified as panless, however, are not symp-
tomless Thus, i one series of 375 cases, 1n
which 17 (4.5 per cent) were classified as
painless, dramatic symptoms were complctcly
absent only 1 4, m the remaining 13 cases in
this group there were various symptoms re-
ferable to the nervous system

The role of pam m the symptomatolagy of
myocardial infarction may be classified as fob-
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lows: (1) conspicuous typical or atypical
pain; (2) mld typical or atypical pain; (3)
absence of “pain” but presence of pamn
cquivalents or other sudden symptoms, sug-
gesting the need of a cardac survey; (4)
symptomless infarction All four of these cate-
gories may be found in a sufficiently large
series; in acute mfarction, most cases will be
in the first group.

Of the several explanations offered for the
so-called painless infarction the one that may
be applicable 1n the majority of cases 1s that
the patient has a high pam threshold This
may be determined roughly by Libman's*®
method: pressing on the styloid process of
the temporal bone and observing the patient’s
reaction, In my expernience, most patients mn
whom the pam is minor or atypical are in-
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found in 25 per cent of the cases; the prog-
nosis was thought to be worse in these cases *
In a series of 1200 cases of infarction, nausea,
vomitng, gaseous eructation, “heartburn,”
“indigestion,” and, rarely, safivation or dry-
ness of the mouth were noted m 15 8 per cent
of the cases.

DYSPNEA This 1s the most frequent
complaint, after pan At one time or another
m the course of nfarction, dyspnea occurs 1n
a high percentage of patients (86 per cent, ac-
cording to one investigator™) It may be the
first complaimnt 1n some cases, and, rarely, it
replaces pam

HICCUPS

Thts may be a very trouble-
some i i

heroic th

P
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sensitive to pawn, as d d by ths
method; enough exceptions are found, how-
ever, to make any defimte conclusions 1m-
possible Other explanations that have been
suggested™ are. (Z) “slow” infarction, with
possible anesthesia due to slow destruction of
local blood vessels and nerves, (2) presence of
pain equivalents; (3) sympathetic C fibers
with an abnormal response to the stimulus of
anoxia; (4) atypical coronary innervation;
(5) areas of heart affected less senuitive to
pam than other arcas might be.

In the psychoses, painless infarction 13 re-
ported to be common (67 5 per cent of cases),
possibly because psychotic patients have lost
the meamng of pam ™ Evans and Sutton™
suggest that cases associated with auncular
arthythmia or hypertension are more likely to
be pamless They believe that the slowness of
nfarction rather than the size of the infarct
1s Tikelv to be (he determunmg factor for the
presence of pain

OTHER SIGNS AND SYMPTOMS

GASTROINTESTINAL MANIFESTA-
TIONS Gastromtestinal - symptoms  are
common I acute wfarction and sometimes
overshadow pain; the dagnosis of “acute in-
digestion” 15 still being made. In one senes,
nausea and/or vomiting occurred in 36 per
cent of the cases; “mdigestion”™ and diarrhea
were present in a smaller number.2® Nausea
was present in 21 of 97 cases, in another
senes and in others there was belching® In a
third series, nausea and/or vomitng was

NEUROLOGIC MANIFESTATIONS
These are discussed on page 129

WEAKNESS AND FAINTNESS These
symptoms are usually part of the picture of
shock, but may eccur 1n its absence. Accord-
g to one report, about halt the cases of
infarction Teel some weakness or faintness,
while 1n another large series weakness was a
complamt in 18 2 per cent of the patients *

“SENSE OF IMPENDING DISSOLUTION”
As 1n severe angina pectorts, many patients
with myocardeal infaretion are sure that they
are about to die Segmental visceromotor re-
flexes which increase the tonus of thoracic
muscles and produce a sense of constriction,
and reflexes to the stomach and gut which re-
duce tonus and cause a sinkmng feelng in the
epigastniura may be some of the factors re-
sponsible for this sense of impending death.”*®
The pamn, nausea, weakness, and reflex con-
striction of the cutaneous vessels with a e«
sultant subjective feeling of coldness all serve
to heighten the sensation that death 1s near.

CYANOSIS  This 15 frequendy seen n
patients with acute infarction—a 91 of one
series of 135 cases,® and in 50 per cent of
another series **

SWEATING Many, probably most, -
farctions are accompamied by sweating, the
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fuore severe the nfarction, the more pro-
nounced the sweating In one large series, 62 9
per cent of the patients with all types of 1n-
farction expenenced some sweating.t

CARDIAC SIGNS OF MAJOR
MYQCARDIAL {NFARCTION

PERICARDITIS

The pericardial surface of the heart is
frequently 1nvolved in major mfarction, more
often in older patients than in those under
the age of 40 ™ The pericarditis may not be
evident by any physical signs. In one series of
34 cases of recent mnfarction, 2! had pen-
carditis,™ 1n another series of 60 cases that
came fo autopsy, pericarditis was found in 48
—localized 1n 36 and duffuse m 12.% Mural
thrombr ace wsually present i pencarditis ac-
companyng Infarction,’® Pericardial effusion
1s rare.”® &

No matter which surface of the heart 15
1avolved, a pericardial friction fub may be
heacd however, the cub probably occurs more
commonly with antertor infarctions—n one
report. 14 out of 17 infarctions with frictton
rub were antertor 3 The reported incidence
ranges from 1 in 108 cases™ to 10 per cent
or higher ** In a series of 600 successive cases,
1 found a dwistinct friction tub 1 §7. The Tub
may be heard witht a few hours, but most
often in the second 24 hours It 15 not as Joud,
widespread, or prolonged as the rub of acute
pencarditis.

In my experience, pain cannot be attributed
durectly to the pericarditis of coronary disease.
Pertcarditis is probably negligtble clntcally
except as a minor confirmatory sign in the
diagnosis, and as a contubutory factor in the

P it which occurs In
the course of anticoagulant therapy.®® In 2
cases, hemapenicardium followed an organ-
izing fibrnous pericardins ®

hemoper

HEART SOUNDS AND MURMURS
Phonocardiographic study™™ of the heart
sounds after myocardial infarction has con-
firmed the long-held impression of chinicians
that the first heart sound 1s frequently im-
paired. These changes were due 1o los.s of
amp\imde jn the central grmfp af vibrations,
where the highest amplitude is usually fouad,
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no changes from notmal were noted in the
number of vibrations, the duration, and the
average frequency of the first sound. The firs
sound was impaired soon after the infarctior
occurred in 79 per cent, and especially i
those with signs of heart failure. After coro
nary occlusion, the impairment of the firs
sound often persisted Jong after the pateen
had regained a normal status n other respects
The presence of a “poor, distant, or muffled’
first sound for which there 1s no adeguate ex
planation must therefore be idered a diag
nostic sign of some importance,

In all cases with an impaired first hear
sound, the second sound was increased in rela
tion to the first, and in 11 of 78 cases tht
amplitude of the second sound showed at
absolute increase There 15 no clear explana
tron for this

An aunicular sound was found in 83 pei
cent of the cases; the sound was abnormally
high and formed a presystolic gallop thythn
m 33 per cent A third sound was found 1 12
per cent of a control group and in 47 per cen
of the patients with coronary occlusion; i $
per cent of the latter group, the amplitude wa:
increased, forming a protodiastolic gallog
thythm In all, 47 per cent of the cases ol
coronary occlusion manifested gallop rhythm

The heart sounds after myocardial infarc-
uon were also studted by means of the vibro-
cardiograph, which records the inaudible
wvibrations as well as the audible frequencies
of the heart sounds.® The first sound was
found to be rmpaired, and there were change:
1n the inaudible complexes, these changes werc
fairly constant, but sinular changes have a:
trmes been noted in other conditions

In stself, wnfarchon generally does not pro-
duce a murmur except in the presence of hear:
faiture or cardrac perforation, as of the sep
tum, papillary muscle, or ventricular wall
However, myocardial infarction occurs fre
quently in persons with heart murmurs, espe-
cially the often loud systolic murmurs asso
ciated with sclerotic changes in the aorta
endocardum, or acnulus fibrosus

BLOOD PRESSURE

The behavior of the bjood pressure in myo
cardial infarction depends on whether the
superficial or deep muscles are affected,™ ’I:ht
pressure may not diop 2t albof the infarctior
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is minor. Early in the acute phase of a major
nfarction the blood pressure may rise some-
what. This increase, which does not persist
once the infarction is complete, may be due to
pain' or to a temporary peripheral vasocon-
striction compensating for a coincident drop 1n
cardiac output,* 2 1% Insistence on a fall in
blood pressure for establishing the diagnosis
of an infarction is most unwise.

In most patients, however, there is a per-
ceptible decrease 1n the blood pressure, which
almost invariably follows the onset of pain,
sometimes at on¢e and sometimes one to
several days later, £ e, when the infarction is
complete. The absolute decrease 1s greater in
patients with antecedent hypertencion, but
more patients with normal pressure show 2
rapid drop. It is noteworthy that in the
former group a blood pressure which scems
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dye dilution technic are extremely interest-
ng.” They are given jn some detail below.

1. The stroke volume and cardiac output
were within normal basal limits in most of the
patients, but in many of the more seriously ill
both were considerably diminished It 1s prob-
able that the stroke volume decreases at the
onset of every infarct, and that the hearts with
the graver injuries do not compensate for thys
fall.

2, The peripheral resistance was 1tcreased
in the early stages of mfarction in most of
the patients, but fell Jater. It seems unlikely,
therefore, that the shock in infarction 1s caused
by peripheral collapse.

3 ‘The venous pressure did not deviate
greatly from normal for the group as a whole,
although there was some ncrease in the more
senously ill pattents, However, the pressure

normal may in fact rep asigai drop
from an earlier high level According to one
report, in about 20 per cent of patients with
an inittal systolic pressure of over 200 it did
not fall below 1505

A transient fall 1 pressure to 100 or less,
seldom lasting for more than a few minutes to
an hour, sometimes occurs on the first day of
an attack, but sooa retutns ta levels which
are not alarmmg, especially if the pan is re-
lieved or oxygen 1s given The infarction then
russ its course without shock,

HEMODYNAMICS IN ACUTE INFARCTION
Studies on the bemodynamic features of
acute Infarction are not numerous Table 12
gives the data found within 1 week of acute
myocardial mfarction 1n 397 patients* The
results of another study of 39 patients by the

during a 4 week ob-
servation penod even (hough the initial levels
did not seem to be high.

4 The airculation umc ranged from 12 1o
60 seconds 10 27 patients studied wath de-
hydrochohic acid (Decholin), the mean value
being 22.7 seconds, The average decrease i
pateents after several weeks was 3.1 seconds.

5. The system volume 1n the seriously 11l
patients did not differ much from that of other
patients, another indication that the decreased
cardiac output in infarction 1s the result of
myocardaal failure rather than of decreased
venous return to the heart. This finding agrees
with that of other mvestigators.™

6 The blood volume was shghtly lowered,
a finding of other investigators t0o. Transu-
dation of flmd into the lungs, diaphoresis,
vomiting, reduced fluid intake, and increased

TaBLE 12. Si1Gvs OF HyPoDYNAMIC CIRCULATION IN 397 PATIENTS
WITIt ACUTE INFARCTION®
Per cent Per cent
Sign of cases Sign of cases
Cardiomegaly 60 Ankle edema 22
Fall in blood pressure st Gallop rthythm 22
Pulmonary congestion (rales) 49 Pulse pressure<2S mm Hg 1S
Congestive heart failure 31 Frank circulatory collapse,
Cyanosis 33 “shock™ 15
Dysprea 32 Venous distention 14
Hepatomegaly 31 Ceneralized edema 8
Weak or thready pulse 30 Ascites 7
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venous pressure with the increase in filtration
of flurd from the capillanes are some of the
explanafions suggested for the reduced blood
volume.

A study on 5 patients who were not
shock showed a significant decrease in cardiac
output.** This was also found jn a ballisto-
cardiographrc study.® A recent survey has
also found the cardiac output to be low, as a
rule, the cardiac 1ndex (L./mun./sq. M. body
surface area) averaging 1.8%0 8. Ballisto-
cardiograp! and p pul:
ments confirmed the lowered cardiac output.
Occasionally, a normal or elevated cardiac
output was found 1 the early stages of in-
farction

In experimental coronary ocelusion, the car-
diac output decreased and the cirenlation time
ncreased; the fall i bload pressure was not
sigmificant, although the decrease was greater
wm antmals with prestously denervated hearts 3

Except when the cardiac output is extremely
low, the blood pressure 1s sustained by m-
creased peripheral resistance The venous pres-
sure 15 usually increased, and the circulation
time prolonged In general, the mncrease in
crculation tme corresponds fauly well with
the seventy of the wfarction

Plasma volume has been reported by some
workers® to be low m infarction, but not to
be particutarly low by others ¥

HEART FAJLURE  Most patients with
myocardiz] mnfarction suffer some degree of
heart farlure. A workable classification of such
fallure would be: (7) predominant failure of
left vestncle, as mamfested by dyspaea,
orthopnea, pulmonary edema, and other signs
of increased pressure in the pulmonary cir-
cutt; (2) failure of nght ventncle only, as
mamfested by distended vewns, entarged hver,
asestes, edema, increased venous pressure, etc.;
and (3) a combmation of both types of failure,
Congesine fahste was the most frequent
complication of mfarction 1 one series, one
third of the paticats manifesting beart fatlure
erther on admission to hospital or dunsg the
hospital stay.** In another stﬂ‘es, heart faifure
was present in sbout two thieds of the 140
patients wuth coronary Ihsomboss; there was
evidence of left veatsicutar fatlure in 133 per
cent, of combmed right and left ventricular
faiture in 48 per cent, and no evidence of
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isolated right ventricular failure in any.” Thes
findings support White and McGinn's™ sug
gestion that failure of the left ventricle is ofter
responsible for right ventricular faiture so tha
signs of combined decompensation appear, I
other words, while infarcrion usually mvolve
the left ventricle only, the resulting hear
failure 1s of the combined type

Efforts have been made fo show that righ
coronary artery occlusion results in dominani
right ventricular failure, and simularly on the
left. Thus, several cases of rapid hepatomegaly
soon after occluston of the right coropary
artery have been reported.*® Involvement of
large portion of the interventricular septum, 1
has been suggested, results in nght ventricular
faiture, distention of neck veins, high vemous
pressure, and enmgorged fiver * 4 Electro-
cardiographic and postmortem studies led to
the concluston that the type of heart failure
gave no clue to the site of the infarct® In
cases of early and severe right-sided failure,
I have felt that the mtenentricular septum is
often badly wnvolved, but that 1 would pot be
safe to assume that the lesion is thercfore in
the right coronary srtery only.

Heart failure occurs much more frequently
m patients with a previous occlusion or coro-
pary disease, and 1 patients with cardae
enlargement Heart failure 1s also much more
likely when the infarcted area 1s large and
more than one artery is involved, Patients
with severe heart failure hase less chance of
sutviving the acute perod of infarction than
patients wath little faiture

The test of vital capacity, which Master
and co-workers® thought the most reliable
test of heart fatlure, 1s not suitable for routine
use in jnfarction and should be avorded The
vepous pressure was reported to be elevated
in 24 of 33 cases; clincal evidence of con-
gestve farlure was found m 14 of the 24
patients.s”

PULMONARY EDEMA This 1s a fairly
common symptom m  cardiac infarction.
Among 140 cases of coropary thrombosts, 20
(14 per cent} had massive pulmonary edema;
70 pes cent of the latter group had had =
coronary occlusion earlier, 85 per cent had
antecedent hypertension, and in 95 per cent
the heart was enlarged.®® Obviously, therefore,
pulmonary edema uswally occurs in patients
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with long-standing cardiac hypertrophy in
addition to the infarction. The prognosis is
poor, with a mortality rate of 50 per cent.
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Usually, the differential count and the total
leukocyte count revert to normal at about the
same time

hic evidence ofp 'y con-
gestion 1s sometimes found, in the absence of
physical signs, such as basal rales

FEVER Most, if not all, patients with
major infarction have fever: in one reported
sertes, 100 per cent of cases,*” and 1n a series
of my own 92 per cent of 400 cases Usually,
the temperature rises within 24 hours of the
onset, is at its height at 48 to 72 hours, and
then subsides, so that unlike the sedimentation
rate the temperature 1s once more normal
within a week. Fever of Jonger duratton
almost always mdlcates a complication, often

15 usually present at the onset
of an infarction.® An increase in eosinophtls
has been interpreted as a favorable sign.® A
normal eosinophil count {over 50 per cubic
milimeter) makes the diagnosis of early acute
infarction unlikely Oaly 15 per cent have
counts above ths figure on the third day and
only 3 per cent on the first day of infarctron.s**

LABORATORY FEATURES OF
ACUTE INFARCTION

An increased sedimentation 1ate, fever, and

or The

generally is 102° F, or less, although occaston-
ally it may rise to 103° F. or higher It has
been reported that the prognosis 1s somewhat
worse when the temperature is high;® how-
ever, the correlation 1s a rough one, and
many patients have made good rccoveries
despite high fever.

The fever 13 commonly interpreted as the
result of absorption of the necrotic material
in the heart This may be true, but there s
experimental evidence that m some animals
infarction after higatton of a large coronary
artery 1s not accompanted by fever.!” Even
when the nise 1 temperature 1s accompanied
by rales, 1t 15 not usually a sign of pneumonttis
Although many admunster antibiotics at the
first appearance of fever, I am not convinced
that such therapy 15 necessary

LEUKOCYTOSIS An increase in leuko-
cytes occurs 1 more than 90 per cent of
patients®® within 24 hours, and 15 at its height
by 72 hours In the abseace of complications,
the leukocyte count has returned to normal by
the eighth day. Most often, the count 1s below
15,000, in rate cases, 1t may go up to 85,000
or higher.’? In general, the higher the count,
the greater the nfarcted area and the worse
the prognosis. In one senies, the mortality rate
for patients With counts between 10,000 and
15,000 was 13 per cent; for those with counts
over 20,000, 38 per cent.®*

The differential count 1s also ch:\nged the

of polymerp

nsmg and reaching the highest level at aboul
the same time as the height of the leuhocytosis.

, all resulting from a consitutional
reachon to hissue destruchion, are valvuable con-
firmatory signs of a major myocardial infarc-
tion. They correlate almost dtrectly with the
extent of the lesion, and farly well with one
another, but they differ in the rapidity with
which they appear i the course of the illness
and thetr return to normal levels In some
cases, one or two of this triad may be normal,
and the figures for cach must therefore be
terpreted 1n the light of the total clinical
preture. Thus, 1f the schemia 1s the result of
2 temporary coronary rmsufficiency, as in
angna pectoris, the values will be normal; of
the infarct is small or the mnvolvement is
subendocardial, the vatues will also be normal
or almost so; values will also be normal if the
tests are performed before or immediately
after completion of the mfarct and before
significant absorption has occurred Reports 1n
the literature should be interpreted with this
1 mind.

SEDIMENTATION RATE

The valve of obtaning the scdimentation
rate 1 coronary disease was suggested some
time ago ™ Since then, our ideas about the
sedimentation rate and its clinical sigmificance
have become constderably modified.™ Jn most
cases of major infarction (97 per cent in my
sertes of cases), the sedimentation rate is rapid
early in the coursc of the mfarction, but if
there is occlusion of small sessels only or if
the mfarction is subendothelial the rate may
be hardly or not at all increased The increase
i the sedimentation rate seldom appears
earher than 24 hours alter completion of the



112

venous pressure with the merease in filtration
of flud from the capillartes are some of the
explanations suggested for the reduced bloog
volume

A study on 5 patients who were not in
shock showed a sigmificant decrease 1 cardiac
output ** This was also found in a ballisto-
cardiographic study.®* A recent survey has
also found the cardiac ousput to be low, Js a
rule, the cardiazc mndex (L /min./sq M body
surface area) averaging 1.8+08.% Baihsto-
car iphic and pr pulse measure-
ments confirmed the lowered cardtac output
Occasionally, a normal or elevated cardrac
output was found 1n the early stages of m-
farction.

In experimental coronary occluson, the car-
diac output decreased and the circulation time
mcreased, the fall in blood pressure was not
significant, although the decrease was greater
10 animals with previously denervated hearts,*

Except when the cardiac output 1s extremely
fow, the blood pressure 1s sustamed by in-
creased peripheral resistance The venous pres-
sure 1s usually creased, and the circulation
tme prolonged In general, the increase m
crrculation time corresponds fairly well with
the severity of the infarction.

Plasma volume has been reported by some
workers! to be low m wfarction, but not to
be particularly low by others **

HEART FAILURE Most patients with
myocardial infarction suffer some degree of
heart falure. A workable ¢lassification of such
failure would be: (1) predominant fatlure of
left ventrcle, as mamfested by dyspoea,
orthopnea, pulmonary edema, and other signs
of 1ncreased pressure mn the pulmonary cis-
cwt, (2) failure of nght ventricle only, as
mantfested by distended verns, enlarged hiver,
ascites, edema, mcreased venous pressure, efc,
and (3) a combination of both types of failure.

Congestive failure was the most frequent
complicatton of infarction 10 one senies, one
third of the patients manifesting heart failure
either on adrusston to hospital or during the
hospital stay.* In another senes, heart faiture
was prescat in about two (hirds of the 140
patients with caronary thrombosis; there was
evidence of Jeft ventnicolar failure m 18 per
cent, of combined nght and left ventricular
falure in 48 per cent, and po evidence of
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isolated right ventricular failure in any.® These
findings support White and McGinn's'™ sug-
gestion that failure of the leit ventricle is often
responsible for right ventricular farlure so that
sigas of combrned decompensation appear. Tn
other words, while mfarction usnally mvolves
the left ventricle only, the resulting heart
faiture is of the combined type.

Efforts have been made 1o show that right
coronary artery occluston results in dominant
night ventricular fajlure, and similarly on the
left Thus, several cases of rapid hepatomegaly
soon after occluston of the right coronary
artery have been reported ® Involvement of a
large portion of the mterventnicular septum, 1t
has been suggested, results in right ventricular
failure, distention of neck vems, high venous
pressure, and engorged lver.” # FElectro-
cardiographic and postmortem studies Jed to
the conclusion that the type of heart farlure
gave no clue to the site of the infarct ® In
cases of early and severe right-sided faiture,
I have felt that the mterventricular septum is
often badly involved, but that 1t would not be
safe to assume that the lesion is therefore 1n
the right coronary artery only

Heart fatlure occurs much more frequently
n patients with a previous occlusion or coro-
nary disease, and m patients with cardiac
enlargement Heart failure is also much more
likely when the infarcted area 15 large and
more than one artery is involved. Patents
with severe heart failure have less chance of
surviving the acute pertod of infarction than
patients with litfle faiture

The test of vital capacity, which Master
and co-workers® thought the most relrable
test of heart failure, s not suitable for routine
use in infarction and should be avorded. The
vertous pressure was reported to be elevated
an 24 of 33 cases, chnical evidence of con-
gestive falure was found in 14 of the 24
pattents ¥

PULMONARY EDEMA Thus 1s a fairly
common symptom 1 cardac infarction
Among 140 cases of coronary thrombosis, 20
(14 per cent) had massive pulmonary edema,
70 per cent of the latter group had had 2
coronary occlusion earlier, 85 per cont had
antecedent hypertension, and in 95 per cent
the heart was enlarged % Obviously, therefore,
pulmonary edema usually occurs in patients
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cedures. The first and third technics, respec-
tively, measure a product of the enzymic
transamination following a fixed pesfod of
meubation of serum with specified substrates
undes opumal and standardized conddions.
The spccuophowmcmc assay remes thc rate
of fon of reduced p

nucleohde by serum 1o the rate of ‘ransamina-
ton through a coupled entyme system.

The paper chromatographic techaic is
tabarious, tequives sbout 4§ hours for comple-
tion, and pecessitates considerable space and
specral equipment; it Is not generally apphc-
able to clinical use.® Colorimetrically, serum
transaminase activly can be defermined
ssmply, and the techoic requires equiptent
and reagents which are genenally avmtable
a chawal laboratory, this procedure uses
Yarger samples of serum aad s less accurate
than the specirophotometric method, but 1s
satisfactory for chmcal purposes ™

‘The spectrophotometsic proceduze is simple,
ragid, and accurste, but requires the use of
either mahe dehydrogenase or lactic dehydro-
genase ¥ # Afthough formerly requinsg an
expensive spectrophotometer, the technic has
been modified and adspted to use with a
simple colorimetric spectrophotometer.™

The transammase fest seefas to be more
speaifie, thercfore more vseful, thaa the sedi-
mentation rate and most of the teds mentioned
below In the absemce of liver disease and
cancer, & shap fise 1 the SGOT level
usually adicates myocardial necrosis Other
enzymes in eardiac tissue, such as lactic de-
hydrogenase, ™ released after sjury to myo-
cardial cells, gve promuse of being as usefuf
as transaminase when employed m the same
way to help i the diagnoss of myocardial
miarchon

PLASNA FIBRINOGEN

There 15 & prompt rise 1 the fibnnagen
tevel at the onset of an scute wfarction * The
plasma fibunogen may be accurately deter-
mined by a photoclectric method, even m
patients feceaving antscoagulant therapy.” The
correlation between plasma fibrinogen levels
and the chimeal course of the mfarction seemed
to be closer than the correlation between
chmeal course and sedimentation rate, the
Jeved was found to returmn fo normal within
3 weeks ¥ Values of 300 mg per 100 ce and
over were found in a group of gravely i

s

patieats, the mortality rate in this group was
42 per cent In patients with a moderate nise
in plasma fibpnogen, the mortality rate was
9.7 per cent ™

URINARY URQBILINQGEN™

By semal semmquantifative deferminations
the unnary wobdogen was found to be
wmcreased withuy 8 days of onset of an infare-
tion The mvestsgators felt that ths was “due
to 1mpawed biver function mduced by a stress
reaction” to the myocardsal 1nfarct, no
evidence of a correlation with other symptoms
or with the prognosss could be found

URINARY COPROPORFHYRING™

The daily excreton of coproparphyrms by
healthy subjects ranges between 21 and 142
pg In the
dunng the first 2 or 3 days ranges bevween
207 snd 3310 pg, snd 1 smdar morease was
found 1 pulmonary erboltsm The cause of
this metabolic change 1 not clear, but probably
5 not related to shock, of, so far as could
be determmed, to deranged lver functias.

SERUM MUCOPROTEINS
The scrum mucoprotesn level rises after
but its diagy s
wmficance 13 no greater than that of the
sedimentation rate®

SIGNS OF INCREASED CATAROLISM

The following evidence of wcreased catab-
olisms was found n myocardial mfarction,
even n the gbseace of shock ™ (J) Creati-
nunia,  confirmung  the finding of other
workers,* (2) Negatwve mtrogen balance. (3}
Jnesease i blood nonprotem nmitrogen (4)
Shght nse w Blood levels of Jactic, pyruvie,
and ammo aads (5) Occasionally, jaundice,
probably due to depressed hver funcion

EECTROPHORETIC PATTERN OF BLOOD
PROTEINS

The =z,globulins wncrease during the first
months after an acute snfarction, the progno-
sis may be less favorable v patsents in whom
the values have not retarned to normal after
2 months ** A shight decrease sy albumin and
an incresse m a,- and 3,-plobuting and fibna-
oges was {ound 15 2 paticnts * These changes,
hawever, are nat speatfic, since they occur n
any condition assocated wath tissue necross
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The serum lipoproteins may be affected in
coronary disease (see Chapter 4), but there
is as Yet no definite evidence of specific

CORONARY HEART DISEASE

and‘lasting for several weeks or months, These

ﬁnd'mgs may be important in sifting out

paticnts for anticoagulant therapy. Hypo-
1

changes during  acute inf: Small
a nts of cold-precipitable globulins (cryo-
globulins) have been found in the serum of
40 per cent of patients with coronary disease,
but the sigmificance of this finding has not yet
been determined.®

C-REACTIVE PROTEIN

Ths a-globulin, which appears 1n the serum
when there 15 inflammation anywhere in the
body, forms a precipitate with the somatie-C
polysaccarides of the Preurmnococcus. The test
1s posttive in a high percentage of patients
with myocardial 1nfarction, but negative in
coronary 1nsufficiency without evidence of
muscle necrosis** It may become a useful
confirmatory test of infarchion, much hike the
sedimentation rate, but, Iike 1, nonspecific

PLASMA CHOUNE ESTERASE

The cholne esterase activity in plasma has
been reported to be decreased during acute
infarction, and to revert to normal during
recovery ®

BLOOD POTASSUM

In 10 cases of myocardial infarction, the
potassium level m the blood was found to be
increased, the increase was not associated
with a decrease 1 the serum sodwm level m
every case '

URINARY EPINEPHRINE

Increased excretton of epinephrine was
found i patients wath 1nfarchon * The raho
of catechol dervahwves 19 hydrolyzed and
unhydrolyzed urine was slso ncreased n
infarction.

BLOOD COAGULABIUTY

An increased tendency to clotting bas been
found 1n a tigh percentage of cases early m
ihe course of mfarction by the use of specsal
fests, such as the hepaun retarded clotting
method of Waugh and Ruddicks” &% *
Three phases have been descmbed (1) a very
constant persod of hypercoagulability for the

lity in most patients has been re-
ported by some investigators,™ ** but the bulk
of present evidence seems to indicate that the
reverse is true,

ELECTROCARDIOGRAPHIC, BALLISTOCARDIO.
GRAFHIC, AND ROENTGENOGRAPHIC
FEATURES

These are discussed m detar] in Chapters
10 and 12.

CAUSE OF DEATH IN INFARCTION

Immediate death, or abrupt, sudden, or
unexpected death seconds 10 hours after onset
of the mfarction is almost without fatl the
result of ventricular fibnilation or of ven-
tricular standsull, with the deaths probably
about equally divided between these hwo
causes The terminal mechanism has been
observed 1n a few cases ;2 man: 1 case of
ventrreular fibrillation and 1 case of ventricular
standstill after an attack of ventricular tachy- ~
cardia have been reported.® Ventricular
standstill has been demonstrated,”* and ven-
trcular fibrillation has been shown on electro-
cardiograms.®*

Reflex coronary constriction has been sug-
gested as a cause of sudden death 1 infarction,
on the assumption that the efferent pathway
15 m the vagus,*” this hypothesis could not be
confirmed.®

Death within the first few days may stl
result from these causes, especially if there 1s
interference with the remamning coronary cir-
culation, as for example, by a sudden drop
1a blood pressure or by the abrupt occluston
of a small but vital anastamotic channel. In
the rest, death 15 usually due to a complica-
tion In the first day or two, this 1s usually
shock; thereafter, beart failure, cardiac Tup-
ture, or thromboembolism may cause death.

Table 13 shows the causes of death in 133
fatal cases of acute myocardial infarction.™
The classification “coronary farlure” appltes
to cases in which cardiac patn occurred during
from an acute infarction and

first 24 to 38 houss, (2) hyp lability
from the third to the fifieenth day i 814 per
cent of cases; and (3) a period of 1ate hyper-
coagulability stasting trom the fifteenth day

was followed by death; there had been no
dditropal acute infarction, and bl
the pan was due to myocardial ischema not
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TaoLe §3 Cause oF Drati o 133 Cases oF

MyocARDSAL INEARCTION®

Number  Percent

Canse af cases  of yotal
Myocardal fadure 57 43
Predominantly right 2% 22
Predominantly Jeft 17 3
Combned right snd left 151 8
Loronary faflure 3t 23
Cardae rupture 20 15
Shotk 12 9
Thromboemboke sompheations & (3
Systernic 4 3
Pulmanary 4 3
Muscelianenus H 4

severe enough to cause pew wmfarcon but
suffictent to kil the patient, possibly by causing
» chaange w the cardac rhythm.

Heflerster™  bas introduced the  terms
“raechansm death” and “muscle death™ to
explam the common ways m whieh hife stops
m coronary heart disease Mechaniom death
occurs when the heart s able to contiue
working but beat coordaation 1 wapawed
Sudden everton o excitement may produce
s condiion witRout recent lestons bemg
present an the heart Accordmg to some™
resther secent ot old myocardial mfarcts are
found tn about a third of the cases of coronary
desth The mmpociance of the “trsgger svea,”
an wscheme area of myocardum that (s
potentiatly able fo send out impulses which
derange the normal mechamism 50 that the
wscle becomes meoordated and convulsive
is emphasizes by Beck and Leighmnger The
wgges may be Jocated in or as the border of a
“dry ared,” 3 logelzed ischemsc ot velutively
sscherie pact of (he heart It has been sup-
gested, too, that miense spesa of the vasa
vasorum of the smaller coronary vessels may
be the terramal factor 1 some nstances ™
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CHAPTER 9

Complications and Sequelae
of Acute Infarction

ACUTE MYOCARDIAL 1nfarction has many
aspects Some of them, covered in the preced-
ing chapter, may be considered an ntegral
part of the imtial process, while others are
complicanons which appear i a munonty
of cases It 1s often difficult to tell whether
a conditton 15 a complication or a part of the
original process, and an arbstrary distinction
must be made for the sake of conventence

DISTURBANCES QF RATE AND
RHYTHM

Acute myocardial mfarction is commonly
folloned by a disturbed heart rate, while
rhythm disorders are not as frequent (Table
14) The changes, varying from the common
sinus tachycardia (0 such unusual conditions
as complete heart block, are more hkely to
oceur with posterior than anterjor infarctions
Arrhythmias were noted 1n over 33 per cent
of the patients with severe postertor wall
mvoliement m one senes,” and in another
targe senies some sort of arrhythmia was
found 1 163 per cent'® Were transient

extrasystoles included, the percentage would
undoubtedly be much higher.

The frequent occurrence of wrregular cardiac
rhythms in myocardial infarction 1s not sur-
pristag Drirect tovolvement of the conductron
system, usually the septum, m the infarction
as a result of tissue necrosts or of temporary
sschemsa or edema causes various crrors of
conduction, However, ¢ven when thesc tissues
are not directly involved, ectopic rhythms may
arsse at the border of an infarcted area,™ what
ever the segment of heart 1nvolved Just out-
side the affected area, at the boundary between
necrotrc and healthy nissue, there are usually
irntable foci from which mmpulses anse to
produce ventncular premature contracttons
or runs of ventricular tachycardi, or, when
transmtted m disorderly fashion, ventnienfar
fibritlanon.’® However, not every ectopic
beat which may be seen in the clectrocardio-
gram ehcits a mechanical systole. For the
heart with an infarction, which is at the
border hne between efficiency and inefii-
ciency,' any uregulanity 1s disadvantageous,
for 1t intensifies back pressure effects, reduces
cardiac output, and lowers artenal pressure

Tante 14, INCIDENCE OF ARRHYTHMIAS OBSERVED WITHIN ONg MoNTH OF
Acute Eptsone oF MYOCARDIAL INFARCTION IN 397 PATIENTS*

Percent Percent

Arrhythmua of cases Arrhythma of cases
Tachycardia (pulse rate>110) 33 Bigernay 5
Veninicular extrasystoles 24 Furst degree beart block 4
Ventnicular fibnilffation 17 Aurncular flutter 2
Autcufar fibrillation 1 Pulsus alternans 2
Auricular evtrasystoles 9 Right bundle branch block 2
Bradycarha (pulse rate<(60) 5 Ventricular tachycardia 2
Left bundle branch block 3 All other 5
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The posstble mechamism producing the
excitability which in turn progresses to ven-
tricular tachycardia 1s not known defimtely
Two phases of hyperirritabi d
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auricular disturbances Auricular fibrillation
and auricular extrasystoles were fairly com-
mon in one series reported ** The possibility

and a delayed response—have been found in
the area bordermng an infarct after experi-
mental coronary ligation,™® Posstbly, the potas-
sium released from the necrotic cells of
1schermic heart muscle may cause ectopic
activity, peither histamine nor direct or reflex
actiity of the sympathetic nervous system
seem to be causative agents®

PATHOGENESIS

‘The pathogenests of the cardiac archythmias
1s stll problematic, for involvement of the
aurfculoventricular node, except 1 cases of
heart block, 1s rare Since atropine shortens
the lengthened P-R 1aterval i paroxysmal
flutter or fibnllation after onset of tnfarction,®
it has been suggested that excessive vagal
activity may imtiate the paroxysmal heart
action, analogous to such action i thyro-
toucosis or rheumatic fever, or n exper-
mental studies 1n amimals Cutting the vagus
nerve m dogs abolished the cardiac arrhyth-
mas due to anoxemia ® Numerous experi-
ments with animals have shown that abnormal
uritability may anse from an infarcted area,
esther from the dying muscle itself or from the
immediately adjacent muscle tissue This ar-
ritability may consist of abnormal tmpulses or
of abnormal reflexes, but 1n any case the
necrotic area probably interferes with the
normal conduction of the excitation wave

There may be no pathologic evidence that
the auriculoventricular node 15 mvolved, but
the possibility that altered metabolism of the
tissues at these junctions as a result of

of such must be borne 1 mind;
1n cases with auncular wregulanities, a search
should be made postmortent, 1f possible, for
auricular lesions, expecrally in the presence of
mural thromb: 1 the auricle.

SINUS TACHYCARDIA

Although 1t may be preceded by a period
of slow or normal heart rate, sinus tachy-
cardia occurs 1n well over half of all cases
of nfarction, usually within the first 3 days
In one series, tachycardia was found 1 98
per cent '* The prognosis 1s generally graver
when the rate 15 extremely or perssstently
rapid A rate of over 100 has been reported
n 76 per cent of the patients who died, but
i only 25 per cent of those who recovered
In another seres, this high rate was present
m 8 of 17 patients who died, but n only 9
of 71 patients who survived, about SO per
cent of patients 1 this seres at no time
had a rate over 100.°° Extreme, persistent, or
fate (after 3 days) tachycardia should lead
to a search for an ectopic rhythm.

SINUS BRADYCARDIA

This transient disorder of heart rhythm
occurs with some frequency i 1nfarction
within 8 hours of the onset, and 15 vswally
abolished by morphine, Prolonged Q-T inter-
vals and high T waves have beep found on
the electrocardiogram ™

GALLOP RHYTHM
Ths thythm 1s found 1n 5 to 28 per cent of
patients with acute infarction. Its persistence

may be for
rhythms 1s not ruled out,

The role of drugs m arthythrmas may be
tmportant It 1s known that both digitalis and
qumnidme can wmtiate ectopic thythms, and
some believe that ventricular tachycardia is

after coronary except
tn patients given digitalis

Cardiac arrhythmias would be even more
common were 1t not for the fact that the
subendocardial Iayer 1s often spared in large
snfarcts, and 1t 1s m s layer that many of
the finer branches of the conduction system
he ®

Auncular infarction may be responstble for

s of grave prog smport @ 119 23 I gne
series, gallop rhythm was found 1n 51 per cent
of the cases that ended fatally, and m 8 per
cent of those who survived *** It has also been
reported that the prospect of recovery s nat
as good when gallop rhythm occurs early,
espectally 1n patients without antecedent hyper-
tension.™ Gallop rhythm has been reported
to be more common with tachycardia

HEART BLOCK

Every degree of heart block may occur 10
the course of infarction, but while first degree
block 15 relatively common, second and third
degree blocks are fairly rare, A review of 2583

P
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cases from the lterature in which the heart
thythm was reported showed that second or
third degree block was present m 6.7 per
cent: second degree block in 4.8 per cent,
and complete block in 3 per cent ™

A prolonged P-R interval (first degree
block, occurs tn about a sixth of all cases
prognostic implications of the other forms of
block, occurs in about a sixth of all cases
of acute mfarctron It may occur at any tume
after onset of the acute episode, and usually
within 3 weeks; 1t 1s more likely to persist
than second or third degree block, No appar-
ently characteristic localization of the infarct
has been found to be assocrated with prolonged
P-R interval In second and third degree
block, however, the postertor ventricular wall
apd adjacent septum are usually involved
Among 54 patients with posterior mfaretions,
there were 1 case of first degree, 2 of second
degree, and 2 of complete heart block; whereas
no cases of heart block was found in 73
patients with anterjor infarctions ** Among
the 2583 cases cited above, the posterjor wall
was involved m 60 cases, the anterior only
in 7% Advanced sclerosis of both maor
coronary arleries 15 present m most cases of
heart block, especially mn complete block.

Nevertheless, 1t would be wrong to con-
clude that thrombosts of the right coronary
artery ts mvanably followed by heart block;
actually, only 5 per cent of patients suffer
heart block, the low rate probably being ex-
plicable by the extenstve anastomoses in this
area. In the cxceptional case without necrosis
of the aurrculoventricular node and bundle,

CORONARY HEART DISEASE

irregularity at some time during their illness.
In a series reported by Smuth and associates,**
71 (7.7 per cent of the total) had nodal ex-
trasystoles—7 auricular and 63 ventricular,
The death rate was higher among the patients
with ventricular extrasystoles (36.5 per cent);
37 of the 63 patients were treated with
qumidine (death rate, 35.1 per ceat), and
26 were not (death rate, 38 4 per cent).
Premature contractions were found m 11
of another senes of 88 cases, 7 of these had
posterior wall infarctions, and 2 of the patients
died™ In a third series of 77 cases with
premature beats, 46 were ventncular, 14
auricular, 2 nodal, and 15 both aurscular and
ventricular, the mortality and heart farlure
rates were the same as for the patients with-
out premature beats, except in the group with
both aunicular and ventricular beats, in which
the mortality rate was 35 to 40 per cent.*
The appearance of frequent ventricular pre-
mature beats was not believed to be a fore-
runner of ventricular tachycardia, this oc-
curred 1t only 1 case of the sertes.”
Investigators at the Mayo Chnic, however,
found an association between premature con-
tractions of any kind and a higher mortality
rate ¢ All the cases of ventncular extra-
systoles were divided into three groups (7)
those with occasional (1 m 21 or more beats),
and (2) those with moderately frequent (1 1n
11 to 1 1n 20 beats) extrasystoles all survived,
(3) those with very frequent ventricular extra-
systoles (1 to 10 or less cardiac beats), had
a very high mortalty rate, 82 4 per cent of
the 17 cascs dyng m the acute period The
of extra v

the block probably results from the
due to diminished blood flow, for the node 18
highly sensitive to oxygen lack The shock
and resultant decrease n blood flow tn infarc-
tion would thus explain the early appearance
of heart block after infarction.
The prognosis for patients with infarction
and second or third degree heart block is not
ood. The mortality rate 1n complete heart
block was 58 per cent; in second degree
block, 43 per cent; and i patients over the
age of 60, 74 per cent.2®

EXTRASYSTOLES

Bl wuva o L

ls“an ominous sign, n their opinion, and n
many cases 15 followed by ventnicular tachy-
cardia and fibrillation. I, too, am inchned to
believe that ventricular premature contractions
are an unfavorable sign, particularly when
they are multifocal.

PAROXYSMAL SUPRAVENTRICULAR
TACHYCARDIA

This is a rare comphcation, as the following
figures from the Nterature show: among 43
cases of arrhythomas, there were 3 of
paroxysmal aunicular tachycarda and 2 of
nodal tachycardia,® 3 cases of auricular
tachycardia in a scries of 24 cases of par-
oxysmal heart action during acute Infasc-
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t109;1* 2 cases of paroxysmal auricular tachy-
cardia, with partial auriculoventricular block;®
no paroxysmal tachycardia n a series of 88
cases of infarction,” 3 cases of auricular
tachycardia and 4 of nodal tachycardia in a
series of 920 cases,™ 5 cases of p:
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nfarctions in 9 (6 died), posterior in 3 (1
died); site not determined mn 1 fatal case,

In no other complication of acute infarction
is prompt diagnosis and treatment so essential,
Any ch:mge m thythm and rate calls for

tachycardia, all fatal, in a series of 1247
cases.?

AURICULAR FLUTTER AND FIBRILLATION
These, too, are rare Both occur most often
n the first week of illness In one series,
most of the wregulanties subsided spontane-
ously within 36 hours and there was no
increase m cardiac pain.*? In {wo reports,
the arrhythmias were stated to be about
equally divided between anterior and posterior
mfarctions,® # the incidence would there-
fore seem to be higher n the posterior
mfarchion group. A high incidence of fibrilla-

tion has also been reported in left lateral
10 19 The i ially if

P P
the flutter and fibnllation persist, is
grave;™ 2 1% yn one seres, all 8 patients
with persistent flutter died, whereas only 36.3
per cent of those with transient flutter did not
recover,’ m another, 7 of 10 patients died;™
1n a third series, the mortality was doubled.*
Other mvestigators, however, felt that auricu-
lar fibrillation did not influence the mortality
rate ™ * The incidence of auricular flutter
and fibnllation may be gauged from the fol-
lowing figures 16 with fibnllation in a senes
of 372 cases,™ 7 per cent of cases;* auricular
flutter 1n 4 and fibrillation 1n 3 of 88 cases;®
44 cases of auricular fibrillation and 4 of
auncular flutter among 920 patients,® 7.7
per cent with fibnilation and 1.5 per cent with
flutter 1 a series of 1247 paticats ?

VENTRICULAR TACHYCARDIA

Thss ts generally acknowledged to be a
stuster complication of about 2 per cent of
the cases of acute myocardmal infarction 1**
Spontaneous re\emon to normal thythm is
rare. The 15 a pl
heart bloch with a rapid ventncular rate, ;md
usually occurs within the first 2 weeks of the
mfarction Of 13 cases in a senes of 920
patents with infarction, 11 occurred 1n the
first 5 days and the other 2 on the fifteenth
and eighteenth days, respectively,*® both of
the patients had been given digitalis, The site
of the lesion was hnown i 12 cases  anterior

grap When an
:‘lu.u gl is not labl quxckly,
icull h dra should be

lhe intensity of the first apical sound 1s chang-
ing, if the length of the ventrrcular cycle 1s
slightly irregular, and if the rate is not affected
by vagal stimulation' When the first and
second sounds are single or normally split
in a case of rapid, regular heart beat, supraven-
tricular tachycardia may be safely assumed
and ventricular tachycardia excluded with
confidence. In general, ventricular tachycardia
may be diagnosed with confidence if there is;
(1) wide sphtting of both heart sounds, (2)
varied intensity of the first sound, and (3)
independent, wregular “Cannon A™ waves in
the Jugular venous pulse.* The first of these
is the result of ventricular asynchrony; the
second and third are manifestations of aurnc-
uloventricular dissocration

Supraventricular tachycardia, with bundle-
branch block, may present diagnostic dif-
ficulties In this condition, wide splitting of
the heart sounds may occur, but there is no
vanation m the first sound If the widened
main complexes obscure the P waves, esoph-
ageal Jeads will bring out these waves
clearly; but since most of these patients are
close to an acute infarction, the use of an
esophageal lead can be advised only hesitantly,
Fortunately, the procedure 1s seldom neces-
sary.

Rare conditions which must be distingutshed
from simple ventricular tachycardia are ven-
tricular tachycardia with auncular fibntlation
and retrograde conduction In these, the
sounds are also split, but the first sound 1s of
constant intensity, ¢

VENTIRICULAR FLUTTER AND FIBRILLATION
These disorders are common termunal
events, and are seldom found wntil shortly
before death, Nevertheless, survival has been
reported, as 1n 1 case of acute occluston with
ventricular fibnllation 2
OTHER ARRHYTHMIAS
Auriculoventricular nodal rhythm, coronary
stus rhythm, wandenng pacemaker, and
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aunicular bigermny are both rare and unimpor-
tant: 1n a serics of 127 cases, each was found
in 1 case.

BUNDLE-BRANCH BLOCK AND INTRA-
VENTRICULAR BLOCK

D. of the it icular system
are common in coronary disease, esp y

CORONARY HEART DISEASE

SHOCK

Shock is a justly dreaded complication of
acute infarction. Statrsties on the jncidence of
shock are not too reliable, since the eritetia
used by investigators vary widely; in addition,
the figures must also vary with the definition

of the chronic variety. Among 1058 cases
of acute coronary occlusion gathered from
the Iterature, 12 per cent had such disturb-
ances, the QRS interval was prolonged to 0.12
sec, or more tn 57 of 375 cases (15 per cent).*
Most of these cases were associated with old
hypertension, cardiac enlargement, and con-
gestive heart falure—in 77, 84, and 92 per
cent, respecttvely In 29 cases there was the
common type of left bundle-branch btock, 1
9, typieal right bundle-branch block, 1 9,
atypical right bundle-branch block, character-
ized by a broad S wave n lead I, Intraven-
tricular block was found 1n 10 cases

The conduction defect 1s sometimes tran-
sient, but more often appears on the first day
of infarction, and persists In the series cited,
the block increased the mortality rate to 42
per cent. With the exception of auriculoven-
tricular block,'™ other arrhythmias are not
commonly tound i association

The electrocardiographic pattern of myo-
cardial infarctron 1s discussed i Chapter 10,
The sudden appearance of this type of block
should be regarded an an indication of recent
coronary occlusion, especially if there are any
confirmatory signs or symptons The chimcian
then need not wart for characteristic changes
m  the electrocardiogram to  make the
diagnosis, serial changes, of coutse, are still
of the highest dragnostic value.

WOLFF-PARKINSON-WHITE SYNDROME

Formerly this syndrome was thought to be
enturcty benrgn, but at 1s now known to occur
in organtc heart disease®* Six cases have
been reported 1n association with acute mfarc-
fion and with chrontc coronary disease; 1 5
the posterior wall was mvolved, in the sivth,
the anterior walL®® Another case has been
Teported 1n assoctation with septal infarction.
The P—Q interval has been seported as
shoriened, without changes m the main com-
plex, in a high percentage (47 per cent) of
acute infarctions.®

of mf; The 1ncid reported ranges
between less than 5 per ceat and 17 per cent
of cases ™ %3 3" 15 Reports giving an ncr-
dence of over 40 per cent probably included
milder cases tn the senies,'t &

The diagnosis of shock sbould be reserved
for the combination of hypotension {below 80
systolic) for at least 30 mrnutes, associated
with (/) a cold, morst, mottled sk, and often
with cyanosis; (2) profound weakness or
stupor, (3) rapid, small putse (over 110),
unless heart block 1s present; (4) superficial
resprrations; (5) oliguria or anunia.

It 1s still uncertain whether the principal
cause of shock n mfarction hes mn the heart
or n the peripheral cirevlation Cardiogenic
shock 1s due to farlure of the “central pump.”
The damaged heart 1s upable to pump out
enough blood, despite sufficient venous return.
Penipheral shock 1s supposedly due to pro-
found peripheral vasodilatatron, the mech-
amism m such cases being about the same as
in traumatic shock.

Study with improved techmics makes it
mereastngly clear that the man cause of
shock m mfarction is central pump failure,
and that in many cases peripheral faiure 1s
an additronal, but not the mam, factor The
balance between these factors probably shifts
during the course of illness in any one in-
divadual, and it may not be the same in all
patients In any case, the genesis of the
chnical situation should be determraed, iof
possible, since rational treatment depends on
such evaluation

The compensatory mechamsms brought mto
play in cardiac shock with reduced systohe
discharge are the same, whatever the cause
of the reduced ventrnicular output may be '
Vasoconstiction 1 the viscera results In
tnereased peripheral resistance, with a nise in
blood pressure. Vasoconstriction in the cutane-
ous vesscls diverts blood from its capacious
skin reservorr to internal organs. In ordinary
shock such diversion serves to increase xh‘c
venous return to the heart; in infarction, it
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merely adds to the volume of blood which the
defective myocardsum must move In addition,
the p i leads to resp Yy
reflexes which produce much more severe
dyspnea than is seen in other forms of shock,
since venous flow 1s retarded, the cyanosis 1
more 1ntense than 1 peripheral shock.

The presence of shock indicates that the
nfarcted area is so large that the deeper
muscle layers are involved, A drop 1a systolic
pressure at this point, impeding the develop-
ment of a good anastomotic bed, causes
further damage of the myocardium. A good
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(Fig. 33). A recent review of the subject
points out that m low-output heart failure,
the blood flow to various parts of the body
1s not uniformly reduced ** There 1s an “order
of sacnifice,” so that the myocardum and
bram remamn faurly well supplied with blood,
while the supply to the lver, hidneys, skin,
and mb muscles ss poor Varying degrees of
vasoconstriction probably account for these
differences, Fishberg and co-workers™ ac-
curately described this condition as “angio-
spastic 10 ongn and the unfortunate side-
effect of a compensatory mechansm

FIG 33 Peripherol gangrene in myocardial infarchion
A, Gangrene of the nose B, gangrens of the toes

pressure difference across anastomotic chan-
nels 1s essential for adequate function of
anastomoses The mean pressure in a pen-
pheral coronary branch is about one fifth that
of the aorta, if the lattcr changes, the propor-
tion remams about the same

Shock, with 1ts diminished cardiac output
and low blood pressure, has disastrous effects
on other organs Reduced blood flow to bram,
hidneys, and lwver may produce profound
changes which may cause death regardless of
what 15 happentng 1n the heart stself

PERIPHERAL GANGRENE

I have seen several patients with gangrene
of the nosc and symmetric gangrene of the
fingers, tocs, or cars mn the terminal stages of
myocardial infarction complicated by shock

(From Bird et al )

CARDIAC RUPTURE

Rupture of the heart 1s a complication of
fresh, major 1nfarction, 1t does not occur in
old infarctions, even 1n those with ventricular
aneurysm It usually occurs with full thich-
ness nfarcts, often when a fresh mfarct 15
supenmposed on an old one ™ Rupture
through an infarcted area 1s uncommon, oc-
curring probably in less than 5 per cent of all
cases of major infarction ™ It accounts for
Tess than 10 per cent of deaths m acute in-
farction, judging by figures in the literature
30 40 e 43 701 32 A1 aw

Cardiac rupture may occur as early as the
first day, but most often takes place 1n the
first week, less often 1n the second week, and
Teast often 1n the third weck after onsct of
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the mfarction It 1s almost never seen there-
after.’s ¥1¢

Rupture 15 as common 1 women as m
men,* ™ %% despite the sex incidence in un-
complicated infarction, and 1s more common
in the older than in the younger age groups %
‘With the exception of a fresh mfarction at the
site of an old one, rupture 1s more lkely to
occur an a first infarction, ' 4% this may pos-
sibly be due to the nadequate collatcral
circulatton when infarction first occurs Pa-
trents with pre-existing hypestension which did
not regress after an acute infarction are more
susceptible to cardiac rupture * 7 Rupture
1s least likely 1n the patient with a large heart
and hypotension.®

Inadequate rest has been suggested as a
predisposing cause of fupture,t 2 92 85 137
and 1t may possibly be precipitated by effort.
Thus, jt 1s found more often among patients
n mental hosputals and 1n medical examiners
avtopsies™ than n the general hospital popula-
tion, In one series, there had been unusual
effort in the last 24 hours of fe m 61 per
cent of cases with rupture, m comparison to
24 per cent of control autopstes ¥ Neverthe-
less, absolute bed rest docs not prevent rup-
tare, on the other hand, no rupture has oc-
curred among Levime’s™ patients treated by
the armcharr method Digitalis does not seem
to increase the fendency to rupture,® whereas
anticoagulant therapy may do so.

The three major types of cardiac rupture,
m order of frequency, are rupture of the ven-
tricular wall mto the pericardial cawity, rup-
ture of the interventricular septum, and
rupture of the papillary muscle.

VENTRICULAR WALL RUPTURE

The lesion js usually of the “ragged dis-
section” type.t® It starts through an area of
myocardial necrosts with hemorrhagic extra-
vasatron. The infarction may not be of the
full-thickness vanety, and the rupture may
dissect through healthy myocardium to reach
the surface While mmor tears probably occur
in most cases of major mfarction, continua-
tion of the process depends on the plane mn
which the tear is mitiated 17

Ventricular wall rupture accounts for more
than 80 per cent of all cases of cardiac rup-
ture. The lef? ventricle 1s most commonly 1m-
plicated, usually its antenor surface, somewhat
less often 1ts posterior surface. The night ven-
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tricle, the nght atricle, and the Jeft auricle are
next, in that sequence. Spontaneous rupture of
the auricle may occur without previous in-
farction.®
Survival after complete rupture is a matter
of minutes to days. In 1 case, there was reason
to believe that the patient hved for 3 weeks;
the roentgenogram secmed to show a peri-
cardial effuston.”” Although  many cases
death seems instantaneous, antemortem clot-
ting has been found 1o the pertcardual sac,
with early org 2 Diagnosts
during Ife 1s difficult, Rupture should be sus-
pected when the patrent’s condition suddenly
worsens, and signs of tamponade appear.

INTERVENTRICULAR SEPTAL RUPTURE

The tear may be focated at any powt of
the septum, but in contrast to congental
lesions, is usually found postertorly i the
muscular portion of the septum near the apex
Muttiple septal ruptures may occur, or there
may be tears through the free ventricular wall
and the septum.*® A dissecting aneurysm of
the septum has been reported.™

Rupture of the interventricular septum is
much rarer than ventricular wall rupture, oc-
curring in 3 to 20 per cent of al] cases of
cardiac rupture In a series of 145 cases of
myocardial mfarction, 3 of the 14 ruptures
were septal #* More than 100 cases of septal
rupture have been reported so far® # ® In
some contrast to ventricular rupture, septal
rupture shows Irttle correlation with age, or
with hypertension appearing after the mfarc-
tion Of the reported cases, 34 per cent oc-
curred 1n women Most septal ruptures occur
within 10 days of the 2cute mfarction, but
may be delayed as long as a month, one report
states that 98 per cent occurred within 16
days,* and 1 at least | case rupture occurred
within 16 hours of the onset of symptoms of
mfarction * Death 1s not as sudden nor as
quick as in ventricular rupture, but as a rule
15 not delayed beyond 8 weeks. Cases have
been reported with susvival op to 225 days*”
and even 64 years,’1?

Septal ruptures are associated with severe
coronary disease with occlusion or advanced
narrowing of more than one artery, The usual

i p ion of the an-
tenior descending ariery, with marked stenosis
of the posterior descending branch of the right
artery.}® Despite the frequency of septal in-
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farction, perforations are rare, possibly be-
cause the sepfum receives an exceedmgly rich
anastomotic blood supply. Although the intra-
ventricular pressure 15 normally twice as great
on the left as on the right side, the difference
is probably mtuch shghter in myocardual in-
farction, in which the i iac pressure
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or a conduction defect, the latter rarely be-
cause the septum 1s usually tors in its more
distal portion,

The diagnosis of septal rupture 1s often
missed, but at least 26 cases have been diag-
nosed durtng hfe, and proved™ It has been

falls, especially on the left, so that the mtegrity
of the septum tends to be preserved *

Septal rupture is characterized by the fol-
lowing features: To the clinical picture of
myocardial infarction are added ({) Sudden
worserung of the patient’s state (paiz may
return after having subsided). 2) Develop-
ment of gross right-sided farlure, with dyspnea
even at bed rest, cyanosis, and other signs of

(3) Possible app of nausca,
vomiting, and abdommal tenderness. (4)
Commen occurrence of peripheral circulatory
collapse. (5) Possible occurrence of Bern-
heim’s syndrome. (6) Development of a mur-
mur not previously heard, usually a loud
systolic murmur and best heard between the
apex and the lower end of the sternum, 1t may
be heard over the sternum or 1 the fourth of
fifth mtercostal space. (7) Presence of a
thnll in most cases (8) Possible transmission
of the murmur to the axilla (9) A drastohc
component 15 very rare, and occurs only
when the tear is very large ¥ (10) Electro-
cardiographic changes w about 25 per cent
of the cases, showing erther right heart strain

that the of signs of a
postertor and ptal i
helps in the dragnosis.? Scptal rupture must
be differentiated from pericarditis, sudden
heart farlure, and from rupture of a papillary
muscle (Table 15)

PAPILLARY MUSCLE RUPTURE

This is the rarest type of cardiac rupture,
since 1t was first noted 1a 1903 by Merat, some
40 cases have been reported All mvolved the
left ventricle, and nearly all were 10 men An-
terior infarctions involve an antertor papillary
muscle, posterror mfarctions, a postenior
muscle Incomplete rupture of a papilary
muscle,”” and passage of the tree flap through
the mutral valve,” have been reported From a
study of the case histories, it would seem that
1 to 10 days may elapse after an infarction
before the papillary muscle ruptures The
Ppatient may die suddenly, or may survive for
a time, 1 patient lived for 20 months

This type of perforation should be sus-
pected 1f within 10 days of an acute infarction
the patient’s condition suddenly grows worse
and there is an abrupt onset of left veatricular

Ruptured septum

Heard 1 over 90% of cases,
afmost always systolic, best
heard parasternally 11 third to
fifth 1nterspaces. infrequently

to axila
Heard in over 50 of cases

Never heard

TaBLE 15  DIFFERENTIAL DUGNOSTIC FEATURES OF RUPTURED PAPILLARY
MuscLE AND RUPTURED SEPTUM
Feature Ruptured muscle
Murmur Heard tn 50% of cases, usually
systohic, but may be diastolic,
to-and-fro, or bizarre, best
heard close to apes, often
clearly to aulla
Thnll None
Pseudorub Heard 1n 13%
FCO Onginat infarct pattern may be

Chnucal pictore

Death

¢aggerated

Left heart fuilure with putmo-
nary edema

Usually soon after onset

Right ventricular stram or con-
duction defects may be seen
1n about 25% of cases

Rught heart farlure of slower
onset, venous and hepatic
congestion 1f death delsyed

Usvally delayed
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failure The pulmonary congestion 1s severe
and intractable. A murmur, not previously
present, 1s heard in more than half the cases—
much less often than ir septal rupture. The
murmur s usually systolic, but occastonally
drastolic, 1s Joud as a rule, and may be to-
and-fro It 1s sometimes described as bizarre
or slapping It 15 best heard close to the apex,
and 1s more apt to be transmitted to the axilla
than 1s a septal murmur  Tholls are unusual.
The following conditions must be differen-
tiated from ruptured papillary muscle. (1)
Rupture of the chordae tendinae, which oc-
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ular rupture occurs more often in men than
in women Death comes quickly, but not quite
as quickly as i ventricular rupture, 1 patient
survived for 9 weehs The rupture is not
usually preceded by unusual exertion. Thus
far, avricular rupture has not been accurately
diagnosed during Iife, but the electrocard:o-
graphic changes characteristic of auricular n-
farction should suggest 1t. The physical signs
of tamponade, roentgenographic evidence of
pencardial effuston, or aspiration of blood
may indrcate the presence of blood in the perr-
cardial sac.

TYPE AND LOCATION OF COMPLICATIONS

introcardiot

Extracardiac
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curs not n nfarction but 1n subacute endo-
carditis. (2) Rupture of 2 mutral of an aortic
valve, which does not occur 1n acute infarc-
ton. (3) Sudden left ventnicular falure, 1n
which the new murmur and its characteristics
should prevent msdiagnosis, (4) External
rupture of the heart, which in rare cases pro-
duces 2 loud, harsh musmur ** (5) Coexisting
coronary disease and rhewmatic endocarditis,
in which the murmur 1s not heard suddenly
and lacks the bizarre quality noted in ruptured
papillary muscle. (6) Rupture of the nter-
ventricular septum (see Table 15).

AURICULAR RUPTURE* '
This type has been reported as a complica-
1ion of auriculac infarcuon in 17 cases. Aurie-

THROMBOSIS AND EMBOLISM

Thrombosis, and the resuling embohism,
properly feared as complications of acute
coronary disease, account for a large pumber
of deaths and disabilities even 1 this era of
anticoagulant therapy (Fig 34). Thromboses
m the course of myocardal nfarction may
arise as: (Z) further coronary thromboses at
the same or pew sites, (2) mural \hrom!p
withun the cardiac cavity, (3) venous thrombi,

m the fower and (4}
arterial thrombi outside the heart.

If mural thrombosis 1s included, clots at
locations other than the ipitial lesion are
found in well over half the cases of major
myocardial infarction. The comprehensive re-
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view by Wright™* gives the latest statistical
findings

NEW THROMBOSES WITHIN CORONARY
ARTERIES

Acceptable statistics on this complication
are not yet available, but the occurrence of ex-
tension of an ongmnal thrombus is unques-
tionable It is equally certain that new clots
form 1n other artertes, and that this accounts
for a high morbidity rate. Thas js scarcely sur-
prising, 1 view of the increased clotting tend-
ency 1n myocardial infarction and of the like-
lihood of a sharp drop in blood pressurc with
a resultant increase 1 thrombus formation.
The thrombus need not be in a large artery
to be disastrous; obstruction of a small anasto-
motic channel may be the final blow for an
wfarcted area receiving just enough blood
from the vessel to stay alive or to prevent ex-
tension of the necrosis The impediment to the
blood flow in a small vessel may be not a clot
but a clumping of red cells 1n a still flowmng
stream, the phenomenon of “erythrocyte ag-
gregation " This reactton occurs after, not
before, infarction, and may apprectably ham-
per the effectiveness of the collateral circula-
tion

MURAL THROMB! AND RESULTING EMBOLISM

A clot forms on the inner surface of a
major mfarction in more or less half of the
cases & 88 63 1% 13¢ 138 144 The thrombus prob-
ably starts forming within hours of the com-
pletion of an infarct, and it may form and
embolize before other signs of a heart attack
become noticeable Thrombosis, which may
start early n large infarctions, 1s usuzally well
established by the minth day and orgamization
15 often complete by the stxteenth day ™

The determimng factors in thrombus for-
mation are the size of the infarct, and the
presence of congestive failure and cardiac
dilatation; both fallure and dilation impede
the emptying of the heart, Mural clots are
found more often 1n associatton with large
nfarcted areas (40 sq c¢m or more) @ They
may occur as fresh or only partly organized
thrombi n comparatively old infarcts, and
may therefore be secondary to later cardiac
dilatation

Mural thrombi occur most often in antertor
wall infarctions with apical involvement,® but
are also frequent with postenior watl nfarc-
tion The thromb: are usually found within the
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left ventricle, either on the free ventricular
wall or the interventricular septum,*®® Scveral
examples of thrombu in the right ventricle and
right auncle have been reported %

These clots on the wall of the heart may
serve a useful function in strengthening a
weak, necrotic area, Nevertheless, they are
justly feared for therr tendency to embolize
to the brain and other parts of the body.

Cerebral embolism, resulting in hemiplegra®
or other neurologic disturbances, is not a rare
complication of myocardil infarction Its
ongn is a clot forming 1n the left side of the
heart. Hemuplegra may even be the presenting
feature of an acute coromary episode, the
*“cerebral debut” of mnfarction. Thus, m 13
cases of painless infarction, there were dysp-
nea, sudden nausea or vomiting, fanting or
collapse, vertigo, or hemtparesis The dramatic
features of a stroke may so obscure its cardiac
origia that the latter is completely overlooked
Pamnstaking clinical and electrocardiographic
study of the hemiplegic patient in whom the
diagnosts 15 1 doubt would ehminate such
errors

The cerebral blood flow may be reduced 1n
the absence of artenal or venous thrombosts,
and result m transient focal neurclogic signs
Emboli were found 1n only 9 of 15 cases of
infarction with hemiplegia, and reduced blood
flow 1n 67 Cerebral ischerma due to reduced
flow 1s more likely to cause cerebral necrosis
at sites where the blood supply 15 already 1m-
parred by arteniosclerosis.

Loss of consciousness (syncope) may occur
as part of the picture of shock, or as an iso-
lated phenomenon 1n mfarction It may be the
mmtial sign of infarction,” and occasionally
syncope may occur m the absence of pain.
acting as a “pam equivalent” In one scries,
11 per cent of the patients were unconscious
at one time or another,”™ and m a sccond
series, 12 5 per cent of the patients * Syncope
with convulsions may occur as part of the
Stokes-Adams syndrome. Sudden, otherwise
unexplamed syncope calls for thorough car-
diac study.

One report states that “nervous mamifesta-
tions™ were present 10 18.5 per cent, 4 per
cent of this group had convulsions; 6 per cent
complamed of dizzimess; 5 patients had hems-
plegia *** In another senes of 1200 cascs, 216
per cent had some neurologic symptom d:zz‘-
ness,

‘PP



130

sion, famtness, syncope, or Jocal tonic or
clonic convulsive movements; and 7.2 per cent
had chills, heat sensattons, flushing, and
shivenng*

Cerebral hemorrhage may occur in associa-
tion with embolism, with reduced blood flow,
or wdependently.

Embolr may reach the spinal cord, rather
than the bram. In a pattent of mne, a man of
50, signs of a transverse cord lesion were due
to a small embolism from a mural thrombus
1n the course of an otherwise almost symptom-
less infarction,

Arterial embolt originatg in the mural
thrombus may settle anywhere withm the
greater circulation, Embol to the great arteries
of the extremutres commonly cause death,
whether surgery 1s prompt or not, The emboli
may occur 1n any of the extrermities, but
usuatly 1 the tower Of 8 patients with infarc-
tion and emboli in the extremtties who had not
received anticoagulant therapy, 6 died; none
of the patients had had adequate bed rest

Among 589 patrents treated with anticoagu-
lants, 4 had cerebral embolr (1 of which was
possibly a thrombus), 2 had renal emboli, and
1 an embolus m the arm; among 442 patients
not gtven antrcoagulants, 20 had cerebral
embolt (or thrombi), 4 had embolt 1t the
lower extremittes, 4 had aottic emboli (in-
cluding 1 saddle embolus at the bifurcation of
the gzorta), 1| had an embolus 1n the right
axtllary artery, 1 s the mesentenc artery

(possibly a thrombus), and ! i the renal
artery.*

VENOUS THROMBOSIS

As m any disabling iliness, venous throm-
bosts, especially in the lower extremuttes, often
oceurs in myocardial infarction. Of 589 pa-
tients given anticoagulants, 12 had venous
thrombosts, of which 10 were in the legs, 1 1
the arm, and 1 in the left jugular vemn; of 442
patients not given anticoagulants, 28 had
venous thrombosis.**

ARTERIAL THROMBOSIS
This probably occurs more often than was
formerly believed. Some “embols,” for exam-
le, those in the brain or 1n the extremities,
are actually thromboses i sttt

PULMONARY EMBOLI
“I'his complication is unexpectedly frequent
+ vocardial infarction. Of the 589 anti-
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coagulant-treated patients, 28 had pulmonary
embolt; of the 442 patients not so treated, 48
had pulmonary embolr. Some of these emboli
have their origin 1n thromb: of the right side
of the heart, but the majority come from areas
of phlebothromboses in the lower extremties
Pulmenary embolism does not necessarily re-
sult m pulmonary infarction, If the embol
are small, the collateral circulation through
the bronchial arteries or other pulmonary
arterial branches often suffices to prevent
death of lung tissue, a large embolus, on the
other hand, may cause the patient's death so
quickly that changes m the lung tissue may not
have taken place,

GLYCOSURIA

It 1s well known that infarction 1s a frequent
complication of diabetes mellitus, but that
glycosuria may occur only during the stage of
active infarction and not represent true da-
betes melhitus is less well known. In a study of
coronary thrombosts, 25 per cent of the pa-
tients had glycosunia during the acute phase,™
m a senies of 100 cases of acute caronary oc-
clusion, glycosurra was found i 10 per
cent *° The urtne may contan as much as 1
per cent glucose, as well as acetone, and the
blood sugar may rise as high as 300 mg per
100 cc. at the same fune The glycosurra ap-
pears within 48 hours of the occluston, and
disappears within another 48 hours Carbo-
hydrate metabolism may become disturbed
during the early days of an infarction without
the appearance of glycosuria or hypergly-
cemia,’®?

Various explanations have been proposed
(1) In some cases there 15 doubtless a truc
latent diabetes mellitus. (2) Shock and pan
may be responsible.”™ The occurrence of gly-
cosuria in the absence of pan or shock would
seem to make this explanation unlkely (3}
Administration of drugs such as morphine,

licyl or epmephrine is another d
cause. This obviously cannot play an im-
portant role in the cases under discussion. (4)
Increased carbon dioxide content of the blood,
leading to general tissue acidosis due fo de-
creased munute output of the heart, may be a
factor of posstble imgortance.’*? (5) The sug-
gestion that absorption of the protem products
of disintegration 1n the infarct mught favor the
production of epinephirine® scems not to be
well based. (6) The sharp fall in blood pres-
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sure may, through its effect on the carotid
sinus, stimulate the production of epineph-
rine.!™® (7) Postmortem study of the brains
of patients dying after a coronary occl
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interventricular septum, in 17 cases; the right
ventricle was involved m 1 case, and the nght
and left ventricles combmed in 3 cases™

has shown edema of the medulla and lower
pons,® possibly this could cause the transient
change in carbohydrate metabolism. (8) The
acute stress of an infarction may cause in-
creased formation of epinephrine, with result-
ing leukocytosis and hyperglycemia.™

CARDIAC ANEURYSM

A cardiac aneurysm has been defined as “2
localized outpouching of the cavity of a
cardiac chamber, with or without outward
bulging of the cxternal surface.* However,
this is a pathologic, not a chinical, it

e for the predomi Toca-
tion in the left anterior venmcular wallis (I)
the Teft anterior descending artery 1s the one
most often occluded, and (2) the left apex is
formed by two superfictal muscle layers only,
Nearer the base, at least one, and possibly
more, additional intermediate muscle layers
provide sufficient support to prevent bulging
except m the most extensive infarctions, Even
at the apex, at least the thickness of one
muscle must be destroyed for an aneurysm to
form.™

Practically every case of aneurysm with
infarction occurs in a large infarction. Whether
mural thromb: prevent aneurysm is question-

It is a common complication of major infarc-
tion, for the contractile power of the affected
muscle is impaired as soon as the infarction
is complete so that the injured area no longer
contracts with systole and sometimes balloons
outward. Considering the lack of muscle sup-
port and the pressures to which the damaged
myocardium 1s subjected, it is remarhable that
aneurysm does not complicate every case of
severe myocardial infarction Actually, shal
low depressions 1n the muscle wall, which are
aneurysmal dilatations, are very common; but
the term “ancurysm” 1s reserved for those
cases in which there 1s a bulge beyond the
usual cardiac contour ine The aneurysm may
appear as a dufuse bulge, especially if it is in
the apreal area, or it may be a saccular cavity

able, probably, neither a nor ad.
hestons helps to prevent this complication.® An
important factor in the production of aneu-
Tysm, as in cardiac rupture, is increased stress
on the beart dunng the early stages of the
attack, especially insufficient rest, systemtc
hypertension, and anatomic deformuties of the
valves or aorta ™ The average age of patients
with infarction and aneurysm 10 one series was
65.8, but neither age nor sex seem to be deter.
mmning factors ®

CLINICAL FEATURES

Aneurysm may not be clinically recogniz-
able for wecks, although 1t has been 1dentified
as early as the second day ** Few symptoms
referable to the bulge itself have been noted,

large enough to be mistaken for a p '4
tumor. Commonly, the sac has a 2 to 4 mm.
thick thrombus attached to its wall; the wall
atself is composed of firm, fibrous tissue which
may contatn a few remaining strands of
muscle ** The aneurysmal wall or the thrombus
may calcrfy, and the overlying pericardium 1s
often firmly attached to the heart

The incidence of ancurysm in majorinfare-
tion, as reported in the lterature, ranges be-
tween 6™ and 94 per cent,? with 10,13 20,1
¥ and 29'% per cent as intermediate figures
The most common site of aneurysm 1s ante-
riorly in the left ventricle, at or near the apex,
the postertor wall is affected a third to a fourth
as often, and the mterventricular septum only
rarely. In one large series, the apex was in-
volved 1n 49 cases; the antenor wall, in 45
cases; the posterior wall, in 29 cases; and the

with the P of * The usual
picture 15 that of a sc\cre mf;\rchcn, often
with a protracted course.

The heart sounds may be muffled and di-
mimished, as they often are in infarction, per-
haps unusually so and out of proportion to
the force of the cardiac impulse Gallop
rhythm 1s frequently present. A systolic blaw
can sometimes be heard over the dilated area
There are no murmurs which are diagnostic
of aneurysm; a diastolic murmur, first noted
by Remlinger™ in 1896, has been described—
a high-pitched murmur of uncertam cause
heard occasionally in cases with strongly
pulsating aneurysms.™

Percussion may or may not reveal cardiac
enlargernent, and palpation usually does not
disclose an unusual area of pulsation If pains-
taking physical examination reveals such an
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area, the forceful or weak and diffuse pulsa-
tion is generally a thrust close to the apex. A
feeble apical thrust in the presence of carduac
enlargement should therefore arouse suspicion
of aneurysm, Unusual pulsations, only rarely
conspicuous, may be noted well within or well
outside the apex A recent report lists several
physical signs which were found mn a series
of cases with ventricular aneurysms. (J)
anomalous focation of the cardtac impulse in
50 per cent of the cases; {2) myotomc car-
drac impul. lag of the up-and-d move-
ment of the chest wall with the cardiac m-
pulse—m 65 per cent of the cases; (3)
reduplicated impulse 1n 20 per cent, (4) wavy
mmpulse or cardiac shudder m 30 per cent;
{3) heaving left costal margm in 10 per cent,
(6) stony dullness over the precordium in 45
per cent, and (7) loud and long, musical or
“cootng™ systolic-diastolic murmur 1

The electrocardiographic features are not
pateognomonic. There 1s usually defimte evi-
dence of a large nfarction In many cases of
anteroapical aneurysm, persistent S-T seg-
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presence of ventricular enlargement; (2)
focalized bulge inseparable from the cardiac
silhoutte; (3) increased density or calcifica-
tion of the ventricular wall; (4) presence of
angulatton or mcisura, {5} bulgmg of the
anterior cardiac border; (6) pericardial ad-
hestons, (7) abnormal pulsations, or absent
pulsation, n the aneurysmal zone.™

The over-all picture of myocardial infarc-
tion 1s changed surprisingly little by the aneu-
rysm Cardiac rupture, if it occurs, does so
within 3 weeks of onset of mfarction; there-
after 1t 15 extremely rarc even 1 the presence
of a large aneurysm. After the first 3 wecks,
the outlook 15 almost exactly the same as
mught be expected after any severe wmfarction,
and the aneurysm, as such, may usually be
disregarded 1 prognosis and treatment Perr-
cardrlts 15 more common than 1n the case of
infarction alone, and cardiac failure will de-
velop in a higher percentage of pattents with
severe infarction and aneurysm {70 per cent)

The differentral dragnosts 1s usually not dif-
ficult. The presence of 2 murmur may cause

of rh heart disease In the

ment ¢l 1n the unipolar p leads
are seen,*® ¥ there may also be a small R,
wave and deep S, and S, waves
The dragnosis 1s usually made by roent-
The r

presence of calcification, penscarduis with cal-
cification, wiich 1s normally much more dif-
fuse, must be ruled out, The bulge seen on the

am or by flueroscopy may be con-

7F1'g 33) or fluoroscopy will reveal a de-
formation of the cardiac silhouette, either
diffuse or localized, except when the aneurysm
1s small Carcful fluoroscopic examnation
after the eyes are well accomodated roay be
rewarding. a bulge with paradoxic pulsation
(an outward instead of an jaward thrust dur-
ing systole) may be noted, 1n which case the
diagnosts 1s easy, however, only a localized
area of feeble pulsattons or absence of pulsa-
tion may be seen. In order not to overlook
posterior or basal apeurysm, the paticat shouIFI
be rotated slowly, the left obhique position is
especially important. 1 the roentgenogtaphic
or fluoroscopic findings lead to susptcton of

fused with aortic aneurysm or pulmonary or
mediastina) tumor. In most cases, careful m-
vestigavon, 1acluding 1ntravenous dye tech-
nics, will estabhish the diagnosts, but 1n rare
cases, especally when depse clot fills the
cavity, an accurate diagnosts may be 1mpos-
sible.

No spectal treatment is required According
to Schlichter and associates,"™® prevention of
aneurysmal formation may be aided by* (/)
prohibitton of early ambulation, (2) early
and confinuous anticoagulant therapy, and
(3) a vigorous attack on carly congestive
fatlure Surgical excision of a cardiac anev-
rysm has been reported,™ for a discussion of

an aneurysm, the can be definitel

estabhished by kymography or etectrokymog:
raphy, which easily disclose parodoxc pulsa-
tions over the aneurysm, or the abst‘n.ce of
pulsations In most cases, however, simple
fluoroscopy suffices for the diagnosts. The
following reentgenographic features are useful
10 the dragposts of aneurysm® (1)4 def?rmed
contour of the left veatricle, especially in the

ths op see Chapter 18

MYOCARDIAL CALCIFICATION

Calcificatton (Fig. 36) is an uncommon
sequel of myocardial infarction * It may also
occur 1 an aneurysm, and within a coronary
arterial wall.*®
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FIG 3$ Cordiac aneurysm 1n 60 yeor old men whe
bod suffered @ myocardiol infarction 4 yeors earhier,
Note distinct hump interrupting the curve of the left

The existence of detectable amounts of
calctium 1 the myocardium does not change
the course of chromic coronary disease, and
may be disregarded cliazcally. Rupture through
such an area 15 rare 7

The presence of calcium deposits in the
ventricular wall of a muddle-aged or older in-
dividual 15 strong evidence of old wfarction,
nevertheless, such depouts may also occur
the absence of coronary disease In pen-
carditis, the calcification 1s usually more dif-
fuse, when it is localized, roentgenography
will demonstrate that the deposit is on the
rery contour of the cardiac sithoutte, rather
than i the muscle tsell
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cordiac shadow Special fechnics are necessary In some
cases fo establish that such @ configuretion s ot the
result of tumor

AURICULAR INFARCTION

Infaretion of the cardiac auricle is probably
Iess rare than a survey of the hterature would
seem to mdicate In 2704 consecutive autop-
sies, 182 cases of myocardial infarction were
found, of which 31 were auncular (17 per
cent) ® In other sertes, 3 12 per cent of all
infarcts showed aurrcular necrosis,”® 7.2 per
cent of infarcts were auricular; 8.5 per cent
were aurtcular,”™ and 21 of 50 hearts studied
showed auricular infarcts 1%°

In most cases, the auncular infarcts are
found oo the nght side. In the large series
-cited above, 27 were on the right, and oply §
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FIG 36 Colaficotion i on old myocordial infarct
The shope of the calufied area had led 1o o dignosis

were on the left, most of them were i the
neighborhood of the aurrcular appendage,
only 2 were near the sinus node ** Muluple in-
farcts were found in 2 cases only. Gross oc-
clusion of an atrial artery was found 1n 1 case,
possibly morse occlusions would have beca
found had an mjection technic been used. In
6 of the 31 cases, the only infarcts found were
the auricular ones, aad all 6 hearts were
hypertrophied. In 22 cases the left ventricle
was also infarcted. Complete or almost com-
plete occlusion of a matn coronary artery was
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of pericardhol cyst, this wos dispraved on outopey

found m 23 cases A mural thrombus nghtly
adherent to the underlying necrotic area was
found 1 26 cases

The preponderance of right-sided nvolie-
ment may be eyplamed m several ways (1)
Swrce the aurcles are nourshed, at least in
part, directly by the blood withm the chamber,
1t 1s possible that the hgh oxygen content of
the blood in the left ventricle belps to prevent
tissue death, (2) When thrombosis accurs in
the nght coronary artery, the first 2 or 3 cm
are generally affected, the branches which
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usually supply the auricle and the auriculo-
ventricular node are thereby cut off, although
the left anterior atrial artery may also supply
ths area.

In 23 of the 31 cases® electrocardiograms
were available for study. Abnormal auncular
mechanisms were found in 17 (74 per cent},
in contrast to the cases of myocardral infarct
without auricular involvement in which dis-
turbed auricular rhythm was found m 8 per
ceat only. Auricular fibrillation was present
in 9, auricular premature beats i 4, auticular
flutter 1n 2, sinus arrest in 1, and wandering
pacemaker m 1 The P—Q terval was de-
pressed in S cases; this sign was considered of
doubtful value, since 1t is also present 1n nor-
mal indwviduals. The changes in the efectro-
cardiogram which auricular infarction often
causcs may suggest the diaguosis *

“Glycogente degeneratton” of the muscle,
which is occasionally seen in assoctation with
ventricular farction, is seen more often n
auncular infarcts, accordutg to one investi-
gator.”™ In a recent report it is stated that
obliterattve endarteritss of the auricular coro-
pary branches is found more often than
thrombic occlusions %

SHOULDER-HAND SYNDROME
{FROZEN SHOULDER)}

Persistent pam in the left shoulder, arm, and
hand, frequently found in coronary disease,?
86 62 of 2138 gecyrs more often after frank
wfarction.

Some degree of pam and stfferng of one
or both shoulders develops i about 15 per
cent of patients'™ within a few weeks of a
rayocardial infarction, but pain m the hand
or wrist 1s present i only a thid of these
patients Its association with heart discase may
be overlooked, conversely, the pam, especially
if it gs on the left stde, may be taken as an
indicattion of exacerbation of the coronary
discase. The pam 15 sometimes cspecrally
severe at night

The shoulder-hand syndrome makes its first
appearance as a complete entity within 6
weehs of the onset of mfarction, often quite
carly, but usually not later than 16 wecks
after onsct One shoulder (usually the Jeft),
and less commonly both shoulders, become
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painful and stiff Changes in the hands and
fingers of the affected side (or bilaterally,
somewhat more often than n the case of the
shoulder pain) appear within a short time and
consist of. (1} a firm, nonpitting edema of
the hand and fingers: (2) coldness of the
hand, and a color varying irom erythema to
different grades of cyanosis,* (3) restricted
and painful finger motion; (4) swelling may
subside, but the skin grows thucker and duller,
and finger movements remain limuted and
paintul; (5} frequent occurrence of atrophy:
(6) contractions of the palmar fascia Tender
areas around the shoulder joint are found
frequently

Three phases of the shoulder-hand syn-
drome have been described-™ (J) Paful
disability of the shoulders and/or hands, last-
mg 3 to 6 montbs, surface temperature 1s
usually i and there 15
(2) Clearing of the features of the first phase,
and the appearance of early trophic changes,
venospasm, and coldness of the hand and
fingers; this lasts 3 to 6 months, (3} Trophic
changes 1n the hands and fingers, often with
residual shoulder disability

The causes of the shoulder-hand syndrome,
which also occurs m other conditions, are ob-
scure Varous theories have been advaaced,
and 1t ss Irkely that several factors may be
responsible Among the theortes proposed are:

1 Voluntary restriction of movements of
the left arm dunng the acute illness ® The
shoulder becomes parnful on motion, then at
rest, then stff asd contracted The constant
shoulder pain produces continuous protective
spasm of all muscles in and about the ex-
teemity, even those of the forearm and hand.
Thus results in patn which radiates from the
shoulder, like the spokes of a wheel, down
the arm, up the back of the neck to the
occiput, to the antertor thorax, and down the
postertor axilla, To an mexperienced observer,
all this suggests a neurologic disorder. Ac-
cording to McLaughlin,® the ecstablished
“frozen  shoulder” produces vasomotor
changes, with signs of sympathetic over-
activity and venous stasis

2. Pre-custing arthntis, a gouty dathesis,
bursitis, or artertosclerosts of the blood vessels
of the arm.

3. Reflex vasoconstriction of the peripheral
artenes resulting from cardiac pain ®
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4. Neurovascular reflex mechanism.® It
has been postulated that impulses traveling
centrally along the usual afferent pathway,
which enter the widely ramifying internuncial
system of neurons within the spinal cord, are
the origin of reflexes responsible for the
shoulder-band syndrome. Ordinarily, mcom-
g nerve impulses travel along specific path-
ways to reach predetermined efferent neurons;
in the shoulder~hand syndrome, the afferent
mmpulses set up a widespread, age-
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o, 1s injected into the stellate ganglion by
the antertor (paratracheal) approach; there-
after 20 cc. are wnjected at 2 to 7 day intervals
on an ambulatory basis. Most patients require
7 miections or less. Pam 15 almost nvariably
relicved, but there 1s no effect on trophic
changes, once they have become established.
Patients on antrcoagulant therapy should not
be given this treatment.

Physiotherapy and other rehabilitative

fation of the “Internuncial pool” whech stim-
ulates anterior and lateral horn celis not ordr-
nanly reached Peripherally, this is expressed
by motor and neurovascular symptoms pro-
ducing the characteristic ¢hinical picture of the
syndrome.

An analogous sypdrome m the muscles of
the chest wall sometimes occurs after infare-
tron® (see Chapter 13).

TREATMENT

The simpler vaneties of pamful shontder
generally respond to exercises which put the
shoulder muscles through a full range of mo-
tion. Although at first these exercises may
cause discomfort, the patient should persist A
useful exercise is leamng forward with a
weight 1 the hand of the affected side and
then swinging the weight through widemng
circles Heat and salicylates may sometimes
be necessaty

For the full-blown syndrome, cortisone or
ACTH therapy 1s effective 1n some cases, and
may be tned,'* extreme caution 1s ndicated
in the presence of any degree of congesuve
failure. Cortrsone 1s givent 1n 2 duly dose of
200 mg until improvement 1s noted; there-
after, a smaller maintenance dose ts given for
6 to 20 weeks The patent should be kept on
2 salt-poor regimen throughout the course of
therapy ¥ A report on cortisone therapy in 17
patients, m whom nerve block or physio-
therapy had been ineffective, concludes that
cortisone s the treatment of chowce for the

should be employed in every case
Drathermy and deep srradration are seldom
helptuf ¢
To prevent the appearance of the shoulder-
hand syndrome, the pattent should be en-
couraged to move the left arm aud all the
jomts of the upper extrenuties, stasting as
early as a day or two after onset of the m-
farction

PLEUROPERICARDITIS
(POSTINFARCTION SYNDROME)

Dressler has recently described an mifre-
quent of
which may follow immediately or may be
delayed up to 8 weeks “ The syndrome con-
sists of patn in the chest (over the precordium
and left lower chest), recurring fever which
may rise to 104 degrees, and either pleural
or pericardual effusion or both If there 15
involvement of the draphragm, there may bs
pata i the left shoulder In any case, the pan
1s cutting and 1s made worse by deep breath-
g or changes in posture. A pericardal rub
1s usually heard, and the ECG may show the
changes of acute pericarditis m addition to
those of mfarction X-rays may show the
presence of pericardral or pleural eflusion
There 15 a tendency to relapse {sometimes
several times over a period of months), but
the prognosss 1s good Antibjofics are of no
tates and cortisone are effective.

houlder-band sy 3 It gave 1pl avail, but
relief to S; i 8 potients there was marked
at, aad in 3 d mprove-

The syndrome should be differcntiated from
€ of the infarct or pleural embolism,

mc‘;ﬂ; only 1 patient obtained no relie
Sympathetc nerve block may be hetpful,®

and o1 ders 1t the treatn

of choice. Procaine hydrochlonde, 10 cc. of

a 05 per cont solutton, for the initial mnfiltra-

hoth of which are more common. The cause
is sttl) unknown, but 1t 15 pot wmpossible that
1 may be related to the commissurotomy syn-
drome, found after operations on the valves
of the heart, and benign idiopathic pericardis.
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RARE COMPLICATIONS OF
MYOCARDIAL INFARCTION

JAUNDICE  In the absence of lver or
gallbladder disease, jaundice seldom compli-
cates 1nfarction, The jaundice is usually tran-
sient A neuroreflex mechanism has been sug-
gested as a possible cause.r?

OBSTRUCTION OF SUPERIOR VENA
CAVA  This has bcen mentioned as a
complication in one report.”

SUPPURATION Abscess formation in an
infarct has been reported in several cases. In
2 cases, a coagulase-positive hemolytic Staph-
ylococcus aureus was found, and 1n I of them
there was cardiac rupture.t® In 2 other cases,
the patients were elderly, debilitated persons.*®

ACUTE PANCREATITIS  Hemorrhage
into the pancreas has been found in 4 of 115
young patients with infarction.®® 1 have en-
countered this complication i 4 patients, 3
of whom died, the diagnosis was confirmed
by autopsy

SUBACUTE BACTERIAL ENDOCARDI-
TIS In rare cases, this may anse m a
mural thrombus after farction.”

MEDIASTINAL EMPHYSEMA  This has
been reported in 1 case, precipitated by a
coughing paroxysm 1n acute left ventricular
failure #

CONGENITAL CARDIAC DEFECTS My-
ocardial infarction has been descbed 1n
associatton  with dextrocardia; the electro-
cardiographic changes were murror images of
those commonly seen ™ ** In another case,
that of a 34 ycar old man, myocardial nfarc-
tion was associated with an Interventricular
septal defect 2

PREGNANCY There are reports of at
least 15 cases of pregnancy in women who
had had an infarction or m whom the infarc-
tion occurred duning the In one
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nor is a previous infarction an indication for
interrupting the pregnancy or for cesaran
section, There is also a report of a 37 year old
woman who had an infarction and two sub-
sequent attacks of decompensation during
pregnancy, but who had an uneventful
delivery,*” Fresh infarction during the third
trimester of pregnancy has an especially poor
prognoss.’*

OTHER CONDITIONS  Volvulus of the
gallbladder® and Cushing’s syndrome® have
been reported 1n association with myocardial
infarction.

CHRONIC CORONARY DISEASE

The patient who has survived an acute
nfarction may be constdered as having
chronic coronary disease for the rest of his
Iife. However, many persons have coronary
disease for months or years without ever
suffering an 1ofarction, and 1t 1s this group
which may convensently be considered at this
pomt.

The dragnosis of chronic coronary disease
can be made with reasonable chmeal certanty
in the presence of:

1 Defimte previous mfarction,

2 Angma pectons vmh ()plcal hlstory |f

PO

gram or a positive coronary insufficiency test

If neither of these exists, the diagnosis of
chronic coronary disease (coronary sclerosis)
can only be a presumptive one made largely
by exclusion. Such heart disease may be pre-
sent without any evidence whatsocver 1n a
small minority of persons Some degree of
coronary sclerosis may ewst before it is
detectable by any means we have at present;
by the time it is advanced enough to present
a threat to the patient, there 15 usually some
reason to suspect heart trouble. It is well
known of course that a myocardial infarct
may take phce ma pal;em who has never

pregnancy
report, 1 of 4 patients was treated

but such cases are

with dicumarol for 2 months dunng he)l:
pregnancy, Mendelson™ states that in a well-
heated infarction, the hypervolemia of a
subsequent pregnancy is not a serious problem,

seldom p “silent.” The history often
provides clues which have been overlooked.
When complete routine physical exammnations,
ncluding cardiac survey, are established, such
instances will become rarer
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Evidence then of coronary dtsease falls
mto two categories:

1. Clinical story. History of symptoms re-
ferable to the heart.

2, Laboratory  evidence,
electrocardiogram

These may exist mndependently of one
another. For example, an abnormal electro-

d or diogram rnay be
obtained in a person who scems to be m
perfect health There may be a suspicious
story of atypical chest pain, dyspnea, etc., in
a person with no laboratory evidence of
cardiac involvement. In no case, is cither
of these categories of evidence conclusive,
they furmish the physician with valuable
dagnostic data He must arnve at a presump-
tive diagnosis which will probably be correct.
He must keep the patient under surveillance
and must be prepared to change the diagnosis
as new evidence is available.

1. The cliucal story arouses the physician
to a certan degree of susptcion.

Cardiac symptoms of any kind may be
associated with coronary sclerosis sufficient
to induce ischemia either temporary or
Ppermanent.

{a) Atypical pamn tn the chest, When chest
pawn 1s typical angma of effort (described in
detan} i the chapter on angwa pectorts), the
dragnosts 1s reasonably clear, Pam atypical
in any way may bedevil the climcian, 1 can

especially  the
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ever, it may be the first symptom which brings
a patient to the doctor, Paroxysms of aurncular
fibrillation are occasionally benign but they
may indicate hyperthyrotdism or heart dis-
ease. I t tachycardia, Ny f
supraventricular, is usually benign but every
effort should be made to take an electrocardio-
gram dufiog 2 paroxysm.

(d) Heart failure of any variety 1n mtddle-
aged or older individuals should, in the
absence of other torms of heart disease, be
suspected as bemg the result of coromary
sclerosis with fibrotic changes m the myo-
cardum

{e) Gastnc symptoms may be the onty
complaints of the patient. They are not as
common or as severe as they are in acute
wiarction but are fauly frequent and always
confustng The story is usually that of “flatu-
lence™ or “indigestion™ for several weeks or
months before the acute infarction. In my
experience, these symptoms do not usually
continuously precede an mfarction for any
length of ume and are probably a mamfesta-
tion of periods of progressive 1schemra rather
than of chronic 1schemta or fibrosis per se.
It does occasionally happen that a patient
may report that his health was “atways good
except for a pertod of indigestion several
years ago"” Some of these may represent
unrecogmzed acute infarction When the heart

furnish no short cut to accuracy m d

the diagaostic survey should be complete, and
repeated when necessary, observation should
be prolonged and vigitant The pattent shomd
be reassured as much as possible.

(b) Dyspnea 1s a common early symptom
m coronary sclerosis The sequence Is coronary

t > dial fib loss of car-
diac reserve. Dyspnea 15 of course commonly
found i other types of heart disease and
in many other conditions as well. Nevertheless,
dyspnea unexplamed in other ways should
Jead one to search for evidence of cardac,
especially corenary, disease.

{c) Palpitations and heart consciousness
sometimes accompany heart discase. The
“thumpng” of extra beats or paroxysms of
ectopic thythm may be very distressing but
may or may not mean cardiac trouble Th{s
group of symptoms 1s enly a rare accompani-
ment of coronary disease; occasionally, how-

fails, gastsic symptoms are of course common

2 4b /s 2 'y fests, espe-
cially the electrocardrogram, ballistocardio-
gram, or the vectorcardiogram These are
discussed 1n other chapters.
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diagnosts of infarction was missed 1 many
cases Addition of 1 precordial lead at the
apex ? the of di

the addition of 2 or 3 more precordial leads,
so that the 6 conventional precordal leads
became the rule, brought a corresponding
increase n diagnostic accuracy and major
snfarction ts now bemg missed m fewer than
5 per cent of cases When fewer than 12 leads

LN
At
it

FIG 39 Electrocardiographic changes with shift In
bod, posiion 1n a healthy 12 yeor old girl A, Seated,

are used, the diagnosis may be mussed i
about 25 per cent of cases.

Tracings taken from the body surface may
not reveal mmor degrees of injury, but
do show changes if trapsmural or subtrans-
mural lesions are present.’” Were 1t possible
to take epicardial and myocardial tracings in
wan, as is done 1 animals, even the smallest
areas of farction would be defected

COMPLICATING ~ DISEASE Disease
complicating myocardal infarcuon causes the
ost serious difficulties in interpreting the
ECG. The patient with an infarction may also

CORONARY HEART DISEASE

be suffering from noncoronary heart disease,
eg, hypertensive or valvular heart drsease,
swhich effects the ECG. Or the paent may
have earlier coronary disease or an old safarc-
tion. The changes which these cause in the
ECG are most perplexing when one is atterpt-
g to diagnose a fresh infarciton, and serfal
studies become an absolute necessity 1t such
cases. Despite such studtes, it 1s sometimes

j
|

IR Rt
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i

mlll 1l

i
)
l

A

4
i

il 1

il i
i
iy |
il
A
1

8, supine {From Graybiel et ol ™)

impossible to determine accurately the site of
the infarction, although its presence 1s beyond
doubt.

NORMAL ELECTROCARDIOGRAPHIC
VARIATIONS  These are common, and
raay lead the upwary to a mistaken diagnosis
of infarction, If the follow-up tracings are then
taken with the patent m 2 different position,
or the precordial leads are shrited even a Iifile,
the error may be sustained An ECG faken
1 vanous phases of the resprratory cycle may
show varations which might be considered
abnormal (Fig. 40)
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DETERMINATION OF ERRORS RESULTING FROM

Tanre 16.

Me LeEsp Etrcraopys™

Misaerricamion op Ly

Counter-

connections

votatign
all lead
connechans

Clockuase

and Iefs leg

Left gron  Right gt

cannections®
reversed

and lefs feg,

Arm con-
wections
reversed

Polarity

strip 1
Polanty

2

stop

* Most ¢asily overlooked because Lead 3 15 often pormally wverted
‘vpright.”

L Stop or “lead” “upsidedown ™
t Strip or “lead” *

Polarity
strip 3

Routune electrocardiography may fail to
reveal atypical wfarcts, small miramural -

PREMONITORY PHASE AND ATYPI-

CAL INFARCTIGN

farcts (see Figs 16 and 17, Chapter 1), and

small infarcts 1o ususpal sites.

The premontory

phase of coronary occlusion commonly

precedes myocardial infarchion and may re-

A nymber of con-
ditions which may cause electrocardiographic

OTHER DISEASE

ECG 1s norma, but depression of the RS-T
segment and/or T wave changes may appeaf;
I exceptional cases, the RS-T scgment 1s

present 2 reversible stage. In many cases, the

those of inf;

Lsted in Table 20, Chapter 13

4

B

changes

elevated, The changes are those of

A
e
)
e i
i

it it

cardial ischemia, perhaps necrosis ¥

TR E______"

i, .“EE

TR
“__“ “gwu_w_.mm_“,___

(et _______

€, full exgirotion 1from Graybuel et of T

FIG 40 Electrociographic chunges aswaicted with
changes in respiration A, Control, B, full inspration;
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TECHNICAL ERRORS  Misapplication
of clectrodes (Table 16), with a resulting
erroneous fracing, occastonally results in a
mstaken diagnosis of infarction.

ELECTROCARDIOGRAPHIC STAGES OF
MYOCARDIAL INFARCTION™

One classification of the changes of myo-
cardral infarction as they appear on the ECG
is helpful to a limited extent. Stage 7 is that
of 1schemia, and is characterized by T wave
changes. Stage 2 is that of imury, and 15
characterized by displacement of the S-T

FIG 41 Successive stoges un development of trans-
mural myocardial inforchion affer coronary artery occl-
son A, Stoge of ischemia, normal QRS complexes fol-
towed by characterstic T wave inversion wn feads from
vicinity of epicardial surfoce of ischemic zone, B, stoge
of inpry centrol part of involved muscle shows intury
effects ond enlarges at expense of ischeme zone, upward
RST displacement in leads from viewty of epicardial
surfoce of imured zone C, stage of necrons, muscle in
central portion hos become netrofic, and smce dead
muscle produces no efectric forces it merely acts as @ con-

mterval. Srage 3 15 that of necrosis and is
charactenized by changes of the QRS complex.
It must be borne 1 mind that the categories
of this ion  denote f
graphic changes which correjate only roughly
with clinical events or demonstrable anatomic
changes (Fig 41) The nomenclature given,
although based on sound evperimental evi-
dence, 1s too simple for the very complex
changes that occur 1 the human heart during
the entre process of coropary fadure. How-

CORONARY HEART DISEASE

be seen on the ECG for the diagnosis to be
made with reasonable certainty. In minor
degrees of mfarction, or in coronary msuffici-
ency without evident tissue mecrosis, one of
o of the changes may be seen alone. In
such cases, Stage I corresponds approvimately
with the more bentgn forms of damage, Stage
3 with the most severe But 1n every case all
the evidence, efectrocardiographie and chinical,
must be considered together in order to obtain
a true picture of the case. It 1s noteworthy
that the three stages do not follow cach other
in sequence 1n major infarction, and that T

LT
1 s R

D

ductor and transmits the cawity potentals fhrough ta
epicardiol surfoce, QS deflections (n leads from vieimity
of epicardial surface of this area, injured zone s raprdly
disappearing ond ischemic zone 15 much smaller, D, old
healed infarct n which fibratic scar hos contracted, QS
deflections will still be recorded Fram epicardial surface
of ths orea, ventricular complexes from adacent areos
will be essentially normal or modified (N, normal mus-
cto) \From Yoter The Fundamentals of Internal Med:-
cine, 4th ed, 1954 Courtesy of Appleton CenturyCrofts,
tnc}

wave mversion is ustally the last change to
appear, not the first

STAGE 1: JSCHEMIA  As used in electro-
cardiography, the term “ischemra”™ applees to
an electrical field abnormality, When it occurs
alone, and not as part of the sequence of
stages 1 through 3, it usually represents a
relatively bemign form of coronary rasuffics
ency, and not major mfarction. Nevertheless,
exceptions occur often enough to make wart-
ness ad i/ H may

ever, if it1s d that the fi

is merely a convention and s applied to the
problems of infarction in man with caution, it
can be useful.

develop i such cases, or the patient may die
suddenly
The T wave represents the repolanzation or
building of electric charges, and js there-

In general, all three

frap
changes occur in major mfarction, experi-
mental or spentancous, and all three should

fore essentially a dufferent biophysical process
from that responsible for the QRS complex
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placement may be scen in patients whose
lness 1s running a bemign course; conversely,
slight or no duspl. does not ly
mean shight injury Neertheless, the longer
the displacement lasts. the more Likely is the
cardiac Jesion to be severe. Furthermore,
renewed displacement after a return 1o the
base Ime usually mdicates the mnfarct’s ex-
tension. The electrocardrographic  evidence
of wjury may be followed by signs of healing
or of additonal infarction, tn which case
changes 1n the QRS complex appear

STAGE 3 NECROSIS In “necrosis™ or
focal death of fissue, 1€, true infarction, the
necrotic tissue 1s unable to produce electric
forces but can act as an electric conductor.
The QRS forces from other parts of the
ventricle are unopposed durng electne dis-
charge until the discharging process 1s com-
pleted n the subendocardium and has spread
mto the other layers The electric forces
therefore point away from the dead zone

On the ECG this 1s represented by a Q wave
of 004 sec or longer, or, 1 some ¢ases,
especially i the later stages, by the dimunution
or absence of an R wave normally expected 1n
that focation The significance of Q waves of
0.03 sec or less 1s not as sinister

Of all the changes in the ECG in infarction,
those of the QRS complex last longest In
the course of months, and much more rarely
of years, the necrotic zone may shrink suf-
fictently to cause disappearance of the Q
deflection from some or all of the leads In

CORONARY HEART DISEASE

more mmportant than sts accurate localization;
the latter adds Iittle to our hnowledge of the
case or its outlook Nevertheless, in a large
number of cases of first infarction, and
Ppossibly 1n over half the cases of subsequent
wnfarction, the site of the infaret can be deter-
mined. This may be valuable mjormation m
the patient’s history, particularly if the original
ECG's are unavalable How often, when
treattng an acutely 1ll patient, would we ltke
to know whether there had been an earhier
infarction and s locatton. Table 17 sum-
manzes the prmcipal electrocardiographic
changes 1n acute myocardial infarction

ANTERIOR WALL INFARCTION

The typical ECG 1 a completed, large,
antersor wall infarction shows a deep Q wave
and an mverted T wave in Jead I, and usually
10 leads I and aVy, as well. The same changes
also appear m some or all of the precorduml
leads

In the typrcally involuting case, there 1s an

1 I o
NWHA\I'T“' JF* “r
BT T
e e e

oV

}J—~
M
,)-v

aVF

some cascs, a new, posterior wall
may obliterate the Q wave deflections ot an
old mfarction, islands of Lving tissve i the
old infarcted area produce positive voltages
strong enough to remove the old Q waves
when the posteror opposing forces are ¢l
munated

The corrected Q-T interval 1s somewhat
elevated m acute nfarction (average, 0.448
se¢ . tn contrast to a normal of 0.397 sec.),
but reverts to normal within 1 month

ELECTROCARDIOGRAPHIC LOCALIZATION
OF INFARCTS

The attempt to determine the exact site of
an infarct js useful, and sometimes successful,
but 1t 1s by no means an mdnpcnsah}c proce-
dure. The correct diagnosis of infarction is far

ikitahi
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FIG 43 Successve electrocardiographic potterns affer
anterior wall inforction {From Geldberger
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TABLE 17, ELECTROCARDIOGRAPHIC CHANGES IN ACUTE MYOCARDIAL INFARCTION'?

Lead Sue of Infarcrion
High Hugh
Antero-  Antéro- Extensne Postera-  Antero-  Postero-
septal lateral  Anterior Posterior  lateral  lateral lateral

\2 + - + + ~
Vi + - + - -~
v + - - -~
2 + - - -
\'2 + +
Vs + +
A\ + +
aVa -
aVe -+ + - + + +
avy - - + + - -
E, + +
1 + + - + B +
u + +
mn - -~ + + — -
Hhgher mter-
spaces, anterror
thoray + < + +
Higher aspects,
left back or
aylla 4

E., Esophageal leads at ventricular levels

+, Abnormal Q of QS deficcions, abnormal upward displacement of S-T scgments, and

charactenisuc T wave changes
—. Reoprocal changes

Ve, V lead from tip of enstform process of the sternum (Wilson)

orderly sequence of changes which may be
followed at the bedstde, if tracings are
obtamed carly and often enough (Fig. 43)
The gate of the changes in the ECG varies
from patient to patient, in some being com-
pleted ta hours and i others after days This,
combined with the fact that the first ECG
may be taken too carly to show changes or
when the anfarciton 18 sn a late stage of
development mahes the physicran’s task harder
but not smpossible The difficules merely
reflect the lack of absohute correlation between
the structural and chemical changes i the
heart on the one hand and the clancal picture

on the other—the correlation 1s close but not
complate.

The very earhest abnormalitics, as a rule
mussed in everyday practice, are occastonally
observed in the “premonttory™ stage or 1a the
early hours of subendocardial involvement, at
which ttme actual tissue death has not yet
occurred The T waves are smaller than
normal i lead 1. and sometimes mn lead 1)
and the precordial leads, more sarely, they
may be larger The S-T segment may be
shightly depressed i these leads In the absence
of carlier ECG's oblamed whea the pagrent was
1 good health, the change i T wave amph-
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tude may be overlaoked In any case, a T, wave
which is low compared to the R wave m a
person with normal blood pressure suffering
from cardiac pain should suggest early anterior
wall infarction Thes 15 especially true 1f there
are nverted or 1soelectric T waves m leads
V,and v,

In the next stage, usually the first noted
i hospital practice, the S-T segments are
displaced upward, with an upward convexty
of the curve, 1n the characteristic leads' I, I,
aVy, and the precordial leads. An R wave
15 generally present, and the S-T scgment
takes off from tts descending imb, sometimes
near the very top, giving the complex a most
bizarre appearance The T wave in most cases
1s somewhat drstorted The recip changes
usually constst of depression of the §-T
scgments tn leads I and aV,

In the following stage, Q waves appear and
alterattans 1 the T waves in some or all of
the affected leads The Q waves are more than
004 sec wide, and the hewght of the R wave
is decreased In some cases, the R wave 15
absent, and a QS complex results, 1 e., a down-
ward deflectton only The S-T segments are
not as high as mn the precedmg stage, and the
T waves become deeply inverted, with a sharp
apex The portion of the T wave before the
apex 1s ‘coved,” e, with a curve in wiich
there 15 an upward convexity, the second half
of the wave, beyond the apex, is usually of
about the same length, with a simitar, not
quite so marked, upward bowing

Unrpolar limb leads contribute Lttle ot value
to the diagnosis of antertor walil lesions The
changes 1 aVp are usually the same as in
lead 1, and often the two lcads Jook exactly
alike.

Two pornts are worth emphasis (/) The
etectrocardiographee pattern 1s ot stauc but
changing, and the changing picture s & more
lmpO;lﬂ;l( indrcation of recent infarction than
is the appearance of any one tracing (2) The
ECG 1n recent major infarction 1s practically
never normal, and may be confusing When
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arises For this reason, taking an ECG should
become part of the routine physical examina-
tiont of any ndividual over the age of 30, and
the tracings, even those considered normal,
should be preserved.

Usually, 1t takes 4 to 12 weeks for the ECG
to become completely stabilized; rarely, the
process may require several months, In my
expertence, no signs of healing appear after
6 months, although such tstances have been
described by others,

The electrocardiographic landmarks of old
infarctton—Q wave, low or absent R wave,
low, 1soelectric or mverted T wave, and
malformation of QRS complex—may appear
stngly or in any combination e one or more
of Jeads I, J1, and aV,, or the precordial leads.
T wave inversion m the V leads 1s found m
10 per cent of normal Negroes, the mversion
1s cxaggerated by hyperventilation and abol-
1shed by p salts or by Pro-Banthune

VARIATIONS IN PATTERN OF ANTERIOR
INFARCTION

The precordial leads are of diagnostic
impartance 10 1aterpreting varations from the
typical pattern  However, 1t should not be
assumed that the un:polar or other precordial
leads reflect i absolute fashion what s oc-
curring in the myocardtum directly under the
exploning electrade, too many factors are
mvalved tn the resultant tracing from any
Tocation on the thoractc wall The mformation
provided by these lcads, though of only
roughly approxtmate value, s usefu! for
localizing the lesion The precordial leads m
persons with sntall chests are close to each
other and to the heart, a small sfarct can
therefore cause abnormalities m more deriva-
tions from these Jeads than a symilar nfarct
n persons of Jarger body budd The size of
the infaret 1s probably overestintated 1n smait
pattents and underestimated n large ones
Furthermore, the more the mfarct differs
shape, size, or postiton from the typical ones
described above, the less accurate becomes

the ECG remams entrely normal on gl

and sepeated study, the diagnosis of fresh,

major farction cu;mol be constdered as
tely establisher

CO;’:F:: o!ymcsumn‘ulc value 1o have an ECG

tahen before the attack, peeferably as recently

as possible, when the queston of mfarction

the diographic local
Anteroseptal Infarct (Fig 44), In this type
of mfarct, which 1s probably the most com-
mon variety, the precordial teads are of the
greatest value, while the Irmb feads show few
changes Leads [, 1, and 111 are often within
nermal hmits QRS changes may eccur in
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L ventncular
wall

“— Area of inforction

FIG 44 Anteroseptal infarchon.

leads V,, V,, and V,, and sometimes in V,.
Deviation of the S-T segment and T wave
mversion may appear as far to the left as lead
V.. The appearance of diagnostic changes in
the QRS complex or n the T wave in the
limb Teads should suggest the possibility of a
complicating high anterolateral nfarct

SEPTAL INFARCT® This 1s often as-
soctated wath cardiac sreegulanties and con-
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duction defects (Fig. 45). Useful criterta for
the electrocardiographic dragnosis of this type
of wfarction are: a combination of a Q,T,
pattern (posterior wall involvement, as shown
in the Iimb leads), and Q and T wave changes
1n the night-sided precordsal leads (V, to V,)
These cntena, zlthough satisfactory, fail m
about half the cases In one series of 11 cases
of septal infarction proved at autopsy, these
changes were found 1n only 4 cases, frank
bundle-branch block was found mn 6 cases
(4 left, 2 nght)

A recent report offers improved criteria
and a useful shorthand method for describing
changes 1 the mam complex.* In this nomen-
clature, a capital letter denotes a large deflec-
tion 1in the mam complex (QRS), a small
letter a small deflzction Thus, QrS denotes
large Q and S waves and a small R wave; 1S,
absence of Q wave, small R and deep S waves.

The critena for massive septal infarction
ase (1) n the absence of conduction defects,
QS in leads V, and V,, and sometimes 1 V,

Vs

FIG 45 Elecrracard ograms from a case cof septal nforct on

From b2,

T



Anterolaterol
= inforeion

FIG 46 Anterolateral infarction

through V,, (2) when complicated by left
bundte-branch block, QrS 1n leads V, and V,,
(3) when complicated by night bundle-branch
block, Q waves 1 the right precordial leads
orm V, and V, For infarction of the inferior
third of the septum, with its high incidence of
comp'ete or ncomplete bundle-branch block,
the criterta are i the presence of left bundle-
branch block, possible qRs m leads V, and V,
and Q waves tn leads oriented to the free wall
of the left ventncle In infarction of the
superior third of the scptum, bundle-branch
block was found n all cases but no typical
ECG. In scptal fibrosis, there was no char-
acteristic ECG, but the fibrosis could be
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anterior surface of the distal portion of the
left ventucle, the anterior portion of the
septum, and, rarely, extending to the right
ventricle The occlusion 1s generally in the
anterior descending artery

The electrocardiographic changes vary con-
siderably, depending on the extent of the
lesion Decp Q waves and inverted T waves
1 precordial leads 4 through 6 are diagnostic,
similar changes often occur 1 lead aVy, much
less often 1 aVy, (Fig. 47) Q waves and
mverted T waves are found in about half the
cases 1 lead I, and much less commonly
lead II of the limb leads Changes n the hmb
Jeads are ponspecific for mnfarction 1 about
half the cases 1 which they occur.*

The reciprocal changes m early infarction
are depressions of the S-T segment in leads
V, through V, and perhaps n leads I and
aVy Later in the course, there may be high R
waves and fall, pointed T waves 1n the night-
stded precordial leads

The late landmarks of old anterolatera!
infarction are deflections of Q waves and
sversion of T waves in leads V, to V,, and
avy.
The QRS complex n the precordial leads
deserves particular attention m antersor walt

f: the variety.

wferred from the presence of d
defects

ANTEROLATERAL INFARCT  (Fig 46)
This fype 1s somewhat less common than
anteroseptal mfarction but ts a more extensive
process, usually embracing a large part of the

1 Mot

Pyt S
L)
— 77

In the narmalrECG, the height of the R waves
increases progressively as the precordual Jeads
pass from right to left; 1€ there 1s no increase
mn height, anterior wall infarction should be
suspected In rare cases of antertor wnfarction,
an titial R wave may appear mn place of an

Vi Va2

) from cose of

FIG 47.

ifaechon (From Hill 29
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expected Q wave, for example, 1 V, and V,
in anterolateral infarction This may be caused
by:* (1) Displacement of the transitional
zone to the left, due to heart shift to the Jeft
m intrathoracic disease, or to right ventricular
enlargement, or to clochwise rotatton of the
heart, or to backward rotation of the apex
about the transverse axis of the heart (2)
Left bundle-branch block, (3) Taking an
ECG before myocardial changes have obliter-
ated the response of the activating impulse.
(4) Patchy mfarction, with 1slands of living
muscle. (5) Localized
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man, the changes were * (1) Q waves and up-

ward deflection of the S-T segment 1n Jeads I1,
III, and aVg; (2) Q waves in lcads V, and
V.. less marhed in other precordal leads, and
(3) downward displacement of the S-T seg-
ment 1n Jead aVy,

RIGHT VENTRICULAR INFARCT  This
1s found as an extension of mfarcton else-
where. There 15 no characterisic pattern 1n
the ECG.®

plicated b; i Isewh
in the left ventricle (6) Infarctron of the
left side of the septum

LATERAL WALL INFARCT*
wnfarction confined largely or exclustvely to

the lateral wall of the left ventricle 1s 1n-
frequent, 1t 15 probably more common than
was once behieved A charactenistic electro-
cardiographic pattern has been described*
depresston of the S-T segment 1 leads T and
11, and particularly 1n leads from the left side
of the precordium ** Other investigators deny
the existence of a typical pattern *

Myers and co-workers® classify lateral
nfarets nto three categories High lateral,
Tow lateral, and small midlateral.

1 High lateral wnfarcts mvolve principally
the basal half of the heart, a Q wave m aV,,
which 15 not necessanily duplicated In lead 1
may suggest the existence of this lesion The
changes 1n the high precordial leads may
be decisive These leads should be taken at
the intersection of a horizontal ltne through
the sternal end of the third intercostal space
with vertical lines 1n the planc of precordial
positions 3 through 6

2 Low lateral nfarcts are confined to the
apical third of the lateral wall, abnormal Q
waves are usually present in leads V,,
and ‘or aVy,

3 Small mdlateral nfarcts are rare In
the 2 cases of the series reported by Myers and
assocates, the charactenistic pattern of lateral
wall wfarction (depression of S-T segment
n feads 1 and 1) was found

APICAL INFARCT Apex alone 13 an un-
usual site of infarction, and electrocardio-
graphic diagnosis 1s difficult In a case con-
firmed by autopsy, that of a 66 year old wo-
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FIG 48 Successive electrocardiographic patterns after
posternior nfarchon From Goldberger 1%}
POSTERIOR WALL INFARCTION

(Fig 48) Lesions of the posterior wall
affect leads I1, 111, and aVy The involutionary
changes are those described for lead T in
anterior  wall nfarction  The reciprocal
changes, if there are any, are found 1n lead
1, somewhat Tess often in lead aV,, and sull
less often 10 lead 1I Often, the S-T segment
sags in Ieads V,, V,, and V; 1 additon,
there may be an R wave and a high, sharp T
wave in these leads and in lead aV; Diagnosts
during the acute stage 15 usually not difficult,
but 1n chronic coronary discase or in old
wfaretion, 10 which there are no shifting
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electrocardiographic patterns, the diagnosts
may be extremely difficult. The difficulty
arises from the fact that a Q wave and an
1averted T wave in lead II 1s normally present
m some mdividuals
The dtfferential diagnosis is aided, if the
following points are remembered
7 The Q wave m lead I 1s wider than
003 sec I recent or old infarction, this 1s
more important than the depth of the Q
wave
2 Changes m the Q and T waves 1n lead
Il simular to those of lead IIT are a definite
mdrcatton of coronary dsease
3 Changes 1n the Q and T waves of Jead
aVy, similar to those of lead 111, are ap almost
ceftamn sign of infarction False negatives
(absence of Q wave n lead aVy, Qs and
nfarction present) may occur, especially if
the 1nfarct 1s high on the posterior wall or if
the S-T segment 15 ¢levated False positives
may occur occastonally The Q wave which 15
normally present is small and narrow Thus, in
a series of 55 cases with pormal Q waves,
QaVy was 25 per cent or more of R in only
3 cases, and 1n none did it exceed 0 03 sec 1n
width ™ A Q wave may appear normally 1n
lead aVy i the supine patient and disappear
when be sits up ™ In general, this lead 1s more
rehable than lead I in detecting posterior
wall infarction A Q-R ratio of over 25 per
cent 1n lead aVp 15 stated to be the best of
several criterta for the dtagnosis of infarction
i this location, but 1s stull subject to con-
swderable error = Correlation of the changes
n lead aVe and of the autopsy findings tm a
large serics of cases led Myers and co-
workers™ to formulate the following criteria
for the dragnosis of posterior wall infarction
I Verucal, semuverfical, or intermediate
position of heart (lead aV; shows relatrvely
small R and deep S waves, and an equiphasic
RS complex or multiphasic QRS of low
voltage; R wave usually prominent aVg)
QR complexes of 0.5 millivolt or more, with
a Q wave of 003 sec or more from enset
to nadir and 3 Q-R ratio of over 25 per cent
are wdicatve af posterior wall infarction
Borderline complexes are considered positive
1f: (7) the Q wave 15 0 04 sec or more from
onsct to nadir; (2) the Q wave is foltowed by
an abnormally prolonged, notched, or coarsely
slurred upstroke, (3) the tracing as taken
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carly and shows classic S~T displacement; or
(4) avaable earlier tracings show normal
patterns

2. Honizontal to semihorizontal position of
the heart (prominent R wave in lead aV,
small R and deep S waves in lead aVy, or an
equiphasic RS complex, or an RSR pattern,
or a QS pattern not due to posternior wall
infarction) In a sermes of 35 cases, lead
aVp had a small R wave and a deep S wave
m no way supgestive of posterior infarction m
22 cases, A Q wave may be seen if the
mfarction continues mto the septum, if the
nfarction 15 acute, changes in the S-T scg-
ment of the complex are charactenistc The
QS deflection 1n late or healed intarction may
be hard to distingwish from a normal variant
Lead aVgR should be taken during deep
respiration 1n the erect posiuon I an R wave
appears, the pattern 1s probably normal, if
a triphasic complex (small Q and R waves,
deep S waves) appears, or a deeper, wider
Q wave, mfarction 1s probably present.

A stmple and reliable test 1s the use of lead
IIIR (lead TN repeated while the patient 1s
holding a deep breath) ** A normal Q wave
1 lead NI well dimemish, disappear, or become
an R wave In myocardial infarction, the Q
wave will rematrt stationary or become deeper.
According to Evans,’ the followming criteria
m lead IR are diagnostic. In the normal
heart, the Q wave 1s never over 2mm in
depth, the Q wave does not deepen as com-
pared to lead IH nor does it appear tf absent
m lead HI, a T wave upright in lead T
does not dimmish, the S~T segment 15 not
depressed In left ventricular preponderance,
depresston of the T wave or S-T segment
indrcates coronary disease In posterolateral
infarcon, there may be no Q wave ia lead
111, but the S-T scgment and the T wave
i lead IR may be depressed In postero-
wnfertor mfarction, in which there 1s a Q,T,
pattern, there are no changes m lead MIR
Lowenng of the S-T segment or the T waves
m lead THR may be the only suggeston of
carher infarction

On the basis of over 2000 tracings, I have
been able to confirm Evans' obscrvations,
with some minor modifications- In postertor
wall lesions, the Q wave is often deeper 10
Jead INIR than 1n Jead 11! There scem to be
no false posiives, false negatives OCCur i
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at Jeast 5 per cent of cases—Q waves which
revert toward normal despite the known ex-
wistence of old infarction Nevertheless, lead
IR 1s valuable, and I use 1t routmely. It
should be used whenever there 1s a Q wave
in lead III The same maneuver may be tried
for lead aVy (lead aVpR)

‘The use of leads II, aVp, and IIIR will
resolve almost all doubts, and esophageal
leads may be used if some question still
remamns There are no false positive Q waves
1n these leads, but i general this method 15
no better than the others, especially the use
of aVy,® ™

Despite  expert  electrocardiography, the
diagnosis may still be missed mn acute posterior
wall infarction, especially if there s left
bundle branch block or concomutant acute
anterior wall infarction, or if the infarction 1s
located high on the postertor wall It s
noteworthy that the electrocardiographic fea-
tures of an old anter:or wall infarct may
disappear with the appearance of a fresh
posterior wall mfarction and thus obscure the
existence of a prior mfarction

In situations tn which diagnosss ts dufficult,
posterior wall ifarction should be considered
i ® (I) m acute antenor nfarction there
are no, or poorly developed, reciprocal
changes, (2) signs of bundle-branch block or
severe aurculoventricular  block  suddenly
appear on the ECG of acute anterior mfarc-
tion, and (3) the rectprocal and only changes
are ST segment depression, or tall R and T
waves in the nght-sided recordial leads The
last are particularly apt to occur with high
postertor wall nfarcts

In summary, the diagnosis of posterior
wall infarction 15 less casy than it seems The
changing pattern 1n acute infarction 1s a
considerable help, but as the infarct ages
the diags grows gty dous,
and the percentage of error in establishing
the presence of old posterior wall damage 15
stiil high

VARIATIONS IN PATTERN OF POSTERIOR
INFARCTION

The charactenstic pattern of a massive,
major infarction in the posterior wall presents
no diagnostic difficulies But unusual factors,
such as old infarcuon, small size of infarct,

or uncommon location of mfarct, may make

1J9

the diagnosis much harder, especially when
the heart 1s m the horizontal position The
posterior surface of the heart 15 refatively
naccessible  to  the exploring precordial
electrodes, and despite every refinement m
technic the accurate localization of the infarct
may be mused, although the presence of
myocardial mfarction 15 quite evident clinr-
cally. However, the diagaesis af mfarction 1s
incomparably more mmportant than its precise
localization While every advance m techmic
aids the anatomic diagnosis, we are still far
from perfection,

POSTEROLATERAL INFARCT  Changes
appear 1n leads Il and aVy, and similar
changes 1n V; and sometimes m V. Transtent
T wave 1nversion n leads V, and V, appears
occastonally 1n the early stages of posterior
wall infarction, this 1ndication of temporary
1schemia tn the lateral wall disappears as the
nvolved area contracts to its final size

HIGH FPOSTEROLATERAL INFARCT
The bimb leads 1n this rare vanety of mfarct
resemble those of the high anterolateral -
farct Lead aVg 1s not affected, but abnormal
vandtions 1 potentral are transmitted to the
left arm (aVy) With a large infarct, the
changes are ** (1) signs of infarction 1n leads
1 and aVy, (2) a predomnant R wave m
lead V,, (3} absence of a definite transitional
zone 1n the precordial leads, (4} high. upright
T waves 1n two or more V Ieads, (5) n the
acute stage, depression of the S-T segment 1n
the V leads V; and V, often overlying the
infarct In the presence of considerable ventric-
ular hypertrophy, depression of the S-T seg-
ment 1 the precordial leads (farther to the
rght than 1n lett ventricular hypertrophy
alone), and reduced R waves (often with
splinteting) 1n leads 1 and aVy are seen
Leads V, through V, should be taken when
this leston 15 suspected,”™ V, s taken at the
left posterior avillary line, V, at the sub-
scapular line, and V, at the prravertebral hine,
alt on the same fevel as leads V, and V, (the
level of the fifth Ieft interspace at its junction
with the midelavicular line)  Nermally, these
feads show an upright P wave, a small, narrow
Q wave, 2 moderate R wave, and an upright
T wave Sult higher leads may be taken from
points vertically above V. through V, at the

—
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horizontal level of the third interspace at 1ts
Junction with the sternum; these leads are
similar to leads V: through Vs, tn form but
lower 1n voltage. When the posterior wall
nfarct 15 confined to the diaphragmatic sur-
face, these high leads are normal in form.

POSTEROSEPTAL INFARCT In this
leston, the changes described as typical of
postertor infarction are found, but they extend
for a variable distance 1nto the posterior part
of the terventricular septum and often (o the
nearby free wall of the right ventriele The
same changes are noted m leads II, III,
and aVy, and there are dgnostic changes
n lead Vg ?

COMEINED INFARCTS®

Infarcts superimposed on one another may
confuse the chnical, and especially the electro-
cardiographic, picture A new 1nfarct may
develop on the site of an old one, and a
recent infarct may be complicated by exten-
sion or fresh necrosis elsewhere i the myo-
cardum There are no rules for wdenufying
these changes The sequence of events may
be clearly seen 1if caretul serial ECG's are
done, and particularly if earlier tracings are
available Sometimes the fresh infarct obliter-
ates all trace of the earlier one (Fig 74,
Chapter 11) Large 1nfarcts involving more
than one surface of the heart or cxtending
mto the septum may give the picture of a
combination of infarcts, n the absence of
serial studtes, a definste diagnosts of the hind
of infarct may be impossible

INFARCTION COMPLICATED BY BUNDLE-
BRANCH BLOCK™

Most bundle-branch blocks are the result
of chronic coronary narrowing and the con-
sequent myocardial fibrosis. Such block may
occur for the first time duning the course of
an acute mfarction®® and make the diagnosis
of acute farction more dificult, since the
electrocardiographic abnormalities may be due
to the conduction defect rather than to the
mfarciive process.

RIGHT BUNDLE-BRANCH BLOCK It
15 easonsbly easy to establish the existence
of coronary disease n the presence of nght
bundle-branch block, because the changes
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potentials in the left ventricle are undisturbed
In general, the Q waves appear as usual;
the changes m the S-T segment and T wave
1aversions may be somewhat modified.

1 In antenor infarction (Fig 49), the
standard (I, II, and III) and umipolar limb
leads are normal The main changes are seen
m the nght-sided precordial leads: disap-
pearance of the R wave 1o leads V, and V,,
and the usual elevations of the S-T segment;
posstble appearance of a Q wave, inversion of
the T wave, The Jandmarks of old infarction
are Q waves m leads V, and V, The ECG
resembles that of an anteroseptal mfarction,
but 1 the presence of right bundle-branch
block this Jocalization canpot be made with
assurance  The first precordial Jead (V, or
CR,) may be the only one to show the changes
of mnfarcuon ¥

2. In postertor nfarctron (Fig 50) there
are the usual changes in leads II, I11, and aVe
The precordial leads show no abnormalitees,
as a rule**

3 In Wilson (wide-S) block, the QRS
complex 1s at least 011 sec wide with a
slender R, and a wide, slurred R wave in
lead I or II, in the night ventricular leads
there 1s a secondary R wave with a delay of at
least 0 07 sec Most observers have long held
that this 1s a relatrvely benign form of block,
and that 1t may be unassociated with orgame
heart discase, especially 1 persons under the
age of 40 Papp and Smith,” however, con-
clude that Wilson block without orgamc heart
disease 1s rare When this block 1s due to
infarction, 1t 1s more ltkely to be anteroseptal
than posterior wall infarction When the block
appears 1n postertor wall infarction, the Jeston
1s usually extenstve, especially if there 1s
associated aurtculoventricular block.

Anterror infarctton may modify the pattern of
the Wilson variety of night bundle branch block
the dimenution of left ventricutar potentials may
transform 1t anto the classte pattern of right
bundle branch block Conversety, nght bundle
branch block may also modify the sipns of antero-
septal infarction by obliterating the RS-T ¢leva-
ton of acute injury Acute postenor infarction
may not show sn Wihon block with a honizontal
heart, the additional A-V block wuth chmcal
stgns of nfarction s here diagnostic ™
LEFT BUNDLE-BRANCH BLOCK ~ This
type of block makes the dragnosis of myo-
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FIG 49 Eledtrocardiog-am from case of onterior tFrom Groybiel et ol%1)
myocardial nfarcion ond right bundle branch  block
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FIG 50

Electrocardiogram from case of posterior
myocardial infarchon and ght bundle bronch block

cardial infarctron dificult, in 52 per cent of
Cases 1 Oae series the diagnoss wus 1Mpos-
sible because therc were mo clectrocardia-
geaphic sigos of infarction ™ According to
Barker *
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A Few hours clter orset B, three weoks leter fFeom
Groybrel et al ?

© e vean i Fan

CTORGCY (¥ Sfiu va)
However, an S wave may appear 1n leads
V. and V. an left bundle-branch block not

! "

When 1ntr, 13 normal,

ted with so that this sign

those electrodes Wwhich are pliced adjacent to the
necroue zone of an infarct yn the free wafl of the
lefg ventricle record abnormal Q or @S defleerions
These result from the negative potential of the
Jeft ventricular caviry bcmn tramamtted ihrongh
the necrotic zone which mercly acts as an electnc
conductor amd 15 sncapable of producing any
voitage changes When such an mfarct is com-
phcalcd by ]dl bundle branch bloch, the activa-
tion of the 1ntenventricular sepium, which
progresses from the nght 1oward the Jeft wde,
produces imtial positivity of the left yentnicular
canty, which in torn ss trapsmutted through the
necrotic zone of the nfarst Thus, the leads
abtatned from the emeardial surface directly aver
this Tegion witl always contn imtinl R waves
u«;mues\ of the extent of the efarct Durning the
Tater part of QRS the secandary R peak fails to
Aevelon 1 leadhs Jocated drrectly over the trans-

an 8 wave

waity, which

tee vall of

» untrustworthy

When the areas of the QRS complex are
latge (usualty the case n this kind of bundle-
branch block}, there are no typical changes
mn S-T segment or T wave Appearance of a
targe Q wave i the left precordial leads in
feft bundle-branch block should suggest the
presence of a septal anfarctd’ ¥ Penr
infarction should be considered when the
ECG nas a QRS complex over 0,12 sec
resembling left hundle-branch block and 2
Q wave m the left precordial jeads *

I Antenor wall wfarction (Fig. 51) may
be le to diagnose el
cally, and one may have to rely on the clincat
course and the sersal ch:mzcs lf :my. n \he
£CG P inf.
by a small notch (sS or OS ype of 005 sec.
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FIG 51 Elestrocordiogrom from case of anterior
myocordial tnforction ond lett bundie branch black,

or morc) 1n the termnal part of the QRS
complex i the precordial leads, especrally
v, and V,

2 1In postenor wall mfarction (g 52),
concordant T waves may become discordant,
but chinical evadence and senal changes w the
ECG are necessary to confirm the diagnosis
Several cases of left bundle branch block
have been described 1n which electrocardio-
graphy showed signs of left bundle-branch
block m the hmb ieads, of nght bundie-
branch block 1n the precordial leads, end

7l

L
I AT

precord ol leods recorded ot holf normal standardiza
non  From VoM 23y

qR deflections m lead aV, * These are in-
stances of myocardial infarction of the septum
and of the posterolateral myocardium, and
as mught be expected, high-grade aunculo-
ventncular block may be found

With ntermuttent teft bundle-branch block,
the signs of nfarction may be completely
suppressed during the black and appear during
mtervals of gormal conduchion (Fig 53)
Apparently, the conducting pathways are onlv
partially damaged so that normat conduction
(and the characterstic signs of nfarction)

o
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3/16/44 7/11/46
I ut 1 m

V,
N/2 N/2 N/2
7/11/46
FIG 52 Electrocardiogram from case of posteror Vs Va ond Vi recorded of half normal stondardization
myocardial infarction ond left bundie branch block, 1From Woiff b4

ce laverted
£(G. 53 Transient left bundle-bronch block suppressing  was normal (bottam fracingl, the T woves were {nvertes

signs of ontercor myocacdial infarchon, when conduchon In Va fo Vs (From Somerville and Wood ™)
i
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may appear when the cardiac rate 1s slowed.
This slowing may be induced by ergotamine
tartrate intravenously or by pressure on a
hyperactive carotid sinus *

Rarely, the diagnosis of infarction may be
made when prematurc contractions appear
on a tracing dominated by the signs of
bundle-branch block; in one ¢ase, the diagnosis
was made because there was tngemunal
thythm,?

WOLFF - PARKINSON - WHITE ~ SYN-
DROME  The syndrome 1s characterized
by a short P-R interval and a prolonged
QRS complex When it 1s assoctated with a
large nfarct, the diagnosis is not difficult, but
when T wave changes only are found a
definite diagnosis can be made only if the
conduction can be restored to normal This
can be accomplished by quimidine,* atropine,
amyl nitraite, carotid stnus stimulation, and
deep mspiration, separately or 1n vanous com-
binations.”® Digitalis enhances the anomalous
mechanmsm, 1t should thercfore not be given
until a definite diagnoss has been established

SUBENDOCARDIAL INFARCTION™

A lesion localized 1n the subendocardial
layer of the heart causes depression of the
S-T segment 1n the overlying leads,” inversion
of the T wave depends on the extent of the
1schemic zone, a Q wave may appear 1f actual
necrosis of tissuc has occurred

The “subendocardial” pattern, which typi-
cally 1s depression of the S-T segment, 15
seen 1n some patients with angina pectons
duning an attack, n “acute coronary insuf-
fictlency,” and 1n exeraise tolerance or anox-
emia tests with posttive results The changes
n all such cases are transient; they indicate
mjury to the deepest layer of the myocardium,
and 1f the changes last for more than a day 1t
may be assumed that a histologic change has
occurred tn this tayer The change may con-
sist of 1solated subendacardial farction or
1 may be a stage in the development of a
larger nfarct

In a review of the entire subject of sub-
endocardial mvolvement, Myers and Talmers™
pomt out that the contour, as well as the
degree, of the S-T depression must be
observed In true acute subendocardial injury,
a1 mm or more honizontal or sagging depres-
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sion of the segment occurs in patients who
have not been given cardiac glycosides. In
the p 7 of “sp "
changes, tachycardia 1s wsually present and
the Tp wave 15 exaggerated, the S-T junction
drops 05 mm or more below the P-R
Junction, and the S-T segment ascends con-
tinuously mn a concave arc

ELECTROCARDIOGRAPHIC SIGNS
OF CORONARY INSUFFICIENCY
AND OF “MINOR INFARCTION*

1 have commented at several other places
1 this book on the frequency with which acute
mmpairment of the coronary circulation (aside
from angina pectons) 1s found chimcally
This comprises the group of cases described
by Master as “acute coronary msufficiency.”
When the changes (usually S-T segment
changes alone, without Q waves) persist for
more than 2 day, 1t 1s probable that there 15
subendocardal nfarction or small mural in-
farct Papp and Smuth™ describe these as
“shight” myocardial farction 1 would call
these “munor” myocardial infarction, the
important pownt bemg that when cardio-
graphic or clinical signs perstst for more than
a few hours, 1t 15 highly probable that there
15 necrosts of heart muscle somewhere m the
heart It would seem to me wisc to restrict
the term “coronary msufficiency™ to a revers-
1ble and transient process, acknowledging the
fact that many cases so described are truly
infarctive 1 nature

Cosby and assoctates® discuss the vector-

s and P at-
tributes of thus faurly large group of patients
They call attention to the fact that, 1n con-
trast to major infarction, about three fourths
of the processes are anterior and only about a
quarter are postersor Muller, Burchell, and
Edwards® pomnt to “the greater degree of
narrowng of the antenor descending coronary
artery™ as an explanation for the fact that
76 per cent of their cases mnvolved the anterior
wall

An even more puzzhing category comprises
those patients who show only T wave mver-
sion i the presence of symptoms. such as
cardiac parn, of coronary discase There are
no QRS complex or S-T segment abnormah-
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ties The tversion of T may be transient, it
may persist for a long time, perhaps for Iife
Usually when detected chnically, there are
no laboratory evidences of myocardial in-
farction.

In the majorty of such instances, the
downward T 15 a relic of wfarction in the
past, remote or recent When 1t 1s transient,
1t may be regarded as an evidence of “coro-
nary ansufficiency ' When more persistent
and cspecially 1f accompamed by chnical
symptoms or laboratory evidence (sedimenta-
ton rate, ete 1, there ts usually mfarction of
lesser degree In any case, 1 agree heartily
with Schlant, Levine, and Bajlev'® who fecl
that 1solated inversion of the T waves cannot
be dtsmrssed Nightly under chcally suspect
circumstances  Deeply mverted T waves in
the precordial leads usually mecan subendo-
cardial infarction

The impoartant clinteal morats 0 be drawn
from this discussion are that (/) transient
ST-T changes are found n reverstble m-
sufficiency of the coronary circulation, (2)
it 18 wise 10 nsist on QRS abnormalities of
a shitting nature before making the diagnosis
of acute majpor myocardial mnfarction, (3)
munor infarction, usually berign and implymng
a favorable outlook, may be tound with only
ST-T changes

AURICULAR INFARCTION

The electrocardiographic features of this
type of wnfarct are auricular ectopic rhythms,
consisting of aurrcular cxtra  beats and
auncular flutter or fibrdlaton, and auriculo-
ventricular block of varymg degree  The
tracing often changes from day to day Eleva-
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tracing In a patient with such electrocardio-
graphic changes, cardiac pamn, even if slightly
atypreal, 1s sufficrent ground for assuming that
the patient 1s suffering from true angina
pectons

A “distincttve and mutable™ electrocardto-
graphte preture, which Evans® describes and
considers characteristic of coronary arierto-
spasm, consists of the following features (/)
The T wave 1s mverted n feads CR, to CR,
and sometimes beyond this to CR,, the T
wave s usually mverted wmn lead T as well
(2) There are no signuficant Q wave or §-T
depressions 1 have often scen transient T
wave changes m patieats complaimng of
precordial pam; cardac sschemia 1s probably
the cause of these changes, whether or not
vasospasm 1s bastcally responsible, as Evans
suggests

Often howeser the resting electrocardio-
gram 1s enfirefy mormal (1 {7 per cent of
persons with angina pectoris and no history
of previous infarction) Even if the patient™s
symptoms are quite typrcal of classical angima
pectorts, the physician may wish fo have
graphic evidence of myocardial myolvement
1F the symptonts are even shightly atypicat, the
cardrogram will play an indispensable role n
differential diagnosis. Every effort should be
made (o obtam transient electrocardiographic
changes, and any one of several measures may
be used

RECORDING THE ECG DURING AN
ATTACK  The tracing duning an attack
may not deviate from the resting state, but
occasionafly transtent changes exactly mimic
those of acute mfarction—deep Q waves and
deeply inverted, coved T waves Somewhat
more often, the changes resemble those of
by infarction

tion of P-Ta, or more often, dep may
be present, especially sn deads 10 and IIL
There may be an abnormally short P-R
wmterval, with upnight P waves ™

ANGINA PECTORIS

The ECG i angina pectonis 15 often
abnormal between spasms, since there may
be suffictent myocardial fibrosis to affect the
tracing A major infarction may have occurred
in the past, with residuals which appear 1 the

A normal ECG obtamned during an attack
of pan does not rule out the possibility of
angina pectorts, some test must then be used
which may mduce temporary anoxemia, with
resulting changes in the ECG A positive
result of such a test 1s the finding of the char-
acteristic changes of spontaneous angina and
subendocardial 1schemia, and, rarely, those
of magor infarction The techmics and electro-
cardiographic criterta are given here as they
are descrsbed by the ongmators of ihe
anoxemia test and of the exercise tolerance
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tests. Measurement of the Q-Tc interval
probably adds to the accuracy of whatever
test is wsed.®?

ANOXEMIATEST  The anoxem:a techmic
most often nsed s that desenbed by Levy ®

A tank contaiming a muxture of 10 per cent
ovygen and 90 per cent mtrogen furnihed an
unvarying concentralion of oxygen mn the in-
spired air The otygen mrxture was admutted at
a rate comparable to that of normal pulmonary
ventilation The gas was allowed to flow through
a humidifier, into & rubber bag, which was hept
full but not distended Two flutter valves were
mcorporated in such a way that the mixture was
tnhated duning mspiration and exhated during
expuration without rebreathing A two-way valve
at the mouthpiece enabled the cbscrver to con-
nect the patient to the apparatus while he was
breathing room air, and thus accurately to record
the time at which the subject began breathing
the jow-oxygen muxture A tank contaimng 100
per cent oxygen was also jn the curcut, so that,
if desised, by turming a nesdle valve, anovemia
could be reheved quickly.

Obscrvations were made 2t feast two hours
after the Jost meal The temperature 1n the room
at which the tess was made was hept reasonably
constant at about 72° F The subject was allowed
to rest quctly in bed from a pertod of thirty
mrnutes 1o one hour The procedute was explarned
and he was told that 1f he experienced pain in
the chest or arms he should at once rase hs
hand The electrodes were apphied and remaincd
1 place throughout the test The mouthpiece of
the gas apparatus was then iserted and the nose
clamp adpusted The subject was allowed to
breathe room arr through the vabie of the ap-
paratus for a few minutes At this ume a four-
lead clectrocartiogram was taken as a control
(Tlus control electrocardiagram s always cheched
before the test ts begun) The precordial lead
was the one commonly designated IV F The
test was then started by closing the valve, the
suhjcet was unaware of this maneuver

Stewart and Carr.™ in a recent comprehen-
sive review, 1 which they discuss other
technies, 2dd

Flectrocardiograms are then tahen at fise-
munute mtersals through a tweaty-minute period,
unless substeraal or precordiat pan or discorn
fort occurred earlier At the completon of the
test the patient mhaled 100 per cent ovygen for
a period of one minute, or vonl pam had dis
appeared Llectrocardiograms were alo tahen at
ntervals of one, five, and ten minutes after start-
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ing to breathe 100 per cent oxygen In cach Jead
measurements of the deviation of the RS-T junc-
uon were taken as the difference between the
pouwnt just preceding the rartral deflection of the
QRS and the pomnt rmmedately following the
final deflectton The measured complexes shouhd
run horizontally, the defiection of the strmg
should be accurately standardized and the skin
reststance hept low

The cniterta for a test postiive result, as
given by Levy,* are

1 'The anthmetical sum of the RS-T deviations
m all four leads (1, 1L, ITL, and IV F) total
3 millimeters or more

2. There 1 partial or complete reversal of the
@irection of the T wave in Lead 1 accompanied
by an RS-T deviation of 1 mm ot more in this
lead.

3 There 1s complete reversal of the direction
of T m Lead 1V F, regardless of the RS-T devia
ton

The incidence of positive tests 1n persons
with Apown coronary disease and angwna
pectoris 1s reported varously between 30 and
61 per cent, In a wide and vaned collection
of anginal patients, using Levy's technic and
entera, the percentage of postive tests 1s
about 50 per cent ** Results of a follow-up
study by Mathers and Levy* would seem to
indicate that the prognosis for patients with
posttive test responses 15 less favorable than
for those whose response 1s negative, and they
conclude that the many uncontrellable vart-
ables which influence atherosclerosis make
accurate predictions about the course of coro-
nary heart disease in any on¢ pahent impas-
sible

Negatve results do not rule out the
possthility of coronary discase. and false
positeves may occur  “Functional” changes
are scen occasionallv. These are discussed on
page 166

Reactions to the anoxema test, few of them
sertous, are most commonly vasovagal attacks,
weakness, sweahing, pallor, slowing of heart
rate, fal} 4n Blood pressure. Nghtheadedness,
and syncope, occastonally there are drowsi-
ness, fatigue, choking sensatron, heavy sensa-
tion 0 the chest, tinghng and numbness of
the fingers, hvpersenulation, anxeety, and
fear ** Vasovagal reactions can be expecied
in about 5 per cent of subjects undergoing the
test Myocardml infarction during the test has
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been described, and 2 deaths have been re-
ported, both of the patients probably had
acute mfarction when the test was begun

Angmal pamn may occur during the test,
whether results are positive or negative, and
no apparent correlation has been found be-
tween the occurrence of pan and the electro-
cardtographic changes Except 1n cases 1n
which payment of msurance 1s involved, 1t 15
probably advisable to constder pain as a sign
of true coronary mnsufficiency.™

CORONARY HEART DISEASE

with electrocardiography seem to have been
Scherf and Goldhammer ™ Master* made this
test popular, and his “two-step™ fest is now
widely used Although any method which will
mnduce the strain of exercise may be used, 1t
15 wiser to employ Master’s standardized
procedure if a cardiac laboratory 1s not avail-
able,

In the single “two-step™ test, the patient,
with electrodes in place, walks over the two-
step stars (Fig. 54) the number of ascents

FIG 54 ‘Steps” for Moster two-step exerase (Cour-

The contraindicattons to performing the test
are: congemtal heart disease, rheumatic
valvular disease, pregnancy, myxedema, ept-
lepsy, severe anemia, and marked emphysema
or other pulmonary disease A routme 12 lead
ECG should be taken before starting the test
to rule out the presence of infarction.”® Any
evidence of infarction withm the preceding
4 months, or the presence of congestive failure
are absolute contraindications

EXERCISE TOLERANCE TESTS Exer-
ase 15 » sinple method of testing a heart
suspected of harboring coronary disease. The
first to describe an exercise test i combination

tesy of Mr Everett M Hill)

(complete trips over the steps n one direction)
as determined from the table based on sex,
age, and weight (Table 18) Each step 15 9
in hegh, and the test 1s to be completed in 15
mnutes Tracings are recorded immeduately,
2 munutes, and 6 minutes after completion of
the test, since there may be a latent period
before changes appear in the ECG.*' ™ To
avoid dizziness, the patient changes direction
after each trip by turming toward the examer
each time If the results of the single test arc
normal, the double test may be performed at
Teast 1 hour later by paticnts for whom, 1n the
examiner’s opinion, 3t would be a safe proce-
dure, In this test, twice the number of trips
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TABLE 18  STANDARD NUMBER OF ASCENTS For Two-sTEP TEST#

Age, years

Weight,

pounds 50 1014 1519 20M 2520 3034 330 Q01 454 03 SSE) 6164 8567

Males

40-49 35 36 . .

50-59 33 35 32 . . .

60-69 31 33 31

70-79 28 32 30 ..

80-89 26 30 29 29 2! 28 27 27 26 25 25 24 23
90-99 24 29 28 28 28 27 27 26 25 25 2 23 22
100-109 22 27 27 28 28 27 26 25 25 24 23 22 22
110-119 20 26 26 27 27 26 25 25 24 23 23 22 2
120-129 18 24 25 26 27 26 25 24 23 23 22 21 2
130-139 16 23 24 25 26 25 24 23 23 22 21 20 20
140-149 - 21 23 24 25 24 24 23 22 21 20 20 19
150-152 2 22 24 s 24 23 22 21 20 20 19 18
160-169 . 18 21 23 24 2 2 22 21 20 19 18 18
170-179 . . 20 22 23 23 22 21 20 19 18 18 17
180-189 . . 1% 21 23 22 21 20 19 19 18 17 16
190-199 . .- 18 20 22 21 21 20 19 18 17 16 15
200-209 . 19 21 21 20 19 18 17 16 16 15
210-219 . . . 18 21 20 19 18 17 17 16 15 L]
220-229 . 17 20 20 19 18 17 16 15 14 13
Fenales

40-49 3s 35 33 .

50-59 33 33 32 . . .

60-69 31 32 30 .

70-79 28 30 29

£0-89 26 28 28 28 28 27 26 24 23 n 21 21 20
90-99 24 27 26 27 26 25 24 23 2 22 21 20 19
100-109 22 25 25 26 26 25 24 23 22 21 20 19 18
110-119 20 23 23 25 25 24 23 22 21 20 19 18 18
120-129 18 22 n 24 24 23 22 21 20 19 19 18 17
130-139 16 20 20 23 23 22 21 20 19 19 18 17 16
140-14¢ 18 19 2 22 21 20 19 19 18 17 16 16
150-159 17 17 21 20 20 19 19 18 17 16 16 15
160-160 . 15 16 20 19 19 18 18 17 16 16 15 14
170-179 . 13 14 19 18 18 17 17 16 16 15 14 13
180-189 . 13 18 17 17 17 16 16 15 14 14 13
190-199 . 12 17 16 16 16 15 15 14 13 13 12
200-209 16 15 15 15 14 14 13 13 12 11
210-219 . 15 14 14 13 13 13 13 2 11 1
220-229 4013 13 13 13 12 12 ouno1un 10

From Master Am Heart J 10 497, 1935
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are taken 1 3 munutes In about a third of
the patients with abnormal results 1o the
double test, the results of the single test are
normal

As guven by Kiakeg and associates,™ the test
consssts of 40 ascents and descents Complaints
of fatgue, dyspnea, or chest discomfort are
cause for termmatimg the test In my pattents,
the test 1s stopped f the patient complamns of
chest pain or pressure Some workers do not
consider the exact amount of exercise impor-
tant, and sometumes carry the test to the pomnt
of pain or dyspnea \" A larger percentage of
positve test results may be expected if the
test 1s pertormed untl tachycardia super-
venes.* a cold sttmulus may also increase the
number of posttives In my opinton, these
technics are not so safe as the one described
by Master

The test ts nfluenced by food, or cxercise
within 1 hour preceding the test, by nitro-
glyeenin, tobacco, and digitalts The test 1s
probably best done at the time of day when
the pattent usualty suffers attacks of angina
pectoris and the value of the results nght be
enhanced by taking the tracing duning the
exercise, however this 15 scarcely feasible
except by the use of a treadmull techntc

The two step test 1s most valuable 1n evaluat-
tng the 25 per cent of patients wath chest pain
m whom nro electrocardiographic of other
signs at coronary disease can be found

The test should be performed only 1if noth-
g 1o the patient's fustory suggests recent
wmfarction, and the 12 lead resting ECG taken
before the test 1s normal In my patents, 1
also tnsist on a mormal sedimentation rate
Some prefer the usual bipolar mb leads to
the precordial derivations,” but recent experi-
ence has convinced me that V leads taken
from the left side of the precordium provide
the most useful nformation The suggestion
that the leads be taken in reverse order after
exerctse (se, V,, V; [if these are used], Ve Vi
Vy Vyp V,. Vi aVp, aVy. aVy, and then the
Lmb lezds) 1s 2 good orte The most sensitive
feads are V, and V,

At the Mayo Clinic,* no subject 1s given the
test 1f 1t 15 Mor¢ strenuous than his usual daily
activines or if his exercuse tolerance decreased
progressively i the peniod just preceding llje
test. The test iy not gnen fo any palent in
whom aagmal pam had developed in the

CORONARY HEART DISEASE

preceding weeks, presumably, this is a recagni
tion of the fact that the first appearance o
angina may coincide with sudden occlusion o
2 coronary vessel

The criteria for posttive test results are:

1. The R5-T segment depressed more thar
2mm below the 1soelectric Itne, a 1 to 2 mm
depression 1s constdered equivocally posttive

2 Complete or partial inverston of the T
wave, except m lead III S-T depression 1s
more sigmficant than T wave changes

3 Transtent arrhythmias, conduction de-
fects, or large Q waves.

The occurrence of anginal pain may be con-
sidered evidence of coronary msufficiency
except 1n subjects making claims for wmdem-
nificatton There 1s little correlation between
the appearance of pain and the madence of
posttive results, although one report states that
positive results are found twice as often among
patients tn whom pain develops during the test
as among those m whom 1t does not ™

A positive test result, 1t 15 generally agreed,
may be regarded as evidence of coronary
nsufficrency at the time the test was done
Such pattents probably have coronary artery
disease A 5 year follow-up study of 100
patients with positive results revealed that
only 29 showed no evidence of coronary dis-
case, of 150 patients with negative results n
the single and double test, only 1 had a
coronary acclusion **

Contraindications to the exercise test are
the same as for the anoxemua test In addition,
the test should not be performed mn patients
with heart faiture or cardtac enlargement

Untoward reactions to the test are uncom-
mon, but at least 5 deaths have been re-
ported "2 Myocardtal infarction occurred in
1 patient after exerctse, a control ECG had
been equivocal, but he had had cardiac pain
a few hours before ® Pain which may persist
for a short time after the test is usually
abolished by rest, the patient should not be
allowed to walk or evercise until the pain has
completely disappeared.

Negative results of the coronary insuffici-
ency, anoxemm, exercise tolerance, or other
tests do not rule out the possibility of coronary
disease False positive results may occur in
the two-step exercise tests, as in 2 cases of
night bundle-branch block with the Wolfi-
Parkmson-White  syndrome *  “Functional®
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changes have been reported in meurotic
patients taking the anoxemua or the exercise
tolerance tests.® ® Use of ergotamine tartrate
before the test, or preferably dihydroergo-
cornine, reportedly “normalizes” the tests 1
neurotic individuals, but not in patients with
coronary disease * #* On the other hand, the
differentral diagnostic value of this alkalord
has been denied
In some cases of coronary discase, an ab-
normal clectrocardiographic pattern reverts
to normal after the exercise tolerance test.*
According to some observers, the appearance
of frequent premature beats durng the test
. 15 probable evidence of discase,? while others
tmsist that additional positive features must be
present for a diagnosis of coronary disease **
The exercise tolerance test had been reported
to be useful 1n evaluating bundle-branch block,
with positive results in 50 per cent of the
cases of coronary heart disease associated with
such block ** In scvere left bundle-branch
block, 1 have not found the test useful

CorPARISON OF EXERCISE TOLERANCE AND
Anovemis TesTs

Erxercise talerance test Anavenua test
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A well-documented evaluation of the stress
tests has recently been reported.* The double
two-step test was performed tn 827 patients,
most of them between the ages of 45 and 54,
301 of thts series also took the anovemia test,
the average follow-up perrod was 6 years.

Among the 219 patients with abnormal
ECGs m the two-step test, 48 died and 16
suffered acute infarctions with recovery, 133
of this group showed ST depression, and of
thes group 42 died and 12 had nfarctions, of
the 86 who showed T wave or conduction
changes 6 died and 4 had infarctions Depres-
sion of the S-T segment would therefore
seem to be the more meanmgful siga Of the
608 patients m whom test results were normal,
45 died and 15 had nfarctions Of 12 patients
m whom both tests gave positive results, 5
died and 6 had progressive coronary discase
Of 182 patients with negative results in both
tests, 10 died and 123 were normal after
7 years Of the 104 patients with negative
anoxemia results but posttive exercrse Te-
sponses, 24 died and 14 had mfarctions In
only 2 patients were the results of the
anoxenma test positive and of the exercise test
negative 1 prefer the exercise test and use 1t

No special app Te- Specialapp d
quired Patient recumbent and
Produces type of stram  resting
which usually causes Oxygen avaitable 1f nec-
angina essary
Pain may last after dis-
continuance of test
May be delay m record-
g tracing after ex-
ercse
Movement and tachy-
cardia may distort the
ECG

With erther test, a positive result 13 much

1 Iy when an office test 1s necessary,

OTHER TESTS 1 The “meal test™ s
based on the fact that an LCG taken after the
ingestion of food is more likely to show
abnormalittes ®* The test 1s a simple one to
use in office practice Tn doubtful cases, I
usually ash the patient to come back agam
after a heavy meal The electrocardiographic
changes should be clear cut; some changes,
such as an increase in heart rate and decreased
size of the T waves, may appear 1 normal
persons

The exercise test may be combined with the
meal test > In most cases. there are no advan-
tages over the two-step test alone, but 1n an

more sig m the J
than a negative one

‘The results of the two tests are not closely
correlated, one may be posiive when the
other 15 negatine. A companson of the results
of the two tests in 23 paticnts showed that 1n
12 patients the results were negative 1 both
tests, positive 1n both in 5 patients, and 1n &
patients thought to have heart disease the
result Was positive only 1 the excrese test ™

young patient with equivocal an-
gina pectoris in whom the results of the exer-
cise test are negatve, the combined tests may
be revealing  Persons with atypical distress
after meals also scem to be logical candi-
dates for the combmed tests. Although in
rare cases previousty negative test results be-
come potive, roufine use of the combina-
tion docs not scem justificd

2 The ergonovine test conssts of the
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wiravenous admumistration  of ergonovine
maleate. This, it has been reported, produces
the clinical and electrocardiographic pictures
of coronary insufficiency, 1t 1s said to be safe
and more sensitive than erther the anoxema
or the exercise tolerance test™ A recent re-
port confirms the results of the esgonovine
stress test, both in ammals®™ and 1n man ®

3. Epmnephrine has been simiarly em-
ployed,’™ # but there have been no reports
on its use in recent years

4. Intravenous administration of pitressin
has been proposed as a test® ™ But since 1t
15 2 potent vasoconstrictor, its use for test
purposes would seem to be at least potentially
dangerous

5 Intravepous adnuastraton of salt has
also been proposed as 2 substitute for other
tests  Hypertonic salt soluuons, mtraven-
ously, did not produce significant electro-
cardrographic changes, since the test 15 also
potentially dangerous, 1 would not advise uts
use.

6 The use of cigaret smokmg as a test 15
discussed n Chapter 5

CHRONIC CORONARY DISEASE

Several categortes of ECG may be found
in chronic coronary disease the tracmg may
be rormal, 1t may be normal despite posive
results mn the exercise tolerance or anoxemta
tests, 1t may show signs of old infarction, or
vartous nonspecific changes may be present
The electrocardtographuc residuals of old m-
farction may be absent, nmumimal, moderate,
or quite unmistakable

1f the ifarction was tn the anterior wall, the
T waves may be low, 1soelectric, or mverted
in leads I and II, and 1 the precordial leads
n any combination, lead I bemng the Jeast
often 1volved. Small Q waves may remain,
or be represented by an R wave of dimtmshed
amphitude. If the infarction was m the pos-
tenor wall, the T wave may be 1averted m
fead 1If, and a Q wave often remaimns

Sumilar changes may be found in patents
without a history of acute infarction; when
they are definite, the patient has had an 1n-
farction wath such shght symptoms as to be
overlooked ot there have been gradual wfare-
tive changes over a protanged pertod Barring
evidence 1o the contrary, such changes should
be accepted as signs of coronary disease

CORONARY HEART DISEASE

Bundle-branch block 15 most common
caused by coronary atheromatosis. This bloc
may be found in any type of heart diseas
and, very exceptionally, 1n presumably norm
hearts. Every case of bundle-branch blac
should be considered as a case of coronar
drsease 1n the absence of evidence to t}
contrary.

Auncnloventricutar  block, with its pn
longed P~R mterval, may be the first sign
coronary disease. It may also be found i
many other conditions More severe block
common m coronary disease, and a complel
heart block which occurs for the first tur
m a person over the age of 40 should b
held as evidence of coronary sclerosts an
a myocardial lesron

Extrasystoles, when due to coronary d
ease, are usually associated with other at
normaltttes  Occasionally, they may be foun
as the first stgn of coronary disease. Mar
complexes of vausual width (over 0 16 sec
10 ventricular premature contracttons are sat
to occur more often in persons with heai
disease than in normal mndividuals; mversio
of the T wave m the beat followmng 2 ver
tricular extra beat, may be taken as evidenc
of coronary insufficiency.®

A prolonged Q-T interval may be foun
i coronary disease. but 1s more apt to occu
10 acute infarctton and mn disturbed electrc
lyte metabohism

The S-T segment may be depressed v
chronic coronary disease, and 1s depressed 1
sschemia of the subendocardial layer of th
myocardium (angma pectorts, subendocardiz
ischemia or anfarctton) Three varettes ©
depression  have been described ' earl
(sickle or claw) depression, muddle (trough
depresston, and late {plane or wing) depres
sion, constderable significance 1s attached
the plane or wing depression, espectally 1f )
oceurs in tead IIR It 15 my opmion, toe
that such S-T segment depressions shoul
be regarded as a probable result of coronar,
disease, provided other disease 15 absent.

The U wave, if present, 1s normally upright
It may be inverted in hypertension or
coronary heart drsease without other change
bewng present.™ 3 3 7 The mverston is mos
often seen in feads I or Il or-in precordia
lead 4 U wave inverston may also occur o
part of a postwe reaction to the exercis
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test,” ®7 in which case 1t may be assoctated in
the precordral leads with a sharply powted,
symmetric T wave 37 The U wave 1s said to be
often mverted 1n Jeads III and Vg in the
normal ECG.* In any case, the U wave gives
no information which is pot obtainable by
study of the T waves.

The P wave may be distorted as a residual
of an old aurtcular infarct I have never found
P wave changes in coronary disease whnch
were not with other ab
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blood vessel, correct electrocardtographic
survey, with repeated observattons, almost
invariably discloses changes in the ECG. I
have not seen even one case of mfarction
severe enough to cause shock or signs of
tissue necrosis (fever, leukocytosis, ete,) m
which the ECG has remained normal through-
out the course of the iliness However, it is
true that even in fatal cases the tracings may
occasionally be atypreal and not conform to

Slurrmg or notching of the QRS (mam)
complex, not present on earher ECGs must
be considered as evidence of myocardial
damage, 1n older persons presumably due to
coronary disease. Minor slurnng, especrally in
Jead 111, is not mcontrovertible evidence of
coronary disease except when 1t represents
a change from a previous tracing Notching
of the QRS complex in precordeal leads 4,
5, and 6, when these show a qR pattern,
should be regarded as evidence of coronary
involvement.!

T wave mversion or depression is often a
residual sign of old infarcion Many con-
ditions mduce T wave changes, but 1 their
absence low or wverted T waves, except in
Tead 1M1, should cause a search for other evi-
dence of coronary disease A low T wave In
lead 1 (lower than T,) should be regarded
with suspicion, 1 have found jt to be an
important sign of early coronary disease.

Electrocardiographic changes 1n other con-
ditions may be confusing They are discussed
1n Chapter 13

NORMAL ECG IN CORONARY
DISEASE

Although the value of the ECG in the
diagnosis of coronary disesse 15 often de-
precrated, the foregomg discussion has per-
haps refuted this pomnt of view.

In chronic coronary disease, the restng
ECG is often within normal limits Changes
will appear only if the myocardium, not the
vessel wall, 1s injured  However, an ECG
taken dunng an attack of angmal pamn or
dunng a test which produces cardiac 1scherma
will often show abnormalities.

In major coronary occlusion, re, myo-
cardial farction after occluston of a major

the classic pattern, but
seldom are they “normat "I practice, if
rest js enforced as soon as there is enough
clinical evidence to suspect early mfarction,
serial tracings on the following days will
provide the opportumity for confirming or dis-
proving the diagnosis
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CHAPTER 11

Case Reports

‘THE CASE histortes in this chapter 1iustrate
many of the points made earher 1 the book,
especially n Chapter 10

CASE 1. IATROGENIC HEART DISEASE

The patient, a 43 year old man with normal
blood pressure, stockbroker by professton,
had 3 years before sensibly decided to have
a thorough medical exammation on reaching
his fortieth birthday On the basss of the ECG
taken at that tme (Fig 554), he was told
that be had serious organic heart drsease,
presumably coronary occlusion with myo
cardial infarction

The effect on the pateat was profoundly
disturbing He immediately resigned from an
athletic club, sold part of his busimess, gave
up golf, refrained from sexual retations, and,
generally speaking, withdrew from his tormer
active partictpation in life He became morose
and refused to seck further medical advice,
fearing that he would be told to curtail his
actispes stll further.

CASE 2.
MAN

The pattent, an cngtneer, Wwas seen at the
age of 34 He gave a history of myocardtal
mfarction 2 years earlier and angma pectoris
of increasing seventy since then, requirtng at
the time the ECG was taken (Fig 56) 20
to 30 nitroglycern tablets daily. The patent’s
blood pressure was low before, during, and
after the infarction His blood cholesterol was
480 mg per 100 cc., 2 older siblings had
blood cholesterol values of 410 and 425 mg.
respectively, his mother, who had had a
myocardal mfarction at the age of 55, had
a blood cholesterol value of 510 mg.

The angina became so scvere that the
surgical relief of poudrage (pericardial mstitla-
tion of talc) was required The patient now
fecls much better, and uses only 5 tablets of
mtroglycerin a day There have been no sngns
of cardiac The
graphic changes, which show extensive an-
terror wall involvement, have not been affected

INFARCTION IN 32 YEAR OID

After 3 years, he sought p py at
Ins wife’s vrgmg  The psychutrist referred
hm to a cardiologist, who was unable to
find any evidence of cardiac discase From
the ECG (Fig. 55B), 1t was apparent that m
the earlier one the right and left arm electrodes
had been transposed, for the earlier tracing
was reproduced exactly when this transposition
was made. The pateent, though assured that he
did not have heart disease, stll nceded scveral
months of mtensive psychotherapy before a
complete cure was obtamned

The techmical error of lead transposiion re-
sulted in a mistaken chagnosis of orgame hean
disease and catsed a severe case of iatrogenic
heart disease

172

by the op

The features of this case are the youth of the
patient, the famuly history of hypercholestero-
iema, and the partial rehef of severe angma
pectorts by surgical means

CASE 3 AURICULAR AND VENTRICULAR
INFARCTION IN 39 YEAR OLD WOMAN

At the age of 37 the patient had had an
anteroseptal mfarct, 2 years later she had an
acute posterior wall wmfarction The ECG
(Fig 57) showed interesting P wave changes
n ajl the precorcdial leads The imb leads are
not reproduced The patient died on the fourth
day of illness Postmortem examination
showed. (7) old antenor infarction; (2)
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fresh posterior wall infarction, (3} 2 ctrcular
area, 25 cm 1n diameter, of infarction in the
left auricle,

This case 1s o rare example of auncular m-
farction Myocardial 15 1
a woman under the age of 40, but the patient was

a diabetic.

CASE 4, SUPERIMPOSITION OF
INFARCTIONS

The patient 15 a 58 year old tobacconst.
At the age of 54 he had had an acute posterior
wall mfarction; his blood pressure at that ime
was normal, 2 mild angina pectons had been
present for a year before the infarction The
only unusual features of his first mfarction
were a rise I temperature to 103 6° F. for
2 days, and a leuhocyte count of 34,000

After discharge from the hospital, he was
able to resume his usual work, attacks of
angina were rare and were completely relieved
by pentaerythntyl tetramitrate  The ECG
shown here (Fig 58) was taken 3 davs after
a second infarctron, chinically less severe than
the previous one The patient ts now suffermg
from increasing dyspnea and more frequent
attachs of angwma pectorts The ECG, which
has remained constant, shows easity identfi-
able antertor and postertor wall changes

As may be seen from this case, high fever and
marked leuhocytosis are compatible with a muld
chnical course of myocardial infarction The elec-
trocardiographtc changes show fresh antertor wall
infarction supertmposed on old posterior wall
infarction

CASE 5. ANGINA PECTORIS ADVERSELY
AFFECTED BY SMOKING AND BY MEALS;
MINOR MYOCARDIAL INFARCTION

The pattent 15 a 56 year old tailor At the
age of 49 he suffered on 8 hour attack of
precordial pam The ECG taken the followng
day was mterpreted as normal Shortly there-
after he began to complain of angina, which
has been gradually increasing m seventy
Walking to work after brealfast invariably
made the pain worse Nutroglycentn rehieves
his pamn quickly, when taken betore an exer-
tron expected to produce pam, it prevents the
anginal paw. Smoking induces angina in-
variably; durmg a month 1n which he gave up
smoking he had almost no cardiac patn

The patient’s physical examination was

CORONARY HEART DISEASE
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entirely normal His blood pressure has always
becn about 120 75, his blood cholesterol 15
normal (212 mg per 100 cc)

A year ago, when he was 55, he consulted
an iternist who took an ECG (Fig 59 4)-
Immediately thereafter, a Master two-step fest
gave an intense, positive reaction (Fig 59 8)-
An ECG taken during a spontancous attach
of angina was identical with the one after
the two-step test
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While on 2 wisit o another oty 5 months
later, he suffered an attack of nausea with
severe precordial oppression, and an ECG
was taken that day (Fig. 59 C). On re-
turning to New York 5 days later, another
ECG was taken (Fig 59 D). He had had no
mantfestations of shock, or any drep 1

-
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blood pressure. His sedimentation rate was
25 mm. in 1 bour, hts leuhocyte count 11,000
at the time tracing D was recorded, after 2
wecks, the sedimentation rate subsided to 7
mm., and the white blood count to 6,000 The
inverted T waves gradually resumed ther
normal posttion

Despite the fact that the ECG did not
show the serial changes (Q waves and S-T
segment elevation) of a major tnfarchion, it
15 almost certain that there was necrosis of
tissue in the anterjor cardiac watl The changes
in the sedimentation rate and Jeukocyte count
support thrs opinion.

This case presents several features worth com-
ment: (1) Postprandmal exerctse 15 a frequent
cause of angina, and breakfast 15 the meal most
lkely to be mvolved (2) The exercise tolerance
test was positive (3) Small areas of mfarction
have been demonstrated at autopsy in cases show-
g the same sequence of electrocardiographic
changes as m this case, which consisted mainly
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of T wave changes It 1s mantfestly insufficient to~ CASE 6  IATROGENIC HEART DISEASE

say that the patient desenibed here had only an The patient 15 a 40 year old architect An

l“hcm'bc n‘rc:h(:h) (-‘!;hlr: c':“c;s:“;;::ggh‘;:;’.‘;c' ECG was taken when he was 34 because his

ory about whr e

Ecgrdmg the use of anticoagulant therapy. In blood pressure was found to be 160/90. Th;

the hight of present knowledge, 1 would have tracing was 1dentical with that of Figure 6

given him an anticosgulant at the time when A, obtained 6 years fater All the leads up to

tracing P was recorded He might also be a V, were normal and arc not reproduced The

suttable didate for | 1 patient was told that he had coronary heart
o discase because the main complexes in leads

therapy. Many others, however, would not sub- n
scrite ta this view V,. V, and V, were deformed, with an
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elevation of the 5~T segment The man there-
upon gave up all outdoor exercise, and broke
off his engagement so that he would not
“saddle a wife with the burden of carng for
an mvald.”

In the follawing 6 years of inactivity, he
gained 42 pounds 11 weight and had dyspnea
on exertion This served to confirm the dragno-
wis of advanced coronary disease, both to the
patient and to hus physician At no ume did
he suffer chest pain, and after the first ex-
amnation the biood pressure was normal at
all tumes.

The pattent reported for a cardiac survey
durmg the absence of his physicran on vaca-
ten. He came armed with 92 ECGs taken
since the onset of his “sliness™ His blood
pressuse was 128/72, and his pulse regular at
a rate of 72, The heart was normal in size.
The blood hLpids were normal The only
abnormality 1 the ECG was m the left
precordial feads The main complex showed
A tny Q wave, 2 high R wave with some
sturring of the descending imb, and a shightly
dlevated ST segment. An ECG taken after a

CORONARY HEART DISEASE

Vs

FIG 608

double two-step test showed complete rever-
sion to normal (Fig. 60 B). The patient
finally accepted the fact that hus heart was
normal and resumed normal physical activity.
His breathlessness disappeared when be Jost
30 pounds in weight

Noteworthy conclusions to be drawn from thes
case are. (f) Persistent deviation of the 5-T seg-
ment unaccompanted by the picture of old in-
farction does not necessanly indicate heart
disease (2) A single reading of the blood pres-
sure at a first examination cannot be used as the
basis for a dragnosis of “hypertension ” (3) The
breathlessness 1 this case of iatrogenic heart
disease, to cardiac p i
should properly have been attributed to obesity
and iractivity.

CASE 7. SYNCOPAL ONSET OF ACUTE
INFARCTION, WITH POSTERIOR WAILL
DAMAGE

The paticnt 1s a 52 year ofd architect with
normal blood pressure, At the age of 47 he
had suffered an extremely severe posterior
wall myocardwal infarction His story, con-
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84 CORONARY HEART DISEASE

‘med by the hospital record, was of sudden
iset of chest pam and syncope, and shock
sting for several bours Eventually he made
good functional recovery and was completely
habtl lly, cardiac J:

ere completely absent.

Close questtoming brought 1o fight the fact
at the onsct of tus itlness was not “the bolt
om the blue” onginally described by the
wient. For about a year before, he had felt

1]

FIG 62A

puffy" on excrhion, although his werght had
ot increased He had atways been of spare
ody build For about 6 months he had
oticed “turning over of the heart” on exer-
on; undoubtedly, he was describing prema-
sre contracttons During the weck before the
sfarction, he had suffered from buraing
ensations in the left arm, with tinghng m the
:ft httle finger.

Even without knowledge of the history, old
wosterior wall imfarcion could have been
uspected from the ECG (g 61). The Ty
vave is low, there is a decp Q wave in lead
11 and an inverted T wave; in lead aVy the

Q wave 15 shallow but broad and the T wave is
down, Lead 1R 15 of small value m this
tracing. € anything, lead VI becomes more
normal 10 appearance when the patient takes
a deep breath Vectorcardiography gave clear-
cut evidence of a posterior wall leston

The noteworthy features of this case are (/)
The syncopal onset of the infarction (2) The
extrasystoles on exertion only, this ts often noted
10 corapary disease (3) The story of “bolt from
the blue™ infarction, this ss very uncommon, and
close questioming, as in this case, may reveal
antecedent symptoms (4) Although the ECG
shows the features of old posterior wall infarctron,
lead ITIR 15 unminformative, this ts unlike the
findings 1n most other cases of postertor wall
lestons

CASE 8. CHANGE IN ANGINAL PAIN
INDICATING MYOCARDIAL INFARCTION

The patient 1s a 60 ycar old foundry
worker with normal blood pressure For about
3 months, the pattent had experienced midd
substernal pain radiating to the left shoulder,
which was casily relicved by rest or a tablet
of mitroglycenn, he needed about 3 tablets a
week, One day he noted that the pamn was
spreading to the left side of the jaw and was
shightly more severe than usual Several tablets
of nitroglycerin gave only moderate relief,
and the pattent went to the doctor’s office
mstead of to work The pam decreased and
after the ECG (Fig 62 A) was taken (the
first ever obtained) the patient was permutted
to go to work, since the tracing was read as
normal

For several hours that day the patient hifted
and stacked heavy metal parts werghing 30
to 50 pounds each. He refused hus dinner that
evening, later, the pam returned 1n somewhat
severer form and he vomited A second ECG
was taken 14 hours after the fitst (Fig 62 B),
this tracing was interpreted as showing an
early postertor wall infarction, and the patient
was put to bed Duning the night, the pain
became so severe that several njectrons of
morphine were necded. The patient sweated
profusely, and his blood pressure dropped
from 140,90 to a low of 100/60

The next day oxygen was administered and
the pamn disappeared, tus temperature, how-
ever, rose fo 102° F and remained at that
figure for 2 days. A loud friction rub was
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heard on the second day, the leukocyte count
was 16,000, and the sedimentation rate 45
mm. m 1 hour. A thiud ECG (Fig 62C)
was taken 24 hours after the first For the
next 3 days there were no further electro-
cardiographic changes Several premature ven-
tricular contractions occurred

The patient made a good recovery, 1 year
later he had no symptoms and was told by a
local physician who took an ECG that he
“could never have had a heart attack  An-
other ECG (Fig 62 D) taken the same day,
looked fauly normal, but fead IR showed
diminution of a small R wave previously pre-
sent, and a considerable deepening of the T
wave

The mteresting features of this case are (/)
The difficulty of dating the infarction from the
appearance of the ECG (2) Although tracinas
were taken frequently, no changes m the $-T
segment were seen (3) The abrupt change in
the radiation and n the response to medication
of the angmal pam should have been regarded as
an indication of an early infarction or of a
premonitory phase, the patient should have been
put to bed despite the normal appearance of the
ECG (4} The appearance of fead HIR gave
positive evidence of old wnfarction (5) The pre-
mature contractions which the patient felt are
known to occur m acute infarction, partrcufarly
of the posterior wall (6) Oxygen retieved the
nfarctive pamn, as 1t often does

CASE 9. ANGINA PECTORIS, MAJOR
ANTERIOR WALL INFARCTION

The patient 1s a 59 year old ship’s chandler.
Angina pectonis was first noted 9 years pre-
viously The pattern was quite  definite-
squeezing pain in the substernal area, radiating
to the left shoulder joint, on walking 1 block
or on climbing less than a flight of stairs, the
pan was easily reheved by 1 200 grain of
nutroglycerin Cold weather or eating brought
the pain on more quickly His blood pressure
was 1207175, the ECG was reported to have
been normal.

One cold winter morning G years ago, at age
53, the angina became more widespread than
usual and for the first tme extended into
the feft fingertips Several mitroglyCerin tablets
were nceded to relieve the pain He went to
work and carried on his usual actwities, but
needed 30 tablets of mitroglycetin instead
of his usual § or 6 a day That night he had

CORONARY HEART DISEASE

some nsomnia because of nausea, but went
to work the next moraung despite increasing
angina At 2 pm, the pamn became intense
and was not relieved by 30 tablets of nitro-
glycerin within 20 minutes; the pattent went
mto mild shock, The ECG (Fig. 63) showed
a major anterior wall infarction, After a
stormy 8 wecks mn the hospital, the patient
recovered and is now back at his customary
work He needs an average of 5 to 7 nitro-
glycenin tablets a week; there have been no
signs of heart failure

Since the sccond week m the hospital, the
ECG has shown no change. Old anterior wall
infarction 1s definitely indicated by the changes
1n leads L 11, aVy, and the precordial Jeads.

o ——a— - .
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FIG 64 (Contd}

In tius case, there was perststence of the Q and
T wave changes mdicating old anteror wall 4n-
farction, a change in the distribution of the
angmal pam and mn the dosage of mtroglycerin
needed to reheve the pam, and alleviation of
angina after the major mfarction

Any change n the distributeon, onset, or rehef
of angenal para should lead fo rmmediate 1nvesti-
gation The patient should be put to bed at once,
on the assumption that infarction has occurred
or 1s tmpending

Alleviation of angina after major infarction
1s common

CASE 10 “POST-EXTRASYSTOUC T WAVE
INVERSION" WITHOUT OTHER EVIDENCE
OF CORONARY HEART DISEASE

The patient, 2 59 year old isurance €x-
ccutive, sought medcal advice for “thumps”
in his chest which he had felt for several years.
His blood pressure was 134/80; the size
of the heart was within normal limits; no
abnormalities were found in the heart or efse-
where i the body, except for a duodenat
ulcer which the patient was known to have
had for many years.

The ECG (Fig. 64) shows many premature
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Of spectal imp

is the “post-extrasystolic mversion of the T
wave,” In the precordial leads, the T wave
in the beat mmedtately followng the extra
contraction is nverted nstead of bemg up-
nght, as usuzl. As yet, the significance of ths
1s not quite clear. Further mvestsgation and 2
3 year foffow-up have revealed no evidence of
myocardial disease in tis patent

The phenomenon has been desenbed® as evi-

dence of coronaty asufficriency, and 1 have seen
wn 2 cases of angina pactonts

5 Bt
N [N e e e b L)
FIG 65A

CASE 11, WOLFF-PARKINSON-WHITE
SYNDROME WITH CORONARY DISEASE

The patient was first seea i 1943, when
he was 33 years old while on furlough from
the Army  His Mood pressure was normal,
he was gbese, spd be compluned about
Palpstations Hr bd bad houts of palprtations
for about 10 viars which, however, had

* See seferemn 36, Chapter 100
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never interfered with s work and were not
brought on by exertion The ECG taken 3
years later (Fig 654) shows the presence
of the Wolfl-Parlinson-White syndrome, the
B-R interval is very short, & tmy P wave wm
Iead 1 is followed almost immediately by the
upswing of the R wave, and the man (QRS)
are wide and d § Pressure

on the caroud sinus, and admmstration of
qunidine, 2yl mtrate, and atropime att fadled
to restore the heart rhythm to normat

Mud anging pectons set w1 year later
and about 3 months thereafter the pauent
suffered an attack mterpreted by Army doctors
as a muld myocardaal mfarction The chinical
caurse was quite definte, wmeluding levkocyto-
sis and other features, but the ECG remamed
waaltered throughaut the course

The patient contnues to have Jow-grade
angng, but no change has been noted m any
of the many ECGs taken, al} bemng rdentical
with the one taken m 1955 (Fig 65 B)
Vigorous exereise produces eardiac pam, but
no changes 1 the tracing

This case allustrates two points {1) The Wolfi-
Parkinson-Whte syndrome {(shost P-R iterval,
wide QRS comples) may be accompamed by
coronary  Gnease  (2)  Electrocardiographic
changes are best recogmzed 1f the heart shythm
can be restored 1o normal, for otherwise, as i
this case, the changes of coronary disease may
not be wentsfied

CASE t2
PECTORIZ

The patient, 2 squat, obese, 39 year old
clerk, had been w exceflent heaith untd 3
swechs before the ECG shown mn Figure 66
was dahen In the course of the 3 weeks he
had begun 1o suffer from gradually sncreasing
angma pectons of the classic vanety The
paticnt cmphasized the abrupt cnset of his
symptoms  “One day I was perfectly well,
the Bext, € hust mc an my chest and arm when
[ walked or played poker ”

Newher the Rustory nor the laboratory
evidence when the patient was first exammned

& d an acute diak The
ECG, however, showed cloar-cut evidence of
posterior wall snfarction Just when the acute
eprsode oceurred cannot be deternuned, but
1 seems reasonable 1o suspect thar it was m
chose conpeenon with the onsat of the angina

SUDDEN ONSET OF ANGINA
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There were no further changes n the ECG
pattern, an ndiwcation that the infarction
was at least several days old, and probably
much older, An acute major infarction oc-
curred 2 years later

Sudden onset of angina pectonss should fead
to a suspicion of recent or impending myocardial
infarction

CASE 13, ANTERIOR INFARCTION, WITH
PRESENTING COMPLAINT OF ACUTE LEFT
VENTRICULAR FAIURE, AND MINIMAL
COMPLAINTS REFERABLE TO THE CORONARY
CIRCULATION

The patient, a 63 year old woman, was scen
during an acute attack of pulmonary edema
In the course of the preceding jear she had
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had moderate but increasing dyspnea on chimb-
ing stawrs, except for mild precordial pam 3
days before the onset of the pulmonary edema,
there were no other symptoms suggesting
rayocardial infarction
Digualization and dehydration therapy were
successful. The patient suffered ro cardiac
pain during her 4 weck hospital stay. There
was no history of hypertension, and her blood
pressure remamed at about 120/80 When
dwseharged from the hospital, the patient was
free of symptoms.
After remaining well for about a year, the

CORONARY HEART DISEASE
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patient began to mantfest gradually increasing
heart falure. She died rather unexpectedly
about 3 years after the onset of her illness
The first ECG (Fig. 67 A) was taken on
admssion to the hospital It showed gradual
involution, at 3 months st was stabilized and
no further changes occurred until the end
(Fig. 67 B). Postmortem examination ds-
closed (1) advanced sclerosis of all the
coronary vessels, (2} ane old occlusion
the anterior descending artery; (3) an old,
large antertor wall infarct involving the apex,
the anterior portion of the septum, and the
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distat antersor wall of the Jeft ventricle, and of m department stores
extending ta the lete border throughout the country. About 2 years hefore

The notewocths Feature of thes case i the the first ECG was tahen she became aware of
pancty of wmproms suggesing myocardial ine “burning” seasatwn under the Jeft breast
tarcnion i winch radiated toward the left shoulder, ths
veenrred whenever she way under emotional

TASE 14 ANGINA PECTORIS, HIGHT siress Lach demonstration was accompanied
BUNDLE-BRANCH BLOCK IWISON BLOCK) by this angnal pam, The £CG obtaned when
WITH ANTEROSEPTAL INFARCTION she finally sought medical advice was entirely
The patient & @ 3 veur old abese womaa aormatl An exercie tolerance test resufied
with myd hyecriension  worhmp as o de- m marked depression of tho §.T seoments 30
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leads 1, V,, and V,, indwcating coronary dis-
ease.

About a year later, while working m the
Middle West, the pattent had a severe attack
of precordial pain and was hosputalized for
2 months, The attending physician reported
that she had a clear-cut anteroseptal snfarction
The ECG (Fig 68) taken 3 months later
showed a wide S type of nght bundle-branch
block {Witson block), the main complexes
were widened, especially n the S segment n
leads I and I and were widened and deformed
m leads V, and V,, and to a lesser extent 1n
other leads.

The patient’s symptoms are about the same
as before the major attack A tablet of nitro-
glycenn taken before a demonstration prevents
the expected pain associated with 1t

The features to be noted in this case are (1)
Wilson block (wide S type of right bund!e-branch
block), sometimes benign, may be the landmark
of a previous infarct, espectally an anteroseptal
one (2) Nttroglycenin may be successful m the
prevention, as well us in the treatment, of angina
pcclons

CASE 15 FRESH ANTEROLATERAL
INFARCTION SUFERIMPOSED ON OLD
HYPERTENSIVE HEART DISEASE

The patrent was a 72 year old retired
detective Hypertension had been present for
many years, for the 2 preceding years he had
suffered from increasing dyspnea and orthop-
nea A weck before the ECG shown here
(Fig 69), he complained of mild chest pan,
according to his physician, the ECG which
he took showed “left ventricular strain pat-
tern”, the blood pressure was 240/150, the
Timb leads resembled the leads m Figure 69,
and the T waves were low but upright in all
the V leads,

Crushing pamn n the substernal area radat-
ing into the left arm developed 1 weck later,
6 hours later, when the ECG was taken, his
blood pressure was 150/90. An hous later
the patient went mto severe shock, and the
blood pressure fell to 50°0 Despite vigorous

with pinep
the patient died 12 hours later, Postmortem
examination revealed (/) an enormously
enlarged heart, (2) all the coronary vessels
atheromatous and narrowed; (3) scarrng of
the myocardum, and (4) a fresh thrombus

e, 1nir

CORONARY HEART DISEASE

3 em. from the beginning of the left anterior
descending artery and fresh mfarction of the
anterolateral surface of the left ventricle

In this case, norepinephrine failed to avert the
fatal outcome

CASE 16 MINOR MYOCARDIAL
INFARCTION, DEATH FROM CEREBRAL
HEMORRHAGE PROBABLY NOT DIRECTLY
CONNECYED WITH THE CORONARY LESION

The patient was a 3G year old, extremely
obese woman who for several years previously
was known to have severe hypertenston with
normal renal function An ECG (Fig 70 A)
taken as part of a routine exarmnation, when
her blood pressure was 290,140, was 1dentical
with one taken exactly a year carlter

Just 2 weeks after this examunation, the
patient for the first time experienced precordial
pain—~a crushing substernal pain radiating to
the left shoulder and elbow and accompanied
by profuse sweating. On arrival at the hosprtal.
her blood pressure was found to be 230 100
The next day it rose to 270/130, The sedr
mentation rate 36 hours after the attack was
20 mm 1 1 hour, on the fourth day, 1t sub-
stded to 12mm tn 1 hour The blood count and

P e d normal hout the
course, An ECG (Fig 70 B) was obtamed 17
hours after the pamn first began, tracings
obtained daily for the next 4 days were
dentical with it On the fifth day the patient

d of unbearabl Jach
her neck became suff, and she died within a
few munutes,

The cause of death was revealed by post-
mortem examunation to be a large, destructive
cerebral hemorrhage The heart was gready
enlarged (750 Gm ), and the wall of the left
ventricle very thick, The coronary arterics
were only moderately sclerotic, except for a
large plaque 1n the circumflex branch of the
left coronary artery about 15 cm. dustal to
the bifurcatton. A thrombus overlying an area
of hemorrhage 1n the plaque apparently dil
not quite occlude the artery

In the Jeft ventricle, on the anterior surface
about half-way between the septum and the
lateral border, there was an arca of fresh
nfarction 2 4 em 1n diameter extending about
half-way through the ventricular wall from the
epicardium. No subendocardial necrosis of

omplal
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FIG 704
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1nfarction elsewhere was found, There were
no mural thromby, and no evidence that a
cerebral embolism was responsible for the
fatal hemorrhage

The clinical features of this case fitted 1 well
with the dwgnosis of “mwor infarction.” Al-
though the patient was a young woman, she was
obese and had severe hypertension. The climical
story was suggestive, and there were T wave in-
verstons 1 the precordial leads, as well as a
sight rise 1 the sedimestation rate No anti-
coagulant therapy had been ghven

CASE 17. MAJOR POSTERIOR WALL
INFARCTION, PULMONARY EMBOLISM

The patient 1s a 50 year old tailor with nor-
mal blood pressure He had a major posterior
wall infarction 2 years ago which produced
electrocardiographic  changes for about 3
weeks., Since then, all tracings have been
tdentrical with that of the ECG shown in
Figure 71. Early 1n the course of s 1liness
1t was decrded not to use anticoagulant therapy
since the patient clearly belonged m the
category of “good nsk™ patrents. On the

CORONARY HEART DISEASE

CASE 18. CHRONIC CORONARY DISEASE;
SLOW BUT EXTENSIVE VENTRICULAR WALL
INFARCTION, WITH REPLACEMENT BY
FIBROUS TISSUE

The patrent, a 64 year old tailor, had onl
muld breatblessness on chmbing two flights o
stairs when first examued (Fig 72). Hi
blood pressure was normal, and there wa
netther cardiac enlargement nor distortion ©
the cardiac sithouette. Although the ECC
was not normal, (extrasystoles and widene
and slurred mam complexes in most of th
leads), no definite diagnosts could be made.

In the course of the following S years, b
change to speak of was found m the ECG
taken repeatedly; chnically, there was gradu
ally sncreasing heart failure, edema of the
legs, and a few rales at the bases of the Jungs
The cardiac fatlure became more pronouncec
m 1955, and aurtcular fibrillation set in, The
lungs were intensely congested, and the

revealed a enlargec

heart Despite vigorous treatment, the patient
died 1n cardiac falure at the age of 70

fourth day, m the course of routine
tion, the pulmonic second sound was found
to be ncreased, and the patient admutted that
he had some sticking pain in the lower night
axlla

The following day the patient complained of
sudden, scverc pam in the left side of the
chest, he went mto shock, from which he
recovered after 4 hours The next day there
was hemoptysis. Roentgenography of the
chest showed shadows 1 both pulmonary
fields, compatible with the diagnosts of pul-
monary emboli Homans’ sign was positive
m the left calf, where direct calf tenderness
was also found The left leg became edematous
2 days later. Anticoagulant therapy was
started, and the patient made a good recovery
without further embolization.

Noteworthy features 1n this case are  (J) Deep
Q waves in leads 11 and 1II as Jandmarks of old
posterior wall infarctton (2) Severe pulmonary
embolism in a “good nsk” patient (3) The sud-
den increase in the intensity of the pulmonic
second sound, suggesting pulmonary embalism
(4) Pulmonary emboli in the course of cardiac
snfaretion come more frequently from the Jower
extremsttes than from the beart (5) Safety of
anticoagulant therapy despue the bleeding from
the lung in pulmonary embohism

The di by the phy carng for
the pattent was: gradually increasing coronary
occlusion, with myocardial fibrosis and ulte
mate cardiac decompensation This was largely
a diagnosis of exclusion, since there was no
hustory of myocardral infarctton or angna
pectoris In the absence of hypertension,

hyper h rh
heart disease, or signs of pericarditis, coronary
disease seemed most Iikely and was the diag-
nosis of choice. Yet, on the basts of the ECG
alone, this diagnosts could not be made,

Autopsy showed the heart to be moderately
dilated in all chambers, but hypertrophy to
be munmal. All three fmain coronary branches
were severely sclerotrc and narrowed, and
showed evidence of old occlusions. There was

ive development of which
undoubtedly had served to sustain hife. The
myocardium of the left ventricle and septum
was severely scarred throughout.

The tracing illustrates a common and trouble-
some problem Although a presumptive diagnosis
of chronic coronary disease can be made 1n the
absence of a history of infarctron or angina pec-
torss, the diagnosis 15 not defimtely established
Even occluston of all the main coronary vessels
need not cause death, provided there js enough
time for the development of extensive anasto-
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moses Cardiac falure may occur 1 exceptional
instances of coronary disease 1A which the cardiac
enlargement 1s muntmat
CASE 19. CORONARY DISEASE WITH
HIATUS HERNIA

The patient, a 52 year old obese ‘bookbinder
with normal blood pressure, had suffercd a
major postenror wall nfarction 4 years pre-
viously, and a major anterolateral wall infare-
tion 3 years later, The ECG {Fig 73} shows
the residuals of both wfarctions, as may be
scen from the changes in leads If, 111, and
the precordial (V) leads For a year before
the first iofarction the pattent had suffered
from alypical angina pectons. A hiatus
hernia was discovered m the course of routine
investgation, 2nd all the patient’s symptoms,
even when the angina became completely

CORONARY HEART DISEASE

typical and including the first day of the
mfarction, were wrongly atmbuted to the
hernia,

Hiatus herma and coronary disease are not mu-
tually exclusise The more typical the anging,
especially when quickly relieved by nitroglycenn,
the more likely 1t is that the patient has both
angina pectons and hratus herpra,

CASE 20. POSTERIOR WALL INFARCTION
OBUTERATING ELECTROCARDIOGRAPHIC
EVIDENCE OF EARLIER ANTERIOR WALL
INFARCIION

The patient was a 50 year old grocer with
normal blood pressure at the time the first
ECG was obtained (Fig. 74, A). At that ume
he had been suffering from increasing breath-
lessness for about 3 months, with a sense of
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substernal squeezing on exertion A typeal,
major anterior wall nfarction occurred 1 week
before tracing A was taken, 1t shows the
Tesiduals  deeply mserted T wane mn leads
1 and 11, diphasic T wave tn lead 111, small
Q wave in lead 1. doep. Wide S wave i
leads Il and [1f The S-T segment 15 somewhat
eevated in the V lcads, but the T waves,
previously nverted m all the precordual leads.
are now upnght

An Eclg-hcn 3 weeks later (Fig 74 8)
gives evidence of improvement the T \\‘u:!c
15 now diphasic n Jead 1, and upnght leads
11 and [1I, the man complex 1 leads 11 and
I 55 reverung toward pormal, the deviabion
of the S-T segment 1n the precordial Jeads 15
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less markhed ECGs taken 1 the course of the
following year were all tdentical with tracing
B

A segond, more severe infarction occurred
1 vear later, with shoek and a levhocy te count
of 30,000 The ECG taken 24 hours later
{hig 74, C) showed evsdenee of anterolateral
wlarction. small Q@ waves and merted T
waves were preent in feads taken from the
third interspace on the feft wde of the chest,
indicating fugh extenvon of the 1yteral infarct,
The ECG taken 3 weeks later (thg 74, D)
showed the restduals of an anterolateral -
farction  Q waves in leads ¥ and 1T and in the
feft precondial Jeads, T wanve mmernon m
leads 1, and V', through V,
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FIG 74E

The patient's recovery was remarkably
good, for 17 months after the second infare-
tion he had no symptoms of heart failure or of
angina pectons, although his heart, earler
of pormal size, had enlarged by 20 per cent
1 the transverse dismeter Then, he fainted
while at work, was brought home, and began
to complan of precordial pam The ECG
taken 3 hours later (Fig 74, L) shows the
changes of an carly posterior wall mfarction
deep Q waves m feads If, I, and aVy,
elevated S-T segment and diphasic T waves
in leads 11T and aVy, reciprocal S~T segment
depression in Jeads 1, aVy, and 'V, through
V.. The ECG obtamed 3 days later (Fig. 74,
F} shows a well-established posterior wall

. v arcioon of T wavee in leads

I, HI, and aVy, S-T scgments at the base
lime The remarkable feature of this tracing
15 that all signs of the carbier antersor Wall
infarction are obhterated, were only this
tracing available, the conclusion could be
reached that the patient had recently suffered
a fiest infarction.

Stnce the second infarction, the patrent has
had mild breathlessness, but no anginal pamn,
The heart 1s considerably enlarged to the
feft.

The obliteration of an old anterror wall in-
farctton by a fresh posterior wall infarction 18 a
chimeal trap f earlier ECOs are not avalable
Enlargement of the heart aftes infarction may
occur, but is uncommon in the absence of cardiac
decompensation.
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CASE 21, SUBENDOCARDIAL INFARCTION
MISTAKENLY DIAGNOQSED ON THE BASIS
OF $-1 SEGMENT DEPRESSION DUE YO
DIGITALIS

The pattent is a 42 ycar old plasterer with
normal blood pressure, suffering from chronic
rheumatic mutral insufficiency and auricular
fatluce. He was first seen by a local physicsan,
who took an ECG and placed the patient on
digitalis and a dehydration regimen because
there were signs of some heart fmlure

When, 3 months later, the patient ex-
perienced nausca, vomitng, and some pan
beneath the xiphoid process, probably secon-
dary to the vomiting, an ECG was taken
(Fig 75) which showed depresscd S—T scg-
ments, the phy
infaretion, put the p.\mm to bed, and called
for cardiac consultation.

“Scooped-out” $-T segments should 1mmedi-
ately suggest overdigitalization. When the digitakis
way stopped, the nausea disappeared and the
ECG returned 1o s ¢arher appearance within
2 weeks When the patient Was given excessive
smounts of digiahs, the changes secn tn the
tracing were easily reproduced

CASE 22 AORTIC STENOSIS MISDIAGNOSED
AS CORONARY DISEASE ON THE BASIS OF
ELEVATED $-T SEGMENTS IN PRECORDIAL
1EADS

The patient, a 34 year old salesman with
normal blood pressure, sufered from some
substernal pressure on exertion, but had no
other symptoms An ECG was taken {fig
76, A), and casly myocardial infarction was
diagnosed, the elevation of the S-T segment
i the precordial feads was interpreted as a
stgn of carly coronary occlusion The patient
did not have leukocytosss or a fever, and the
sedimentation rate was normal; nevertheless,
he was put to bed ECGs token every other
day for the next 3 weeks remaned unchanged
Finally he was permutted to return to work,
& basal systolic murmur being disregarded
Occavional mtroglycenn therapy gave com-
plete relicf from the substernal pressure

Although the angina gradually increased 1t
rematned muld and the patient needed no
more than 12 tablets of mitroglycerin a weck
at the most An LCG (Fig 76, B) taken 9
vears after the fisst onc showed no essential
changes At this ume #t »ay apparent that
avrti stenosty and an cnlargement of the left
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FIG 74

The patent’s recovery was remarkably
good, for 17 months after the second nfarc-
tion he had no symptonts of heart farlure or of
angma pectoris, although his heart. earhier
of normal size, had enlarged by 20 per cent
in the transverse drameter. Then, he fainted
while at work, was brought home, and began
to complan of precordial pun The ECG
taken 3 hours later (Fig 74, L) shows the
changes of an early posterior wall mfarction
deep Q waves 1 leads II, INI, and aVy,
elevated S-T segment and diphasic T waves
in feads 111 and a¥y, reciprocal S-T segment
depression in leads 1, aVy, and ¥V, through
V,. The ECG obtained 3 days later (Fig 74,
Fi shows a well-established posterior wall
sofarction: imversion of T waves m Jeads

11, M1, and aVg; S-T segments at the base
hne The remarkable feature of this tracing
1s that all signs of the caclier anterior wall
mfarctton are oblterated; were only this
tracing available, the conclusion could be
reached that the patient had recently suffered
a first infarction

Since the second infarction, the patient has
had muld breathlessncss, but no angmal pain.
The heart is considerably enlarged fo the
left

The obliteration of an old antenor walf in-
farction by a fresh postenor wall infarction 13 3
¢hinical trap if earlier ECGs arc not available
Enlargement of the heart after infarcuon may
oceur, but is uncomman in the absence of cardiac
decompensation
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Angima peclons which 13 seheved by mutro-
gheenn may be a symptom of sartc stenosts,
and elevation of the 5-T segment 15 RO DEces-
sacddy a sigp of early myocardral infarction
Sudden death may oGeUr 10 qortie steaosts, as 1t
&d 1o thus case
CASE 23, MAJOR MYOCARDIAL
INFARCTION AFTER MANY YEARS OF
ANGINA PECTORIS AND EFT
BUNDLEBRANCH BLOCK

The patsent, a 52 year old man with normal
blood pressure, bad had angma pectonts since
the age of 39, An ECG taken then and a
year later were said to be normal Left
bundie-branch block was noted on an ECG
takent when he was 41, and repeatedfy there-
alter. The ECGs, which are not avaable
now, are reporied by competent observers
to have shown “feft bundie-branch block of
edvanced degrec.”

After 8 week of gradually increasiag angina,

fuding the new symptam of pam on smok-
g one cgaret, the patent experenced
severe chest pawn radating to the left shoulder
ard arm An ECG was tahen the next day
(Fig. 77, A) The chnical picture of a severe

It ancluded hyp a
count of 24,000, a rapid sedimemtation rate,
and a fever up to 103°F for 3 days

An ECG (Fig 77, B) taken 6 days afier
the first one, and subsequent ones, 3l showed
contireous mvotuhion The patient had re-
torned 1o s wsual work, with less anpna
than before the nfarction. by the tume the
ECG (g 77, C) was taken 6 months alter
the onset

The scres of ECGs show progressive
changes The efevated S-T segments of leads
11 and I8} gradvally return 1o normal These
changes, combined with the typical course
of a major mfarction, were quie enough to
estublish the diagaosts la the presence of

FIG J6A

venincle were present  Attacks of syncope
stagied, and 2 years later the panent died
suddenly at the age of 45

Autopsy tevedled 4 nght aorlic stenosis
and a farge teft ventricle The coronary attenies
were smooth and patent, and the catire myo-
cardim was mtact, without evedence of fib-
Tosts or nfarstion

teft bundle-b h block, the ECG fairly often
farls 10 show progressive changes In such
cases, the history and the laboratary features
may suffice for a reasonably certata diagnosrs

The noteworthy (eaturas of tus case are (1)
occurrence of a major nfarchon afier many
3ean of angina pectanis (21 gowd recavery, -
abling the panent 16 1evume his usual activities,
with few symptams, (J} the presence of prodro-
maf symptors. 14) changes 1 the FCG which,
combined with the chmcal course, made the
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diagnosis certain In this respect, the case was
unusval, since 1t many cases with left bundle-
branch block the ECG does not show the typical
changes of infarction

CASE 24, ANGINA PECTORIS OF LONG

STANDING, FAMILIAL
HYPERCHOLESTEROLEMIA, AND INFARCTION

The pattent, a 62 year old public office
holder with normal blood pressure, had had

mild, typical angina pectoris for about 22
years His father, 2 maternal aunts, and 4
brothers had died from “coronary attacks.”
The patient’s blood cholesterol level ranged
between 400 and 425 mg. per 100 c¢c, and
those of a surviving brother and sister were
375 and 510 mg per 100 cc, respectively.
The angina was easily controlled by rest,
but when he attended legislative meetings or
had to make speeches he needed an occasional
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FIG 77A {(Contd)

have suggested myocardial infarction, (2) the
exercise folerance test was 1nadvisable 1r view of
the history of recently changtng symptoms and a
defintely abnormal ECG

CASE 25. COMPLETE HEART BLOCK AND
RUPTURE OF THE INTERVENTRICULAR
SEPTUM COMPLICATING ACUTE INFARCTION
A 54 year old male college professor had
suffered for 6 months from mld angwa
pectons and bouts of nausea unrelated to ex-
ertton or to the anginal pain Roentgenography
failed to show any disease of the gallbladder
or of the g tract No ab 1

tablet of Iycerin, With the P! of
a small, narrow S wave mn leads I and aVy,
a cardiogram showed no particular abnormab-
ties and was interpreted as being within
normal himits

Engaged tn a vigorous pohtical campargn
4 weeks later, the patient nofed increasing
anginal paim which required several tablets
of mitroglycerin daily. The pain was also more
widely distributed than formerly, and for the
first time radated to the hittle finger of the
left hand. He finally consulted a doctor 1n
the town where he was speaking Since the
ECG (Fig. 78, A) did not, in the p 's

was drsclosed b graphy, but the
results of the two-step test were strongly
posiive Small doses of nitroglycerin com-
pletely relieved both the angmal pain and
the nausea, the patient had no symptoms when
he took a tablet of mtroglycern every 4
hours on a prophylactic basts

Early one mornmng the patient had an
attack of pulmonary edema, followed scveral
hours later by a left hemiparests and aphasia.
He was removed to the hospral, and an
electrocardiogram was taken (Fig 79, A4)
It was obvious that he had an early posterior

opmion, demonstrate an acute infarction, the
patient was asked to perform an exercise
tolerance test Midway in the test the patient
coltapsed with severe precordial pam and
a moderate drop in blood pressure Taken to
a hospital, he mmproved rapidly and was
discharged the next day, after an ECG
proved to be tdentical with the previous one.

The patient has returned to his normal
actvities, suffering from a little more angina
than formerly An ECG (Tg 78, B) taken
1 year after the dl-advised attempt at an
exercise tolerance test shows that the patent
had had an anterior wall inf: probably

wall The g day, hrs condi-
uon grew worse despite all therapeutic
measures, and 1t was found that he had a
complete heart bloch (Fig 79, B) On the
third day, he became more cyanotrc and a
murmur, previousty not heard, which was
Toud and harsh and systolic in time, was heard
to the Jeft of the lower half of the sternum
A systohc thnll was present in the same area
The patient went into uncontrollable shock
and died that evening. The dragnosts of rup-
tured interventricular septum was made duning
hfe

Postmortem examination revealed extensive

with posterior wall mvolvement

‘The features worth notiag an this cave are (1)
the changing character of the anginal pain should

of the anterior descending and
the left crrcumfle arteries The right corenary
artery had advanced athcromatoss, with com-
plete occlusion by thrombus 22 cm from

R

/‘\
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LT 1ts origin. The postertor wall and nearly all o
: the septum were infarcted, Close to the apex
there was a tear almost 1 ¢m in diamete:
through the nterventricular septum. The cere
bral embolism undoubtedly originated fron
a large mural thrombus overlying the mfarctec
area of the free heart wall

This case sllustrates the “debut” of infarctior
with pulmonary edema and cerebral embolism
Complete heart block occurring during infarctior
IS a grave complication, and most of the patient:
die The diagnosis of ruptured interventricula
septum was made dunng life m this case

FIG 798



CHAPTER 12

Ballistocardiography
and Other Diagnostic Methods

BALLISTOCARDIOGRAPHY

Ballistocardiography, although first men-
tioned by Gordon 1n 1877, 1s a relatively new
mvestigative techmic, the benefits of which
are still not completely evaluated. Even at
this early stage, 1t has already contributed
something to our knowledge, and 1ts promise
for the future is even greater. The current
state of development 1s comparable to that
of electrocardiography before 1925: normal
diagnostic criteria are being set, clinical cor-
relations tried, technical methods corrected.
At the moment, the method 15 empinc

Briefly, the ballistogram (BCG) attempts to
assess the mechanical behavior of the body in
response to the heart's impact, thus measuring
the force of cardiac njection A simple cx-
ample 13 the minute deflection of the pomnter
which may be observed when a person stands
on a bathroom scale and holds s breath.

As Harvey' points out, progress has been
slow because of three barmers. (7) Lying
between the cardiovascular gencrator and the
tecording device there 1s a scries of still
mysteriously complex springs and dampers in
the elastic conncctions through which the
forces must be transmitted (2) The recording
systems themselves are not ideal. (3) Most of
the keowledge of the meaning of tracings has
been acquired from empinic clinical correla-
tons and not from satwfactory physiologic
studies
Three gencral methods are in use  (J) the
high: bed first

mamn deflections are comparable, i view of
this, Dock’s apparatus, stmple and cheap,
enjoys the widest popularity

The normal ballistocardiographic complex
is shown sn Figure 80. In accordance with
the suggestion of Starr and co-workers, the
constituents of the individual complex are
lettered as they are in the electrocardiogram
The explanations given by Doch and the
Mandelbaums® are

G wave: Flow mto the ventricles duning
auricutar systole

H wave: Formed dunng isometric con-
traction, as the pressure rises, the mtral valves
bulge into the auricle, and the blood mn the
auricle 1s displaced headward

I wave: Footward recoil of the heart during
early systole.

J wave Headward motion of the body
during mudsystole when the pulse wave and
flow wave reach the aortic arch

K wave Formed during the late ejection
phase, the footward motion 1s caused by the
tmpact of the waves 1n the aorta, the recorl
of the arch of the aorta, and the impact of
auncular blood as the aunculoventricular
septum abruptly ends the descent.

L wave Closure of the sermlunmar cusps
duning 1sometric relaxation, forcing the auricu-
loventricular septum toward the auricle, the
wmpact of this blood causes headward motion

M wave Foolward motion caused by the
pressure of blood on the cardiac apex when,
duning carly dustolic nflow, the aurtculo-

2 Ys
by Slnrr‘and associates™ in 1939, (2) Nicker-
son’s' low-frequency, critcally damped bed,
and (3) Dock’s® direct body pick-up. The
tracings obtained in these ways differ, but the
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valves open

N wave Headward motion during carly
dustolic filling, the arrest of inflow causes
reflux toward the auricle

A uscfut method of grading the ahnormal
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{nspiration Expiretion

NORMAL BAKISTOCARDIOGRAM

INTNIN )

ABNORMAL BALLISTOCARDIOGRAM, GRADE 1

\
ABNORMAL BALLISTOCARDIOGRAM, GRADE 2
e —~— =
il - A P i

ABNORMAL BALLISTOCARDIOGRAM, GRADE 3

ABNORMAL BALLISTOCARDIOGRAM, GRADE 4

FIG 80 Normat ond abnormal ballstocardiograms
(From Brown et ol Chmcal Ballstoeardiogrophy, 1952

BCG was ntroduced by Brown and as-
sociates.! As used by Dock and the Mandel-
baums, the cntena are as follows

Grade 1. More than half the complexes
appear normal. The largest I-J waves are
twice the height of the smallest, which may be
either normal oc abnormal, Changes mn Grade
1 are often caused not by cardwac disease but
by extracardia¢ conditions, such as variations
in the aus of the hcart, lung diseases, or
splanchnic vasomotor relaxation,

Courtesy of The Macmillan Co )

small, the smallest perhaps less than a third
the amphtude of the largest I-J wave during
insptration, Some of the small complexes may
be abnormal with T or K absent or J notched
Grade 2 indicates moderate circulatory
abnormality.

Grade 3 All complexes are small and more
than half are bizarre or unrecognizable

Grade 4: All complexes are small and
brzarre  Systole and diastole cannot be dis-
tinguished. Grades 3 and 4 are taken fo be

Grade 2 More than half the p are

of marked y huty.
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BALLISTOCARDIOGRAM IN NORMAL
PERSONS

In persons under the age of 40, the BCG
is very rarely abnormal except in the presence
of heart disease. In the absence of other forms
of cardiac disorder, an abnormal tracing
would therefore Iead the chinician to suspect
coronary artery disease Borderline tracings,
most of which consist of tracings that are
normal in inspiration but not in expiration,
must be interpreted with even greater caution,

After the age of 40, the percentage of
“abnormal” tracings wncreases with age until
the eighth decade, in which very few “nor-
mals” are found Changes in the coronary
arteries are responsible for much but not
all of thus shift. Other factors are changes in
the aorta, presbycardia, and changes m the
physical properties of the body. There is no
correlation between the serum cholesterol
concentration and BCG changes ** However,
there may be such changes (and anginal pain)
at the height of alimentary lipemia.*

Abnormalities in the BCG of older indi~
viduals, therefore, are not necessanly evidence
of discase, at lcast not of chinically sigmficant
cardiac disease, However, abnormalities found
within a short time after a normal tracing
assume far more significance, exactly as in
the case of the electrocardiogram. In all
probability, most changes (Grade 2 or more)
m the absence of heart failure or other
vaneties of cardiac disorder, are truly the
result of coronary discase

BALLISTOCARDIOGRAM 1IN CORONARY
DISEASE

Possible abnormalittes in coronary discase
are: (1) H wave of amplitude equat or higher
than that of the J wave (early M type),
(2) absence of J wave; {3) M-shaped J wave
at sts peak (late M type), (4) T wave late in
systole, and deep K wave (late downstroke
type), (5) M-I interval longer than 029
second, (6) L wave and afterwaves accentu-
ated, and (7) upward bowing of the J-K
segment 1%

‘The changes in the BCG in coronary disease
are being studied in detail i many centers,
notably by the group™ at the Johns Hophms
Hmpmﬂ The latter find the same trend to an

of ab tracings
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Nevertheless, the overall percentage, con-
sidering all ages, of impaired tracings is 75
per cent of the coronary group and 25 per
cent of normal persons The percentage of
distorted records 1s the same in patients with
angina pectons as those with known n-
farction. Improvement in the tracing, after
acute infarction usually, but not always, cor-
refates with climcal improvement The newer,
long-acting chlating drugs umprove the BCG
somewhat; estrogens and low-fat diets also
seem to improve it slightly

The Johns Hopkins workers agree with the
general view that the results of ballistocardiog-
raphy do not constitute an accurate or com-
pletely useful method for differential diagnosis
of coronary discase They are searching for
methods of improving the test's usefulness,
especially by using stress technics

Exercise Test The two-step exercise test
gives somewhat fewer positive results than
ihe same test n electrocardiography, Some-
times one method ts positive and the other
not. At any rate, they find the correlation too
low for the exercise test in ballistocardiog-
raphy to be considered useful The dis-
crepancies with the anoxemua test are even
wider,

Crgaret Test The Johns Hopkins mvesti-
gators believe the best stress test to be the one
using cigaret smoking, as proposed by Dock
2nd the Mandelbaums. A positive test con-
sists 1 a detersoration of the BCG tracing
within 5 minutes after smoking a standard
cigaret In one series, 60 per cent of the
coronary patients were positive, agamst 7 per
cent of normal subjects, this ratio of nearly
910 1 15 much more impresstve than the 3 to
1 ratio for the excrcise test In another series,
the percentage was 53 per cent as against
26 per cent.)?

The effect of smoking on the BCG 1s
cunous and rmportant Levy and associates
first studied this effect, and noted an increase
of rate and cardiac output Doch and the
Mandelbaums report that smoling never
“improves™ the BCG tracing, although st may
mcrease the amplitude of systolic waves in
normal or h)pcntmlvc persons. Changes are

with adh;\ntmu age as among normul people

" cigarets, filter-
(xppcd brand‘ «nufl, chewng tobacco, pipes,

/~\
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and cigars, as well as by ordinary cigarets.
Cigarets made from a tobacco selectively bred
to be practically free of micoune do not
mfluence the BCG.

Some normal subjects show BCG abnor-
mahties after smoking; in older persons, this
may mdicate occult cardiac disease. Dock
and the Mandelbaums state that a negative
smoking test in coronary patients over 40
years of age 1s rare, usually a normal tracing
becomes abnormal or mimimal deviations from
normal are accentuated Figure 81 shows the

CORONARY HEART DISEASE

more often than it does the ECG. However,
coronary and peripheral arteriolar constrictior
and pooling of blood in splanchnic veins
are probably smportant factors The effect of
smoking on the BCG is reviewed in detail in
Chapter 5,

Another method of evaluating the effect of
stress on the BCG 1s to take the test after 2
meal. Changes may be noted, but they are not
as constant or as frequent as after smoking,
there 1s hittle value 1n the use of the post-
prandial tracing.

c MR
il 1 A
N\ \» -l l ~ A [
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FIG 81 Ballstocardiogram n cigoret test €, Con
wol § After smoking hlf a cigoret the head foot BCG
recorded as displacement of the shins The first and last

typreal changes in the BCG of a normal man
of 38 whose response to the smoking test had
been positive for 5 years

The causes of the changes induced by
smohing are not clear 1t has been suggested
that the cffect 1s meduated through the pos-
tertor pitntary gland and the secretion of
pitressia, which can produce extreme changes
1n both the BCG and ECG In Dock’s opinion,
this explanation 15 probably not the correct
one, the rapudity with which changes m the
BCG appear after a few puffs leads him 10
infer a direct effect on the myocardum
He also thinks 1t unfihely that most of the
effect is directly due to cardiac fschemia,
since smohing affects the BCG adversely far

complexes m control are normol during inspiration on
smoking other complexes shaw short | and J woves ond
a lorge heodwerd wove in middiastole R, Verhcal bors

BCG IN ANGINA PECTORIS  The BCG 15
more likely to be abnormal in angina pectoris
than the ECG Figure 82 shows the BCG of
a 46 year old man with mild angina of 3
months® duration, the ECG, includimg the
exercise test, was normal Dock and the
Mandetbaums found normal tracings at rest
m only 11 per cent of 224 patents with
angma, after exercise the figure decreased to
less than 1 per cent This emphasizes the
fact that angina (in the absence of valvular
disease or severe anemta) results from coro-
nary narrowmng, which in turn results in
myocardial  scarring.  Ballistocardiographic
studies have revealed a fact that has not been
generally recognized—myocardial  scarrng
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imparrs the contractile power of the heart.
This impairment can be 1dentified by the BCG.
Indeed, impared pumping function of the
heart, as indicated by the BCG, is seen more
often n the patient with angtna pectons than
in the patient who has a well-healed infarct
without angma

In most cases, the clintcian who 1s adroit in
obtaining the history and uses the ordinary
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methods The importance of using proper
technics cannot be overestimated Displace-
ment, velocity, and acceleration curves are
all useful, the last bewng probably the most
useful of all (Fig 83).%

BCG IN ACUTE INFARCTION  Usually,
the BCG is very abnormal (Fig 84). In most
instances, Grade 3 or 4 changes are found,
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FIG 82 Bollstocardiogrom in angina pectoris A,
Conteal, 8, after 3 pufts on cigoret, C, ofter fimshing
egoret R, Vertical bars The | wove 13 short 1n A, the
13 segment 13 very small during expiration m € This

tools of his profession needs no further help
1n making a diagnows of angina pectons In
some situations (such as medicolegal cases
involving nsurance or industnal claims) m
which a history may be prejudiced, the further
help of a properly evatuated BCG may be
invaluable.

In a small minonty of cases with true angina
pectorss, the BCG 15 normal So small a
portion of the ventricular wall may be -
volved that the function of the heart 1s
normal as far as can be ascertaned by present

effect 13 more siriking, o3 here when o hobitual smoker
takes hus first fow deep “drogy’ ofter 2 hours without a
agoret, ond dimimishes offer he smokes less quickly a*
the end of the agaret

often with fused H-T and notched J waves
Rarely, the BCG may be normal at intervals
or throughout the course of the illness
After recovery from the acute episode, the
BCG may remain abnormal or mprove to a
varying degree, in some cases to normal In
general, the more severe the change, the worse
the prognosss, but the correlation 1s not always
close Tn 3 cases I have scen a normal BCG
n patients recovening from major infarction
followed by another infarction within 6
months. Patients 1n whom some degree of
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Bollstocordiogrom  showing marked ob-
normahty on the acceleration curve which 15 absent on

cardiac falure or angma remains usually
have abnormal tracings Figure 85 s the
BCG of a 45 year old man 3 months after an
acute posterior wall infarction, If the systolic
components of the BCG are very abnormal
but the diastolic ones arc normal, it 15 very
probable that the heart wall js badly scarred
but that there 1s little or no decompensation.

What has been satd thus far apphes to the
BCG taken 1 the supme position with the
apparatus already described Other methods
have been used 1o increase the usefulness of
the BCG: (1) T:kag the tmcmz w varying
hy); (2)

(xectorb

4
1
I
n

) #J /W\

the displocement curve (From Smih et ot 2

dristinguishing between acceleration and dis-
placement tracings; and (3) using newer
technies.

(1) Vectorballistocardiography ie., mult-
directional tracings using vector prmcnp]es. is
a logical develop of ball
Several investigators have used this reﬁne»
ment. The subject has recently been reviewed
by Pock,* who describes his own technic for
the simultaneous recording of head-foot,
dorsoventral, and lateral tracings He beheves
that this i the value of balli
raphy. Changes due to tortuosity of the
aorta may be distinguished from those due to
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FIG 84 Bollstocardiogram in ocute infarchion Tap,
No respirotions record A, Tracing of 49 year old man
with a T doy old anteror coronary occlusion, note low
amplitude and iregulanty of the complexes B, Same
pohent, 45 days loter, cutput is very fow and complexes
bove betome more irregular and indefimite, on indica-
#on of poor myocardial recavery C, Tracing of 82 year

old woman 2 weeks affer posterior coronary osclusion,

note very low output ond itregulonty and indefinteness

of the potiern D, Same patient 4 weeks after orclusion;

troting remains irregular and ndefimte, but shows some

improvement in ompltude (From Brown et of . Chaicol

Bolustocardiagraphy, 1952 Countesy of The Macmlan
o)

FIG 85, Boflstacardiogram  residual heart folurs
after infarcton 4, Lead 1 of ECG, long # R wnterval
and © Q.T, patterst also present in lenda Vy through Ve
B, Head foof tracing trom the thiny, one normal complox,

the second, may be seen Lorge H and small J waves
ars seen i pot ents with galiop rhythm following the 7

wave 1n the presence of latent Jeft yantrcylar fadure
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myocardial weakness, and large dastolic
waves resulting from the gallop phenomenon
or auricular systole may be detected 1n the
lateral plane and mussed 1 the conventional
vertical BCG.

Ernsthausen and associates® have described
a “torsion” BCG aimed at recordmg the

ceferation curves are more useful than either
displacement or velocity mn demonstrating the
abnormalittes of coronary disease, More in-
vestigation is needed to be sure of this

{3) Newer methods for taking the BCG
are being fried to improve the accuracy of
the test and 1ts clinical usefulness Of these,

)
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EIG 86 QRS vectors of the heart A, Eoch QRS vector
13 directed perpendicularly to the surfoce of the region
where it 1s generated, the T vectors have o similar direc-
S T Ll T it 0 Frcmal aloms ov « vart
' s

rotational movements of the body Wilkins®
has described a tlting ballistocardiograph for
taking tracings in the horizontal, upright, and
head-down positions. Little has been reported
so fac about the chinical applicatton of the
procedures in coronary disease.
{2) The BCG may be taken in such maaner
as to measure {a) displacement, (&) accelera-
tion, or (c) velocity. Smith™ feels that ac-
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vectars from B are drawn as if they all originated af the
same point, the relatve zers point of the electric field
1 the frontal plane D, Pothwoy of terminus of QRS
vectors from instant 10 instont m @ ungle ORS cydle
(QRS loopt, ond the mean of the instontaneous vectors
{mean QRS vector} a3 projected in the frontal plane of
the body {From Gront and Estes

the most promising is the mercury bed now
in use at the Johns Hophins Hospital,

VECTORCARDIOGRAPHY

Use of this new approach to understanding
the heart s still Targely confined to specialists.
Most physicians and medical students, with
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a characteristic aversion to higher mathematics
and physics, have avoided the subject, con-
sidening it as esoteric and mysterious as their

in the last g regarded
eleclrocardmﬂmphy Acmally, the  vector-

ey

H S
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problems. How frwtful all this will be in
terms of bedside practice 1s still not known,
but 1t 1s apparent already that “thinking in
vector terms” can throw enormous light on
previously shadowy areas of cardiology,

a
.
0

M i oLl S R WU

TRaZE TG,

V3R NE Wi

NS

FIG €7, Old mfarcton of anterior and postenor walls
and septym, diffuse fibrinous pericardina (uremic), fresh
apcal lichemic necrosis, and left ond night ventacular

cardiogram (VCG) is now passing through
the same phase of investigation as that which
the £CG encountered 30 years ago. Basic
Principles are being formulated, technics
standardized, tracings correlated to chmeal

V2.

Yo

A
(From Wolff 17

especially electrocardiography. The concepts
are simpler than those imvolved in under-
standing the ECG, and should come first.

There 1s nothmg mysterious about the basic ~

mathematics involved and only an understand-
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ing of elententary electrical physics 1s neces-
sary. Whether or not the VCG becomes 2
useful clinical tool, 1t is probable that the
teaching of cardiology will scon be based on
vector principles

A vector 1s a quantity v\hxch hns s:ze and
di Any f
or electric—can be shown by a vector if

FIG 88 Vectorcardiogrophy in myocordial infarchon
A, The three disturbances of electric processes which
occompany acute myocardial inferction B, Abnormal
vectors in acute myocardial infarction, os projected an

its magnitude and dicection are hnown The
vector is usually portrayed by the mathe-
ma(lcal symbol of the arrow. It has three

CORONARY HEART DISEASE

The QRS complex of the heart js a
“depolanization™ process, roughly analogous
to the discharging of a condenser, The T
wave represents a process of “repolanzation,”
analogous to the charging of the condenser
p'ates. Figure 86 shows how, as the QRS
complex spreads over the myocardium, it
generates itnumerable QRS vectors from each

[=] 1sCHEMIA ZONE
INJURY ZONE
I o:s0 zone

frontal plane of body, 004 vector of QRS loop and
mean T vettor both pamt away from ste of afarchon
while mean S.T vecter points toward site of infarction
(From Gront and Estes ¥)

region The ECG measures the “mnstaatageous
spatial QRS vector” wiich 1s the resultant
of all vectors generated at a given instant.
The i QRS vectors, nngmalm"

wsues (1) {1ude,
by the arrow length, (2) direction a/ inclina-
tion, shown by the deviation of the hnc
from the horizontal or vertical, (3) “sense,”
indicated by the arrowhead or caret, showing
the direction in which the force 1s going;
in the case of an electric vector, it 1s the
orientation of electric positivity of the force.

in different regions of the heart, differ in
magnitude and direction during a single QRS
cycle, When all these instantancous veetors
are plotted on a single graph as in Figure
86, a hne can be drawn through their
terminals, producing the “QRS” loop of
“QRS vectorcardiogram (VCG).” ‘The aver-
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age of all the instantaneous vectors 15 called
the “mean spatial QRS vector.,” The same
process may be used for deriving loops for
the P, S-T, T, and U waves.
These loops, which are begmming to mean
more and more to us, may be derived from
diographic  tracings.
With a little expenence, the loop need no
longer be drawn, it becomes easy to
visualize the loop in one’s imagination and
to benefit from the mformation obtaned.
‘The recent introduction of the cathode ray
oscilloscope for recording the electric force
makes 1t possible to p h the loop
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ended, repolarization has not begun, and
there ts no movement of electrons across cell
membranes. As the result of cardac mjury,
electric charges “leak™ across the membranes
of injured cells, the electric pressure thus
generated s the “mnjury force,” which pro-
duces a deviation of the base line until the Jeak
is exhausted, the base lme then returns to
the zero point, where under nermal circum-
stances 1t would have been throughout the
wterval The different rates at which this
return takes place account for the different
contours of the S-T segments seen 1n chmeal

directly, as in Figure 87, This method 15
not too exp for any well-equipped
laboratory Any pracucing physician who has
a wo-channel electrocardiograph or two con-
ventional machines and obtams an inexpen-
sive oscil from an ic equip
concern can now make use of it The beam of
electrons visible as a shifung point of light
on the surface of the tube can be readily
photographed by time exposure with any
camera A practical method for constructing
such a system 15 described by Dower and
Moore

VCG IN MYOCARDIAL INFARCTION (Fig. 88)

The VCG 15 most useful in the diagnoss
of obscure cases of myocardial infarction,
In most imstances of nfarction, the diag-
nosis and localization can be made with a
high degree of accuracy by the propetly
taken ECG. Occasionally, because of the site

This type of change indicates a
severer degree of damage than does the
“ischemia” pattern of T wave deviation It
becomes normal sooner, too, the S-T
\ iy noted in d

other than 1nfarction are much more constant

“Ischerma” is the least severe of the effects
noted during farction, occurring farthest
from the area of tissue death. It wsually
indicates a reversible metabolic state, while
it 1s constantly encountered 1n major infarc-
tion, it 15 also found in slighter states of
arculatory msufficiency In all such cases, the
mean spatal vector of the VCG points away
from the affected area, and T wave negativity
1s noted in the ECG

The VCG, which, hke the ECG, 15
many cases difficult to nterpret, nevertheless
seems to be supenor to the ECG in the
diagnosss of certain types of infarction, for
example, combined nfarction of the antertor
and posterior walls and high postersor myo-

of the damage or the presence of
factors, the VCG adds mportant information.

‘The usefulness of the spatial vector, which
15 the resultant of many forces, resides 1n the
fact that it is modified by any change mn the
magnitude or direction of 1ts constituent
forces When a sufficiently large area of the
heart muscle becomes electrically 1nert, the
loop assumes a new position because of the
Toss of forces contributed by that area. The
QRS loop 15 directed away from the recording
clectrode, this phenomenon, like the Q wave
i the ECG, 1s the result of the loss of
¢lectromotive forces trom the 1nvolved muscle
so that the remaining electnic forces are
directed away from that area

Ordinanly, the bave line returns 1o 2e10
durning the S-T interval. Polarzation has

cardial i 2

Grant and Estes,® 1n their admirable mono-
graph, show clearly the advantage of using
vector concepts to study the ECG, even when
a vector loop 1s not actually drawn or in-
scribed by an osallograph They pomt out
that in those cases in which infarction 1s
suspected but the ECG fanls 10 show diagnostic
features the use of additional umipolar leads
from chest regions other than those explored
by the conventional leads V| to V, has been
mereasing  “This practice,” they state, *is
an outgrowth of the dependence of empincal
electrocardiography upon the ‘Q wave® for
the diagnosis of infarction Tt had been ob-
served that the Q wave tends to be recorded
at umipolar electrode positions which overlie
or ‘face’ the infarcted region of the heart.
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Accordmgly, 1n those cases in which myo-
cardial infarction is beheved to have taken
place bul no ‘Q wave’ is recorded in con-
ventional limb and precordial leads, 1t has
been suggested that the infarction lies m such
a position that none of these electrodes ‘face’
it Therefore, exploration of other regions of
the chest 1s undertaken to find the dragnostic

Q waves
In their opion, these addiional Jeads are
y, simce all el d on

CORONARY HEART DISEASE

each of these deflections depends upon the
vector’s direction in relation to each lead's
durectton, the vector produces an abnormal
Q wave m some leads, an abnormal R wave in
others, and an abnormal flat or isoelectric
nehial portton of the QRS complex m those
leads whose axes are perpendicular to the
direction of the vector. By wdentfying the
first part of the QRS Joop and establishing 1ts
abnormal direction, an infarcted area con

be d with certainty, although no Q

b

VVMLLL

V-3 V-6

MIRROR IMAGE OF V-2

FIG 89 d indicating ocute
wfarction, 1n which no Q wave, elevoted ST segment,
or T wave inversions occur in any of the convenfional
leads The mlarct hes on the posterior surface of the
heart, and the directions of the 004 vector, S-T. and

the body surface actually record from the
same QRS loop. The tendency for a Q wave
1o be recorded at electrode positions “facing™
the infarction 15 duc to two facts (1) The
004 vector, 1n ponting away from the in-
farction, parallels the atis of that lead, and the
vector therefore shows its largest deflectton
in that lead. (2) The vector is pointing away
from that electrode position, resulting 1 2
negatine deflection. But smce all electrode
positions on the body’s surface record deflec
tions from this vector, and since the hind of
deformity of the QRS complex caused by

mean T vedtors are such that deformed R waves, do
pressed 5T segments, and high peaked T waves are seer
ot Vi, Vi, and Vs The micror imoge of the deflection of
Vs shows the closic “pattern”” of acute infarction
iFrom Grant and Estes %)

waves 1s present 1 any of the conventional
leads
The vectorcardiogram shown (Fig 89),
obtamed from a pancnt whose ustory and
clinical pncrure were lypncal of myocnrdm)
dial in-
farction, despx(c the ahscncc both of Q
waves and of T wave inversion m the con-
venttonal leads  The fracing reveals no
abnormaltties 1 the QRS complex, the ST
segment, or the T wave, although the T
vector 15 possibly somewhat smatler than
normal. However, leads V, through V, show
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unusually fall R waves, resulting i the earler
than normal appearance of the QRS transi-
tional complex in the precordial leads.
Fusthermore, the descending limb of the
R wave is slurred n these leads, a reflection
of the sudden change in the contour of the
QRS Toop at tins point, These leads also show
depression of the S-T segment, and thigh,
peaked T waves The diagnostic features of
this tracing are; (2} The initial part of the
QRS loop rs deformed, and the 0 04 vector 1»
directed antenorly. (2) T vector directed
antenorly and parallel to the 004 vector.
(3) S-T vector opposite 1n direction to the
other two vectors, pomting almost directly
postertorly,

The deflection at V,, with tall R wave,
depressed S-T segment, and peaked T wave,
Grant and Estes pomt out, is the jnverse or
muror mmage of the classic electrocardio-
graphic pattern of nfarcuon (deep Q wave,
raised 5-T scgment, and inverted T wave).
Since mirror jmage deflecttons are wntten at
opposite ends of thameters through the electric
field, 1n this patient the murror tmage of
V, deflection would be recorded i an
esophageal Icad or in one¢ from the left side
of the back betueen the spue and the scapula,
and it 1s from these locations that this patient’s
diagnostic pattern of the ECG would be
found

Blind clectrocardiographte exploration of
the chest for Q waves, according to these
mvestigafors, may in some mstapces sesult
in a false posittve diagaosis of infarction
The reason for this is that such waves can
be recorded from certain chest regions of
some pormal mdividuals In empiric electro-
cardiography, these “normal™ Q waves cannot
be differentiated from thase due to mfarction

PRESENT DISADVANTAGES OF VCG

(1) There are some technecal difficulties
Special apparatus and special skills are re-
quired for ustng the oscitlograph With pres-
ent methods, the VOG Jends atself to study
of individual complexes (which can be photo-
graphed) rather than to study of series of
complexes, disorders of rate and rhythm can
be analyzed better wih the FCG

(2) The V(i 1s not infallible even un
myocardial infarchon m which it 1s most
useful Small arcas of necross can stll be
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missed, although not as often as with the ECG

(3) Present tuethods, some hold, are crude
and exact ** This 15 a vahid enticism of spe-
cral technics, not of the method in princtple.

(4) Some clam that the mformation
provided by the VCG 15 1 large measure
also avaable i the conventional ECG,
properly studied This 15 true m most cases,
and for most purposes accurate diagnoses
can be made from the ECG It 1s i the difficult
and doubtful cases, however, that the VCG
1s mast useful. Furthermore, the VCG makes
possible the reconstruction ot the ECG taken
from almost any body site with a high degree
of effictency, it 1s therefore unnecessary to use
as many feads. and time and effort are saved

In summary, the principles of vectorcardi-
ography are not dificult, and they can be easily
grasped by anyone with 2 knowledge af ugh
school mathematics and physics An undes-
standing of these principles tmmeasurably
ingregses the accuracy of interpretation of the
copyenttonal ECG  The VCG 1s neither
mysucal nor omnipotent, the method has
drawbacks and disadvaatages, hut « 15 already
a useful adjunet to conventional methods, and
conceivably may eventually displace them
For the moment, the absence of a vector
oscrlograph need discourage no one, no
machime can replace the mtelligent interpreta-
ton of methods now s use which yeld such
2 high percentage of accurate duagnoses

FLUOROSCOPY

Careful fluoroscopy of the patient with sus-
pected coronary disease may be very reward-
mg Jt s npot difficult, with practice and
attennon to detul to become expert m this
method Master and hs associates have been
calling attention to ths for a long time and
will pay the chnicran fo heed therr advice,

The eyes of the observer should be well
accommodated ta darkaess He should divest
himself of the common 1dea that be wil be
scemng large excursions of the ventricular
border, the movement that he secs may be as
small as | 04 of an inch The panent should
be turned stowly in alt directions so that
abnormatities not wistble i the usual position
may not be overlooked The mferior border
of the left ventricle, which s often obscured,
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may be made visible if neccessary by distend-
mg the stomach by means of carbonated
dnoks or a Seiditz powder The patent
should be structed to take a very short
breath and bold 1t without strain or tension.
For the purpose of timing, the outthrust of
the aorta may be considered systole In dif-
ficult cases, the screen may be moved toward
the observer and away from the patwent
Although there is some foss i hght mtensity,
I have found that the magntficatton of pulsa-
tion thus obtatned 1s valuable Newer fluoro-
scopic sereens with much greater light intensity
will probably make the task of the fluoro-
scopist much easter

Abnormaliies 1n pulsation, detectable tn
this way, are found in about 75 per cent of

CORONARY HEART DISEASE

PARTIAL REVERSAL This js limited to
the early phase of systole. It is a transient
ballooning out of the involved wall followed
by a delayed normal mward movement, It
lasts for at least 008 second, in contrast to
the positional outward movement of the left
heart border sometimes seen in normal persons
and which rarely exceeds 0 06 second Fluor-
oscopy alone may be insufficient for a dxf«
ferential diag and electrokymography
may be essential. A localized transtent out-
ward movement 15 more lkely to be the
result of an earlier infarction

The physiologic outward mavement some-
times scen at the left heart border may be
due to trachion of the heart on the great
vessels at lhe onset of systole, which produces

patients who have had a major
paradoxic pulsations are noted in about 50
per cent In some cases, abnormalihies found
soon after the wnfarctive epsode may dinunish
or disappear n succeediag months.

The three types of abnormalities that may
be noted arc (/) Localized silent areas with
dimmution or absence of pulsaton; (2)
partial resersal of pulsation dunng early
systole, and (3) paradowie pulsation (com-
plete reversal)  The impauwrment of motion
1s usually 10 the lower half of the cardac
contour, most often, of course, on the left.
It 15 seeq 1n the usual posteroantenor position,
or ta a shghtly left oblique position whether
1t 1s antertor or draphragmatic In exceptional
cases of posterior infarction, 1t may be noted
only m the left lateral posion. In anterror
mnfarction, reversal of pulsation at the apex
may be best wisualized when the patient rs
rotated svery shightly into the right oblique
position,

LOCALIZED DIMINUTION OF VEN-
TRICULAR PULSATION In this abnor-
mality, the normal pulsation of the left
ventricle 1 its Jower half or apical region
15 reduced or absent. As Drack® points out, thus
diminution of pulsation should be localized
rather than invohe the entire heart border
Furthermore, if this abnormalty is located just
abore the diaphrage m an obese patrent, or if
W is located at the ape¥ where there may be a
pencardut fat pad, it must be interpreted
cautiously.

2 of the heart borders
supenmposcd on the contractile movements
of the chambers.® It may also result from a
change 1 the shape of the heart m early
systole, this is due fo early unopposed con-
traction of the interventricular septum before
the free wall of the ventricle contracts, lead-
g to shortenmng of the heart's longttudal
axis and trapsitory outward bulging of the
free walls This terminates when the free walls
contract and the cardrac borders move inward

PARADOXIC MOVEMENT This 1s a
reversal of left ventricular pulsation, m which
a portion of the ventnicular wall bulges out,
instead of mn, during systole Noted with ease
when there is an ancurysmal bulge, 1t can also
be seen, although not quite so easily, when
the cardiac sithouctte appears rormal in con-
four. The upper, unmvolved portion of the
left ventricle moves in as the Jower portion
maves out, so that the net effect 15 that of a
scissors movement, the fulcrum being at the
junction of healthy and weakened tissue

Partial or complete reversal of left ventric-
ular pulsation 1s said to oecur tn 50 to 60 per
cent of patients after myocardial infarction,
with silent areas i 20 to 25 per cent My
expenience would agree with these figures,
provided they are restricted to major infarction
and to those cases which are confirmed by
hymography. Even with the best fluoroscopic
techme, what ss regarded as mercly abscnce of
pulsation in some cases 1s found fo be reversal
on kymographic study.

Abnormaltties in pulsation may be noted
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eary. In experimental ammnals, they may
appear within nmmites Sussman and assoct-
ates, ¥ with serial hymograms, found abnormal
pulsation frequently 1n the first week, and
it 1s almost always present by the second
week if 1t 13 gowrg to appear at all.

In the majorty of cases, the disorder of
motion is in the fower half of the left ven-
tocular border, Dack? calls attention to un-
common exceptions: (/) If the infarct s
large, almost the entire left border may be
aflected, only a small segment betow the Jeft
auncutar appendage remaining normal, oc-
casionally the abnormal segment may be
Iimited to the upper or muddle segment of the
feft veniricular border with normal ussue
beyond. (2} “In asthente indwiduals of 10 the
presence of left ventricular hypcnmphy thc
apex may be covered by the diaph
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normal were more bhkely to exvtend mgher
Changes in the left ventricular contraction
patiern may occur very early {wilun an hour
of the first symiptoms) or may be deltayed for
as long as 3 weeks An ncrease m ventricular
contraction was noted in 1 case of shock
treated with norepinephrine

ROENTGENOGRAPHY

Roentgenographic study of the heart ts of
comparatively httle value 1n the dwagnosis of
chronic coronary disease Aneurysmal dilata:
tion may be present if there has been 2
Pl’tV\O\lS lnfB)'CUQﬂ, it may ZIPPCZ\I as 2
focahized bulge, easniy seen and identified, 01
1t may requyre special postioming for recogm

the abnarmal ventaicelar pulsation 18 c‘cposed
anly dening a deep sospiration Io such a case
one must guard agnost the patient straming
while he holds his breath since he may per-
form the Valsalva maneuver which may result
either i marked diminution m amplitude or
putsation or occasionally m reversed pulsation
even 1n the absence of heart disease ”

KYMOGRAPHY AND ELECTRO-
KYMOGRAPHY

These methods are useful for graphic
recording of abuormal pulsations. They con-
firm and supplement roentgenographic meth-
ods The electrokymageam 1s superior to the
kymogram for recogniziag old infarcts Phase
anatysts of the electrolymogram will often
demonstrate  paradowic  (outward  systole
theust) pulsation even ra areas which appeared
merely silent on fluoroscopy ot 1 the conven-
tiopal kymogram **

Sampson’s’® group w Califormia have re-
cenlly reported on the use of a portable
roentgen hymograph i cases of acute infarc-
tion, their figures correspond farcly well with
those quoted for fluoroscopy Deviations from
normal were noted at one time or another m
80 per cent; systolic expanston of the ven-
lndc was found in 54 per cent In postertor

farcts, were
obscncd ¢chiefly i low and mudventricular
2ones, in anterior Jestons, the deviations from

tion Cal of the my um shoute
always suggest an area of old mfarction
Calctfication of the coronary artery may bt
seen on the roentgenogram, by or fluoroscopy

The coronary artertes may be visualized by
a contrast medium mjected by catheter ot
sl better, by means of thoracic aortography
In this way, anatormc vartations and othe
disorders of the coronary atteries may be scen
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CHAPTER 13

Differential

Diagnosis

of Myocardial Infarction
and Angina Pectoris

THE MANY conditions which sunulate coro-
nary disease closely enough to be considered
n the differential diagnosis are listed ta Table
19. All except the hyperactive carotid smus
have been mentioned in the protocols of
patients admitted to my service at the Kiwngs
County Hospital Errors have been made 1o

both diections  patteats have been admutted
with the diagnosis of coronary discase n
whom oae of the conduttons gven in Table 19
was the final diagnosis, and patents have
been admitted with the dragnosis of one of
these condittons and found to have coronary
drsease.

Tabie 19 CONDITIONS SIMULATING CORONARY Disease

Pufmaonary disease
Pulmonary embohsm
Spontancous pneumothorax
Spontaneous mediastinal emphysema
Tumors, thoracic and meduastrnal
Diaphragmatic lestons
Pleural disease
Massive pulmonary collapse
Cardovascular disease
Acute pericarduus
Dissecting aortic aneurysm
Aortitts or aortic aneurysm
Putmonocardiac farlure
Acute heart farlure
Acute theumatic caeditis
Valvular lesions
Parovysmal heart action
Cardiac and pericardral tumors
Coronary nsufficency
Gastromtestnal tract disease
Esophageal Jesions
Gastric lestons
Huatus herma
Galibladder disease
Acute pancreatias

Skeletal disorders
Spondylitrs with radicalitss
Fractured rtb
Cervical nib and scalenus anticus syndrome
Arthritts of shoulder joint
Bursttrs of shoulder
Shoulder-hand syndrome
Postnfarctive chest pam
Hypersensitive xtphord syadrome
Central nervous system drsorders
Hermated cervical disk
Sprnal cord tumors
Herpes zoster
Brachial neurius
Hyperactive caroud siaus
Tabetic ctisis
Miscellancous conditions
Impending diabetic coma
Anuety neuroses (cardiac neurosss, conserston
neurosts, neurocirculatory asthemia, &tc )
Malingening
Anemia
Thyrosd drscase
Precordial migraine
Caffewe sensinaty
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CAUSES OF ELECTROCARDIOGRAPHIC CHANGES SIMULATING THOSE OF

CORONARY SCLEROSIS AND MYOCARDIAL DISEASE

Drugs and chemcals

Atabnine Ergot
Atropine Mecholyl
Digitalis Nicotine
Emetine Plasmochin
Epinephrine
Exercise
Infectrons, acute Influenza
Boeck’s sarcend Periarterttis nodosa
Diphthena Pneumonta
P dut Ll y tuberculosis
Hepatitis Rheumatod arthrits
Metabolic, endocrine, ard other disorders
Acidosis Gargoylism
Acromegaly Hemochromatosts
Acute blood loss Hyperventilation syndrome
Alkalosis Hypoglycemia

Artificial fever

Carbon monoxide intoxication
Chronic anemias
Dermatomyosttis

Lupus erythematosus
Obestty
Ostettis deformans

Pulmonary, renal, and upper abdominal conditions

Acute glomerulonephntis
Agute pancreatitis

Nervous system disorders
Autonomic
Extracardiac pain
Fear
Neuroctreulatory asthenta

Heart conditions
Pencarditis
Acute theumatic fever
Amyloidosis
Ectopic heart thythms, espe-

Technical errors in taking ECG

Peptic ulcer, bleeding or
perforated

Central
Friedrerch'’s ataxia
Progressive muscular
dystrophy

cally tachycardia
Fibroelastosts
Hypertension
Rheumatic carditis

Potasstum salts
Quimdine
Quinine
Sulforamides

Trichinosis
Typhord fever
Typhus fever
Undulant fever

Potasstum, serum Jevel
changes

Scleroderma

Serum sickness

Thyrotd disease

Vitamun deficiencres
Nicotime acid
Thiamine

Pulmonary embolism
Uncomplicated gallbladder
disease

Food and ice water

Postprandial changes* 2* 3¢

T wave changes after drinking
1ce water®

Trauma
Ventricular hypertension or
ditatation, left or nght

Table 20 hsts the conditions in which the

directed to
1 to

15

of

P
mn which clectrocardiographic changes may
simulate those of coronary disease and cause

rom normal may be found in coronary discase
o that this diagnosis must be considered 1f
any electrocardiographic abnormality 15 found.

Considerable atteation has recently been

of d (Fig 90).
Table 21 Dists the chmcal manifestations of
abnormal blood potasstum Jevels. Administra-
tion of potasstum salts may cause changes in
the T waves and in the R=T scgment which
may suggest coronary discasc. To avoid
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diagnostic error in patients receiving potassum
salts, the electrocardiogram should be taken
agam after stoppmng therapy

The problem of differential drgaosis 15
considerably sumplified 1f 1t 1s constantly held
m mmnd that the diagnosis can never be made
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atypical onset and relief, the final diagnosis
has been myocardial infarction, usually mmor,
with atypical features White this 1s true almost
as a matter of defimtion, the differentiation
1s of more than semantic mterest From the
point of view of treatment, there are the most

AJ-/\——NL/\-

NORMAL
POTASSIUM “L/T\:}\
LACK
[u——
Qt
ul
POTASSIUM e 1
LACK

POTASSIUM
EXCESS

VA

(Moderotely Severe)

NN

POTASSIUM
EXCESS

{Severe)

Al

HYPOCALCEMIA

FIG 90 Electrocardiographic evidence of disturbed
potassium metobahsm Note flattened T waves and pro-
longed QT interval in potassium nsufficiency, peaked T

on the bass of laboratory procedures ajone,
the clinical features of the case must always
be appraised as well

All the conditions listed 1n Table 20 may
simulate old myocardial mfarction by ECG

The differential diagnosis may prove to be
difficult 1f the pain 1s mtermittent and seems to
be related to exertion or movement Morcover,
some of the features of true angina pectons
may be vnusual, and thus be a source of
confusion The location and radiation of the
pam are sometimes atypical The most con-
stant cnterion, and the one which will save
the physician from error most of the tume, 15
the mode of onset and rehief of anginal pan
No matter how 1t 18 inttrated, pam which 1s
unrelated to exertion, emotion, or eXposure
1o cold 15 almost certamly not angima pectors
Most often, when I have seen a patient with
many features of angma pectorss but with

waves and abnormol GRS complex i potassium stoxica-
tion and prolonged Q 7 interval without chage in wave
shape 1n simple hypotalcema fFrom Talbot &%

compelling reasons for making an accurate
diagnosis

PULMONARY DISEASE

PULMONARY EMBOLISM

Pulmenary embolism may be confused with
myocard:al 1farction, especially when the left
lung 1s ivolved Pulmonary embolism s
usually associated wath bed rest (postoperative,
postpartum, or m chronic iiness), 1t may
also be a complication of myocardial infarc-
tion, but does not occur on the first day. In
a minonty of cases, those associated with Jung
wfarction, there may be hemoptysis

The cawse of the -electrocardiographic
changes 1 pulmonary embolism has not been
established  Expeniment has shown  that
coronary flow 15 actually increased in most
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240 CORONARY HEART DISEASE

of pul y embalism,® E:
of the p y artery 1n cor p i
has been suggested, compresses the left coro-
nary artery which passes between the aorta
and the pulmonary artery for the first cents-
meter of its course *® Naturally, if there 15
prolenged bypotenston, there 1s coronary
wnsuffictency which may go on to mfarction.™
Shock 1s rare mn p ] as m

3
1, 1

tricle, since approtimately 92 per cent of
venous return from the right ventricle emp
directly into this chamber through
thebestan vein.

A ch 15t d hic
tern has been described.* (1) Decp Sp
prominent Q, and mverted Tyyy (3)
pressed S T”, vnxh “staircase ascent”, S-

myocardial mfarction, there are many grada-
tions of sevenity and only 1n severe cases dozs
shock accur.

Olher cxplananons for lhe changes m the

diogram

, (4) Ty and T, no
be diphasic or mverred (5} oceasfonal
temporary right axis deviatron,

Experience has shown that this constellati
of features is found in only about 10 per ¢
of cases When n does appear, it is Ingl

Y
welude, (£) A chungc possibly a p
cardiac reflex, in the coronary clrculnnon T
(2) A vagal reflex 13) The pulmonary
obstructron t
which gives nise m lum tc myocardial anox-
emra with coronary changes * However, 1 a
study of 2 cases, 1t was found that increasing
the oxygen saturation of the bleod did not
afiect the electrocardiogram * (¢) The electro-
cardtographic changes are due to acute right
ventricular strain  produced by pulmonary
hypertenston® ** (5) The changes are duc to
mechanical obstruciion and dr'atation of the
nght ventricle* These 1nvesugators found
that in dogs the T wave changes of coronary
mvolvement were inconstant and that section
of either the vagus or sympathetic nerve failed
to prevent changes in the ejectrocardiogram
{6} The electrocardiographuc changes are due
to stramn on the night ventricle
Horn, Dack, and Fredberg” marntained
that the changes were twofold (/) might axis
deviation, deep Sy, and normal Ty, mdrcating
nght ventricular stram due to pulmonary
artery obstruction, and (2) Q wave and cove
plantng of §-T 1w lead II. indicanng myo-
cardtal sschemia due to shock, generalized
anowia, vagal reflex, and increased tenston
within the nght ventricle dimmishing the
blood flow through the right coronary artery
Currens and Barnes" pointed out that a
pulmonocoronary reflex has not yet been
suppotted by expenimental evidence and feel
that anginal changes can be explaned without
postulating such a reflex. The fall 1 arterral
blood pressure and an ncrease in heart rate
must affect coronary blood flow. Increased
nght intraventricular pressure decreases the
pressure gradient of blood flow to this ven-

suggestive of p y lism Mo
often, there 1s temporary right ats deviat
or right bundle branch block
A study of the changes in the ECG

tobectomy, when the exact ime of obstruct
1n the pulmonary artery was known, reveal
three dommant changes,” (/) m 714 ¢
cent of cases there was a shift 1 axis to t
night, (2) in 50 per cent there was a deep !
(3) 1n 28,6 per cent there was a stares
ascent of S-Ty In a study of the ECG 1

cases of pulmonary embolism, the tracin
were divided mto four groups. (/) norm.
(2) nonspecific changes, (3) those simulati
myocardial infarction, and (4) the changes
cor pulmonale, no charactenstic electrocar
ographic pattern was found and those chang
that did occur were transitory ® The co
cluston reached was that the diagnosis .
pulmonary embolism from the ECG depend
on the absence of the usual changes of post
rior infarction and the presence of a depresse
RS-T m Jead I and sometsmes in Jead 1§, Jo
voltage shift i the electric axis to the righ
and the presence sn lead III of a Q wave ar
mverted T. Currens and Barnes, too, ho.
that the charactenstic changes described ¥
McGunn and White*® are found mn only a sm:
munority of cases. In 25 cases of pulmonai
embolism they found an 1averted Ty in 21, a
verted T 1n lead CR, in 20, an S wave ¢
1to 4 mm inlead I 20, a Q wave in lea
I of 1to 7 mm. 1 15, a depressed STy |
11, an inverted T 1n lead IVR in 10, a
nverted T, m S, and right axis deviation 1
2 cases only. The importance of taking prt
cordial leads 15 shown by the fact that jn

cases the only abnormality present was foun
in the precordial leads, whereas in onty
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Tante 22 DirreRENYIAL DisGn0sis OF ACUTE PULMONARY EMBOLISM AND CARDUC INFARCT

Diagnostic feature

Pubmanary prsbolism

Curdiac infarct

History
Onset
Pam

Dyspnea

Cyanosis

Pulmonary second sound
Shock

Pylse

Synrcope

Pleural fncuon rub
Pencardial fnction Tob
Blood pressure

Heart disease or recent bed rast

Sudden and overwhelming

Severe, often pleurmc, no yypical

focalization

Sudden, often tense

May be senere

May be mereased

If present, precedes pan
At onset, rapid pad thready
May be il sign

May be present

Abvent

May be low if shock present

Often, preceding sgina

Gradual, often, premomiory pamn

Presung oF crushing  substernat
raation to shaulder or arm

frequens
Miid and praduat
Mud or absent
Normat
Usually fallows pais
At onset, nrormal or slow
Not s frequent sign
Absent
May be prosent
At onset, normal or high

Fever Eatly, may reach Ingh levels

Leukocytosts Early

Teterus Often present

Keray May be typical or show atypical
congestion

Transamicase Normat

ECG See text

Second or third day
Second or urd day
Rarely present

Normal or show carly congestion

Elevated
Typeat mvatutionat changes

cases was the sole abnormality s the hmb
feads. They stated that of a tracing 15 token
withie 24 hours of the onset, there 15 a
tendency for the QRS complex to be pro-

lonped
The differential dragnosuc features of
pulmonary embolssm and coromary disease
a%e given i Table 22 The powmis mentioned
wifl assist 1n the diagnosis of the acute tness
However, pultmonary embolism must abo be
d m the more b type of

of eprsodes that mdvidually might be mis.
taken for acute coranary occhusion but which
w sertes are much more lihely to mean
repeated pulmonary embolism

4 The wexphcable lack of response of a
patient with congestive heart fadure 1o therapy
which seemungly should be adequate

SPONTANEQUS PNEUMOTHORAX

The sudden onset of spontancous preumo-
thorax, csptﬂal!y on the left side, may closcly
simulate

case; the foliowing clues will assist in establish
©

g the presence of p

1. Unexplamed fever, leuxocyms:s, tachy-
cardia, fantaess, prostration, dyspaea, asthma,
Jaundice, especraliy m 2 patient with mtral
stenosis or heart falure

2. Rales ot consolidation i the unge not
adequately explamped by heart fadure or
pulmonary infection

3. The pertodic recurrence at short mtervals

x usually occurs m ycunecr age
groups. but st occurs often enough 1 mddle
and old age 0 pose a real problem in
chagnosts The pas may be severe, prostrak-
g, and precordial, and be accompanmied by
dyspnes atd cyanoss It ss usually referred
o the side of the chest rather than 1o the
sternat ares Thers s wsually no fever,
Teshocvtows, or wmereased sedimentation rate
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of pul y p:
of the pulmonary artery in cor pulmonale, it
has been suggested, compresses the left coro-
nary artery which passes between the zorta
and the pulmonary artery for the first centi-
meter of its course.’® Naturally, if there 15
prolonged hypotension, there 1s coronary
msufficiency which may go on to mfarction *

CORONARY HEART DISEASE

tricle, since approximately 92 per cent of the
venous return from the right ventricle empties
directly into this chamber through the
thebesian vein.

A 1stic electr grap pat-
tern has been described *° (1) Deep Sy (2)
promunent Qg and inverted Ty (3) de-
pressed $~Ty;, with “staircase ascent™; S-Ty

Shock 1s rare m p 'y as m
myocardial infarction, there are many grada-
tions of seversty aad only in severe cases dozs
shock occur
Other explanations for the changes 1n the
I 1 bol.

diogram in

mclude (1) A chzmge,r possibly a p

p d, (4) Ty and T, may
be diphasic or inverted, (5) occasionally,

temporary night axis deviation
Experience has shown that this constellation
of features 1s found m only about 10 per cent
of cases When 1t does appear, it 1s highly
o if bol More

cardiac reflex, tn the coronary circulation * **
(2) A vagal reflex (3) The pulmonary
obstruction mechanscally produces anoxemia
which gives rise m turn to myocardial anox-
emta with coronary changes * However, 1n a
study of 2 cases, 1t was found that increasing
the oxygen saturation of the blood did not
aflect the electrocardiogram * (4) The electro-
cardiographic changes are due to acute right
ventricular strain produced by pulmonary
hypertension * *° (5) The changes are due to
mechanical obstruction and ditatation of the
nght ventricle ** These 1nvesugators found
that i dogs the T wave changes of coronary
involvement were mconstant and that sectron
of either the vagus or sympathetic nerve failed
to prevent changes in the electrocardiogram
(6) The electrocardtographic changes are due
to stramn on the right ventricte >

Horn, Dach, and Friedberg® mantamed
that the changes were twofold (1) night axis
deviation, deep S;. and normal Ty, indicating
nght veatricular strain due to pulmonary
artery obstruction, and (2) Q wave and cove
planing of S-T in lead III, indicating myo-

8 P
often, there ts temporary night axis deviation
or night bundle branch block

A study of the changes m the ECG at
lobectomy, when the exact time of obstruction
m the pulmonary artery was known, revealed
three donmmnant changes,® (I) m 714 per
cent of cases there was a shift m axis to the
right, (2) 1 50 per cent there was a decp Sy;
(3) in 286 per cent there was a staircase
ascent of S-Tyy In a study of the ECG m 50
cases of pulmonary embolism, the tracings
were divided nto four groups (/) normal,
{2} nonspecific changes, (3) those stmulating
myocardial mfarction, and (4) the changes of
cor puls !

no ch, istic di-
ographic pattern was found and those changes
that did occur were transitory.”® The con-
cluston reached was that the diagnosis of
pulmonary embolism from the ECG depended
on the absence of the usual changes of poste-
nior infarction and the presence of a depressed
RS-T n lead I and somettmes in lead II, Tow
voltage shift mn the electric aus to the nght,
and the presence mn lead II of a Q wave and
mverted T. Currens and Barnes,!* (oo, hold

cardral ischerma due to shock,
anovia, vagal reflex, and increased tension
within the nght ventncle diminishing the
blood flow through the right coronary artery

Currens and Barpes™ pomted out that a
pulmonocoronary reflex has not yet been
supported by expenmental evidence and feel
that anginal changes can be explained without
pcslulafmg such a reflex The fall m arterial
blood pressure and an mcrease in heart rate
must affect coronary blood flow. Increased
right iatrav ular pressure d ses the
pressure gradient of blood flow to this ven-

that the ch; istic changes described by
McGinn and White*® are found in only a small
minonty of cases In 25 cases of pulmonary
embolism they found an mverted Ty in 21, an
mverted T 1n lead CR, m 20, 2n S wave of
1t0 4 mm, in lead I 1n 20, 2 Q wave in lead
1L of 1 to 7 mm. 1n 15, a depressed S~Ti in
11, an saverted T i lead IVR m 10, an
mnverted T, in 5, and right aus deviation in
2 cases only. The importance of taking pre-
cordral leads is shown by the fact that jn 7
cases the only abnormality present was found
i the precordial leads, whercas in only 2
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DIAPHRAGMATIC LESIONS

hyper These 1s often

preumothorax Subcutaneous arr is often noted
1n the neck. Roentgenograms, especially lateral
exposures (Fig. 92,8), demonstrate the
:mpbysema without much dxﬂicuhy, How ever,
of the d is is not

P ysmal flutter of the diaphragm with
symptams of angma pectons has been re-
ported.™ ** The dagnosis 15 difficult, but if
flutter is suspected, st may be established by

y and ¢ A hstory

P
roentgenographic signs may be overloohed
Figure 92 shows the roentgenograms of
an asthmatic child who complained of sudden
severe  substernal pa The pediatrician
thought that the symptoms were close enough
to those of adult myocardial sfarction to
warrant search in her pauent for atypical
coronary disease  Crepitation n the sub-
cutaneows tissues of the neck and substernal

af
guard,
A case of tnchmosis of the disphragm
simulating myocardial mfarction has been
reported *
PLEURAL DISEASE
Tumors of the pleurs, pteurat effusion, and,

pattcularly acute pleuntis may produce
baffling precordial pain Acvie pleunsy, alone
with

should put the chmcun en

ares led to o or 1 or pulmo-
which & the d of 1 nary may cause pawm, sudden and
emphysema, severe enough fo be taken for acute cardiac

mnfarction 1 have seen 3 case of cpsdemic
TUMORS pleurodynta {dewit's grip) wrongly dragnosed

Thoracic and mediastinal tumors may
produce sufficient cardiac pam to warrant
cardiologic examination Substernal thyrowd
glands have been incriminated more than
other tumors® Several cases have been re-
ported m which the removal of a nontouie
substernal thyrowd stopped attacks of anginoid
pam In one case, the precordinl pam was
fairly typcal 1n distnbution for angind

as ¢oronary occlusion

Recurrent pan may occur as the result of
chromic changes 1z the pleura after acute
pleansy* This 15 sometimes accompamed
by permanent degeneration of the nerves,
which 1 turn leads to atrophy of the sub-
cutaneous tissue 1 a fusrow-hhe area over
the chest wall The pasn may be mud or
severe, and comes on with changes in weather,

pectorss and was reheved by 34
However, although there were some electro-
cerdiographic changes, the paw was atypical
ta that 3t was not precspstated by exercise
Operation effected a complete cure In this
case, it was felt that the most hkely explana-
tion of the pun mechanism was the pressure
by the tumor on the penortic part of the
supesficial cardiac plexus

Tumors of the steraum, thymus, and
bronchy (especrally with megiastinal extens
sion) have all been the source of puzzhng
cardac pain.

Racntgenography, which should form part
of every thorough cardiac survey, will
promptly reveal the presence of any medt
asunat mass Although the pain may be severe
and precordial, ¥ 1s afmost never typical of
either angina or wiarction 1 have seen 3
case of lyrp! 1 which the diag
was obscure for several days because (hc
presence of fever and feukocvions

tionat stress  Physwcat
signs are fow, bul the characteristic atraphic
furrow may be found, lagming of the side,
weakness of the suscultation note, and stretch-
tng sounds or fine rales on deep breathung arc
sometimes found
Plearopericarditis has beea  described 1
Chapter 9

MASSIVE PULMONARY COULAPSE

T have seen 3 cases of postoperative puk
monary coltapse wrongly dragnosed as myo-
cardial wftrction on the surgieal services
Caref} evaluation of the chncal pucture and
espeatally of the physical and rocatgeno-
graphie signs wil usually establish the
diagnosis without much difficolty

CARDIOVASCULAR DISEASE
ACUTE PERICARDITIS

myocardid mfarchion

Dy of acute p htss from
myocardial infarction may be dillicult There
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FIG 92A Spontancous mediostinal emphysemo A,
osteraanterior view, chest appears enticely normal ex-

may be not only precordial pain but also
fever, leukocytosts, increased sedimentation
rate, and friction rub, the ECG, too, may
stmulate that of an nfarction

Certain chnical features will help n the
Jragnosis When pericarditis follows pneu-
monia, tuberculosis, or rheumattc fever, one
s usually on the alert for this compheation.
Other forms of pericardial infection, however,
wre not uncommon Particular attention has
been called to a mild, relatively bemign form
which frequently follows acute upper respira-
ory infections.t The pain of pericarditis has
short remuissions more often than does that of
coranary occlusion, although the latter pan
does sometimes come and go. The pain may
be substernal or even epigastric, but occasion-
ally it is localized to a small area well to the
left of these regions, It seldom is as severe

cept for @ small occumulation of air 1n nght supra-
clovicolar region (arrow)

or as agonzing, 2nd 1t scldom radiates When
it does, the radumtton 1s usually to the
shoulders, sides of the chest, or back. Exertion
may produce the patn of pericarditis, but the
maovement 13 usualfy that of flexion or twisting
of the trunk and the ache or patn may persist
long after the effort has subsided In some
cases, the patient may get relief from sitting
up and leaning forward This posture, how-
ever, may also give relief to patients with
other types of heart disease, notably, enlarged
heart from any causc.

The persistence of a rather Joud and diffuse
friction rub favors the dragnosts of perrcarditis
The rub heard in the pericardits of infarction
1s usually softer, more flecting, and less wide-
spread over the precordrum,

The ECG may serve to confuse the
diagnosis or to clanfy it, depending on the
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conservatism with which it js read and the
care with which it 1s followed senially. There
are changes m the S-T segments and i1n the T
wave which are suggestive of coronary disease,
but 1f suspicton is directed toward pericarditis,
the diagnosis 1s sometimes quite clear

The typical ECG, first described by Scott,
Feil and Katz* m 1929, has the same con-
tour as that seen 1n hemopenicardium. In its
most characteristic form, the S-T segment
1s raised 10 all the imb leads In other cases,
these changes may be seen only n leads I
and 11, or 1n lead I alone In coromary oc-
clusion, the S-T segment, when elevated, 1s
convex, 1n pencarditis, it 15 curved upward
or forms a straight line Early. the T waves
may be hgh and peaked or they may be
dome-shaped, sometimes they are notched.
As the S-T segment sinks to the base line, T
wave negativity appears,® 1f enough tracings
are taken, there 1s 2 stage at which the T
wave 1s negative in all feads * The T wave may
closely resemble that scen n infarction, but
s mverston 1 all leads, without Q waves or
QRS deformuties, especially if the precordral
leads are not diagnostic, should suggest the
diagnosts of pencarditts. In the precordial
leads, elevation of the S-T segment 15 infre-
quent, T wave inversion being found more
often ® For the differential diagnoss, 1t is
wmportant that an R wave 15 usually present
and normal and that Q waves bave not been
seen over the precordium in pericarditis In
subacute peficarditis, the voltage of the main
complex may be low m all leads.

Penicarditis with eflusion may cause such
substernal oppression as to be mustaken for
coronary discase

DISSECTING AORTIC ANEURYSM

Such an aneurysm 1s often difficult to
distinguish from acute myocardial infarction
Severe, possibly agomzing chest parn, letthocy-
tosts, 1ncreased sedimentation rate, and fever
may be preseat The pam 1s more lkely to
radiate to the back than to the arm, but this
cniterion 1s not completely trustworthy. The
blood pressure usually remains at a higher
fevel than m myocardial mfarction, but this

CORONARY HEART DISEASE

The ECG may present nonspecific but confus-
g changes, and, when the dissection has
involved the coronary arteries, may be char-
actenstically “coronary.” An ECG which
remains consistently negative for several days
i the presence of severe pamn and fever,
points strongly against myocardial infarction
The main feature in favor of dissecting
aneurysm is the discovery of evidence of
dissection involving a peripheral vessel or a
1enal artery. Sudden obliteration of the pulse
of an extremity is a very suggestive sign
of dissccting aneurysm, The presence of a
diastohe murmur with signs ndicative of
aortic insufficiency 1s also in favor of dissect-
g aneurysm. In coronary thrombosis, the
pam usually starts rather muldly and works
up to 1ts maximum intensity; mn dissecting
aneurysm, the severest pain is hikely to be very
abrupt in onset Roentgenography may de-
monstrate a widening of the aorta; angio-
cardiograp 15 i 1 but
obviously can seldom be employed 1n acute
states, The mportant differential diagnostic
features of dissecting aneurysm and myo-
cardial infarction are listed 1n Table 23.

AORTITIS OR AORTIC ANEURYSM

Etther may give precordial pain which
origmates in the aorta and 1s retromanubrial
and dull. The typical anginal syndrome is
Iacking, but with exercise the pan may be-
come sharp and even radate The physical
signs are those usually found 1n aneurysm and
the dragnosis 1s easity made, although con-
fusion with neoplastic disease may occur, In
the case of aortutis, all of the difficulties usually
associated with making that dragnosis may
be encountered Physical signs, history, roent-
genography, the Wassermann test, must all be
evaluated. When syphilitic aortitis involves
the opening of the coronary arteries, the pain
may be that of true angina pectoris,

PULMONCOCARDIAC FAILURE

This syndrome may present features sug-
gesting cardtac discase, even 1n the tendency
1o sudden death The ECG, too, may be some-
what of coronary diseasc. The

sign 15 not sehable. M , 1
ancurysm the blood pressure may drop
sharply, while in coronary artery thrombosis st
may femain high, at least for some hours.

syndmmt; should be suspected in cases of
spral deformity especially when there is
scoliosis with the major curve to the left,
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Taste 23 DIFFERENTIAL DIAGNOSIS OF INSSECTING AGRTIC ANEURYSAL AND MYOCARDULL INFARCTION

Diognosne fearure Anenrysnt Hfarctron

Pain onset More abrupt More graduat

Radsatson Aore often to backh Moze often to arm

Blood presstire Hypertension sightly mare Iskely Less hikely to remasn elevated
and more persistent

Murmurs Sometimes aortic diastole

Peripheral pulses Often obliterated, blood pressure

in atms may be unequal

Seldom affected

Hematuria
Dysphagia

Often present early
Oceasionally present

Rarely present earty
Very rarely present

Ocular symptoms Temporary loss of vision possible None

Apsmia Severe anerma possible Rare

Kexey Avthe witlemng may b noied focalized aome Hrdtmey 1t
ECG Changes nonspecific or absent Typical seniaf changes

ACUTE HEARY FARURE

Precordial pain 15 often a comspicuous
feature of fmlure of the left ventnicie, and left
ventricular faifure 15 sometimes noted mn acute
snfarction These posssbrimes for error occur
frequently, so that a correct can be

valvatar or coronary disease The pam in
rheumatic cardius, 18 hias been suggested, s
not due to aotic or coronary disease i the
ordmary sense but rather to penvascular
adventitial sovolvement In some cases, aortic
! y may be of p

made onty hours or days later, possibly only
after one or more tracings have been tahen
Paroxysmal heart fashare should be suspected
when cardac parm 3s felt only at mght, espe-
cially when the patient 15 awakened from
steep. Fhe cavse of the precordul pmn 15 sl
obscure The sather acute diiatation of the
heart may be a factor There may be sudden
corenaty the result of

woth on the part of the heart wn the presence
of a coronary sywswlation of only borderhine
adequacy

ATUTE RREUMANIC CARDITIS

Rheumattc fever may produce lesions
the coronary arfemes as well ts i ather
artenies These lesions occur fawly often but
their exact frequency, and their refation to
heart pam, to myocardial lesions, and to
subsequent coronary distase are all sull a
matter of dispute But there 18 no doubt that
precordsal pam, at twmes very severe, may
oecur during aelve rheumatic cardtis

The pathogenesss of this pain 33 probably
complex, It mav occur without obvious

P
m producmg the pan In other eases, the
natrowing produced by patholopic changes
w the coronary arlenses presumably may
product epovgh cardiac ischema to cause
angmal pam

The differential disgnosis s pot difficult
The age of the patieat will usually estahlsh
the diagnoss at once Active theumane carditis
15 rare after the age of 40, whie coronary
disease ts rare before it Other evidence of
rheumatic feves, such as polyacthaus, s
usuaily bwd 0ot mvarably present m rheus
matic cardits The onset 15 less Likely to be
abrupt, and there ts olten a history of previous
attacks of rheumatsic fever Electrocardr-
ographic changes may be found wa theumatc
fever, and somctumes the changes resemble
those of myocardsal mfarction, the changes,
howeser, are more bhely fo be atypical and
Tarely resemble the Q~T complex of coronarv
occlusion

MYQCARDITIS

Acute mvesardits may closely simulate
scute coronary disease
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VALVULAR LESIONS
These are discussed 1n detail in Chapter 2.

PAROXYSMAL HEART ACTION

Severe chest pain as well as palpitations and
other symptoms, may result from parotysmal
heart action The mechanism seems clear
Cardiac work 1s increased and because of the
shortening of diastole there 1s a decrease in
the effective coronary flow Coronary msuf-
ficiency occurs much more rapidly in the
presence of some coronary narrowing In a
study of 125 cases, 1t was found that
paroxysmal heart action produced precordial
pan 1 15 cases® The effect of possible
underlying coronary disease was 1llustrated by
the hustory 1n 12 of these cases, of previous
effort angina On the other hand, 3 cases of
effort angina were observed in which par-
oxysmal rapid heart action did not produce
angina pectoris, int these, the heart rate ranged
between 124 and 140 The report cited §

CORONARY HEART DISEASE

where, especially bronchial carcinoma or
hepatoma, the diagnosis of secondary cardiac
growth may be suspected.

CORONARY INSUFFICIENCY

The observatton by Master and associ-
ates® ** that states of coronary tnsufficiency
were not necessartly assoctated with myo-
cardial 1nfarction and that mfarction need
not be caused by coronary occlusion was an
important contnbution to American cardi-
ology # #* ** This dissociation had previously
been pointed out by a number of German
workers * ¥ 13 20 % Nevertheless, 1t was Master
who forcefully brought to our attention that
“coronary nsufficiency” results from several
causes and who demonstrated that the
syndrome of “acute coronary insuffictency™ 1s
ntermediate between the brief anginal serzure
and the longer irreversible infarctive event, In
this syndrome, the prolonged insufficrency of
coronary flow in refation to the needs of the

suggestive cases to 1illustrate the p
that paroxysmal rapid heart action may pre-
dispose to or precipttate myocardial infarctton
by further compromising an already abnormat
coronary circulation In the older age groups,
paroxysmal tachycardia s less often benign
than 1t 15 1r younger individuals The pos-
sibtlity that such a paroxysm may be the
result of coronary disease should be borne in
mind when 1t occurs for the first time after
the age of 40

When the pauent 1s seen during a period
of tachycardia or srregular heart action, the
diagnosts 1s almost self-evident, but it may
be extremely difficult when the patent 15
seen after an altack. In such cases, the
history 1s important and often conclusive;
nevertheless, every effort should be made to
sce the patient during an attack An ECG
should be obtatned 1f possible and 1n any case
one should be taken during a free interval
1o rule out organtc disease.

CARDIAC TUMORS

These may produce precordial pan. There
are few helpful clues The sudden appearance
1n older individuals of the signs of mutral
stenosis, uncxplamed srregulartees, and roent-
genographic evidence of distortion of the
cardiac silhouette may suggest the presence of
a neoplasm. If primary tumor 1s found elsc-

P 1schemia and pain, In
some cases there 1s myocardial necrosis,
usually 1in the subendocardium In recent
years, 1t has been recogmzed that acute
coronary insuffictency may tndicate a ymunor
myocardial infarction or an early stage of a
major ene In any event, the condition should
be treated with respect and care. The sahent
features 1n the differentral diagnosis of acute
coronary insufficiency and myocardzal infarc-
tion are listed 1n Table 24

GASTROINTESTINAL TRACT
DISEASE

ESOPHAGEAL LESIONS

Severe substernal pam may sometimes be
caused by lestons of the esophagus. I have
seen several patients in whom coronary disease
had been diagnosed and in whom routine
barium study of the mediastinum had fater dis-
closed an esophageal carctnoma. Localized
esophageal spasm may produce a somewhat
atypical angina, but the pain is not related to
exercise and rest, and there are no clear-cut
electrocardrographuc changes during the attack.
Peptic ulcer of the esophagus may cause
severe distress under the sternum Rupture of
the esophagus, because it occurs suddenly,
may simulate infarction The history, the
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ECG, and rocntgenography should suffice for
= correct drapnoss of esophageal disorders.

GASTRIC LESIONS

One of the most difficalt problesss e dif-
ferential diagnosis Is posed by “indsgestion”
which may be due to lestons of the stomach,
gallbladder, colon, or other organ, or to
coromary disease. Each mmay present some
of the features of the others, and they may
coexast, Pylorospasm sn peptic ulcer or gall-
bladder disease may cause pmn which is felt
i the chest father than w the abdomen™
Distention of the stomach by water or air
may seproduce this discomfort, and atropme
often abolnhes it. The crrcumstances under
which the pain occurs, rather than its location
or radiation, are important in the differential
dagnosis. Gallbladder disease seems to ocour
such more frequently w association with
coronary dwsease than in normal persons, but
there 1% no statistical evsdence of such associa~
non between coropasy disease and peptic
uleer®* The evidence for a contraty view is
unconvinging ™

¥t has been pomted oul thst true angina
prctons of cardiac onygn may ocour 2 to 3
hours aftes 2 mead, and duning the might at
haurs charastersstic for wleer pain ® Epagastric
wadiation of the sngnat pas may add to the
confusion; racdition to this site may result
from the presence of a peptac uleer In 1 case
of associated angina and peptc vlcer, success-
ful treatment of the wlcer symptoms resulted
15 8 remission of the anginal pan

Chest pun may be caused by diverticula of
the stomach, and mny be puzzhing *

249

study of SO patweats, the pun was found ta
radiate 1o the back w &, to the left shoulder
in 12, and to the inner surface of the left
arm io 16 patents¥” Pam was expenenced
after a heavy meal by 29 patients, and most
patients reported pamn upon lymg down. The
paln was wsuaily descrbed as acote, decp,
and bonng, Nitrogtycenn even afforded relief
to some patents. This could eastly be 2
descoption of a shghily atypical angna
pectons, The patient with hernea, however,
oftens has a long history of “heart trouble”
(25 years or more) without any change
character; many patients, too, volunteer the
nformation that the pan diseppears when they
stand A gastromtestinal examnation shonid
routtnely be part of the cardiac survey of such
patients The patent may have to be plaged
m the Trendelenburg postion and asked to
perform the Valsalva mancuver Haatus herma
and angina pectons may coetst, as i 20 of
my patients, i whom two sets of symploms
required careful sorting 1t the patient suflers
pain which 15 definntely related o stair chmb-
mg or exalement, true coronary anging
pectonss 3s probably present, whether or not
there 15 2 concopwtant hiatus herma

A number of theones have been formulated
to explam the mechamsm of this “angma ™
lones®™ beleved that the pain 45 prabably
medsated by viseern! afferent fikers trom the
esophagus and the cardiac or fundic porton
of the stomach, by the diaphragmatic sensory
afferent fibers contamed i the phrenic, of
muddie or lower thoracic nerves which over-
flow to adjacent lower cervical or low thoracie
scgmcnls The shoulder pam i largely due to

e arpitation

Chest di g y caused by
Veascade slomach v In this condwon, there
13 abnormal spasm between the cardiz and
the body of the sfomach, so that food first
enters an upper pouch and then spills over
wio the loner stomach Usually, the com.
plants are few or minor, but an STRWLVG
patients the pam may be a wouree of diagnostie
canfusion

HIATUS HERNIA
Hiatus or daaphragmatic hcmm 15 often
ly difficuls 10 from
casdiac disease The type and focation of the
pam are of latie help snce m hiatus herpsa
the pain is uswally substernal fn a scholarly

Fxgurc 93 15 2 banum roentgenogram of a
64 year old womae’s stomach, revealing a
Bsatus herma For many years if ways believed
that the patent, despate a negatsve ECG, was
soffering from coranary discase with atypreal
angma Left phrease nerve srinh pave almowt
complete rehef

GAUBLADDEIR DISEASE

Since the earliest known bistory of coronaty
disease, d1 differentiation froms gatibladder
divease has been difficult This very pomt was
i dispute w the celebrated case of Joha
Hunter, the postmertern examinagion reveated
the presence of gallstones and of coronary
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occlusion. The symptoms of the two con-
ditions have been mistaken for each other or
have been found to exist in the same patient,
the latter occurs 1n a significantly greater
number of cases than might be expected from
the incidence of the two diseasss. Diseasz of

CORONARY HEART DISEASE

although the passive congestion which may
occur i the course of heart failure may
mvolve the galibladder. Gallbladder dis-
ease is a fairly frequent diagnosis in the
presence of the engorged liver of cardiac
disease. A search for venous distention will

"

FIG 93 Hiotus hetn o

the gallbladder occurs almost twice as often
in persons with coronary disease as in those
with normal coronary arteries.®! It is possible
that similar metabolic faults, infections, or
indiscretions 1 living may be factors common
to both conditions.®

There is no reason to believe that coronary
discase may cause lesions of the gallbladder,

prevent such error, although a tender, swollen
liser may remain after other signs of passive
congestion have subsided.

There is some mdication that morbid
changes in the biltary tract may reflexly affect
the heart or coronary circulation.® Anginal
pain in man bas been produced expenmentally
by dilaung the common duct.*® In dogs,
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distention of the common duct fesulted in
electrocardiographe chanuges, for example,
abnormatives of thythm and conduction but
only after coronary dantage had been tnflicted,
a3 by higation of even a small caronary artery.
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patients were admitted to hospital with the
diagnosis of coronary occlusion, Some years
ago, Dr. Caspar Burn called my attention to
several mstances of acute pancreahic Jesions
found at auwpw of intividuals who had died

Some 20 years ago, the prompt PP
4

from my Swnce then, [ have

ance of both angina and phis
abnormaliies was reported to have resuhed
from galibladder operatton m & sertes of cises
with the anginal syndrome and snverted T
waves, While this proves that removal of a
diseased galtbladder may have a benefictal
effect on the heart, it 15 not necessarily a
Qemonstration that pathologic changes m the
palibladder cause coronery disease.®
In 2 patient with acute pam and fever, both
angina and gatibladder disease may have to
be considered Vomuting and cven spasticity
i the right upper abdominal quadrant may
be charactenstic of either The paw of heart
disease may radiate to the epigastun, but
it 15 almost never actuslly centered m the
nght upper quadrant. 1t may radiste to the
nght shoulder, as 1t does i galibladder
disease, but does not radiate o the sub-
scapular region.
The question whether te operste or not
arises t some cases. Since gallbladder surgery
T meeee operation
' ECGs are
obaNed 34 ihuoy ue 4 the pain
centers in the right uppcr quadrant and
fadiates to the right subscapular region, it 15
famly sofe 10 rule out myocsrdial mnfarction.
Surgery may become necessaty 1 a panent
with known coronary disease who alse has
bikary tract disease The cardiae pain may
occastonally be alleviated in such cases by the
temoval of the galibladder, but thete 15 no
Cettatnty about it," the added risks of opera-
ton in 2 pahent with heart disecase must be

found 2 sigs nise 1 the secum amylase
level 1t & umber of pattents with myocardial
mfarction and vague abdomwnal pam This
ocourred early in the course of the iliness,
and soon subsided. The scrum amylase had
returned (o normal levels by the time the
patients were ready o leave the hospial
The cavse of this phenomenon remams 1o be
satisfactorily explained.

SKELETAL DISOROERS

SPONDYLITIS WITH RADICUUTIS

The mtense pan which spondylttss of the
cervical or thoracic spipe may cause can
ssmufate heart disease,'® so0, 100, may any
disease of the sensory roots of the spiaat
nerves or pressure tpon them 1E the pait 5
Jocalzed in a small part of the distal
dermatome  supplied by thar root, the
dermatome cannot be mapped out as an awd
to dsagnosis Usually, with involvement of
the fourth thoracic root, the pam eviends
around the thorsx to the sternum at the
mpple area. But of the fibrous of the mvolved
netve root is of sufficient degree, the patn
may be feit only i the anterior thorax or
the awila Root pam tends to grow more
severe on coughing, sneezing, stramng, def-
ecstnt, or hiting of heavy weights™ In
addition, the pam 15 produced or intensified by
any maneuver which stretches the nerve root,
as, for example, stooping over without bend-
g the knees or straight leg rarang m 2

surgery
benefited one senes of patients, the dangers
added by heart discase were beleved to be
overemphasized ©* In general, the mdications
for surgery n patients with bath diseases are
the same as i those without angina gectorss,
with the aditsonal risk borae @ mind

ACUTE PANCREATITIS
1t is scidom difficult 1o differenuate acute

pancreatiis from coronary discase Neverthe-
less, 1 have seen 2 wstances n which the

posmon Often, too, \herc s
over the
wy ponmn of the spine  Dragnostic cmm
may be avorded by attention to these char-
acteristics and by careful mapping of affected
areas and of sk sensitivety
Radation of pain due to spina) deformities
may afso stmulate cardac pan® Such de-
fotmuttes, especially exaggerated dorsat kypho-
us, may be accompamed by puzzhing pre-
cordial pain, some of the features, such as
ct o cxertion, {onafty shott
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duration, and partial relief by nitroglycerin,
may suggest a cardiac origin. However, the
pam 1s often aggravated by recumbency, with
sharp pamns m the back or elsewhere in the
chest felt simultaneously with the precordial
distress, the relief obtamed with nitroglycern
15 delayed, the sternal oppresston 1s usually
superficial and lacks the choking or strangling
sensations of true angma pectorss Relief usu-
ally results from the use of special braces
during the day and a hard mattress for rest or
sleep The partial relief obtained with nitro-
glycenn 1s perplexing and misleading; in part
1t may de due to the psychic effect and in part
to the marked vasodilatton (comparable to
the relief obtamed when local vasodilation 1s
brought about by physical means).

In a detalled discussion® of the possible
pathogenesis of such pain, 1t was noted that
the location rather than the extent of the bony
changes probably determines the trmitation of
the spnal perves Either abnormal straighten-
ing or marked bowing of the spinal column
elongates the sptnal canal; but stoce the spimal
cord 1s relatively fixed and the spmal cords
are essentially immobule at the intervertebral
foramens, there 1s impmgement on the nerve
fibers at the foramens and tension at their
connections with the spinal cord, with result-
ant pain The relief obtamned by the use of
abdormunal belts® might thus be explained in
part by the improvement in general posture

Many aspects of this interesting relation-
ship between vertebral changes and anginoid
pain would seem to require further clanfica-
tion. Except i the most clearcut cases, the
utmost care must be evercised in arrving at
a climeal decision The roentgenograms are
suggestree but by no means conclusive, since
they may show mummal pathologic features,
posture or sharply localized disease may be
responsible for the symptoms. On the other
hand. even the most advanced spinal osteo-
arthntis may not be accompanied by any
evidence of nerve root 1rritation, so that the
diagnosis cannot be made on roenigeno-

probability is that such distress, which is u
ally mild, is “filtered out™ of the patient’s c
sciousness, whereas pain in the cardiac reg
is more Likely to send him hurrying to
physicran, (3) Most important, although le
frequent, are the cases with coexisting ne)
root irntation and cardiac disease. In su
cases, the heart disease may determine
location of the nerve root pain, at Jeast in
far as 1t is consciously perceived, or the p:
may act as a trigger mechanism initiating t
angina pectoris. I have seen at least 2 ca:
in which this explanation secmed to app.
the pain started m the back when the pati
was at rest, changed to precordral presst
within a few seconds, with radiation to the I
arm, and was immedately relieved by mit
glycerin. Investigation revealed that there
both spral nerve imitation and severe my
cardial mjury. Both patients also suffered frc
true angina of effort.

Figure 94 shows spondylitts of the cervic
vertebrae in a 55 year old man who cox
plained of pain in the precordial area. Exe
tion increased the pain, so that angina pecto
had been diagnosed several times The roer
genogram clearly shows that 1n addition to t
anterior “Iipping” there was also postertor i
volvement The latter is probably of great
clinical importance, since 1t 1s there that tl
postertor roots emerge

Occastonally, coronary disease may be a
compamied by muscle spasm and cutaneo
hyperesthesias and paresthestas which a
often atypical, these may lead to the mistake
dragnosis of a skeletal disorder.

FRACTURED RIB
Especially when near the precordium,

fractured rib can be confused with cardi:
infarction. This 1s particularly true if 1t
initial blow was menimal or has been forgo
ten, or in cases of so-called spontaneous fra
tures after coughing or exertion A patier
with asthomatic bronchuis fractured a nib af
a severe attack of coughing, before the corre:
i is was established, cardic disease w:

graphic evidence alone The frequency with
which such symptoms, when they occur, are
referred to the left side, resulting in confusion
with heart discase, may be explained 1n several
ways: (/) Pain referred to the right side of
the thorax is less important 1 the diferential
duenosis and 1s therefore less likely to be re-
poﬁed in medical journals. (2) A more likely

considered as a possibility. Another example
the case of a 53 year old man who was a
miutted to the hospital with the diagnosts ¢
“coronary thrombosis™; localized tendernes
almost unknown in myocardial infarction, le
to the correct diagnosis. The patient had struc
a bedpost the previous night after a conviviz
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FIG $4, Cerncol spondyltg (See poge 2543

evensag, but had forgotten the mcwdent,
Figure 95 shows s broken nib

CERVICAL RIZ AND SCALENUS ANTICUS
SYNDROME

Atvoical precordial p:un may occur

. = nons © The
volved

+ ntaneous

Pain 10 the chest, neck, stituuv, OF UppRr
extremity, tendemness over the drachial pletus,
stgns of venous obstruction, and vasomotor
changes The following mancuver wiit 21d the
diagnosis of the two syndromes “The pattent
sus With arms eviended homzoplalhy at the

. B ¥
rotated 23 far as possin o T
away from the side bemng tested A positive
resule is indicated by marked diminunon of,
or lete d: of, n
the radn\l artery as determined by the physi-
cuan’s fingers ™
Some befieve that the scalenus anticus syn-
drome may follow carthae nfarchion The
basis may possibly be spasm of the scalenus
anteus nwscle as 2 sepsonmotor compley
causcd by referred pun n the sensory dis-
tnbution of cerseeal segments 3, 4, and 5
Rocntgenography w1l establish the presence
of a ceical nib, and the mancuser described
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FIG 95 Frocture of rb {arrow) which cavsed poin

simulating coranary dissose
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ble the diagposis of both develops wittun & months after & myocardm\
tures of coro \nfarction,* 1t 4 The syndrome 3% n some
analogous 0 the shoulder-hand syR°

the pap Qusturbs both
t and the physic:an. and has fre
uently aroused suspieon of angina OF Te-
current farction Fatigue ©

ateral cervical nb (Fig
fered from bilateral pawns poth the pmenx
 his physic1ant wrongly wterpreted the pam
\ the left side a5 cordiac 1n ongN-

fG 96 Bictera! cermeal MBS

ARTHRITIS OF SH! ULDER JOINT. BuRSITS discomfort, and tender spots It the muscle OF

These may simufate the referred pam of the overlying shan may sometimes appeat.
cardac discase, but seldom couse much dif- Differentiation of this syndrome from an-
ficulty n the Siferentiol diagnosis ina may be made ot the basis of the follow-
N ng features:’’ (1) The pan 18 ‘not specifically
SHOULDER-HAND SYNDROME related 10 exertions it 3y occur after 3 10 ing
This syndrome is hscussed in detail 10 ing day- (2) There arc O electro-
Chapter 9. cardiographic changes Soring the pain (3)
The response © mtroghycerin is poor Of ab-

be tept!

POSTINFARCTIVE CHEST AN ent. (4) The pat may be T oduced bY

In 13 to 20 per cent of patientss esidual 3T or body motion-
pain in the rmuscles of the left Pcclom\ area Several exp\:nnuons have been offere

d 1



256

[N

FIG 95 Frocture of nb [arrow; which coused pain

CORONARY HEART DISEASE

umulat ng coronary disease
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MISCELLANEOUS CONDITIONS

IMPENDIHG DIABETIC COMA
Precordial or epigastric pain in dizbetic
acudosis 15 often severe aud disconcerting. The

pain PP oY of
the acidosis, thus ]e:svmu o doubt about the
dragnost two fea-

fures must be borne w mind, {#) Fluctuations
in potassium metabolism may produce minor
but defmnc changes in the ECG. (2) Acute
i which s
hard to detect in 4 stuporous patient, may pre-
cipitate the acute acidotic episode. It 15 there-
fore wisz to take an ECG of every patient
whose duwbetes s suddenly out of control,

ANXIETY NEUROSES

These may present bafflmg problems in
differentral diagrosis, There 15 no shost cut
0 an accurate diagnosis. Each case requires
panstaking study and :vnluahon Care must

pected if the patient 15 3 young woman with
a history of migraige.,

CAFFEINE SENSITIVITY

Occastonally, the mgestion of coffes or tea
may produce cardiac pan ¥ The pam ss apt
to be of an aching character, and does nob
typically result from exertion Thus rave sensi-
tivity {8 moare Udely to ocour m pateats with
true coronary disease,

THYROID DISEASE

Both hypertkyrowlisns and hypothyredism
have been incnmunated as & cause of angrnal
or precordial pamn Zondeh™ histed the mun
cardiac signs of myxedema as cardiac dilata-
tion, bradycardia, and hypotension  Freguent
electrocardiographic changes aze (1} lower-
ing of the P and T wases, (2) mversion of T
waves, {3} prolongation of the P~R mterval
The hypothyrowd type of angna responds
quckly to thyrond therapy Routine duagnostic
the presence of hypolhvmxd'

be taken not 1o wduce i
during the dsagnostic survey

MALNGERING
Special vigilance 1s needed, since drups such

s digitals may have been used n order to
modify the ECG Mat

suyve,
1s; without ifficuity.
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CHAPTER 14

Prognosis in Coronary
Disease

Evatusrion oF the prognosss in coronary
disease 15 subject to alt the dufficultes and
errors of any statistical analysis, and especta’ly
of this condinon, Sclerosis of the coronary
vessels 13 5o widespread that nothing caa pos-
sibly be sard today about the ulnmare fate of
the person who has some degree of sclerosis
but no chnical complamts It 18 indeed mmpos-
sible to know who does or does not have
atheroma, of to what degree, untsl these are
chnical manifestations. The semanhc prob-
lems of nomenclature constantly confront us
For example, let us take the simplest prob'em
of ail: Does the person with coropary sclerosis
have coronary disease? If we regard sclerosts
23 A pathologic process rathes than smmply as
part of the aging process, he certamly ss suf-
fenng from coronary discase Nevertheless,
he 15 usually not classified as 11 untsl he pre-
sents evidence of iness, that is, untd the “per-
son” becomes a “patient.” This 1s probably a
seasible attitude, since it acknowledges the
fact that 1 the present state of our hnowledge
e are unable fo tefl what 15 gomg on wirhim
the arteries during early athesomra. On the
other hand, st is plam that we are nof taking
Inte account persons Witk advanced sclerosss
who do not present definte symptoms

Unentieal seceptance of published figuses
Wwould fead one to beheve that the progoosts
i much better than a1 once was Possibly, it 1s
somewhat better, thanks to modern therapy,
but the most smportant {astor 1 the apparent
improvement is the ever increasng accuracy
of diagnosis, Lesser degrees of tnfarction, now
Hentifiable by better lahoratory procedures,

such as electrocardiography, have m recent
Years been put i the same category as the
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more severe cases, so that figures compiled In
the past 20 years are not at all camparable
with earlter ones,

With due appreciation of these hazards, let
us consider the putlook for three categores
of coronary disease (I} eoronary sclerosis
wsthout infarcton {angma pectons, eic ¥,
{2) acute nfarcton, and {(3) postinfarctive
heart disease.

QUTLOOK FOR PATIENT WITHOUT
INFARCTION

Any statement regarding the chances for
healthy survival of a person with coropary
sclerons without signs or symptoms would be
pure strmise, no accusate statsstics are avad
able Probably. the chances are better than s
popularly beheved

Some reasonably trustworthy statistics re-
garding angina pectouts are a3 hand  In one
reported seres, the average duranon of hfe
was 4 } years, with a 50 per cent mortahty
shghily more fhan 2 years,™ these figures are
somewhat unfasorably werghted, for all were
hospual patsents In another sertes, half the
patients were stslh alive ot the end of 8 years
£n 2 third seres, comprising 1700 cases, 679
were dead at the ead of 47 years {for men)
and 45 ycars {for women) after onset of
symptoms * Among the remaing patients,
the fongest survival was 35 years, wath an
aserage survival of 5 5 yeass, 32.8 per cont of
she men were alne ot the end of 5 years, and
345 per cent of the women, at the erd of
10 years, the fizores were 10 and 9 4 per cent,
respestssely, aad at the end of 15 years, 3.5
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and 1 per cent, respectively. The great John
Hunter lived for 20 years after the onset of
anginal pan, and many other long survivals
are well known,

Any change for the worse m the electro-
cardrographic preture also changes the prog-
nosts The presence of premature beats 1 the
angma of effort 1s constdered a grave portent,*
whereas positive results 1 the anovemia fest
bear no relation to the patient’s chance of
survival.® The presence of larger, “athero-
genic” lipoprotewn particles in the blood are
believed to increase the tendency to infarction,
and the prognosis ts therefore less favorable
in such patients,®®

OUTLOOK FOR PATIENT WITH
ACUTE INFARCTION

Two sets of factors are important m deter-
minmg whether and how long the patient with
an acute major wmfarction will survive (/)
the state of the pattent at the tume of the
attack, and (2} factors inhcrent i the attack
aself

STATE AT TIME OF INFARCTION

COLLATERAL  CIRCULATION The
most important, immediate deternuning factor
is the presence or absence of, a good collateral
arculation The young patient with an acute
process in one artery Is likely to die suddenly
because there has been no time for anasto-
moses to develop In general, a gradual coro-
nary narrowing, which permuts development
of an adequate collateral flow, 1s of some ad-
vantage, but this 1s not the case if there is old
mfarction or a severe enough sclerosis so that
scar tissue has replaced a constderable amount
of normal myocardial tissue. Obviously, such

CORONARY HEART DISEASE

one series of 618 patients under the age of 60
the mortality rate was 28 8 per cent, while
among 429 patients over the age of 60 the rate
was 40 I per cent! The severity of the in-
farctton and 1ts complecations are more im-
portant than the ape of the pattent in deter-
mming survival, although the infarction is
usually more severe in older patients** In a
series of 276 patients, the mortality 1n men
rose steadily from S per cent for patients
under age 44 to 35 per cent at ages over 65,
m women, the rate was approxtmately 25 per
cent at all ages, nising only shghtly with ad-
vancing age.®”

SEX The outlook for women 1s shghtly
worse than for men The main reason for this
difterence 1s that nfarction occurs i women
who are in an older age group than the men at
the trme of their attack. Other factors are that
women are more likely to have diabetes or hy-
pertension Among 572 patients with an aver-
age age of 615 years who suffered therr first
attack of infarction, the mortality rate was
21.8 per cent, the average age of the men 1
this series was 59 6, the mortality rate 18.6
per cent, for the women, 1t was 63 4 years,
and 28.9 per cent.*” In another series, the
mortality rate for men was 31 per cent, for
women 35 per cent*? In a thurd series, the
rates were 371 and 54 6 per cent, respec-
tively * Women also seem to be more sus-
ceptible to cardiac rupture. Most observers
agree that the prognosts for women 1s less
good than for men,® 57

PRESENCE OF HEART DISEASE

Some observers have stated that 2 preeusting
angina pectoris makes the prognosis more
favorable,™ ** 4 while others have marmtained
that it has no effect ® 4¢ 2 ¢ Every one agrees
that the presence of a previous sfarction 18
di 1n one hosputal sertes, 364

a heart 1s closer to Is and has
less cardiac reserve.

AGE  Early death 1s much more Lkely 1f
the pattent is under the age of 40,%” after the
first 24 hours, however, the chances of sur-
vival improve sharply and the outlook 1s good.
Between the ages of 40 and 60, the xmmedm{e

per cent of the patients died during their first
attack, of the patients with old infaretton, 53 6
per cent died * Statistics gathered by Doscher
and Porndexter™ from the literature gave a
mortality rate of 18,3 per cent for the first
attack of mfarction, and 30 per cent for
second attacks; 1n therr own sertes, the rates
were 12 6 and 34 per cent, respectively. With
few exceptions,’® & most observers believe
that marked cardiac hypertrophy or cocxisting
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severe heart disease affect the prognosis ad-
versely,

DIABETES  This is universally conceded
to be an unfavorable factor in prognosis

HYPERTENSION  If present before the
infarction, it is belteved by some to have no
effect on the immediate outlook except when
accompanted by marked cardiac hypertrophy;
® 1% others, however, have reported that
the mortality rate was 36 per cent in a group
of patients with hypertenston and 24 per cent
in the group with normal blood pressure.®
The latter opinion is shared by other wvesti-
gators.® While this question has not been
definitely scttled, the effect, if any, of pre-
exsting hypertension is probably pot great.*”

tion of the pain m myocardal mfarction are
thought by some to be of prognostic sigmfi-
cance;' * others hold that the prognosis 1s not
affected by any charactenstic of cardiac pain
during myocardial mfarction.® * In my expe-
nience, pain which lasts beyond the fourth day
is a definite sign of a poor prognosis The
mortality rate in the rare “pamless” mfarcttons
is high,® probably because these pauents do
not seek medical advice ¢atly or take adequate
Test.

Such features as high fever or marked
leukocytosis should not be cause for despair
m any individual case; neither should the ab-
sence of such signs lull one mto a lack of
caution

The immediate prognosis correlates directly
with the degree of Jetkocytosis, the higher the

In one sernes, hyp jon was re-
ported to have had no effect on the prognosis
up to 3 years after the acute attack; there-
after, the outlook was less favorable in this

group.

OBESITY ~ Opmion about the effect of
overweight on the mmmediate prognosis is
divided Some feel that the outlook for the
obese patient is not as good,’® while others
have stated that obesity improves the prog-
nosts® ¢ 5 In one seres, the mortality rate
was reported as 32 per cent for the obese, 39
per ceat for these of average weight, and 60
per cent for the underweight.’ The combina-
tion of pre-existing angmna and obesity en-
hances the patient’s prospects for recovery,
according to Block and associates ¢

FAMILY HISTORY OF HEART DISEASE
The prognosis for a patient with a family
history of heart dsease 1s reported by some
10 be the same as for other patrents But i my
experience, the younger the patient, the more
likely is there to be a family history of coro-
nary disease and the more lkely 15 death
within 24 hours of an nfarction

FEATURES OF INFARCTION AFFECTING
SURVIVAL
Generally speaking, those clincal features
of the illness which indicate a large area of
infarction are also indicative of the patient’s
diminished chances for tmmedtate survival
The character, location, radiation, and dura-

count, the worse the prognoss * ®
2 47 The mortality rate has been reported as
11 per cent for patients with a leulocyte count
below 10,000, 28 per cent for those with a
count between 15,000 and 20,000, and 38 per
cent when the count was over 20,000 % These
figures are no doubt correct for large senes,
but I have seen several patients with leuko-
cyte counts of over 30,000 who made good
recoveries.

In the early stages of mfarction, the prog-
nosis is unrelated to the sedimentation rate
When the rate continues high, progressive 1n-
farction should be suspected On the whole, T
have found the sedimentation rate to be of
Iittle prognostic value.

Although 1t has been reported that the
mortality rate correlates directly with the
degree of fever® ** *' many patients with
high fever have recovered while some with
little or no fever have fared badly, The tem-
perature 1s often subnormal in shock. The
death of 6 patients whose temperatures were
subnormal throughout the course of therr 1n-
farction has been reported.®

Heart fadure of any sort s a grave prog-
nostic s1gn.* ¢ An omwmnous sign s the in-
crease of venous pressure to over 200 mm.*"
About 50 per cent of the fatalities oceur
patients with congestive fatlure ® The mortal-
ity rate varies diectly with the seventy of
pulmonary congestion, 1n one sertes, the rate
was 10 per cent in patients without rales, but
68 per cent in those with severe pulmonary
congestion.s* Rught ventricular failure s re-
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portedly more unfavorable than left.* Decom-
pensation, of course, 1s common 1n acute -
farctton Among 108 paticnts with nfarction,
10 had early, acute heart failure, decompen-
sation developed 1 41 who recovered from
the acute phase ot the mfarction * In another
series of 110 cases, congestive faillure was
found m about 33 per cent ** The mcidence of
fallure presumably is directly related o the
size of the infarct, decompensation develops
m 50 per cent of the patients with infarcts
larger than 40 sq cm , as compared to 32 per
cent of the patrents with smaller infarcts * In
a recent serses, the mortality rate 1 205 cases
of acute mfarction without fallure was 103
per cent, 1n 73 cases with failure, the rate was
318 per cent 7

Generally, the more rapid the heart rate the
higher is the mortality rate A persisting rate
of over 100 was found m 35 per cent of pa-
tients m one series, 763 per cent of the
pattents who died early had a fast heart rate,
1 contrast to 24 6 per cent with this sign 1n
the group that recovered *

The death rate m patients with gallop
rhythm was 43 per cent, as compared to 2
mortahty rate of 29 per cent n the group
without gallop rhythm ** In another series, the
mortality rate in the group with gallop rhythm

CORONARY HEART DISEASE

Opimion about the prognostic significance of
pericarduis is divided, some have stated that it
does not affect the prognosis,® * while others
have found an increased mortality rate in the
presence of pericarditis.®®

Severe hypotension or shock make the prog-
nosis much more serious (see Table 26, Chap-
ter 15). The mortality rate 1n one series was
88 per cent for cases with shock, or more
than double the rate of those without this
comphication ** In another series, shock was
present eight times as often in the fatal cases
as tn the survivors ® In a third senes of 57
hospitalized cases, 18 of the 26 who died were
mn shock on admission, and only 7 of the 31
who survived.”” In patients with pre-exsting
hy pertension, a drop in blood pressure to 100
or over apparently does not affect the prog-
nosts if there is no shock.® * Some hase found
that a drop 1n pulse pressure below 25 mm
sharply dimmimshes the patient’s chances of
survivals

The prognosis 1s much worse for patients
with cyanasis ¥ ** Dyspnea and rapid respira-
tion are unfavorable signs ** Hiccups are omi-
nous, since most patients fail to survive a bout
of them,® 8 of 10 patients whom I have seen
with this complication died. Anenna and the
blood cholesterol level are said to have no

was 53 per cent ' However, some fit
have stated that gallop rhythm does not
affect the prognosts
Transient smus tachycardia, ventricular pre-
mature or partial aur -
trnicular block do not have an unfavorable
effect on the prognosis But persistent sious
tachycardia ts a stnister prognostic sign, with a
mortality rate of 57 1 per cent, when com-
bined with heart fadure, 1t 15 of even graver
prognostic import.*® Other arrhytbmuas, such
as ventricular tachycardia, aurnicular flutter, or
auricular fibrillation, which are signs of ex-
tensive mfarction, have grave prognostic sig-
nificance *° The mortality rate n onc seres of
cases with posterior wall infarction was 12.2
per cent m those with normal rhythm and 30 8
per cent 1n patients with cardiac arthythmias
In another senies, all the patients m whom per-
sistent aurrcular fibnllation or flutter appeared
dunng infarction dred,! of 22 such patrents 1
my experience, 18 died within a week The
1ikelthood of death ncreases greatly with com-
plete heart block.™

effect on prognosis *

A pronounced rise in the blood ronprotein
nitrogen level 1s considered an unfavorable
prognostic sign The rise 1s probably due to
dehydration, oligunia, and other extrarenal
factors. Azotema 1s a regular accompamment
of shock.

Embohzation causes a sharp mcrease in the
mortality rate

Patients with bizarre or atypical efectro-
cardiographic features have a higher mortahty
rate higher than those with the usual patterns
4 Changing deflections which are not defi-
nutely related to healing, particu'arly after th2
first few days, arc associated with a high
mortahity rate, almost always reflecting a com-
phecated and progressing infarction. A spthed
P wave over 2 mm, 1n height is likely to be
accompanted by a tendency to arrhythma
and a higher death rate ¥

Judging from the Interature, anterior wall
infarction 1s of graver prognostic import than
posterior wall lesions;® ¥ it 3¢ 16 5 some ob-
servers, however, hold that the site of the
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infarction has little influence on the outcome
$ 12282 One report states that 57 per cent of
posterior wall nfarctions are “severe” be-
cause they fend to cause arrythmras and to
change suddenly from slight to severe le-
siops.*® The prognosis after | year 1s more
favorable for cases with anteroseptal trans-
mural infarcts than for patients with high an-
terior transmural ones, although congestive
failure occurs with equal frequency m both
groups ** The long-term outlook for patients
with lateral wall infarcts s somewhat better
than it 1s for those with jnfarcts in other
locations, especrally septal.® Pattents with
auricular infarcts, on the other hand, have a
defimtely poor prognosis.

Schnur*® has assigned a numerical value to
each of the chnical mantfestations of acute
mnfarction and has denved from them a
“Pathologic Index Rating” which he feels to
be of value in prognosis.

OVER-ALL IMMEDIATE MORTALITY
RATE

Statstics regarding this are inexpressibly
confusing The rate 1s variously given as be-
tween 31 and 515 per cent. The confusion
with regard to nomenclature has been empha-
sized again and agawmn n this book All degrees
of mfarction are lumped together 1n the litera-
ture. The diagnostic critena differ from decade
to decade Diagoosis ts msecurely made on
the basis of clinical data alone Stnce most
studies are based on hospitalized pattents, the
selection fails to include those who are not
sl enough or are too seriously 1ll to nsk the
frip to the hospual and those who die sud-
denly In any event, patients treated at home
are omitted from almost all statistical studies
There are some reltable reports from ex-
tremely competent specialists, but patients
seen in consultative practice do not fairfy rep-
resent the general population When two sets
of observers report within a 3 year penod
(1949-1952) mortality rates of 31 and 51.5
per cent for a condition known as myocardial
infarction, 1t should be plam that they are not
selecting thewr patients in the same way.

Tor what they arc worth, the following
figures are selected from the hterature, of 208
Patients in thewr first attack, 33 per cent died
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within a month;*® of 1247 patents with in-
farction, 51.5 per cent died during hospitaliza-
tton at the Los Angeles County Hospital,! the
immediate mortality m “coronary occlusion”
is 50 per cent,* the death rate for hospitalized
cases of uncomplicated cardiac infarctions 1s
34 per cent" I am certain that these figures
are 100 high; in 500 cases (398 men, 102
women) of first major myocardial mfarction
(typteal electrocardiographic findings, typical
cltmeal story, confirmatory laboratory find-
ngs) seen at the Kings County Hospual, the
death rate within 1 month was 15 8 per cent

OUTLOOK FOR PATIENT
AFTER INFARCTION

It 15 mmpossible to forecast the prospect
accurately In one seres of 488 cases, 75 per
cent were alive at the end of 2 months, 50
per cent at the end of I.year, 33 per cent at
the end of 3 years, and 20 per cent at the end
of 55 years * In another senies, 52 per cent
were alive and tn good condition at the end of
2 years, 37 7 after 3 years, and 18 8 per cent
after 6 years ®* In a thurd series, 66 per cent
were alive 10 years after an acute attack, and
16 per cent after 20 years, 15 per cent were
lost to follow-up ** In a fourth series, of 420
patients who recovered from a coronary oc-
clusion, nearly 80 per cent of those without
hypertension survived at least 5 years, and 72
per cent of those with hypertension The 10
year survival rate was 57 and 33 per cent,
respectively, the outlook for 5 year survival
and scemed as good for those over the age of
50 as for the younger age groups *' The most
recent avatlable report gnies the results of a
10 year follow-up study of 211 patients who
Lived more than 2 months alter a first mfare-
ton, a third of them lived for more than a
decade. The outlooh was found to be more
favorable 1n the younger age groups and in
those without heart faslure or angina pectoris,
three-fourths of the patients made a complete
or partal economic recovery.™ Peel’™ points
out that the first 2 wechs are the dangerous
period after acute infarction  After that, the
long-term prognosis 1s best for men between
the ages of 50 and 54 years, the average hfe
expectancy being 6 years The prognosis 1s
somewhat worse m the younger age group,

Fam "
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and rises sharply at older ages. However,
enough examples of extrernely long survival
are known to warrant guarded optimism jn
any one case. Table 25 shows the average Iife
expectancy after myocardral infarction based
on a series of over 1500 disability claims ana-
Iyzed by the Mutual Life Insurance Company
of New York.® Figure 97 illustrates the course
and outlook for patients with acute major
nfarction in one recently reported series®

TABLE 23,

CORONARY HEART DISEASE

showed that, of 500 patients who survived for
at least 1 year, 415 werc men, with an average
age of 53.3 years at the ime of occlusion.
The survivors were divided into four groups
on the basis of symptoms (Groups I to 4} and
into another four groups on the basts of ob-
jective findings (Group A to D). Group 1
had no cardiac symptoms, and Group A had
no detectable physical or laboratory abnor-
malitres; Group 2 had mild angina or dyspnea,

LiFe EXPECTANCY AFTER MYOCARDISL INFARCTION

Expectancy after

nfarction Normal expectancy
Age at onset (yr) (yr)
30 to 39 s 334
40 o 49 105 252
50 o 60 85 17.8

Most patients who survive are able to return
to work, often with re-

and Group B had mild cardac enlargement

habthtatton Of 42 pahenlsrv«ho recovered, 18
returned to full duty in their previous occu-
pations, 4 resumed 75 per cent of their eather
work, and 9 returned to 50 per cent, most
of the occupations were sedentary, only 7
were unable or unwilling to resume any work,
and 4 had retired from work before the -
farction Of 100 of my patients who survived
a first nfarction, 41 returned to their earlier
work at full time, only 21 could not, for phys-
1cal or psychologic reasons, do any work In
another series, 72 per cent returned to therr
former occupations,® and 1 a series of 361
patrents i the younger age groups 50 per cent
returned to full-time employment.® In still
another sertes, 30 per cent of 354 patients re-
turned to full work, and only 3 per cent were
letel 2 i

or clectr diographic changes, Group 3 had
more severe angina or dyspnea, and Group C
had marked electrocardiographic changes, and,
frequently, aneurysm; Group 4 had intractable
symptoms. Patients with definite congestive
failure were put into Group 4

Of every 5 pattents who survived for a year
or more, 2 made a complete functional re-
covery, and 2 a satisfactory recovery with
only mild exertional angma or dyspnea Of
the patients who recovered, 75 per cent were
working More than 50 per cent had lved
over 5 years, and [ out of every 5 for more
than 10 years at the time of the survey Manv
patients with good functional recovery have
enlarged hearts or electrocardtographic
changes “Nevertheless,” the nvestigators
state, “when the phystcal examination, electro-

ly e
morl‘nhly among‘400 cases of acute mfarction
was 13 7 per cent;® in 100 cases treated with
anticoagulants, the rate was 8.5 per cent. The
survavors were divided into three groups: (1)
Restored to their occupations with good prog-
noss, 37 per cent; 70 per cent of this group
have survived for 7 years. (2) Limited occu-
pation, with less favorable prognosis, 50 per
cent. (3) Unfit to work, with poor prognosis,
13 per cent; only 29 per cent of this group sur-
vived for 2 years, and none for more than 3.

A recent analysis®® of survival and rehabili-
tation after acute myocardial infarction

cars heart size and cardiac pulsation
are normal, the patient has almost always
made an excellent recovery and his outtook 15
good Another coronary occlusion may de-
velop many years later 1n patients who have
recovered completely, and they may agaa
recover fully. The site of the nfarction does
not affect the prognosis after coronary occlu-
sion The outlook 1s somewhat better in
younger patients.”

Cardiac symptoms, most commonly angina
pectoris, persist mn a large percentage of sur-
vivors. A fortunate few lose the angina from
which they had suffered for varyng lengths of
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time before the infarctton took place. Of 90
patients 1n the younger age groups, 30 suf-
fered from postinfarctive angina,'’” m another
series, 17 1 per cent had angina, and decom-
pensation was present in 11 per cent,™ among
400 survivors 1n a series collected from the
U.S Army, 57 per cent recovered completely,
pam recurred 1n 25 per cent, congcsuve failure
loped in 2 per cent, p
in 4 per cent, and dyspne:\ m(houl rales in §
per cent ** In another series, angina developed
1 63 per cent, in some at once and in others
years later, the angina more often followed
anterior wall infarction than posterior wall
infarcts, hife expectancy was not affected by
|hlS symptom; 19 per cent of the patents
ly had muld and 9
per cent severe fallure ** A follow- up study of
202 patients showed that, regardless of blood
pressure, angma developed in about 60 per
cent, dyspnea, often the only cardiac symp-
toms, 1n over 50 per cent, and congestive fail-
ure m 25 per cent ** The prognosis 1s not as
good for pattents who have some angina after
infarction ** The ECG 1 77 per cent showed
few changes toward normal after the acute
phase was over, m 14 per cent there was a
partial return and m 9 per cent a comp'ete
return to normal, heart faiture did not occur
w the last two groups

The vital capacity was reduced tn about 40
per cent of a scries of cases of acute coronary
occlusion, but returned to normal within 5
months 1n more than half of them, only 8 5
per cent of the patients remamed with a
sharply reduced vital capacity (less than 2000
cc )¥ In general, there 1s a close correlation
between wital capacity and the degree of heart
fatlure, but not with the presence of pawn. In
other words, a patient may have normal vital
capacity, despite the presence of angmna pec-
torss.

Exercise tolerance, as measured by the two-
step test, was found to be below normal in
two thirds of the patients who had had a myo-
cardial infarction, and did not return to nor-
mal for 1 or 2 years after the infarction; 1t
was usually good in patients who had made
good recoveries from occlusion.®

Most obscrvers believe that life expectancy
after acute mnfarchion 1s greater for young pa-
tients than for those over the ago of 60;* **
some, however, feel that age has no effect. The

CORONARY HEART DISEASE

effect of sex on prognosis is less clear-cut than
1t 1s in acute infarction; the outlook is about
the same for both sexes.’” #* The long-term
outlock in anterjor wall infarction is sonte-
what worse than in posterior wall infarction,
according to some workers,*> * while others
do not believe that the site of the infarct has
any bearning on the ultimate prognosis ** %
The presence of angina pectoris before in-
farction has becn stated by some to be favor-
able,* by others unfavorable.® Antecedent
hypertension affects survival little, if at all
Survival of the acute attack 15 more difficult
for the patient with dabetes, but the long-
term mortality rate is only shghtly higher
There is general agreement that survival 1s
directly related to the severity of the infarc-
tion A ventricular aneurysm docs not of itself
change the outlook.

The Ithelthood that a pattent with an in-
farction will dic from a cardiac condition 15
overwhelming In a follow-up of 80 patients,
28 died suddenly, 32 died of known nfarction,
16 of congesttve heart failure, and only 4 of
causes not related to the heart.*” In another
series of 52 cases, 34 dted with new mfarc-
tions, 10 with heart failure, and 3 with pul-
monary emboli #

From a consideration of all the factors men-
tioned 1n the last few paragraphs, the physi-
cian may feel that he can at least broadly
assess his patient’s chances for long life. How-
ever, the course of coronary discase is noto-
riously in and we seek ly for
new ways to evaluate our pattents’ outlook
The ECG gives us ltttle help but there 15 much
reason to believe that the BCG may be more
useful In 100 patients who survived a first
wfarction, the BCG reverted to Grade 2 or
better 1 65, of these, 55 returned to a useful
occupatton and only I died, in 35 with ad-
vanced abnormalities, only 5 dred® In 50
patients with Grade 2 changes or better after
a first attack whom I have followed for 3
years, only 1 has died of a subsequent infarc-
tion, and heart fajlure has developed in !
patient only.
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CHAPTER 15

Treatment of Acute Infarction

WHILE THE treatment of acutc major myo-
cardial mfarction must vary with the needs
of the indvidual pattent, some basic principles
may be set down here The of

may be gwen intramuscularly, or smaller
amounts intravenously, Oxygen somettmes has
analgesic results In intractable pain, 048 Gm

mmor infarction vares even more, but the
phystcian who has attamed skill in the treat-
ment of the more seriously 11l patient will have
little difficulty

MANAGEMENT OF FIRST
TWQO DAYS

As soon as the dragnosis of myocardtal -
farction 1s made, the following sfeps, 1 the
order given here, should be taken unless the
evgencies of the case make a change neces-
sary.
1 Bed Rest Put the patient to strict bed
rest for at least 24 hours, this applies to all
patients

2 Rehef of Pain Give mmmediately %4
grain morphine sulfate and 1/100 grain
atropune sulfate, subcutaneously, 1f necessary,
this may be repeated several times at one-half
hour mtervals, If the pam is extremely severe,
Y2 grain morphine may be admenstered ttra-
venously at once, I do not hesitate to use this
route when 1t seems necessary Other measures
may be taken if vomiting occurs, but this
should not be varmbly attnbuted to the
morphine, since 1t 1s a common occurrence
1 nfarchion.

Substitutes for morphine may be used Any
one of the following may be administered by
mouth or subcutaneously instead of ¥4 gram
morphine: Demerol (Pethedine) ts the most
useful and the most widely employed, 1 a
dose of 75 to 100 mg.; methadone, 15 mg;
Dilaudid, ¥ gr;un, Pantapon, ¥ gram.

Paraldehyde is another substitute, 1t 15
wsually effective by mouth, but 5 to 8 cc.
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phylime or 003 to 0.09 Gm papaverine
hydmchlonde may be admimstered very
slowly by vemn.” T have not found 1t necessary
to use either of these recently.

For mild pan, % to % gran codetne may
suffice. An ounce of whisky sometumes gives
relief *t

3 Ouxygen. This should be on hand m every
case. It may be admmstered from the be-
gnning to all patients, and 1t should never be
withheld 1f there ts severe pain, cyanosts, or
dyspnea. The usefulness of oxygen 1t infarc-
tron has been demonstrated in cases with (a)
cyanosis, (#) shock, (c) severe and persistent
cardiac pain, (d) dyspnes, (e} acute pul-
monary edema, (f} congestive fatlure, (g)
certamn cardiac arrhythmeas, (/) rising heart
rate, (1) sharp fall in blood pressure, ()
marked leukocytosis, (k) high fevers, (1)
Cheyne-Stokes respiration *

In practice, it 1s not necessary to wait for
any of these signs (all of which are associated
with major infarction), I often order oxygen
when the diagnosts of infarction 1s clearly
established. When the cost might be burden-
some, or the patient is likely to be too appre-
hensive about oxygen therapy, the decision
must be made on the basis of one’s own clini-
cal experience and judgment

In most cases, the tent 1s the most safis-
factory method of oxygen adminstration The
modern tent fs transparent and the operation
quict; in umpleasantly hot weather, it also
provides a comfortably aur-conditroned atmos-
phere. However, its cost may be prohibittve,
and patients with even mild claustrophobia
prefer other methods, An oxygen concentra-
tion of 45 to 50 per cent suffices in most in-
stances of mfarction. The mask 15 useful when
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2 tent i5 not avatlable or cannot be vsed for
other reasons, of when relatively hugh oxygen
concentrations are needed, 70 per cent con-

can be intained i Ty
without tovie effects Pure oxygen may be
used, but only for short pertods, since it may
cause pulmonary irrstation. The nasal catheter
technic, with proper care, 15 satufactory; at
8 luers per minute, a concentration of 42 per
cent can be attained.

4 Management of Famly. A sesponsible
member of the famdy should be told the
diagnosis A guarded prognosis 1s given, and
the probable deratton of bed or bedside rest
is stated at once so that suitable arrangements
can be made. Visstors, except for immediate
members of the family, are not permutted The
patsent should be reassured, but Jengthy dis-
cussions are inadvisable at this time. Such
words as “coronary” or “angina™ should be
avorded except when they are necessary fo
convince the patient that he must remam 18
bed,

3. Hospitalization. This question should be
ducussed at once A patient who 15 m shock
or gravely ol should not be moved If the
paticat’s condition pesniuts, removal to 2 hos-
pial, if decided upon, should be done a3 soon
as possible, Such a move 15 usually advisable
o satssfactory hospital factlises within the
patient’s means are available

6. Nursing Care Satsfaciory nussing should
be avasfable throughout the day and mght
Wheneves possible, a stranger, preferably »
sensible and amuable tramed nurse, should
take over

7. Dier For the first 24 hours, the patient
should be given gelatin desserts, toast, cereal,
and £ruit quices, iced dnnks should be avarded
Small amounts of giager ale or erached e
may be given of there 1s much navsea

8. Bowel Care. Bathroom privtleges should
be deated The patient shoutd use the bedpan,
m exceplional cases, he may be permitted
10 22 up 10 bed on the bedpan or a commode
placed next to the bed may be vsed Bowel
movement may be neglected for the fisst 2
or 3 days Thereafter a small enema may be
EIen &very other dlay for I weehs, this 18
less hkely to cawse swam than the use of
laxatives Otherwrse, muih of magnesa, a
teaspoonful afier cach meat of 1 1o I table-
spooafuls at night, may be admimstered The
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patient often has his owa preference for 2
laxative agent, some do well with glycerine
SUPpOSIOTIES

9. Sedanon While the oputes are bemng
used, the patient 15 usuaily quet Once he 5
free of pain, however, he often becomes
sestless and  apprehensive, some  sedative
should then be admmistered Duning the first
2 days, I prefer % gram (30 mg) pheno-
barbital four times a day, other sedatnes may
be substituted. After 48 bours, the drowsiness
which this dose of phencharbual sometimes
saduces fmay become troublesome, and the
dose should be reduced to 14 graw At myght,
1t §s usually wise to use a hypnotic, 3 grams
(02 Gm) sodmm amytal or 005 Gm
chloral hydrate are effecive except in the
extremely restless patient, for such patients
paraldehyde, or a barbiturate itramuscularly,
ts mdicated.

10 Labaratory Procedures {a} An electro-
cardiogram should be takea as soon as pos-
sible, If xt does not yicld diagnostic data, an-
other should be done daily or 2 or 3 duys
later If repeated clectrocardiography 15 not
feasible, for economie or other ressons, the
first ECG may be detayed for 3 days, provided
the diagnosis seems certan otherwise  (3)
Unnalyses should be done on the first day
{c} If anucoagulant therapy 1s planaed, the
prothrombin  tme should be deternuned,
Dicumarol should never be used until this
1s done (4} The sedimentation rate or serum
transamsnase level should be determined on
the first day for use as a control (e} All other
diagnostie procedures may be delerred

Antibioics need not be grven m acute
mfarction unless there are specrfic mndweations
for doing so Fever earty m the course s not
wsuaily & sign of fection

MANAGEMENT AFTER FIRST
TWO DAYS

REST

Thare 1 no question about the management
of the patieat 1 shock  Be shoald be 1 bed
There 15 httle question about the patient with
munor snfarchion his treatment may  be
Liberalized at once and he may be permutted
to get out of boed alter the first day o two
But oprnion sbout the amount and hind
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of rest required by the patients with major
nfarction—the vast majonity of them—is
considerably divided. No one today insists
that the patient with an uncomplicated 1n-
farction remain flat in bed, hardly moving a
muscle, for 6 weeks, a common practice 10
years ago. Work with rats led some mvestiga-
tors™ to express the opiuon 1n 1944 that
prolonged restriction of activity after cardiac
mury might actually be harmful, and to
advise shorterung the pentod of bed rest to
2 or 3 wecks The consensus of the many
cardio’ogists with whom I have discussed this
1s that a patient should be kept at bed rest,
with fauly free motion, for 2 to 3 wecks,
thereafter, chair rest for another 3 weeks,
with gradually increasing ambulation, so that
after 6 weeks the patient 1s walking freely
about the room and using the lavatory if 1t
15 close by

ARMCHAIR TREATMENT Ever since
1944, when Willam Dock® started to use
immediate chair rest and the commode in the
treatment of his patients, a re-evaluation of
the theory of bed rest has been taking place,
and the 1deas advanced by Dr Samuel Levine
of Boston have become increasingly poputar
He and his co-workers*’ have shown that flat
bed rest perrmits maxtmal venous return from
the periphery, with an associated increase 1n
blood volume, venous pressure, and ventricular
diastolie filling, thus augmenting the work of
the heart. Sitng up permuts gravity to mobilize
fluid nto dependent parts of the body rather
than mto the pulmonary circuit, and the vital
capacity may be increased by as much as 200
¢c According to Levine and associates, bed
rest “saps morale, provokes
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usually increases shghtly and the mean cir-
culation time is Iengthened In 4 of the 6
patients, the caleulated pulmonary blood
volume was dimimished, in 1 of them by as
much as 685 cc., with prompt reltef of
dyspnea. The hematocrt value increased
s'ightly, and the stroke volume decreased The
work of the heart was reduced by 23 per cent
when the patient was 1n the armcharr position
On the basis of the evidence in this study,
1t seems posstb'e that the coronary flow is not
deminished and that 1t may even be increased
50 long as there 1s no postural hypotension,

Levine’s patients arc permtted, except
when they arc in shock, to get into an arm-
chair 24 to 48 hours after onset of the
infarction, and to stay there to the point of
fatigue, usually several hours the first day,
“With a comfortable chair close to the bed-
side, the pattent 15 helped to sit up in bed by
2 people, one on either stde Hus legs are then
dangled over the edge of the bed He stands,
with support on both sides, and 1s gutded and
helped mto the chair. Care is taken that no
pressure 1s exerted by the chair on the poplit-
eal spaces or calves i order to avoud terfer-
ence with crrculation.” A bedside commode is
used The patient 15 soon allowed to feed him-
self and to comb his hair, but not to shave
himself. This does #of mean early ambulation,
Levine emphasizes The pattent should rest
for 4 to 6 weeks, at the end of which time
scar formation should be comp'ete or well
on its way. Others are favorable m their
reports of this regimen, although some™ wait
unttl the fifth day, on the average. before
allowing the patient to sit up A low bed
rather than a hospital bed should be used

A of the Levine method has

unleashes anxjety and ushers 1n hopelessness,”
1t fosters h hlebitis, oste-

been used 1 39 patients by Beckwith and

oporosis, negative nitrogen balance, hypostatic
pneumonia, atelectasts, and prostatic dif-
ficulties Pulmonary edema may actually be
prevented by an enhanced sense of well-
beng, indicating that emotion may sharply
increase the cardiac output.t” The over-all
mortality among thetr patients was 9 per cent,
and they encountered no complications which
could be attributed to the treatment.

A detadled study of 6 patients' has shown
that when the patient assumes the armchar
position after being recumbent the heart rate

5 their rteport on the results 1s
enthusiastic  Armchair treatment was started
only after shack had been controlled or pait
had almost disappeared The schedule followed
was® 30 nunutes three times a day for 3 days,
60 minutes three times a day for 3 days; 90
munutes three times a day for 6 days, there-
after the patient was allowed up at will This
regimen seemed to be attended by pSyChOIVS’C
and physical benefits; no apparent itl effects
were suffered by any of the patents. In the!r
opinion, the nisk of aneurysm formation 13
probably not increased in patients treated
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by the armchaic method and might even be
iessened siace the cardiac work s reduced,
thus 15 i contrast to the belief that the nisk 18
inereased sn patsents who do not have adequate
bed vest®® They, (00, emphastze that char
treatment does not mean eatly ambalation

T have found the armcharr regimen wsefulin
over hatf of my recent cases of farction, but
the patient, and often s physician, must be
re-educated Only an mntelligent and coopesa-
twe patient takes the phymcan at s word
that chare rest does not mean ambulation The
treatment may encourage an gasygomg attitude
towsrd the grawty of the conditon, which
may cause trouble when the patsent who 1
bewg treated at home 15 nadequately super-
vised 1 have been asked to see patents who
wferred from the family physician’s wmstrue-
tions that a strenuous social hfe as well as
sexual activity were permutted There s con-
siderable sk, too, that laymen in close
association with the patient may feel that
“he wn't sk of he’s not m bed", even the
hosputal staff may share this view ® Surgseal
beds are becomng avadlable which pernut
dropping the legs as well as rasmg the head.
i such a bed can be obtamed, the patent
need not be lifted out fo assume the armchaie
position

The use of 9 nch wooden blocks undes the
headposts of the bed has been suggested,®
to prevent nocturnal graviation of flmd and
possible paroxysmal dyspnea. A board of box
at the foot of the bed will keep the patient
from sliding forward

LENGTH OF REST  Whethor the arm-
chair regimen has been used of not, the patieat
with uncomphicated majos infarction 15 out of
bed by the begmmng of the fourth weeh
Getting the patent out 1s nsually preceded by
“dangling” {sttng o the edge of the bed
with 2 support under the feet) for a day or
twe
There 13 general agreement that even
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on the charr should be used for bowel maove-
ments.

Under certan cireumstances, bed rest, of
at feast very strict armchms rest. 3 essennal
durng the second 3 weeks These cireum-
stances are {f) ¥ the sedymentation rate.

kocyte count, or temperat remans
upaccountably high (2) 1f there tachy-
cardia of decompeasation (§) If changes s
the electrocardiogram continue 1o appear [Ed}
1f cardiac pam returns after having subsided

Starting with the seventh week, the panent
may be allowed to walk around 10 s home,
or 1 the hospital, even when the sedimentation
sate 1s hugh or there 15 mld tachycardia on
exertion. Complete rest should be continued if
there s dra at rest, of p
Every effort should be made to re-establish
compensation, but here the sules for treating
carduc Js w other
begm to apply latractable mid dyspnea. of
edema of the legs, or an eatarged lner may
stfl be patible with some
Naturaily, the over-all progs 15 hat
worse, and the period for complete rehabilita-
ton, especially economie, will be prolonged

Conttnumg change i the electracardiograsm.
except when this s definstely recognized as
due to heahing of the nfarct, 15 an absolute
indication for contmued rest Even mnor
changes, espeenally 1n feads not previously
affected, should be regarded as mdicative of
progressive myocardial damage 1 have found
the outiook for complete recovety i such
patents much worse Insistence on stable
clectrocardiogram before attowng full activity
15 3 wise 1wo
a week apart, should be wdentical

NURSING GARE AND GENERAL
MANAGEMENT

Quiet and relased nurung by someonc
outside the family, preferably o professtonal
nurse, 1s advisable for the first fow days
The length of this penod 15 best Jeft to the

n
favorable cases, rest should be d for
6 wecks, by which ume scor formation 18
firmly established and 1ult motbzation may
be permtted, The panent may be allowed 10
ke a few steps to a vomfortable chait near
the bed or to a nearby lnatory duning the
second 3 wecks He may be perantted 10 stand
10 urmate, but a bedsuic commode 0T bedpan

H of the phy , 1t will depend,
among, other factors, on the economic siatus
of the family and the patieat’s and the family’s
attnde fo the iiiness Usnally, the tme ahead
wiit be difficult financially, and st 13 unwise
to tasust on eapensine nursing care which s
unnecessary f there are capable and withing
welatives to help.
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LEG AND ARM EXERCISES These
should be started carly in the illness. Leg

CORONARY HEART DISEASE

An attitude of unrelieved gloom on the part of
the attending physician 1s not only mhuman but
15 not j 1 view of the fact that 2 out

exercises will help avoid phlebott I
Simple bending of the knee and rotation of
the foot at the ankle for a few minutes at a
time, but on a defimte schedule several times
a day, suffice Elastic bandages may be ap-
plied below the knee from the first day The
upper extrenmittes, especially the left, should
be put through a full range of motion three
or four times a day, this may help to prevent
pawnful sufl shoulders or the shoulder-hand
syndrome later on

DIET A hght diet, with frequent, small
meals, should be given Many clinictans use
an almost fat-free diet In any casc, a low salt
dict 1s advisable, 1 view of the threat of

p Master's™ on a
low-calone diet is probably correct

BATHING A bed bath may be given for
5 wecks A tub bath after the fourteenth day,
as some advise,” involving as 1t does at least
two Difts, scems inadvisable except when bed
bathing unduly distresses the patient

TREATMENT OF HICCUPS

This simster compheation sometimes re-
sponds to morphime or barbiturate sedation
Carbon dioxide halations are not suttable
for patients with acute coronary discase
Quinidine, contrary to early expectations, 1s
without value Chlorpromazine (Thorazine),
50 mg intravenously, s probably the best
drug for mtractable hiccups, the dose may be
repeated after 2 to 4 hours, if necessary * If
the patient 1s debilitated or acutely 1ll, 25 mg
may be given intravenously and the other 25
mg intramuscularly. After the mital dose,
25 mg may be gven by mouth three times
a day Bidateral phrentc merve crush was
reported to be successful 1n 2 of 5 patients
with 1ntractable hiccups complicating myo-
cardial infarction ™ I have scen 1 case success-
fully treated by phrenic nerve crush after all
other measures had failed, but this measure is
not recommended except i 2 desperate situa-
tion.
PSYCHOLOGIC REHABILTATION

Some time during the first month of illness,
the question of the patient’s psychologic
rehabilitation must be faced squarely. Dunlop®
says:

of every 3 cases recover who survive long enough
to be seen by a doctor. The risks to be run
during convalescence must be kept in mid by
the doctor, but must not be used as a bogey to
frighten the patient into submission And 1t
should be realized that not the Jeast of the pa-
tient’s nisks 1s, that of developing an eventual
cardiac nevrosis which may be much more crip-
pling than bes true organc lesion.

Soon after the patient stops worrying about
his pain and the possibility of immunent death,
he begins to think about his future. Coronary
disease usually affects heads of houscholds,
persons who have often led aggressive and
successful business lives. Depression, anxiety,
and fear of permanent invalidism make their

pp early. O ly, the p

must be reassuring and optimustic. Within the
bounds of common sense, he should try to
communicate this feeling to members of the
family. Discussion of the patient’s earning
capacity should be deferred for a time, but
sooner or later the doctor must discuss this
with the persons most concerned. He may
honestly say that the chances of long survival
are excellent; he may also safely say that at
least two thuds of the patients return to 2
ganful occupation, and that about half re-
turn to thewr former work wrthout restriction.
He should point out that except for those who
do heavy manual labor, patients usually are
able to earn therr iving within 2 months after
actmty 1s resumed  Some restriction may be
necessary 1if the patient’s former occupation
was physically or mentally arduous. Lawyers,
for example, would do well to give up fatigu-
ing trial work Angna pectoris or heart fatlure
may compel some modification of this pro-
gram, but this need not be discussed with
the mvalid until the appropnate time The
patient will need reassurance about future
sexual activity, after the first 2 or 3 months,
when it 15 interdicted, most patients are able
to resume a satisfactory sexual life.

TREATMENT OF HEART FAILURE

In a sense, heart failure 1s present in every
mstance of major myocardial infarction. The
heart no Jonger operates efficiently and a host
of changes impar the normal circulation
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of the blood How thes differs from the cardiac
fatlure so often seen in other forms of heart
disease 1s pnmarily of interest to the physi-
ologist; the chnician need only recognize
congestive heart failure when 1t occurs and be
prepared to treat it. Of the two, diagnosts
may be the more difficult.

Several basic rules may be of assistance.
Tachycardia and hypotension, 1n the absence
of other signs, do not necessarily indicate
beart failure. The signs of the type of heart
farlure which requires conventional treatment
are; rales, edema, liver enlargement, etc. In
general, treatment should be about the same
as 1f infarction were not present, although a
few modifications may be necessary. Whether
cardiac decompensation occurs soon after a
major nfarction, or Jater in Iife, 1t responds
satisfactonily to proper treatment There is
B0 reason to belteve, as has been claimed by
one observer,” that decompensation 1s more
difficult to manage than other forms of con-
gestave farlure,

DIGITALIS

Choucians have long feared to use digitalis
for patients with heart failure after mfarction,
but the fear 1s not borne out by the good results
obtained when digitalis is properly used m
patients with infarction,

Digitalis supposedly increases cardiac irita-
bility (and the likelihood of ectopic thythm).
There can be lutle doubt that ventricular
tachycardia occurs more commonly  the
palnt recetving digitabs, and it has been

275

it has been reported, often mereases anginal
pain It has also been reported that, in patients
with angina, digitalis lowers the threshold to
discomfort on exertion, and causes earlier
changes in the electrocardiogram both on
exertion and at rest.%* ** Possibly, alterauons
in cardizc output in such cases may be the
cause of a relative coronary wsufhctency and
chnical discomfort, even without an absolute
decrease in coronary flow™ On the other
hand, some investigators found that digitairs
did not increase the danger of cardiac ruprun
nor did 1t increase pam or lessen the capwny
for work in persons with coronary disease
In animals, digrtalis seems to reduce tne
coronary blood flow ** The action may be
inconstant, but digitalis derwvatives (eg,
Digifolin, ouaban, strophanthin), even 1n
therapeutic doses, have sometimes had a direct
constrictive action on the coronary arteries *
In revived, perfused hearts, digitalis reduced
the coronary flow i normal hearts but
augmented the flow i dilated hearts,* this
effect parallels the action of the drug on the
diastolic volume of the heart A decreased
coronary stnus outflow was found both i
heart-lung preparations and in the intact
ammals for 10 munutes after the use of
digitalis, followed by a persistent jncrease 1n
flow, 1t was concluded that the effect was not
P d enough to d 1ts
use 1 patients, except in cases of marked
coronary insufficiency * Strophanthin caused
a moderate 1mtial decrease 1n coronary sinus
flow in dogs, followed by a defimte and
increase, there were no changes n

Teported that an i p to
digatalis develops some days after acute infarc-
tion ™ Increased coagulability of the blood
has also been reported to result from
digitalis % ®  Bedside experience, however,
bas served to quiet these mrsgivings. A study
of 100 patients, 50 recewing digitahis and 50
controls, showed that ectopic rhythms did not
dﬂelop n any of the 50 patents piven
digitalis 2 Others, too, have used digitalts
without untoward incident * ™ 1 have used
digitalis to treat infarction for many years, and
have had only good results with proper use
Ttss generally agreed that digitalis should be
adminstered” with caution and that full
digtalization should be slower than m other
situations, The best digitahs drug to use 1s the
onc with which the physician is most famuliar.

Tn patients with coronary disease, dipitalis,

blood pressure or heart rate ™ Strophanthin
increased coronary flow® when admimistered
to anesthetized dogs in whom coronary insuffi-
ciency had been produced by pituitrin, chloro-
form, or ligation of the left ascending artery.

At the Mayo Clinie, the coronary flow 1n
trained dogs was carefully measured by means
of the thermostromuhr.®® 3 Intravenous in.
Jection of 30 per cent of the calculated mini-
mum lethal dose of digitalis had no effect on
the coronary flow, fovic doses, however,
definttely reduced the coronary flow for
hours to days This reduction could not be
explaned on the basis of changes in pulse
rate or systemtc blood pressure,

Ta cats with partially healed myocardial
infarction, ectopsc ventricular rhythm of death
was produced with 25 per cent less digitalrs

re
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than mn cats with normal hearts.”” Presumably,
the healthy muscle immedrately surrounding
the nfarcted area 1s especally irmtable and
digitalis sets up abnormal impulses Jeading to
ventrreular tachycardia or fibriltation. The
investigators concluded that a 25 per cent
reduction in dosage would provide an adequate
safety factor

Although experimental evidence  would
seem to indicate that digitahs may have an
adverse effect, one must be wary n trans-
ferrmg the results of ammal studies to clincal
problems 1 man Dogs seem to be less
sensitive than man to digitalis, and 1t 1s dif-
ficult to estmate digitalis dosages i1n dogs
which would be equwvalent to those used m
man It 1s also possible that discased coronary
arteries may react differently to digitalss, just
as older cats are somewhat more sensitive to
the drug than younger ones Nevertheless, 1t
must not be overlooked that strong ventricular
systoles may stram the heart or distodge
mural thrombr, although the danger of these
effects seems shghter than the danger from
vasoconstriction or the setting up ot ectopic
rhythms  Wegra,” i his review of the

of digitals, d

P

It seems that in the unanesthetized dog thera-
peutic doses of digitals, digitabis bodtes and
digitalis-ike drugs do not modify the coronary
flow very much, if at all Large doses may de-
crease the coronary flow The stodies made
acute expeniments on anesthetized anmmals have
yielded conflicting data, as have studies made on
the heart-lung preparation or sumtlar prepara-
tions

DIGITALIS LEAF This 1s a cheap and
effective form of the drug It 1s dispensed m
ablets of 01 Gm (1% gram or 1 USP
umt), 12 to 30 unts are nceded to digitalize
the average adult For a man of 150 pounds.
1.5 Gm (22% grams or 15 U.SP. units)
would be used, 1 umt for each 10 pounds over
or under this weight bemng added or sub-
stracted The nrtral dose 1s half the digitalizing
dose—8 tablets 1o start, then 3 or 4 tablets
every 4 to 8 hours until complete digitalizatron
is reached often 16 to 48 hours. The daily
maintenance dose 1s usually 1 tablet.

DIGOXIN This drug, a dervative of
lanatoside-C, is the one I have been using

CORONARY HEART DISEASE

most often. For rapid digitalization, 1.5 mg
(6 tablets) should be given at once. An effect
1s noted within 2 hours and becomes maximal
at 6 hours, thercafter, 1 or 2 tablets may be
given at 6 hour intervals, if required. The
matntenance dose is 1 to 2 tablets a day.

GITALIN (GITALIGEN) This is a satts-
factory product, with a fairly wide margin of
safety It 1s marketed in 0.5 mg tablets,
Dugttalization can be attained rapidly with an
stial dose of 5 tablets (2.5 mg.), followed
by 2 tablets (1 mg) every 6 hours until
therapeutic effect or toxicity 1s noted. The
average digitalizing dose is 12 tablets (6 mg )

Most patients can be maintained on 1 tablet
a day. I have found this preparation effective
and of low toucity,

DESLANOSIDE—U.S P. XV (CEDILANID
D) This drug is marketed 1 ampules
contatng 2 or 4 ml, each mulitliter represent-
mg 02 mg The usual digitalizing dose is 16
mg, but this should not be given all at once
n the presence of acute infarction. In the
acute failure of infarction, or when there 18
a rapid ventricular rate resulting from
auricular fibrillatron or flutter, 0.8 mg. (4 mt )
should be gven by vein at once, followed by
02 to 04 mg. every 2 hours until 1.6 mg.
have been given or a full therapeutic response
15 achieved.

STROPHANTHIN This is the most satis-
factory preparation for emergency use
Ouabain, a pure glycostde denved from stro-
phanthin G is the drug which I use, as 2
rule K is also jlable. An
initial dose of 025 mg. should be given by
vem, followed by 0.1 mg. every hour unul
there is full therapeutic effect (usually within
2 hours) or sigas of toxicity. No more than 1
mg, should be given tn 24 hours. Most of the
effect disappears within 2 days, so that
adnurusteation must be repeated daily, or,
preferably, a digitalis drug by mouth shoutd
be substituted

MANAGEMENT OF ACUTE FANURE

The following are the steps to be taken: (1)
Oxygen at once, (2) Sedation and relicf of
pain. (3) Treatment of shock, if present. (4)
Digitalis or sumilar glycosides (5) Mercu-
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hydna or aa equivalent mercursal duretic,
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the body of excess flud {eg, ! to 2 ce

{mevec i fy}s indeca-
wons {or use are the same as 1 other instances
of heart farture. The usual dose s 2 cc, but it
may be wise fo use 1 ¢¢. as an wtal dose
In shock, venous blood flow 15 so poor that
good dutrests seldom results; it 15 therefore
better to wait until there s some dummution
of shock. Mercuhydrin may mduce unnary
retention o elderly iren with large prostates
who recesve morphine at the same tme®
{6) Other measures, such 3s salt restnction,
should be wsed, as in other types of heart
farlure.

TREATMENT OF PULMONARY EOEMA

“The tendency to pultmonary edema may be
decreased by the armehair treatment and by
aising the head of the bed }

meceuhydiin) & usually w order Tt should
e given as the patient 1s begmmiag to recorver

TREATMENT OF SHOCK

In view of the fact that shock usuathy accars
m major myocardial nfarction, m which the
heart’s abiity to function as @ pump mav be
1mpared beyond remedy, the results of treat-
ment have been discouraging Recentfy # has
seemed pustified to assume a somewhat more
optimsteic atttude It seems possible that w
maay cases the bload preswse can be rassed
at least semporanly, and the mortabny rate
somewhat reduced Prompt dragnosis and early
n'catmem are essential

remains a serious compheation, a tcrnfymg
one both for the patieat aad the observer
Treatment comprises

L. Sedotion Immediate admunsstravon of
34 gramn morphine and 1/10D gram atropme,
subcufancausly, s may be repeated early
and often. Fear and aaxsety may preespitate,
and will certamly belp to continue, an atfack
of pulmonary edema

2 Venesection Unless there are contrun-
dications, $08 co. of blood shovtd be with-
drawn rapidly. This may be done without
fear.

3. Oxygen Therapy. Oxygen m hagh con-
centraton showld be used promptly Anufoam.
ing agents are becomsng popular An alcohol-
oxygen vapor may be used, admunsstered by
nasal catheter, with 95 per cent aleohol to
patients who ase constious, and by mask with
30 to 40 per cent afcohol o the p.mcm \s

of elastic up to the
mldtmgh and rasing the foot of the bed may
be the first measures The latter may not be
{easible because of the presence of congestne
falure and the patent’s undue apprehensson
when m this posiion ** Digitalizaton ss an-
dicated when congestive fatare ss present I
the blood pressure 1s unobtamable, immediate
blood or plasma transfusion may be wsistuted
followed by the other measures to be goven

SYMPATHOMIMEUC DRUGS

These inclade Norepinephnine, epmephune,
phenylephrine, paredrine, mephentermine,
ephednne, zramune, ssopropy larterenof, meth-
oxamine

NOREPINEFPHRINE (NORADRENALINE,
ARTERENOL, LEVARTERENQL. LEVO-
PHED) Norepimephnne has so far ye-
ctyved the most attention and seems the most

vnconscious ™ The oxygen s
bubble through the alcohol

4 Tourmquers. These may be used on alf
the extremsies 1n addimon to, or mstead of,
venesection ¥ fnflated blood pressure cuffs
make satisfactory tourqiquets Such “blaedless
phichatomy” = sometimes useful w an
emergency Troatment should be terminated
very stowdy, so that the mnocardium 13 nob
subjected to s suddemhy  mereased  blood
volome

5 Digitahs Theram Thguals and similar
gheoudes are oftea accesary a1 this powt

6. Mercurals A mercuniaf duretic to id

sung Boss w 4 mg ampules
(Lr:\ophcd). which must he dduted with 1000
&¢ of disnlled water or § per cent dextrose i
wates, Sahne solutton should not be used In
cases, the may be
xncrcascd from 4 to as hugh as 16 mg per
1000 cc
If the veins are collapsed, sentsection may
bo necessary for ademnsstersng the drug A
pohethylenc caheter should be coployed, a
needie of targe bore may be used if a catheler
cannot be obtamed The rate of flow should
be adjusted 5o as to bng the systolic pressure
up 10 100 mm Hg or to 110 10 125 mm

P
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Hg 1n previously hypertensive patients.® The
flow should be started at 15 drops per minute
and 1ncreased by 5 drops per minute every
3 nunutes until the desired effect s obtained.
It may be mmperative to increasc the rate of
flow rapidly 1f the patient 1s ermically 2l If
the pressor response 1s mnadequate, or 1f 3t can
be maintained only with a rate exceeding 40
drops per minute, a higher concentration of
the drug (up to 16 cc. of 0.2 per cent
solution per Rter) should be

CORONARY HEART DISEASE

¥ 13 the J i

directly ** In swine, it dilates the coronary
artertes about two and a half times as much
as does epiephrine; 1t difates coronary arteries
which have a certan degree of tone, but
fully dilated specimens it produces an insig-
nificant degree of vasoconstriction.” In ex-
perimental myocardial 1schemia, small doses
of the drug result in a striking rise in oxygen
tension " There is no evidence of increased

from a second flask connccted to the other
arm of a Y tube * The blood pressure should
be read every few minutes

The amount of drug 1s gradually reduced
after the blood pressure has been sustamed for
several hours, sudden withdrawal might cause
a drastic drop in blood pressure. Intravenous
fusion of 5 per cent dextrose i water should
be continved for 24 hours or more thereafter,
this will prevent loss of time n

cardiac b or of subjective reactions,
and there are no apparent ill-effects in digitalis-
treated patients.™

The results of norepinepthrine treatment,
as collected from the Iiterature by Binder and
associates,! are histed in Table 26. Using ngid
cnitersa for the diagnosis of shock, they treated
25 patients and obtained a significant reduc-
tion 1 the mortality rate. The time of onset of
shock, the duration of therapy, and the total

medication, should the blood pressure start to
fall agam,

When the standard admunistration of nor-
epinephrine fails to restore the blood pres-
sure, the following may be tried (/) increas-
g the rate of flow, (2) mcreasing the drug
concentratton, (3) mfusing 250 cc or more
of plasma through another vem,” (4) ad-
munstering  cortisone aldehyde, which may
enhance the action of the norepmephnine,”
{3) admumstering cholinesterase, which has
been reported to restore lost responses to the
sympathomimetic drugs,** and (6) ntra-
arterial blood transfusion **

dose of phrine did not affect survival,
but the amount of drug required per unit of
time was significant, the outlook for those
needing more than 1 mg per hour being
worse. The blood pressure at the beginning
of was of no p
patients with an Ampcrcepuble pulse rcspondcd
as well as those with pressures of 40 to 80
mg Hg

The hazards of treatment are commonly
venospasm and phlebitts, especially if there 1s
leakage. Hot packs at or just above the point
of mjection may help to prevent these com-
plications ** In patients with diabetes or
peripheral vascular disease, the leg veins

TABLE 26  RESULTS OF NOREPINEPHRINE THERAPY OF CORONARY SHOCK
AS REPORTED IN THE LITERATURE!
Pressor Relief of

No cases effect of shock Sunival Mortality

Source and year reported  No. 5% No %o No k43 Neo <
Smith and Guz (1953) 6 6 100 4 67 4 67 2 33
Livesay and Chapman (1953) 6 5 8 1 17 1 17 5 8
Miller and Baker (1952) 7 4 57 ] 14 1 14 6 86
Gazes et al. (1953) 7 7 100 7 100 6 86 1 14
Miller ef al (1953) 9 8 88 5 56 5 56 4 44
Calenda et al (1953) 13 9 70 4 31 2 15 1 85
Kurland and Malach (1952) 14 10 71 2 64 4 29 10 ki
Moyer et al. (1953) 14 12 85 6 42 6 42 PR
Sampson and Zapser (1954) 30 27 9% 20 67 16 53 14 47
106 88 83 75 54 45 4z 61 58

Totals
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should not be used for infusion. In rare cases,
pulmonary edema may oceur’® Use of large
quantities of fluid should of course be avoided
n 2 patient with pulmonary congestion, but
whether this condimion is an absolute con-
traindication s sull vncertain. I prefer the
intermittent administration of Mephentermine
sulfate in such cases

EPINEPHRINE While this is a mild
coronary vasodilator, it cannot be advised as
a sausfactory drug in coronary drsease. It de-
creases cardtac effictency and increases cardiac
work and metabolism more than 1t does the
coronary flow,

PHENYLEPHRINE HYDROCHLORIDE
{NEO-SYNEPHRINE HYDROCHLORIDE,
META-SYNEPHRINE HYDROCHLO-
RIDE) This drug s grven in doses of 5 mg
mntramuscularly or, well-diluted, intravenously
every 15 to 60 meutes until there is a satis-
factory response™® Some belteve that 1t
produces only a temporary pressor effect;
results in both patients and experimental
amumals 1ndicate this® The drug therefore
differs from norepinephriae which produces
a direct ncrease n contractde force, 1n addi-
tton to the pressor effect

PAREDRINE (HYDROXYAMPHETA-
MINE) This drug 1s used 1n doses of 10
mg intramuscularly, or of 5 to 10 mg intra-
venously

MEPHENTERMINE (WYAMINE) This
drug 15 given wm doses of 35 mg. ntra-
muscularly, or of 5 to 20 mg, intravenously,
adminstration may be repeated every 1 fo 10
hours Of 18 patients in shock treated with
this drug, 7 recovered.®® 1n dogs, mephenter-
mine increased the coronary flow, producing
a rapid nise 1n blood pressure without change
n heart rate, thythm, irmtabitity, or output **

METHOXAMINE (VASOXYL) Admun-
istration of this drug may be started with
an mtramuscutar imjection of 15 mg, followed
by slow intravenous infusion of a solution
contamning 35 mg 1 250 cc of 5 per cent
glucose in water ?

JSOPROPYLARTERENOL {ISUPREL)
Thes drug has been used 1n 26 pauents, shock
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was controlled in 7, while 1a 16 no pressor
effect was noted.”

USE OF BLOOD AND PLASMA

In extreme shock, with the blood pressure
very fow or unobtainable, rapid transfusion
of blood or plasma (2 to 8 cc per minute)
may be started at once® If the blood
pressure can be raised to moderate levels, the
use of vasopressor drugs may then give the
patient a fighting chance for hife. Except that
1t occastonally causes pulmonary edema, blood
or plasma transfusion seems to be free from
danger; there have been no reports of cardiac
rupture due to this procedure.” * Possibly,
transfustons may also have an mecreasingly
mportant tole in the treatment of shock
assocrated with severe perpheral coltapse
(pooling of blood 1n the large venous beds,
collapsed vewns, and poor cardiac filling) *"

In shock with low venous pressure (col-
lapsed veins) assocrated with dehydration
(profuse p vomiting), i
wnfusion of 5 per cent dextrose in saline
solution has been suggested, especially com-
bined with vasopressor drug therapy

INTRA-ARTERIAL INFUSIONS Atten-
tion has recently been turned to nfusions
directly into an artery ® ' The advantages of
this procedure have been desenbed as® (1)
relatively small amounts of blood are neces-
sary to restore the blood pressure, and (2)
blood reaches important organs directly The
coronary arteries are perfused directly, and
unportant collaterals are opened, there 15 a
rapid return of kidney fonchion; cerebrat
1schemia is relieved, and the respiratory center
15 sttmulated 1t 1s safe to start intra-arteral
nfuston, even in the presence of pulmonary
edema

The beneficial effects of retrograde infuston
remain to be proved,” In one serics, 2 of the
9 patients thus treated survived ** Jn another
series of 25 patients, shock was controlled in
12, while n & no pressor effect could be
detected

Onabam intravencusly has been used suc-
cessfully in 3 of 4 cases of cardiogenic shock
i which other measures had failed, 25 to
50 per cent of the usual dose (005 to 02
mg, msicad of 05 mg) and avoidance of
digitalts are advised * The ouaban was used
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after the vasoconstrictor agents had been
tried, tn the beltef that 1f these failed, the
glycosides would enhance and support the
pressor effect of the drugs

TREATMENT OF RHYTHM AND
RATE DISORDERS

Some of the disorders of rhythm and rate
1n acute infarction may be safely disregarded
or require little attention, while others urgently
call for the most intenstve treatment, Arrhyth-
muas and tachycardeas are at tmes nsupport-
able burdens for the damaged heart. Rapid
rates shorten drastole, reduce cardiac rest
periods, and increase the work of a heart with
an impatred circulation

SINUS TACHYCARDIA AND SINUS
BRADYCARDIA

While, 1n themselves, neither requites treat-
ment, an accurate dragnosts 1s 1mportant
Sustained smus tachycardia 1s usually as-
soctated with extensive infarction, and the
treatment should be directed to the under-
lymg cause Reassurance, oxygen therapy,
and sedation are always n order

GALLOP RHYTHM

This disorder, as such, cannot be treated
Chinscally, 1t should be regarded as manifesta-
tion of heart failure

HEART BLOCK AND STOKES-ADAMS
SYNDROME
Complete, persistent heart block 1ndicates
and the ity rate 13
high Accurate diagnosis 1s the first step m
the treatment Syncopal attacks and con-
vulsions are usually, but not 1nvariably, sigs
of complete heart block They may be signs
of cerebral ischemia due to any sort of rapid
rate, usually ectopic Since these camnot be
treated Iike complete auriculoventricular dis-
sociation, every effort should be made to note,
preferably by electrocardiography, the nature
of the rhythm at the time of the attack.
Paroxysmal ventricular standstill 15 another
mechanism which may causc Stokes-Adams
attacks.” .
During a syncopal attack, 5 mumims of
epinephrne should be given subcutaneously,
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repeated f necessary at 30 to 60 minute
ntervals for 1 or 2 doses Isuprel (1sopropyl
norepinephrine) 0.14 to 02 mg subcutane-
ously, may be substituted,* up to 1 mg. may
be given, 1f necessary. Intravenous admmnistra-
tion has been proposed for entical situations:*
200 pg. 10 500 to 1000 m. of physiologic saline
solution or m 5 per cent glucose 1 distilled
water solution, usually started at a rate of
30 to 60 munims per mimute, using the ven-
tncular rate as the indication for the rate of
titration,** An infusion of 1 mg in 200 mt
of 5 per cent glucose has also been used, at
A rate of 20 drops per minute.’” Molar or half
molar sodium lactate, intravenously, may
restore normal rhythm after all ordwnary
measures have failed.” The rate of injection
vares, depending on the urgency of the case,
from 50 drops a mnute to 250 cc. 10 4 minutes
The degree of response usually varies directly
with the speed of wnjection. The mechanism of
action 1s stll uncertain, but it may be retated
to the alkalintty of the solution.

In extreme cases, an external cardrac pace-
maker, if one 1s available, may be hfe-
saving 17 % &

Between attacks, ephedrine hydrochlonde,
0.20 to 0.30 Gm. (38 to ¥ grain) every 4
bours, 1s useful 1n preventing seizures; this
may be combined, if desired, with pheno-
barbutal, Isuprel, 15 mg sublingually, has been
proposed as the drug of choice,® but m my
experience 1s not as useful as ephedrme or
Isuprel p Other drugs sug for
interim treatment are Benzedrex,” and pare-
drine hydrobromide (50 mg. by mouth three
times a day, or 20 mg intramuscularly).®
I have found noreptnephrine and barium chlo-
ride to be useless,

In patients with Stokes-Adams attacks,
rectal stimulation, as by digital examation or
enema, should be avoided,” it may precipitate
scvere paroxysms, as 1a a patient of mine 1
whom rectal examination or even the use of a
rectal thermometer caused convulsions.

First and second degree heart block, in
themselves, require no treatment. Atropine
shortens the P-R interval, there is no objec-
tion to using it, especally since the drug has
a beneficial effect on the coronary circulation
Anxiety supposedly helps to produce partral
heart block,® sedation is therefore advisable.
If partial heart block alternates with periods
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of asystole and the Stohes-Adams syndrome,
as it sometimes does, the latter should be
treated as outlned above,

EXTRASYSTOLES
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may be tried if quinidine has had no effect.
Digtalis is the drug of chowce for the
seriously 11! patient. This may be given 1 the
form of Lanatoside C, 0.8 mg,, followed by
0.4 mg. 1 bour later. Ouabain, 0.5 mg.

Shght cardiac irregr (extrasy:
premature contractions, dropped beats) which

1y, followed by 0.1 mg, every hour
up to a total dose of 1 mg. if necessary, is a

are harmless m the normal indwvidual are a
burden for the acutely damaged heart
Furthermore, ectopic beats may be the fore-
rupner of more serious ectopic rhythms.
Correct diagnosis is the first step in treatment.
Generally speaking, occasional extra beats
on the first day of infarction may be dis-
regarded. Since such drugs as  digitals,
papaverine, and qumidine may cause extra
beats, their administration should be stopped
in such cases.

The drug of choice in the treatment
of ventri P 15
Pronestyl, 0.25 Gm. by mouth every 4 hours,
The dose may be increased to 05 Gm if
desited Quinidine, 0.2 Gm. (3 grains) every
4 hours, may be substituted 1f Pronestyl 15
neffective.

Although patients with infarction and extra
beats seldom complain of thumping or palpita-
tion, as normal persons often do, sedation
should be used if they are apprehensive, or
perhaps in any case.

PAROXYSMAL HEART ACTION
PAROXYSMAL SUPRAVENTRICULAR
TACHYCARDIA Thus 1s rare 1n infarc-
tion; it is usually auricular, rarely nodal Of
httle moment 1 normal persons, 1t 1s to be
feared in acute coronary disease.
Admimsteation of 1% gram morghmne. sub-
cutaneously, is the first step, and often an
effective one Vagal stimulation, as by pressing
on the carotid sinus or on the eyeball, may be
tried at the same time, in acute mfarction this

Y 1f the phy is
familiar with its use.

In refractory cases, especially those associ-
ated with shock, 10 mg. methoxamine hydro-
chloride intravenously, repeated after 30
scconds if necessary, may be tried Neo-
stigmine (Prostigmine) is sometimes stc-
cessful.

Phenylephrine  hydrochloride has been
shown to be an effective drug in supraven-
tricular tachycardia,®® The mechanism of its
action 1s probably twofold (I) A cardio-
inhibitory reflex action mediated through an
merease 1n blood pressure mn the aortic and
carotid sinuses, and (2) a less wigorous
stimulatory action drectly affecting the myo-
cardium Intravenous admtnistration of 0.5
to 1.5 mg, depending on the blood pressure,
has been suggested Admrnistration should
be cautious but rapid enough to produce a
necessary rise in blood pressure The report
states that the drug was effective in 1 patient
with mild cororary sclerosis but that it
produced short runs of venincular tachy-
cardra In my opinion, intravenous admin-
1stration of this drug seems inadvisable for the

of p m oz
patient with acute mnfarction unless all other
measures have faled and the patient 15 m
danger of dying as a result of the cctopic
thythm.

Use of Atabrine and magnesium sulfate
have been proposed, but these drugs are seldom
necessary  Mecholyl and acetylcholine, ef-
fective 1n normal persons, should be avoided

should be done gently and , since
there 15 some question whether this procedure
1s safe. In any case, morphine sometimes
sensittzes the patient to vagal shmulation, so
that mild pressure may be effective; the same
result 1s sometimes seen after the use of
digitalis

If the patient does not scem to be desper-
ately all, 3 grains of quiniine sulfate every
4 hours should be used. Pronestvl, 05 Gm.
every 4 hours, 1s probably just as effective, and

m fon Syrup of ipecac or
other methods of inducing vomuting, should
not be used i acutely 1l patrents.

AURICULAR FIBRILLATION AND
FLUTTER An clectrocardiogram should
be obtained, if possible, before treatment 1s
begun I the arthythmia 1s transient, 3 grans
of qumidine every 4 hours should be uscd,
this regimen may be continued indefimtely.
In the patient with an acute myocardial
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wnfarction, the thythm 1s more often persistent,
rapid, or accompanied by early heart failure,
The patient must first be digitalized, and other
efforts to restore normal rhythm postponed.
In any case, quintdme 1s more effecttve at a
lower ventricular rate

For the patient who 1s obvtously very ill or
whose rate 1s rapid, a digitalis drug shouid
be admmstered wntravenously Any one of the
following may be used (/) lanatoside C
(Cedilanid), 08 to 1 2 mg, 1 an emergency
8 cc (08 mg) should be used at once, and
02 to 04 mg. 2 10 4 hours later; this 1s the
drug 1 prefer for mtravenous use (2)
Digitoun, I to 125 mg, (3) strophanthin,
025 mg; (4) ouaban, 05 mg

If digtalization by mouth 1s preferred,
gitahn or digoxin may be used.

For marmtenance, I use 1 or 2 tablets of
gitalm or digoxin a day, 1 unit of digitalis leaf
may be substituted

When the pattent 1s well digitalized, 3 gramns
of quimdine every 3 hours for 24 hours or
longer should be tried for restoring normal
rhythm For patients who have been in
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the ectopic rhythm, quinidine may be used
without fear if there 1s peed for the drug.
Digitalis must be used more cautiously, but 1t
should not be withhcld 1f 1t is otherwise
mdicated

Proncstyl hydrochloride {Procaine amude
hydrochloride) 1s now the drug of chosce for
ventricular tachycardia, and should be tried
fiest. The drug increases the threshold of ex-
citability and slows down the speed of both
aurrcular and ventricular conduction. Efectro-
cardiographtc changes may be noted, transtent
in most cases, but occasionally persistent, con-
sisting of widening of the QRS complex and
of the Q-T mterval, and a lowening of the
QRS complex and the T waves A study of the
pharmacology of the drug noted that neither
rhythmieity nor refraction period are altered,
nor 15 contractility affected, in contrast to the
effect of qunidine.™

The drug is given orally, 1 Gm (4 capsules
of 025 Gm each) at once, followed by 1 or
2 capsules every 4 hours The pattent should
be closely watched, and an electrocardiogram
taken frequently To prevent recurrence, ad-

congestive failure, 1t 15 Wise to (nue majn-
tenance doses of digitalis throughout the acute
course

The treatment, as outlined, often converts
aurscular flutter to aunicular fibrillation Slow
aunicular  fibrillation 15 so much  better
than auricular flutter that the climician can be
satisfied when this occurs, even if he has not
succeeded 1n restoring the rhythm to normal
by means of qumidine. In about 25 per cent
of pattents with auricutar flutter or fibnllation,

may be d m doses of 1
capsule every 4 to 6 hours for several days
after the cardiac rhythm has been restored to
normal

For the patient who appears acutely 1l
ntr di ation 1s 'y
Gm at once, followed by a similar dose every
1 to 6 hours, as indicated No pan or local
reaction occurs. Some believe this method to
be the route of choice.*

In critical situations, Pronestyl may be ad-

the rhythm will revert to normal
ously, even when a 24 hour trial with uumdine
has been unsuccessful

VENTRICULAR TACHYCARDIA This
sintster comphication of myocardial infarction
requires imntediate treatment. It may subside
spontaneously, espectally when 1t has been

ntr ly, 1 Gm. of the drug
being diluted m 100 ce. of glucose The in-
Jection should be made slowly, not faster than
01 Gm, per mtnute, and the total should not
exceed 1 Gm No more than 04 Gm 1s
usvally required to controf paroxysmal ven-
tricular tachycardra, larger doses are needed
for persistent tachycardia In one reported

1nduced by digitalis and the drugs

series, the of all the patients was

but watchful waiting is mad le. Although
both digrtahis and quinidine have been imph-
cated m ventricular tachycardia, their role m
causing this arrhythmea 1s far from certan
Nevertheless, 1f the patient has been taking
etther drug just before the start of the
paroxysm it 1s wise to stop therr use If there
18 mo reason to suspect its responsibility for

with 300 to 2500 mg Pronestyl
ly, and the i were con-
vinced of the value of this route ™ Hypo-
tension, at fimes severe, may occur with this
mode of admunsstration, but the drop 1n pres-
sure 1s gradual and n the opinton of Pascale
and assoctates concomitant use of norepureph-
rme permuts contmued Pronestyl therapy.
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Norepmmephrine may aise be used before
Pronestyt admmistratson in patients who are
mitialty in shock. Convulstons occurred m 1
patient in the senes, and these inyvestigators
now think it advisable to admmister 100 mg
of sodwm phencbarbital before  stacung
Pronestyl therapy.
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it may act on the heart have been suggested

{7) 1t prolongs the refractory penod of the
auncle and decreases the transmission rate of
the nerve impulse, both achions resuling from
the aboltion of vagal tone. (2) By direct
action on both aunicular and ventncular myo-
cardm, it prolongs the tefractary period and

Py

¥n addion to hyp
graphic changes have been noted when xhe
deug s given by vein; ths seldom accurs when

d the rate of merve impulse con~
duction (3} 1t exerts a stmilar achon on the
junctional tissue, although to a lesser extent

1t q

it s given by mouth or

1 has deen deseribed, chﬁ\s
md fever,? rash, ventricutay fibrillation,® ven-
trieular acceleratron,® meatal changes, con-
vulsions,® nausea and vomting have all been
reparted. But these tosic mantlestations are
wafrequent, and the drug may be considered as
relatively safe when properly used.

The elestrocardiographic diagnosis af thie
variety of paroxysmal heart action is not diffi-
cult, However, certain rare dysorders of
shythrm may ssmwdate i, aberrant interventne-
uvlar conduction (bundfe-branch block) with
tackycardia being the most common * The
iagnosss may not be clear untd the beart rate
slows and the ectopic rhythm 1s correctly ree-
ognized (paroxysmal aunicular tachycardia,
augeutar fbnllation, aunicatar flutter, of par-

1s used, a prel y test dose
of 0 ito 02Gm (124 to 3 grams) should be
gven by mouth, followed by 03 Gm (5
grams) every 3 hours, day and mght The
dose may be wmcreased to 0 6 Gm (10 graws)
every 3 of 4 hours, Qumdine should be gwen
by mouth, 1t 1s raprdly absorbed and quickly
ehminated, so that 2 cumulative effect need
not be feared If oral administration 1s impos-
sibfe because the potient 1s uncoms¢ious, 1t
may be admimstered wtramuscularly or intra-
veaously.

Toxic rezctions to quindine are quite com-
mon They may be grouped as ® (1} Those
due o anchomsm, mandested as nowsea, ab-
dormnal discomfart, diarrhea, nnging m the
ears, and rarely as syncope, convulsions, ¢ol~
fapse, and respsratory difficulty, the “allergic”

oxysmal nodat tachycardia ) The
tion a5 important, since digtalis may be
urgently neaded sn supraventncutar chyths
and is usually withheld m ventniculas tachy-
cardia. Pronestyl is a valuable help m the
dfferental dagaoss A teport on § cases of
auncutar fluttes with bundie-branch block
states that the true nature of the rhythm was
evident after intravencus adpunistration of
200 to 1,000 mg of Pronesty}® The drug
should not be used 1 the presence of com-
plete aunieutoventricular block, evea if theee
g ventricular hycardia  Pro-
m:styl depmscs both the cctopre focus and (hc
focus in the

tissue, @ focus of needed ventricular ncmuy o

Quumdine should be used of Pronestyl
hydrochloride has faled, or 55 contratdicated
for gny season Ensciberg™ behieves that quin-
whme 13 supenior 1o Proaesty! but most cardi-
ologists do not hold this opson 1 find
qundine caprctous I acton  less cfficient
than Pronestyl, and mary hayardons

The exact mode af wton of qumdne 1
suft largety unexplamed Suverad

of rashes. purpura, and wrticara
(2} Carduc mamfestations, conssting of
widened QRS compleses, aunculoveatsieslar
block, paroxysmal fachycardi, aureular
standstdl, v extrasystoles,
tachyeardia, and ventricular fibrtfation which
1s ysually transtent, The venineular fibrilation
may be the result of the establishment of
cucus mavements 1 the ventncular myocar-
dsym beeause the rate of conduction s re-
duced o a preater exient than s the length of
the refractory movement, it has been sug-
gosted that thes ss more hhely 10 occur when
an aculely anfarcted area w especially wn-
table ™ In ordiary dosage, quiatdsae has httle
effect on the coronary crrculation ™
Proceeding vader the old adage that des-
perate is require desperate remedies, Quan
dine mav he used in ventnicufar tachycardia s
dones hnoan to be toue 111y possible that the
wse of morphune before quiniding therapy
might help to provent tove reactions in pa-
teats, we 4 does 1 R¥perimental ammate 4 fn
same patients, however, quinidine cannot be
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1 patient, a woman, in whom as httle as 1
grain induced purpura and blceding within 1
hour, examunation of the blood showed
total absence of platelets. Similar cases have
also been reported.®?

In the race cases in which nesther Pronestyl
ror quinidine can be uscd, atabrine, 03 Gm
every 2 hours, may be successful ¢ Magnesium
sulfate, 20 cc. of a 10 or 20 per cent solution,
may be grven mtravenously, it 1s without risk
but is not very effective. Nupercatne may be
trred.?
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CHAPTER 16

Anticoagulant Therapy

THE vALUE of anticoagulant therapy in
selected cases of acute coronary disease 1s now
widely accepted, although not yet established
beyond doubt. Thrombosts and embolism
{thromboembolism) account for many of the
often fatal complications of acute infarction
Numerous reports now attest to the befief that
anticoagulant therapy helps prevent these com-
plications and has reduced the mortality rate,
but a small group of mvestigators still feels
that this evidence cannot as yet be accepted
as valid

As 1n almost every aspect of coronary dis-
ease, the published statistics are of hrmted
value and require the most meticulous study
In the early studies, the greatest error was a
fallure to ddferentiate between major and
munor infarctions, and to separate the patients
mto those with a good prognosts and those
with a high mortality rate However, 1t 1s
reasonable to expect that a generally accept-
able method for sclecting cases will soon be
at hand.

‘The most detailed and best controlled report
1s the 8 year study of the Commuttee on Anti-
coagulants of the Amenican Heart Assoca-
tion ™ Others have confirmed these good re-
sults, somettmes with qualifications @ * 2320
7021 280 B4 42 4547 56T Qne study Te-
ported that the mortality figures were reduced
from 254 to 142 per cent;® another, that
thromboembolism was found ja 25 per cent
of untreated patients and 1n only 5 per ¢ent of
those adequately treated,’ stilf another, that
the incidence of thromboembolism in un-
treated cases was 31 6 per cent and the mor-
taliy rate 23.7 per cent, in contrast to 184

and 132 per cent, respectively, m those ade-
quately treated.”

m 16 hospitals with the cooperation of about
100 1avestigators A httle more than half
(589) of the patients were given anticoag-
ulants, while the remainder (442) served as
controls Data were collected for 2 years, then
evaluated by a central laboratory team con-
sising of physicians, chemists, and statistt-
clans

Men, of course, greatly outnumbered
women, but were afllicted earher average age
of the men, 579 years, of the women, 63 9
Of the 16 per cent of paticnts between the
ages of 40 and 49, 87.3 per cent were men,
of the 35 9 per cent between 50 and 59 years,
84 6 per cent were men The effects of anti-
coagulant therapy were striking, 16 per cent
of the treated group and 23 4 per cent of the
control group died within the pertod of ob-
servation, 23 per ceat of the treated group and
42 per cent of the controls had at least one
thromboembolic complication before death

The drop 1n the death rate was confined to
the period duning which the anticoagulants
were effective—from the fourth day of ther-
apy through the fourth day after the last dose
During this time, 95 per cent of the treated
pattents dred, in contrast to 17 4 per cent of
the controls, There were 13 1 thromboembolic
complications per 100 treated patients as
agamst 41 8 1 the control group

‘Therapy was beneficial at alt ages, but most
so i the 50 to 69 year age group, however,
anticoagulants did not prevent the upward
trend of complications with increastng age.
The nsk of thrombottc or embolic eprsodes
appears to be somewhat greater in men than
1 women, but treatment reduces the per-
centage of complications in both sexcs and
somewhat more 1n men than i women. The
Co suggests that ths treatment is surt-

The American Heart A ’s coordi-
nated study of 1031 patients was conducted
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able for patients of cither sex and any age,
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and coneludes that both mild and severe cases
wilt benefit from anticoagulant treatment,

Postmortem examination of patients who
died dunng the study indicated that nearly
three fourths of the original infarctions were
due to thrombi and therefore “potenttally

with ro-
v:ded the need could have been anticrpated
and therapy instituted in time.”

A number of investigators do not accept
anticoagulant therapy, as cutrently practiced,
and have raised objections, some of which
are pnquestionably valid Their objections and
reservations have tempered the entbusiasm of
other workers and have made for more senst-
ble selection of patients. Rytand™ has chal-
fenged the statsties as a whole, concluding
that there is “no valid evidence that prognosis
for survtval is improved by the use of drugs *
Others have emphasized the risks of therapy *
® 1 gl others point out that 1a a large groap
of patients with infarction the prognosts 1s
good in zny event and that the dangers of
nnucoagulan( therapy may offset the benefits
in such mstances? 3° © * Garb' summanzes
the opp to the Heart Associ Cor-
Tultee report, pointing particularly to the
fatlure to observe “double-blind” precauttons
and strict alternation of patients

Russek and Zohman*' reserve this treatment
only for the patrents they classify as “poor
nsk,” se, those with (/) previous infarct,
(2) intractable pmn; {3) extreme or per-
sistent shock; (4) significant heart enlarge-
ment; (5) gallop rhythm, (6} congestive
heact failure, (7) awncular fibnilation or
flutter, ventricular tachycardea, or auniculo-
ventricular block; and (8) diabetre acidosis,
Obesty, previous putmonary embolism, var-
cosities, and past or present venous throm-
boses. To this Iist may be added high fever®
and xzotemin (mtmgen retention) **

Al these mvestigators would exclude “good
tisk” patrents from
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fo their estimate, only 30 per cent of all pa-
tients with myocardial wfarction requise dnt-
coagulant theragy.

Medical opinson 1s of course far from unan-
imous  Most cliructans steer a muddle course,
I prefer to give anticoagulanis to all patients
for the first 3 days, discontinuing treatment 1f
the prognosts seems good. This seems a more
reasonable approach than deciding when the
patient 15 first scen whether he 1s a2 “good or
bad nisk "2I Every chinician with considerable
experience has seen patients weth mntmal
symptoms die, and a “mimnor episode” with
miuumal signs become a major nfarction
within a week. Embolt are found even sn good
risk patients ® If the safety of anticoagulant
therapy contmnues to increase as 1t has done
recently, the benefits of treatment will much
outwergh the hazards o a worth while extent

ACTION OF HEPARIN AND
DICUMAROL

Both hepann and Dicumarol are used prin-
cipalty for thetr action m preventing the clot-
ung of blood However, other actions are
described which may, fo a very mmor degree,
eohance therr usefulness m acute mfarction

Dicumarol 1z the propnetary name of
3,3 1 (4-hydroxy ) The
molecutar formula C, H, 0, has the structural
configuration shown F:gure 98 Qur knowl-
edge of this important drug 1s the result of the
work of Karl Paul Link™ of the Wisconsin
Agnicultural Experment Station, who ssolated
the causative agent of the hemorrhagic dis-
ease of catlle, sweet clover discase

Dicumarol prolongs the prothrombin clot-
ung ttme of the blood plasma In large doses,
n ancreases the coagulatien time somewhat ™
but sts therapeutic action 15 largely based on

Russck and Zohman* pount out that the mor-
tality rate in ther good risk patients 1s 2 45
hromb.

the hypop a medrated through
a tave effect on lver function 1135 a tnickaer
drug to use than heparin, and the procedure of

per cent and that the of

embolism is small, they beheve that the mor-
bty and mortality from hemorrhage 10
drcumarol-treated patents are higher than this
figure, and that most of the deaths i the good
tish group occur 1n the first 2 days, 1 ¢, before
anticoagulant therapy ts effective. According

should be followed attentively
Nerther Dicumarol nor Tromexan affects the
scdunentation rate,” *' nor docs Dicumarol,
i the dosage currenfly used, ¢hmmate “cry-
throcyte aggregation ™

1t 1s possible, too, that the beneficial cffect
ot Dicumaral mav at feast 10 part be unre-
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lated to 1ts anticoagulant action. Dicumarol
has also been described as an effective ditator
of coronary arteries.’? It has been claimed
that Dicumarol relieves patn 1n various body
areas, produces vascular datation, increases
the coronaty flow, increases the force of heart
contraction n the dog, has a possible anti-

CORONARY HEART DISEASE

action and easy control, and is therefore em-
ployed untit Dicumarol, a much stower acting
drug, becomes elfective, Some, however, feel
that this precaution 1s unnecessary and that
patients treated with Dicumarol, despite the
lag, do just as well as those treated with
heparmn.*
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FIG 98 Structure of some of the anticoagulant com

pyretec property, speeds the recanalization of
thrombt s rabbits, and interferes with the
labilzation of platelets **

Heparin bas some action 1n “clearing” the
blood 1n alimentary lipemta and has been used,
with varying claims of success, in the treat-
ment of chrom¢ coronary disease,

Heparin is a dextrorotatory mucopolysac-
charide h the
tissue substance chondroitin sulfuric acid It
is considered to be an antithromboplastin, an

b bin It can be

, and
give‘n by vern or muscle but 1s mactve when
taken by mouth, Heparm prolongs the clotting
time,

The use of hepann 1a acute infarchion is
now confined by most cliaucians to the first
day or two of iliness. It has the ment of rapid

pounds (Courtesy of Dr Murray Weiner }
SELECTION OF CASES

The first step 1n the proper selection of
patients for anticoagulant therapy is to elim-
1nate those for whom this type of treatment is
contraindicated, regardless of the cardac eri-
tena, 1 e, patients with any of the following

d C W) p due
to severe hepatic disease or vitamin K de-
ficiency, (2) vitamin C deficiency; (3) renal

, (4) blood with 1m-
patrment of hemostasis; () mterruption of
continuty of the vascular system, for example,
after operations jnvolving (a) the brain or
cord, (b) raw surfaces, (¢} tube dramage,
(d) jaundice; (6) late pregnancy, (7) sub-
acute bacterial endocardtis.*
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My own practice 1s to use anticoagulants
for all patients with major myocardial infarc-
Yion unless conditions other than heart disease
contraindicate their use. However, I would
forego this treatment in all cases of mnor
mnfarction unless they fell into the “poor risk™
group otherwise I would therefore give anti-
coagulants to patients with mmnor infarction
who have or have had heart enlargement, con-
duction or rhythm disorders, diabetic acidosis,
varicosities, other evidences of venous throm-
bosis, or embolism, Thus, while following the
lead of the minority group mn excluding some
patients with acute coronary disease, I have
been broadening their base considerably, The
hazards of anticoagulant therapy in expe-
tienced hands are now so few that a patient
should not be deprived of this method of pre-
venting serious complications The occasional
patient who seems to be doing well but in
whom an extension of the infarction or some
other thromboembolic complication develops
duning the first 2 weeks of his illness 15 com-
monly seen. Loffler and Schoebli® pomnt
out the frequency with which “good rsk” pa-
tients become poor risks after a few days, they
do not restrict therapy to the “poor nsk™
group

Pregnancy need not be considered an ab-
solute contrandication to anticoagulant ther-
apy. One pregnant woman with myocardial
infarction was treated for 2 moaths with no
untoward ncident.?

A lhud method of dividing patients with

ion into that of
the presence or absence of hypercoagulability
of the blood, may help the climician to select
Potients for anticoagulant therapy The blood
of many patients with early m-
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according to their heparm retarded coagula-
tion time ***

TECHNIC OF TREATMENT

Anticoagulant treatment should not be

started until the patient has been thoroughly
ined and possible contr ruled

out. A reliable laboratory must be available
and tests must be done as often as the physi-
cian advises, usually daily including Sunday.
Dicumarol should rever be given unul a con-
trol prothrombimn time 1s obtained

The Link-Shapiro modification™ of the
Quick method for determining the prothrom-
bin time 1s entirely satisfactory, and s the
method used by most of the hospitals coop-
erating in the Heart Assoctation survey ™ The
whole plasma method is the only one needed
in ordinary cltmcal practice, but some centers
use the 2.5 per cent dilutron test. The normal
value for whole plasma 1s 13 to 17 scconds,
for diuted plasma, 35 to 52 seconds All pro-
thrombin times referred to i this text were
obtained by the Link-Shaptro whole plasma
technic.

Once the decision 1s made to use anticoags
ulants, several steps are essential

1. Determme the patient's prothrombin
time, and preferably the coagulation time

2, Start hepann at once, 75 mg intra-
venously every 6 hours untit a satisfactory
Dicumarol response 1s obtained Thus step may
be omutted, but 1f heparin therapy 1s to be
employed at ail, no time should be lost smece
the nisks of treatment are small 1 do not con-
nnue hepann beyond 48 hours, nor can 1

farction is hypercoagulable, and these patients
should be treated promptly. Lenegre and
Beaumont™ found an increased clouing tend-
ency n 24 of 26 persons with “impending
infarcet,” and obtamed excellent therapeutic
results with anticoagulants It seems to me that
the evidence rather points to hypcrcoav:ulnbxl-

which 1s often panful and of uregular action

3 If the prothrombin time 15 normal, give
an 1nmial dose of 300 mg Dicumarol at once
‘The dose on the second day 15 usually 200 mg.
If the mtial prothrombin time 1s over 20
seconds, anticoagulant therapy should not be
started.

ity as a response to an
and that these cases of “ympending infarct”
already had small 1afarcts, nmevertheless, a
major infarction may have been avorded This
is a further argument w favor of using
Dicumarot even m “mmor " Peel

4 D the daly dosage thereafter on
the basts of the prothrombin ime Blood may
be drawn at any time of day, but preferably at
the same time cach day: fasting specimens are
not nccded, \V:(h the use of the newer, highly

selects his patients for anticoagulant therapy

, relable pro-
thrombin times can be expected from any
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J: y; the of the
technicran, however, should be ascertained.
The aim is to reach a whole plasma prothrom-
bin time roughly two to two and a half times
that of the control ttme The following sched-
ule 15 a satsfactory rule of thumb:

Time Dose
25 sec or less 100-200 mg
25-30 sec 50-100 mg
30-35 sec 50 mg

35 sec or more Withold the drug

5. Treatment should extend throughout
the period of hospttal confinement but
m no case for less than 4 weeks after the
begmmung of the attack Should further throm-
bosis or embolism oceur, treatment should not
be discontinued until 4 weeks after the last
such inctdent 1f long-term anticoagulant ther-
apy 15 to be mstituted, it may follow this 4
week period without break

COMMENTS It 1s better to report pro-
thrombin ttme 1n seconds rather than per-
centages

The nisk of serious hemorrhage 1s now ex-
tremely small. provided all precautions are
observed and the laboratory facihities are
good In the past 2 years no sestous bleedng
has occurred in any of my patients However,
the possibility of hemorrhage 1s always pres-
ent, and the physician should be prepared with
countermeasures QOccasionally, the prothrom-
bin tume nises m 2 patient wha degrades Dicu-
marol slowly, and sometimes 1t nises for no
evident reason If the time 1s 60 seconds or
less, there 1s no cause for alarm unless there
are sigas of bleeding If the tune s aver 60
seconds, ant-Dicumarol treatment should be
mstituted.

ALTERNATE METHODS OF ANTICOAGULANT
THERAPY

The intermuttent maintenance dose method
introduced by Shaptro may be used by those
who have had experience with 1t and when
it is mpossible to obtan dally prothrombin
time estimations %% It 15 particularly suitable
for long-term therapy The usual imtial dose
of 300 mg of Dicumarol 1s given on the first
day and the prothrombin time 13 mea.sured
every second to fourth day, In my opinton,
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it is wiser to obtain readings datly for the
first week or two, Half the jmtial dose is given
when the prothrombun time is decreasing, fe.,
after the peak response to the preceding dose
has passed The response to sinular doses, ad-
munistered after successive peaks are passed,
1s noted With ths schedule, Dicumarol 15
usually given every 5 to 7 days The reaction
to Dicumarol varies; some patients are sensi-
five, some very resistant, Once the patient’s
pattern of response is estabhshed, the mter-
muttent dose method is useful smce cumulation
1s avoided and fewer laboratory tests are
needed

TREATMENT OF OVERDOSAGE
Vitamm K, 1s effective in reversing the
effect of Dicumarol, Tromexan, and drugs of
the phenylindanedione scnes, Bleedmg 1s
checked within 3 to 6 hours and the pro-
thrombin time returns to normal within 4 10
12 hours The o1l-soluble vatamun K,* 1s much
preferable to the synthetic water-soluble naph-
thoquinones which have a lower vitamin K
actvity and are not as reliable in correcting
gulant1nduced  hypop
In a bleeding emergency, 50 to 150 mg are
given slowly by vem, 50 mg are used to re-
duce a dangerously elevated prothrombin
time
Vitamin K, by mouth has recently been
found effective ™ ** Doses as low as ! to 20
mg are apparently as satisfactory as the larger

doses g 1y ded, and
in about the same length of time It would be
a significant advance if the experience of these
groups were to be confirmed, since no refrac-
tortess to anticoagulants has been noted after
the smaller 2amounts, after larger doses given
by vein, it may take several days of anticoagu-
lant therapy to brmg the prothrombin time to
a satisfactory level, T have used this method
with good result in patients whose prothrom-
bin time 1 considered undesirably high; 1 have
not had the occasion so far to use it for
actively bleeding patients

COMPLICATIONS AND RISKS

The most sertous complication s hemor-
rhage Though this may be very shight, per-

* Mephyton-Merck.
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haps 00 more than & few red blood cells 1
the urine, it should never be disregarded, the
anticoagulants should be stopped, at least
temporarily, The risk of hemorrhage 15 muu-
mal, provided the necessary precautions are
observed, Nevertheless, because laboratories
and the reagents they use are stll fallible, and
there are great tadwvidual varwtions n the
metabolism of Dicumarel, bleeding occurs oc-
castaqally. It is said that the danger of over-
dosage is greater ductap periods of excessively
hot weather because of dilatation of peripheral
vessels and nise in the blood level of the drug
when fnsufficient fluds are taken.’
Hemorrhagic camplications, most often
the brain, gastrowtestinal tract, and pert-
cardiunn, were listed as causiag 122 deaths **
Bleeding tto the pericardial sac, with or with-
out cardtac rupture, seems to be more frequent
since the adveat of anticoagulant therapy: 1t
has received parttcular attention ever since its
first description in 1949.% A number of cases
Rave been reported, wacluding several in which
the patient recovered when cardiac tamponade
was relieved by pericardiotomy.®® *° ¢ Wald-
ron and associates,® in a detailed review, re-
port that between 1946 and 1951 at the
Massachusetts General Hospital 12 cases (4 98
per cent) of cardrac rupture with hemopert-
cardwm were found among 241 cases of -
farction not treated with anticoagulants which
came to autopsy This was tn startling contrast
1o a group of cases treated with anticoag-
ulants; in 71 of these, 10 ruptures were found
at autopsy, an almost threefold increase In
the same serses, 25 bad blood i the pen-
cardual sac without rupture, 11 (4 6 per cent)
' the untreated series, 14 (197 per cent) 10
the treated sertes, These mvestigators felt that
the presence of blood n the pericardial sac
was an ancrdental finding 1o most of the cases,
they held P for only
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per cent) with rupture, By combimng the data
of the two sertes, the number of cases without
anticoagulants totaled 289, of which 13 (45
per cent) had hemopericardrum without rup-
ture and 16 (5.5 per cent) with rupture, the
treated group totaled 112 cases, of which 19
(16 9 per cent) had hemopericardium without
rupture and 18 (16 I per cent) with rupture

I the Massachusetts senies, the meidence of
this complication appeared to correlate with
the degree of anticoagulant effect In those
who had had less than therapeutic levels, pers-
cardial bloed was found tn 7 of 28 (25 per
cent), at therapeutic Jevels, m I of 32 (344
per cent), with excessive anticoagulant, m
6 of 11 {54 5 per cent). A noteworthy feature
of this sertes was the fact that in both treated
and untreated groups the wcidence of mural
thrombosis seemed to be the same (60 per
cent)

One can scarcely escape the concluston that
while anticoagulant therapy may reduce the
total mortality and morbrdity rates m nfarc-
tion, more of the patients who do die will be
found to have hemopenicardium The Heart
Association’s Commuttee concludes as follows

Tt seems safest, therefore, to base ther chnical
practice on the expectation that antrcoagulants
may increase somewhat the frequency and
seventy of hemorrhage. the niskh of myocardial
fupture and hemopericardwim, with cardrac
tamponade Alertness on the part of the chacran
and good management of anticoagulant therapy
can mumimize these risks Therefore the phystcian
using asticoagtiants should not only supervise
such therapy wah care but also should be
equpped for the chmical recognitron and treat-
ment of cardiac tamporade and other hemor-
rhages both 1 and outside the heart

P should be susp if
the patieat's general condition detertorates,

1 of the 14 deaths

The experience of the Commutiee on Anti-
coagulants of the American Heart Assocration
1s sumilar, though based on a smaller number
of autopsies > Of 48 untreated cases, exam-
med postmortem, 2 (4 2 per cent) had hemo-
Pericardium without rupture and 4 (83 per
cent) with rupture, 3 of the latter were septal
Tuptures without bload 1 the pericardial cav-
ity. Of 41 treated case», 5 (12 2 per cent) had
hemopericardium without rupturc and 8 (195

pectally 1f there are d pulse pres-
sures, distended vewns, frictton rub, and
anemta

SUBSTITUTES FOR DICUMAROL

The care with which Dicumarol must be
admustered has led to a search for improved
substitutes, one of which may cventually re-
place Dicumarel as the most popular anti-
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coagulant The formulas for some of these
are given 1n Figure 106.

Coumadin soduun is 2 sodwm derivative of
Warfann 3 (a-acctonylbenzyl) -4-hydroxycou-
marin] It 1s marketed 1n tablets of 25 mg
cach or 1n ampules of 75 mg Warfann 1tself
1s a Dicumarol analogue prepared by Link,
it was first ntcoduced as an agent for rodent
control, and later was adapted for use as an
anticoagulant by Shapiro *

According to Link, the sodium denivative
has the following charactersstics (/) 1ts solu-
bility in water 1s 75,000 gecater than that of
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ing normal levels between 24 and 48 hours.
Its speedy ounsct of action and the reversibility
of its effect make Tromexan worth considera-
tion

The intttal dose 1s 1500 mg, but 1800 mg
may be given if the patient’s weight is more
than 180 pounds and his conditton 1s good
The average daily requrements run from 300
to 900 mg., 12 dtvided doses. Daily prothrom-
bin tests should be done.

Judging from the Commuttee’s report and
from my own experience, there scems to be
no great advantage in using Tromexan rather

Dicumarol, (2) it can be given .
(3} relatively small doses are chinically effec-
tive and their effect appears earlier than with
Dicumarol, (4) nsk of hemorrhage with
overdosage ts shghter than with Drcumarol,
(5) 1t yields a smooth extended curve of hypo-

than D. Rapidity of response can be
achteved, if it 13 considered mportant, by
using hepann, The ease wath which the effect
of Dicumarol can be reversed with vitamin K,
makes the slower decrease of 1ts effect when
withdrawn no great hability However, many

proth b {expressed as pr
of prothrombrn ttme), (6) vitamun K, readily
counteracts toxic effects

There seems to be very little difference
whether the mitial dose 1s given by vem or
by mouth * The usual dose of 75 mg 1s
effective in 2! hours when given intravenously
and 1n 24 hours when given orally Investiga-
tors at the University of Wisconsin, who have

pressed enth tor Ci din sodtum,
give 1 mg per kilogram of body wetght, but
not exceeding 75 mg as the iutial dose, the
maintenance dose, depending on the prothrom-
bin time, 15 12 5 or 25 mg every day to every
third day, none being admimnistered if the pro-
thrombin time 1s over 25 seconds ® In another
series of 100 pattents, the results were so good

careful cl are using Tromexan with
satisfaction,

2-Phenyl-1,3-indanedione (Dantlone, Hedu-
L, Dindevan) 15 a synthetic anticoagulant
first described for clincal use by Souler and
Gueguen * The drug 1s a water-insoluble
yellow powder which mterferes with pro-
thrombin production 7 * 4 62 63 6 st

The first day’s dose 15 300 to 500 mg , doses
of 100 to 200 mg are given on subsequent
days.® The prothrombim time nises to two or
three times normal witiun 48 hours and re-
turns to normal within 2 days after treatment
ss dhscontinued  Earlier reports indicated that
the drug produced no deletertous effects on
hver function, sedimentation rate, and platefet
and differential blood counts,® more recently,

that the drug was d the
ulant of chorce ** No touc reactions have been
noted 1n the blood, urine, or ltver, although
mucroscopic hematuria occurs  occasionally
Hypersensitivity was shown by 3 patients, one
of whom bad metastatic cancer of the hver *
Tromexan {cthy] bis(4-hydroxycoumarinyl)
acetate] 1s a counmann dervatrve, It 1s also
known as Palentan Appendix A of the Heart
Assoctation Commuttee’s report™ reviews a
comparative study of Dicumarol and Trome-
xan, and lists the pertinent literature
Tromexan is clatmed to be one sixth as
potent as Dicumarol and only one twentreth
as toxee, Its action is more raped, a therapeutic
level being achieved within 20 to 30 hours
\When the drug is discontmued, the pro-
hrombin tevel niscs promptly, usually reach-

however, dep of the count
has been reported 3 An annoywng but prob-
ably reddish bolite may
appear 1n the uring Its action scems inter-
mediate betneen that of hepantn and Dicu-
marol, but closer to the Iatter. So far, this
drug does not seem to be strikingly better
than more famihar anticoagulants, although
some observers consider 1t the drug of chotee,

2-DuphenylacetyI-1-3-indanedione (Dipaxin)
1s described as a potent hypoprothrombinemic
drug with few toxic efects, eminently suitable
for long-term therapy.*?

Nitrophenyl acetyl-ethyl4-ovy cumartn
(Acenocoumarin; G-23350, Sintrom) s cur-
rently under intensive mvestigation as a Di-
cumarol substitute. It is said to be an
anticoagulant of low toxjeity in animals, with
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a speed of action intermeduate between Dicu-
marol and Tromevan. The dose requured to
mdoce a therapeutic level vartes from 20 to
28 myg ; the daily maintenande dose averages 2
to 6 mg. The prothrombin time curves io-
duced are reported to be susprismgly free of
fluctuations My hruted expenience sa far con-
firms the first favorable prelimivary reposts.
Stntrom js effective in small doses and steshes
a balance between slaw- and fast-acting anty
coagulants %*

LONG-TERM ANTICOAGULANT
THERAPY

Early reports on this method of handhng
chrenic coronary disease have been optimistic
enough fo warrant fucther teial® 4% @ o
far, this regimen has been used fargely as an
exienston of short-term therapy for patients
with infarction 1n an effart to prevent recur-
sence The aim is to prevent those mfarchions
which result from thrombases within the
coronary artenies. Probably over haif of the
securrent infarctions are caused in this ways
the eart Association Commuttee estimates
the figure at about three fourths. It ts possible,
u‘i course, that in a good number of wnfare-
tions in which there are no clots in the major
arteries, clots may be present in smail but
fmically important collateral vessels It 15
improbable that anticoagulants prevent ath-
efoma as such, unless Dupud™ is correct in
supposing that clofting precedes atherasclera-
si8. At the moment, long-term treatment of
this Jind 15 largely empinic and can be judged
only by the resulfs obtamed by responsible -
vestigators

When Dicumaral 15 used durmg the acute
phase of an i it h times are
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profonged use of Dicumarol damages the hiser
or kidneys ™

Several important series of patients on this
tegimen have been reported Ia one, 1{00
patients were observed for 6 months o $
years; 30 per cent disconfinued treatment and
16 per cent died durng the treatment period °
Fresh transmural anfarctions were seldom
fotnd at autopsy m the latier. the cause of
death was usually ventrrcular fibnillation or
standstil, decompensation, or acute coronary
insuffcrency with focal myocardiat necrosss
Amelioratton of anginal pain was common
Hemorrhage occurred m 25 per cent, but
only rarely was it severe or the cause ot death
It was concluded that this form of treatment
prevented recurrence and prolanged hfe m
many patients, as judged by comparrson with
a controt group of 500 patients

In a South Afnican series of 82 patients
most were treated by Dicumarol, a few were
gwven phenylind: ** The pr
tme, determuned at brweehly iptervals, was
maintaived at approumately twice pormal
levels, The group treated consisted of those
with repeated snfarctions and those more
severely il than a contro} group of 88 panents
In a period raaging fromr 1 1o 6 years, the
mortality rate was 7 3 per cent and there were
7 recurrences 1 the treated group, as agast
a mortality rate of 33 per cent and 24 recur
Tences 1 the control group

Investigators at the New Yorh Hospial?
have reposted on two groups of patients The
first, copsisting of 11 patients who had had 2
or more episodes of infarction, were observed
for 587 p. bs without ot
treatment, duning which tme they had 49
eprsodes of thromboembolsm., tacluding 30
myocardial wnfarctions, after bemng put op

defermined duly for several weeks At the
end of that ime, a pattern of patient response
will have emerged as a rule, and laboratory
determinations will be needed only ance ot
twice a weeh to establish dosege. In some
cases, the tests nced be done only every 2 to 4
weeks, In some patents, however, o pattern
becomes evident, and the degree of hypopro-
thrombinemia will seem to hear fittle relanon
to the amount of drug given The hazards of
(hcrapy m such punients waill outweigh the
benehits, and long term treatment should not
be undertaken There s oo evidence that the

there were only 3 such episodes
tn the subsequent 393 pavent-months The
second group of 12 patients had bad oaly
one nfarction each and were freated for 554
patiwpt-months, during which fiime there was
only once questienable thromboembolic inc-
dent In 2, some 300 pavents (yheumanc
heart drsease, thrembophlebstis, infarction)
recened long-term  anticoagulant therapy
Dicymarel or Yromevan was gnen m sufficient
dasage to result m a prothrombn time of 2§
© 35 seconds Determinations of the pro-
thrombra Ievel were done sbout once a weck
Comphicanons were few  There were 31
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hemorrhagic complications, mostly minor, in
85 patients during 3628 patent-months of
treatment.

Other mvestigators, too, are convinced of
the vatue of long-term anticoagulant therapy.
In patients with a single mfarction or with
angna, the death rate was three times greater
dunng an observation period of 6 montbs to
5 years 1n the untreated than m the treated
patieats In the geoup with more than one
episode of farction, the death rate in the
control group was five times as hugh as in the
treated group, munor hemorrhagre manifesta-
tions occurred frequently, and serious ones
otcasionally

My own experience has thus far been too
small to permu final evaluation, Long-term
treatment was at first reserved for patients
with multiple infarctions n whom the pro-
thrombin ttme could be eastly controlled
Encouraged by recent reports, 1 have begun
to use this regimen for “first attack” patsents
who are cooperatve and intelligent, provided
they do not require prothrombin time deter-
minations too frequently

SPECIAL PRECAUTIONS IN LONG-TERM
THERAPY

The greatest obstacle to the use of anu-
coagulants 1s the wide range of senstivity and
of patient response. Careful study of the
patient’s reactions to the chosen drug usually,
though not jnvariably, leads to a safe treat-
ment schedule In long-term management,
other factors must also be considered, such
as. (1) reduction of the amount of vitamn
K 1n the diet; (2) presence of diarrhea or
bihary obstruction, both of which affect the
absorption of the vitam, (3) adminsstration
of antibiotics by mouth, which may bt
vitarun K-producing organtsms tn the bowel,
and, (4} simultaneous admunstration of other
drugs, such as salicylates Any of these cail for
special vigilance and more frequent determina-
tions of the prothrombn ttme.
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CHAPTER 17

Management of Angina
Pectoris and Chronic
Coronary Disease

GENERAL MANAGEMENT

THE GENERAL treatment of angma pectoris
and that of postinfarctive or other chronic
coronary discase are broadly the same, but
the presence of angina presents special, super-
imposed problems

It 1s difficult to decide what and how much
the pattent should be told about his illness.
The patient with true angiaa 1s usually aware
that he 1s suffering from 2 heart alment, and
the physictan 1s therefore well advised to
acknowledge this and start hus advice from
that point The spasmodic pature of angma
pectorts and the fact that the outlook 1s
relatively good can be emphasized The com-
parsson of angmal pain to the clenching and
unclenching of a fist 1s a useful analogy, since
1t comeides so well with what the patient feels
1 have also found 1t advisable to show the
patient a skefch of the coronary circulation;
the intelligent layman can understand ths
and is helped by the fecling that there is no
spectal mystery about his Mlpess Figure 99
shows a useful diagram avarlable mn pads so
that a sheet may be handed to the patient,

Tt 1s most important that the patient be
warned to notify his physictan of any sudden
Increase 1n pam or change it its nature A
shift 1 the radiation of the pain, or a lack of
celief with the usual rest or medication must
be reported at once The patient must hnow
that 1f 1 witroglycenn tablet fails to relieve
hus pain as usual, a dozen tablets will not do
so Attention to this warning may help to
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dentify early “twig” occlusion, and may
prevent major mfarction

In genesal, a pattent’s condition will m-
prove if his personal life 1s happy, every

\ Vv

FIG 99 Diogram of the coronary circulution which
may be given to the patient (Courtesy of Dr I
Kralik, Marymount Hospita! Cleveland, Ohic)

effort should therefore be directed to make
the patient and his famly enderstand this
Frank discussion has sometimes lead to strik-
ing improvement in avoiding minor frictions
which had existed for years, The patent’s
business life can at tmes be adjusted in the
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same way; only rarely is a change in occupa-
tion needed This 1s, in cffect, the sort of
surface psychotherapy which any understand-
mg physician can use Some patients, however,
need more thorough psychiatnic treatment,
and the physicran should guard against assum-
g the role of the psychiatrist. The trained
specialist in this field may help even the
patient with advanced organic heart disease,
and 1t 1s he who should undertake this part of
!5 10 coop with the p i

Often, the patient states that some spectal
form of activity or strain induces an attack
or mahes lum more susceptible to scizures,
for example, overeating, the use of some
special condiment or stimulant, bolting his
lunch, Sunday bowhng, or lftng pachages.
When this information 1s not volunteered, a
carefully taken history may disclose the
existence of a “trigger mechamsm.” If the
trigger cannot be avoided, mtroglycenin may
be used prophylactically

REST AND EXERCISE

Once the patient understands his 1liness, he
may be able to manage his rest and exercise
without much help from the doctor. He must
be taught in the early days of tus sllness that
rest 1s the most tmportant item 1n the treat-
ment of his pain He must also learn to resist
the temptation, so common 1 the begining,
to “work off an attack * He must stop what
he 15 doing when a seizure comes on Most
patients do not need prolonged periods of bed
fest, and prescribing such rest 1s to msk 3
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mung, especially m unguarded areas, tennts,
and handball should not be permitied

DIET AND GASTROINTESTINAL TRACT

The stomach 1s one of the most important
tnigger areas for cardiac pain The patient
with angina pectoris must avoid overcating
and rapid eating, and those who are habitual
air swallowers must be warned to eat more
slowly Charcoal, peppermunt, or some other
carminative mixture may be used 1f meals
are followed by distenuon MNistura migra,
first suggested to me by Dr Harold Hyman,
1s very effective for flatulence

0! menth pip

Pepsin aa 10
Sodizm phenobarbital 06
Carb Ign, 60
Glycerine 200
Aqua gs ad 1200

“Shake Well” label
Stg 1 teaspoonfuln 15 glass of water tidpc

Ductary measures with regard to the metabo-
hsm of hpids are discussed m Chapters 4
and 20

Constipation should be controlled in the
simplest possible manner, preferably by diet
Mtk of magnesia, a half ounce at mght, or an
emulston of mineral ol with agar agar or mulk
of magnesta, 1s helpful.

TRAVEL

FLYING  The patient with coronary
disease may travel by air, provided the plane

serious breakdown 1 morale An 1
short vacation, 10 bed or otherwise, may be of
the preatest value, however Even pateats
with mild coronary disease benefit from re-
ting early and getting up as late as possible

Outdoor exercise, except n the cold or
wind, 1s beneficial for the patient with angna,
as with any other heart disease Graduated
exercise is useful 1f the patient goes about 1t
sensibly, and exercisc tolerance may improve
noticeably. A trip to a spa 1s sometimes desir-
able. In a new environment, the patient relates
and the baths and exercises under competent
supervison mav  help physcally and 1
other ways Many patents can play golf if &
caddy 15 employed and the more ruggcd
courses arc avoided On the other hand, swim-

5 p and has g otygen
equipment on board™ In certam circum-
stances, flying may be the least fatiguing
method of travel Certain cxceptions must be
made (1) Generally, travel by planc during
the acute phase of infarchon 15 madwisable,
although I have hnown several who did travel
without untoward incident (2) No one with a
history of coronary discase should be per-
mitted to pilot a planc (3) Patients who
have never flown and are apprehensive about
the prospect, and those who have experienced
precordial pain during fhight should be ads ised
against i travel

DRIVING Pauents suffering from chronic
corenan disease or angtna pectons should not
expose themselves to the exasperations of
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driving 1n heavy city traflic, or to the strain
of dnving at high rates of speed. If possible,
they should have the benefit of power steening
The emotional reacttons to driving vary with
the mdividual; one who 1s readily annoyed or
fatigued should take only easy drives on
unfrequented roads It must be impressed on
every patient with a cardiac dtsorder that he
must pull offl the road and stop dnving as
soon as he feels even the slightest cardiac pamn.
Joming an automobile club or making other
arrangements for emergency service 1s a wise
precaution, the patient must not undertake
anything mvolvmg excessive strain, such as
tire ch reparrs, especrally
m cold ueather If all these safeguards can
be observed, the patient need not be dis-
couraged from dnving a car for limself But
driving a truck, bus, or other vehicle for hire
1s another story. I do not permit my patients
to continue this type of driving, for the hves
of others, often many, are mvolved. Human
frailty bemng what 1t 1s, 2 man whose job 1s at
stake 1s often reluctant to abandon a trip
when he doesn’t feel completely well. In my
expenence, most 1ndustries cooperate in as-
sigmng such patients to other jobs.

SEXUAL RELATIONS

If no pam, dyspnea, or excessive fatigue
15 cxpenienced after or during sexual inter-
course, the patrent need not be burdened by
many mstructions or restrictions Almost all
patients may be given the general advice that
sexual relations be conducted *“in a lesurely
fashion,” and not more often than twice a
week. Coutal angna may be alleviated or
abolished by the precoital use of mitroglycerm
Sedation may be used for patients with
satysiasis or excessive sexual libido. When
sedatton 15 unsuccessful, estrogen therapy
invariably dimimshes sexual dnve whether the
Itbido 13 or i)
durected. I have used Premarin with great
benefit in 3 homosexual patients with infarc-
ton who were annoying male nurses with
their attentrons.

DRUG THERAPY

NITRITES
The rapidly acting nitrites are the most im-
portant drugs in the freatment of angina

CORONARY HEART DISEASE

pectonis Only amyl mitrite and nitroglycenn
need be considered. The effect of amy! niteite
1s rapid, but the drug is mote expensive, more
troublesome to use, and 15 a liquid with a
pungent odor. Its odor and its method of ad-
ministration (crushing an ampul in a hand-
kerchief) may make the patient unpleasantly
conspicuous

Nitroglycermn, a more useful drug, is
administered 1n the form of tablets placed
under the tongue The imtial dose should be
1/200 grain, and usually suffices for most
patients throughout therr illness, 1/150 or
17100 grain may be needed, but the smallest
useful dose should be sought, Dizziness, head-
ache, faintness, palpitations, and rarely syn-
cope are some of the side effects which may
result, especially at first; the patient should
therefore be advised to st or he down while
taking nitroglycerin the first few times. Often,
the unmelted portton of the tablet can be dis-
carded as soon as relief 15 obtained Nutro-
glycerin 15 not a habu-formng drug, the
patient should be reassured on this pomt, so
that he need not fear the possibility of drug
addction.

Nitroglycenn 1s hughly useful 1n preventing
attacks of pam. The regular use of nitro-
glycenia two or three times a day will keep
some patients free trom attacks. Others can
avord angina by taking a tablet of mtroglycenin
before performing some accustomed effort
known to produce pain While thus 15 of course
desirable, there 1s no justification for using
this drug to make strenuous activities possible,

The mtrites may have to be used for
diagnostic purposes, in such cases, only small
doses should be given, and the drug discon-
tinued promptly if relief 1s not obtained. Over-
dosage with the nitrites may be harmful.* %
They may cause headache, gastric wntation,

3, and depression of renal
function, " they also have a tendency to cause
an increase 1n intraocular and ntracramal
pressure Nitroglycerin decreases heart volume
and stroke volume through venous pooling
and reduced blood return to the heart™ In
about 10 per cent of patients, this action
sufficiently reduces coronary b]ood flow,
despite coronary dul: to
give a posittve result in the Master two-step
test.”

Prolongation of the action of nitroglycenn
has been attempted Nutroglycerin in oil has
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been put into gelatin capsules (Glonoral};
several of my patients have reported some
ymprovement, but my experience with this
preparation is small Nitroglycerin has re-
cently been put up in a 2 per cent cintment,
the first report on its use indicates that some
patients have been helped, but the authors
warn that sudden withdrawal of the ointment
may produce acute coronary insufficiency.®

A most promising approach is the newer
one of compressing tiny, specially coated
granules containing mtroglycerin mto a tablet
designed for uniform release of the medication
over an 8 to 10 hour period. These tablets
are marketed as Glytrime® or Nitroglyn,
each containing ¥s grain. Of over 100 cases
so far treated, over 60 per cent have reported
aseduction in the number of sublingual tablets
needed through the day. As yet I have used
these tablets only for patients who need
nitroglycenn regularly. Treatment may be
Started with 1 tablet morning and rught, and
increased to three tumes a day if necessary.
Some patients may requrre a higher dosage, and
for these the 1/10 grain tablet of Nitroglyn
may be used. Headache or vertigo are noted
occasionally, espectally with the larger dosage,
but on the whole this type of “slow-release”
mitroglycerin seems (o provide a distnct
advance 1 the treatment of some patrents

Several slower actmg murites have been
tried: inorganic compounds, such as sodmm
ntrite and bismuth subnitrate, and organic
compounds such as mannttol hexanitrate Most
of these are of little use 1 treatmg angma
Ppeclons, although all hberate the mitrite 1on
1 the body. Sodism nitrite may even have an
adverse effect on cardiac pain* Triethano-
lamune trinitnte brphosphate (Metamtne) has
been reported as a promsing drug

The most effectve drug 1n this group 1s
pentaeryihnitol tetramitrate,  which 1 have
found to be useful for redueing the ntake
of 10, esp 1n angina b
and postprandsal angma ™ Others have con-
firmed these findings In one seres, this drug
Was found to he the most effective of several
tested.®* The drug i< absorbed sublingually
and as a dust by the pulmonary epithelrum,
and apparenth dilates the coronary arteres 1n
both man and expertmental antmals; it scems
far more effective than tricthanolamne trinr-
S Ritromed ¢ R  identical to Glytnime 1n com-
posiion
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trate in warding off angmal attacks.'® The
lowest death rate and the lowest meidence of
thromboembohic complications in infarctron
were found by Kissane and associates™ in
patients receiving pentaerythritol tetranitrate
Some workers have been unable to confirm
these reported beneficial effects,” ™ but my
colleagues and I find 1t to be the most useful
of the slower acting organic mitrtes Sull
others found significant improvement in only
25 per cent of patients and gquivocally favor-
able reactions 10 55 per cent, but concluded
that the drug was worth trying and might, 1n
25 per cent of patients wth angma, mean the
difference between relative freedom from
symptoms and 2 prolonged illness with much
suffermg * Pentaerythritol tetramitrate s given
1n 10 mp doses before meals and, when neces-
sary, at bed tme In severer cases, the dose
may be d1o 10 mg, or p barbital,

0015, may be added We have receatly had
gratifying results from the addition of mtro-
glycerpe, gr. 17200th, and rauwolfia serpen-
bna, ©1 mg, to 100 mg of pentaerythniol
tetramitrate, given m a single tablet (Pentle-
Carnrich) before meals and at bed tme This
combination takes advantage of the prophy-
lactic effect of mitroglveerine and the sedative
action (and posstbly specific action on the
angina)®* of rauwolfia. The tablet has the
further advantage of drssolving quickly under
the tongue and can be used f the patient has
one or two anginal seizures durmng the day

in our experrence so far, the number of

angmal attacks has been sharply reduced in

about 70 per cent of patients dependent on

nitroglycerine

The mitntes were 1ntroduced mto the treat-
ment of angma pectorss by Lauder Brunton m
1867 MNitroglycenn was used first m 1879 and
sodium nntrite 1n 1883 The mitnites relax smooth
muscle, the effect ts most marked 1 the finer
blood vessels, especially the coronartes, where
the difatatton seems to last longer than in other
vessels The action of the nitnites 13 independent
of the nerve supply of the muscle Afl the vessels
of the body take part in the vasodilatatien and
the effect s most marked on the postartenial cap-
Mares

The mintes increase the coronary blood flow 1n
Qogs by fsom 30 10 100 per cent 2 The effect 13
striking and may be eauly scen an the surface of
the hean'® Wens and Fi beheved that
autrot cunn produced o increase in cardiac out-
put Indicating that there was da direct effect on
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the myocardium Wégria and associates,’®® who
found an increase in the cardiac output per
minute, 1n the systolic output, and in heart rate
when there 15 no change in the blood pressure,
concluded that while cardiac work 1s ncreased,
anginal pain is relieved because the increase in
coronary flow 13 relatively greater than the in-
crease 1n cardiac work. Raab and Lepeschkin®
believe that the therapeutic effect of mtroglycerin
15 not meduated via coronary dilatation but rather
b

with the d
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phylline) is the preparation most often used
in this country; it 15 given in 0.20 to 030
Gm. doses three or four times a day, some-
times combtned with small amounts of
phenobarbital. Good results have recently
been claimed for choline theophyllinate  * I
have not yet used this compound in a large
enough number of pattents, but I have found
the other xanthines muldly effective in only a

P
1ng effects of sympathomimetic amines on cardiac
muscle. On the other hand, Eckstein and co-
workers?™ hold that the effect of mitroglycenn
18 not antiadrenergic.

Eckenboff and Hafkenschiel*! have shown that
the intracoronary mjection of mitroglycenn in
anesthetized dogs ncreases coronary flow except
if the dose 1s 5o large that when 1t reaches the
systemic curculation it produces marked hypo-
tension, with resultant decrease in coronary flow
This of course has important clintcal tmplications

SEDATIVES AND ALCOHOL The most
useful drugs 1n the treatment of angina after,
or perhaps includimg, the nitnites, are probably
the sedatives Any muld sedative, such as
phenobarbital or chioral hydrate, will help re-
heve the tension and anxsety which almost al-
ways accompany this illness, especially mn the
carlier stages Morphine, Demerol, and other
habit-forming drugs should be avoided; the
dangers of addiction are very great indeed.
e

small p of. patients, and have gradu-
ally stopped using them.

Clintcally, most xanthine compounds have
been found of hitile value in the treatment of
coronary disease, and are now being generally
abandoned The Councit on Pharmacy and
Chemustry of the Amertcan Medical Associa-
ton' has also concluded that the chmcal
evidence for their favorable action 1s incon-
clusive and the potential benefit shight, but
that they “could be tried in selected cases

dial lation would not

be harmful -

The xanthime group of drugs are methylated
denvatives of xanthme dioxopurine, cafferne
being the most famiiar member. There s no
uniformity of optnton regarding therr action
on the heart and coronary vessels in either
expenimental amimals or man. Most of the
evidence has been summed up by Wégna and
his colleagues 2%

AND OTHER DRUGS

Heberden 2 d th effect of
ethy! alcobol and he mentioned 1t 1n his first
report  Although 1t has been claimed that
small doses of alcohol dilate the coronary
arteries,”™ ™ this has been challenged *® There
can be httle doubt that alcoholic beverages
are credited by many patients with contribut-
g to therr well-being and dimimshing their
cardiac pain. It is probable that alcohol is
merely a quick-acting sedative, but there 1s
no reason for depriving a patient of its
benefits. The danger of addiction seems small,
when compared to the pleasure 1t gives the
patient. Any acceptable form of alcohol may
be used, such as spints before meals or wine
at any time.

XANTHINES

The xanthmes have been popular in the
treatment of angma pectoris for many years,
and some patients feel that they are
of help. Theophylline ethylenediamine (amino-

PAPAVERINE The evidence for the ef-
fectiveness of papaverine is more convincing
than that for the xanthines This drug, at first
used 1n doses which were much too small, had
fallen mto some disrepute until it was in-
tensively investigated by Katz and co-workers.
The studies of Elek and Katz® revealed that
papaverine has the followmg primary direct
actions on the dog's heart, (/) It decreases or
eliminates ventricular premature beats induced
on either a fixed part or different parts of the
cardiac cycle (2) It enhances the difficulty
of producing or maintaintng auricular fibrilla-
tion by means of a faradic current. (3) It
prolongs the refractory perrod of the myo-
cardium In large doses, this drug depresses
auri and intraventricular con-
ductwvity leading to auriculoventnicular and
itraventricular block. In toxic or nearly toxic
doses 1t causes active ectopic ventricular
thythms, includmg premature systoles, par-
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otysmal tachycardia, flutter, or fibrillation;
and cardiac standstll or complete auriculo-
ventricular block,

Papaverine is a useful drug in the anginal
syndrome, having beneficial effects m about
75 per cent of the cases when used in doses of
1% grams (01 Gm) four times a day, 1t
apparently acts both as a sedative and as a
coronary dilator. It also helps to prevent
or lessen the occutrence of premature systoles
or certain types of rapid heast action.

The changes in conductivity when large
doses are used have been mentioned In a
recent study of the drug’s effect on ectopic
beats in the dog, it was found that: (1) in
small doses it has some temporary ectopic
suppressor effect, (2) in larger doses, 1t has
some stimulating effect on ectopic impulse
which may go on to ventricular tachycardia.
There s therefore some reason to fear its
action dial inf; ially in
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effect on the coronary vessels, and there is
some reason to believe that it also has a
direct effect on the myocardum.

Favorable results with khellin therapy in
man have been reported by many mvestiga-
tors, i 2 .71 4.8 QOthers have been un-
impressed with ats effect on angina pectorns or
the coronary circulation # # 8% 9115 The
drug may be given by mouth, 1n enteric or
sugar-coated tablets, in a dosage of 50 to 300
mg. per day, or intramuscularly in doses of
100 mg. Good results have been reported
with this latter mode of administration ¥ =

The most important factor limiting the use
of khellin orally has been the high incidence
of toxic reactions—nausea, vertigo, vomiting,
insomma, anorexia, and diarrhea-—which are
not prevented by enteric coatng.” Trouble-
some side effects were noted in as high as
607 and 627 per cent of patients. Intramuscu-
lar administration seems to reduce the number

P
the presence of ventricular tachycardia.
Two deaths after the intravenous injection
of papaverine have been reported.®
Opmion about the therapeutic effect of
Ppapaverine, like that about most other drugs
for the treatment of angina pectons, is not
unamimous Nevertheless, I have found 1t to
be effective 1n many patients, and at the
moment am prescribing, when necessary, a
fong-acting mitrite before meals and papaverine
combined with phenobarbital after meals, On
this regimen, the majority of patients feel

of these complications **

Efforts are being made to modify and punify
khellin, and these products ment further
study. Nokhel, a soluble solution, seems to be
inferior to natural khellin® A pure crystalline
drug has been described as giving generally
good results in doses of 200 mg daily.”
Improvement in 17 of 19 patients has been
reported, untoward reactions being minimal
when 50 to 100 mg. were used cach day; a
combination of 50 mg. khelin (crystaline),
15 mg, phenobarbital, and 10 mg, extract of
b 18 in this report.™

comfortable and need less glycenn than
Iormerly.

DIOXYLINE PHOSPHATE (PAPAVERIL)
This synthetic drug 15 somewhat simlar to
Papaverine, it dilates the coronary vessels 1
dogs and in albino muce Encouraging se-
ports™ ® and discouraging ones'™ * ** are
about equally divided. The dose 15 3 grains
(02 Gm.), three or four times a day, before
meals and at bedume,

KHELLIN (AMMI VISNAGA; VISAM-
MIN)  This drug has aroused some interest
sice 1ts ntroductuon by Anrep i Cairo. The
reports on its clinical effect have been volumi-
nous but confused. There seems to be hle
doubt that thus preparation ncl:.polcnlly ta
increase coronary flow in evperimental anis
tmalsle 32 52 30 ¢ probably has a direct

Use of kbellin in disturbances of sino-
auncular, auriculoventricular, or intraven-
tricular conduction, 1n postinfarctive states,
and in cardiac nsufficiency 1s inadvisable,™
After a long trial, I have given up the use of
khellin and am awaiting further reports.

HEPARIN Much has been written about
1be possible benefitial effect of mjections of
hepanin 1n angina pectons.*® <2 Its proponents
are uncertain about the drug's exact mode of
action, but some feel that it 1s related to
hepanin’s “cleaning action™ on the hlood ipids
Generally spealung, recent reports have not
been encouraging ® ¢ 8 ¢ T8 | have used
the drug as prescribed by its advocates—2$
to 100 mp intravenously once a week—in
20 patients, but am not persuaded of its effec-
uveness AN (.,\.f‘\\\
¢ R TN N

N \\
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ATROPINE Abundant evidence pomts to
the eff ss of atropine 10 coro-
nary flow 1n expertmental anmals,1®t 1% 11
and 1ts use has been advocated in the treat-
ment of early human mfarction ** Remn®
states: “Failure of relaxation from vagal tone
can result in actual vasoconstriction when
there is lack of equiltbrium between the supply
of blood for the myocardium and the de-
mand ” Atropine 1s of some value mn prevent-
g postprandial angina; af used for this
purpose, 1t should be given 1n customary doses

CORONARY HEART DISEASE

of the elastic Brown-Spencer girdle improved
the tracing.® In my experience, this is about
the percentage of patients with angina pectorrs
who will claim benefit from abdomunal sup-
post. The improvement, which 1s probably the
result of increased venous return to the heart,
can often be obtained by using a simple binder
1mprovised from a wide elastic bandage.

ROENTGEN THERAPY
Trradiation directed to the heart itself has

been tried 1n the past, and seems to have been
generally 2band Stmilar &

before meals. The of P
Iine and atropine is said to be more effective
than either alone 5

QUINIDINE It s stll not completely
certatn whether this drug enhances coronary
flow 12 28 88 35 13 Clincally, 1t 1s of some
value 1n suppressing anginal attacks which
are associated with premature beats and other
ectopic rhythms ™ Sorne observers have found
that patients with angima pectonis experience
an increase 1n comfort and exercise tolerance
when taking 5 grans (03 Gm ) three or four
times a day, quintne 1s almost as effective
This beneficial action s ascribed, at least
n part, to vasodilatation &

VITAMIN E AND TOCOPHEROLS ~ These
have been uscd extensively i the treatment
of coronary disease Although some patients
claim that the tocopherols have a muld
euphortc effect, there 15 good evidence that
they have no effect on angmnal pamn.® * # In
a Jong tral period 1n over 100 of my patents,
the tocopherols were of no more help than
placebos.

OTHER MEASURES

ABDOMINAL SUFPORT

Some 20 years ago, it was reported that a
special abdomnal belt helped some patients
with angmma pectonss,” a later report stated
that about 15 per cent of therr patents had
benefited from an abdominal support, and that
it was possible to predict those who would be
aided on the basis of changes i the ballisto-
cardtogram.’” Others have found that in 20
per cent of patients with abnormal ballisto-
cardiograpluc changes (Grades 2 to 4}, use

rected to the cervicodorsal area, in an effort
to affect the sympathetic chain, has not been
promusing ** % Deep rrradiation of the adrenal
glands was suggested by Raab,” 28 of 38
patients 1 one sertes improved ®* Other
observers were not encouraged, getting the
same results with sham therapy as with irradia-
tion,*” however, they did not use the dosage
advocated by Raab.

SHORY WAVE DIATHERMY

This has been extensively employed in
Europe, with the rationale that direct heating
of the heart tends to improve the coronary
arculation. Summing up the lterature and
discussing the technic and hazards of the
method, Bierman® concluded “It is difficult
to prove any special value to the use of short
wave current 1o the treatment of angina
pectoris because spontaneous renussions occur
in this disease, and because rest and other
measures are applied concurrently.”

DIURETIC TREATMENT

An “ diet, with 1
mjections of a mercunal and admmistration
of ammophyllne, has been advised n angina *
It has also been reported that 1 ml of
Mercuhydrn, ntramuscularly, cvery other day
was beneficial to 5 patients with severe angina
decubitus ™ T have no expenience with these
methods as routme therapy, but feel sure
that pattents with early heart failure and
even slight water retention are helped by salt
restriction and dehydrating measures

NICOTINIC ACID

Jnfusions of 0.05 per cent mcotinic acid
have been reported as giving favorable results
i the treatment of angina,™ others have not
‘been able to confirm these clarms.#> **¢



MANAGEMENT

RADICGACTIVE TODINE

Totat removal of the thyroid gland for the
treatment of congestive heart faslure or angina
pectoris was proposed in 1932 and 1933, and
two farge series were reported from Boston,
where this treatment was suggested.t™ * There-
after, surgical thyroidectomy was the subject
of some investigation, but recently snterest
has been focused on medical methods of
nducng hypothyroidism

With the advent of antithyrosd compounds
{thsouracyl, methylthiouractl, propyithoura-
af), and more recently of radsoactive 1odine
('), these means of suppressing the
thyroid have been proposed for angina
pectoris® &40 4 & 301 The  aptithyrowd
compounds have been largely superseded by
132 Resuits from a total oral dose of 25.5
to 176 mulbeuries of 1331 have been reported
as excellent s about 33 per cent of the patients,
and “worthwhile” in another 33 per cent.
Chnical improvement coincided with the onset
of hypothyroidism. Additional benefits are
unproved emotional stabilbty i  mmtable
patients, and improvement of congestive heart
faluze® In general, patients did not complain
of discomfort, even when the basal metabolie
fate dropped to —25 per cent, an occasional
patient required thyroid extract, A transient
thyroditis aceurred 1 about 66 per cent
of the patients

The critena for the selection of panents
ate ® (I} seecre but nat progressive anga,
{2) normal or only slightly elevated blood
Pressure; (3) basal metabohic rate not lower
than ~10 por cent, Results of treatment of
374 patients in 40 chinies, followed for more
than & year after the end of treatment, were
500d or excellent sn 441 patients (76 per
cent) ** The only patients treated were ones
who were incapacitated or were nable to
work despue aft the treatment they had
received

At the Unsversity Hospstals m Cleseland,
£30 panents have been treated with 1318
The sesults were good or excelfent 1 70 per
ceat of the cases of anpmna and m 55 per cent
©of the patients wuth intractable heart failure
The response scemed to be best m the patients
N whom myxedema developed In cuthyroid
Patients, treatment » started with a 6 week
durse of propy thiouracts, followed by a single
dose of 35 45 40 muthrcuries of F132, an attempt
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1s made to have about 400 microcuries per
gram of thyroid tissue retamed

The seported results are promising, but
the follow-up period s still too short for
defintte <c At Jeast th -
there would seem fo be a nisk that the werease
n blood cholesterol ut the myxedesmatous state
would adversely affect atheromatous arteries
Some workers beheve that the fear of risk of
atheroseler osts i myxedema has been exagger-
ated, while the blood cholesterol rose an aver-
age of 125 mg per 100 ¢cc m a series of cases
of mduced hypothyrasdism, none showed any
evsdence of increased coronary disease ? In
young patients with rheumatic heurt disease
who survived for 3 ta 11 years after myxedema
was induced by thyroidectomy, autopsy re-
vealed mimimal coropary atheroscleross

SURGICAL PROCEDURES AND USE
OF DRUGS IN PATIENTS WITH
CORONARY DISEASE

SURGICAL PROCEDURES

Obviously, surgery may become necessary
m patients with corenary artery disease
Elective surgesy should be postponed, if
possible, for 3 to 6 months after an acute
mfarction However, emergency sugery must
sometimes be done earlier, in 1 of my patients,
bilateral 1lsac vemn ligation was probably hfe-
saving when phicbothrombosis with putmonary
emboh oecurred on the tenth day after a
major wfarctron  Successful operation for
a saddle embolus on the eleventh day and
successful appendectomy on the sitth day*™
have been reported, and mn 2 patient of mme
was

an append: P
on the fifth day.

In general, surgery 1s faurly safe in patients
with old infarction or angima pectorss, al-
though it should never be undertaken hghtly
Among 257 patwents with carduac disease
undergoing magor operations, 43 per cent
died ™ In another series, there was an over-
alt {not cardie) mortality of 86 per cent an
patients with angina and of 8§ per cent m
patients wath myocardial mfarction,” 1 stilt
another semes, the mortahity was 6.3 aad 7.2
per cent, Tespectively ** Of 17 patients with
old myocardat wfarction undergong 30
aperatioas 3 died, none of IS patients with



o paed o owaer chinnels i supply-
ng oluod (o the pos rdw when pericardial
adbesions are produccy surgically is minimal

or nonexistent ™ ** They conclude:

In bricf, demoonstration of the Jarger anasto-
matic channels produced as a consequence of the
operative procedure has not received adequate
altention. Nor are there any convincing blood
flow studics which demonstrate that any thera-
peutic surpical operation leads to a sustained in-
crease in artertal blnod flow 16 a heart with prior
coronary narrowings or occlusions. Caution must
be observed in applying the results of experi-
ments on the normal dog heart to the diseased
atherosclerotic human heart with its established
narrowings, occlusions and rich network of com-
pensating intetcoronary anastomoses.

The nonspecific effect of any operation on
the heart must also be evaluated. It has been
repeatedly found that higation of the anterior
descending artery in the normal dog causes
the death of 75 per cent of the animals, and
almost any proposed surgical procedure has
resulted 1 “protection” against this mortality,
Harken and associates? conclude:

1t is a remarhable fact that approximately 75
per cent of ammals have survived ligation of the

508 CORONARY HEART DISEASE
TasLr 27 SURGICAL PROCEDURFS FOR CORONARY DisTASE
Revasculanzation
Use of perrcardium 1o form new collateral chancels
Attachment of pericardral surface to omentum, muscle, or lung
of y reaction by ducing forcign sub-
stances, such as talc (poudrage)
i with poudrag
Ispation of coronary sipus
Production of direct anastomoses
Resection of occluded artery
Tranplanation of attery directly into myocardium
Artant hization of coronary sinus
Ntnresurery to block afferent pathways
¢ hewic ) nerve block
ety lnlf‘m)'
Lerop ston o sanghonectomy
Yw 4 rrvrectomy
G Tes
cot e o the cypeamental animal ¥ anterior descending coronary artery regardless :i
. i owr oz stumutation of  which of the dlY[e_;sc.“pw(ec(:\"c pro?tf{ul’?:l;“
' osrice rony collaterals prob- ployed. . . . The P the
| don ta puotection agains! are denvedafrr:m these rq;:r;s 15 that m?x;:;b“
Gt e nomal dog heart; of instances and possibly, for the most part, fot

for the reasons put forward, 1t is conceivable that
intrinsic collateral channels, as opposed to an
external collateral coronary supply, have :“:
opened. The signtficant increase in c“ommry ﬂ';
flow reported by Beck following a “shem oP‘b]
tion” 1n which he went through all steps oln;j
second method without permitung acf'ual rexes
of circulation to occur supports this view.

REVASCULARIZATION

USE OF PERICARDIUM TO FORM NEW
COLLATERAL CHANNELS

ATTACHMENT OF PERICARDIAL 15?2‘);&
FACE TO OTHER TISSUES C;m,
Beck, the pioneer in this type .of "Pf;rgica
indeed the proneer in :h.c direct Ss e
approach to the heart, and his assocl‘:\!t m\ﬁn:
the search for surgical methods of l‘\"!;PIr st
the cardiac blood supply in 1932 [:nsis o
report was made in 19357 On the ! o
Beck's obscrvations, O'Shaughnessys ed 1
anterolateral thoracotomy and ﬂgpw .
pedicle graft of the great Omm"ustead of
heart, Beck has used muscle in¥ oot
omentum. Others have modified this P
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RADICACTIVE ODINE

Total removal of the thyroid gland for the
treatment of congestive heart failure or angina
pectoris was popased in 1932 and 1933, and
tho large series were reported from Boston,
where this freatment was suggested.*: ™ There-
after, surgeal thyreidectomy was the subject
of some ivestigation, but recently interest
has been focused on medical methods of
wducng hypothyroidism.

With the advent of antithyroid compounds
(thiousacil, methylthiouracil, propylthioura-
<}, and more recently of radioactive jodine
(%), these means of suppressing the
thyroid have been proposed for angina
pectoris® © ¢ 47 6197 157 * The  antithyroid
compounds have been fargely superseded by
1813 Results from a total oral dose of 25.5
1o 176 millicuries of 1131 have becn reported
2 excellent 1n about 33 per cent of the patients,
and “worthuhile” in another 33 per cent.
Chinical improvement coincided with the onset
of hypothyroidism, Addiional benefits are
improved ~emotional  stability in umitable
patients, and improvement of congestive heart
falure® In general, patsents did not complain
of discomfort, even when the basal metabolic
rate dropped to —~25 per cent; an occasional
patent required thyroid extract. A transient
thyroidits occurred in about 66 per cent
©of the patients

Tf:e critenia for the selection of patients
are:® (1) severe but pot progressive angina;
(2) normal or only slightly elevated blood
pressure; (3) basal metabolte rate not lower
than —~10 per cent. Results of treatment of
574 patients in 40 clinics, followed for more
than a year after the end of treatment, were
ood or excellent in 441 patients (76 per
tent) ** The only patients treated werc ones
who were incapacitated or were unable to
work despite all the treatment they had
recetved.

13‘3“ the University Hospitals in Cleveland,

patients have been treated with 3132
The results were good or excellent in 70 per
cent of the cases of angina and 1 55 per cent
of the patients with ntractable heart fmiure.
The response seemed o be best in the patients
i Whom mysedema developed. In euthyrold
Patients, treatment is started with a 6 wesk
course of propyIthiouracil, foltowed by 3 single
dose of 35 to 40 millicuries of 1131 an attempt

;03
15 made 1o have about 2> pucrocunss per
gram of thyrowd tsue 0.

The reported revulty o«
the follow-up periad
definite conclusiors 4
there would seem et

omusing, Bu
v o snort for
moreeealh
U e norense

in blood cholestercl ir 7=+ v . ° cousstate
would adversely affe. . afemes.
Some worhers bauere w7 otk of
atherosclerosis m myted.m ST oCuagger
ated; while the Peod chens <2 on ANET

age of 125 mZ. p<r 100 ce 1 sgras of cases
of tnduced hypothyrordism, acne <howed any
evidence of iacrered coreaars diselss *In
young patients with rtheumatie heart dpcase
Who survived for 3 to 11 years atter myvedema
was induced by thyroidectomy  utepsy re-
vealed mmimal coronary atberosclerosis.™

SURGICAL PROCEDURES AND USE
OF DRUGS IN PATIENTS WITH
CORONARY DISEASE

SURGICAL PROCEDURES

Qbviously, surgeey may become pecessary
wm patients with corooary artery disease.
Electne sucgery should be postponed, if
possible, for 3 to 6 mooths after an acute
Lafarction Howeser, emergency surgery must
somettmes be done earlier, i 1 of my patients,
bilateral lac vein ligation was probably kife-
saving when phlebotbrombosis with pulmonary
emboli occurred on the tenth day after a
major infarction. Successful operation  for
a saddle embolus on the eleventh day and
successful appeadectomy on the sith day™™
have been reported, and it a patient of mine
an appendectomy was suceessfully performed
on the fifth day.

In general, surgery is fairly safe in patients
with ofd mfarction or angna pectoris, al-
though 1t should never be undertaken Lightly.
Among 237 patients with cardiac disease
undergoing major operations, 43 per cent
died T¢ [ another series, there was an over-
all {(not cardrac) mortality of 8 6 per cent in
patients with angina and of 8.1 per cent in
patients with myocardial nfarction™ in stil
another senes, the mortality was 63 and 7.2
per cent, ::sp<c(ncl)."‘ Of 17 panents with
old m)oc:\rdml infarction undergoing 30
operations 3 died, none of 15 patients with

—
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angina pectoris undergoing 21 operations
died

SHOCK TREATMENT

This is not advisable in patients suffering
from coronary disease, but it may be used if
the psychiatric indications are urgent.>

ANESTHESIA

In a discussion™ of the problem of
anesthes:a in patients with coronary disease, 1t
is urged that: (1) the patient receive assurance
with regard to the anesthetist’s knowledge
and p [¢ deq preop: e
sedation be used, (3) anesthesia be mduced
smoothly; (4) blood pressure be maintaned;
and (5) adequate amounts of oxygen be ad-
mnastered.

St oein - AL e Meceateal

USE OF DRUGS

Certan deugs should be avoided or used
with great caution n the presence of chronrc
coronary disease. The most hazardous drug
15 putressin, which induces considerable coro-
nary vasoconstriction in dog preparations even
whea used in small doses, These results are
n accord with those reported on surviving
human hearts, rabbit hearts, human strips, and
1solated ox hearts ¥ € % 72 §ipce indications
for the vse of pitressin in man are few, it 15
safer not to use 1t at all Death or infarchion
has followed 1ts use.s" © 1%

Insulin may have a deleterious effect on the
myocardium.® When 1t produces hypo-

mmmamer <t ek AF dha haars 3

should not be avotded n persons with coronary
disease, but care must be exercised not to
lower the blood sugar excessively,

tetraethylthi ) may
induce drops in blood pressure and electro-
cardiographic changes even in presumably
normal individuals,®? it should be used with
cantion or avoided in those with coromary
artery disease.

Hexamethonium salts, like all agents induc-
g hypotension, should be used with the
greatest care in coronary discase There 18
evidence that it may impair coronary flow
in both animals and man** *
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CHAPTER 18

Surgical Treatment of
Coronary Disease

SEVERAL DECADES ag0, neurosurgeons joned
e internists tn the therapeutic attzck on
angina pectons More tecently, othey surgeens
have enthusiastically jomed m the struggle.
Thoracic surgeons, emboldened by thetr suc-
cesses with congenttal and theurnatic heart
disease, have devised i ingl:

revascularziag the heart, (2) those mmed at
relieving pan by blocking afferent nerve
pathways; and (3) those aimed at yeduciag
the metabolic demonds on the coroaary cw-
catatson (Table 27).

The objective of most present mnvestigat:on

g
and daging operative technics, and theredy,
especially in thelr prehmunary ammal exper~
ments, have often solved puzzling cardiac
problems So far, they have been not com-
pletely fortunate 1 thew therapeutsc results
coronary disease, but the same may be snd of
thair medical colleagues However, since the
snitial accomphshments have been strtkmg
enough to be encouragul, an attempt to 1e-
cord and weigh the achieverents of surgical
mtervention 15 yustified.

The naturst tustory of any mede of treat-
ment-surgical or medical-~1s 1be same De-
pending on the enthusiasm and persuasive
ness of the proponent, the procedure enjoys &
pertod of great suceess, often followed 1 turm
by cntitism, shepheisn, and slow abandon-
ment However, much has been jearned even
from some of those which have been discarded

The physician’s attrade should be that of
watchful 2nd moderately Optmistic waling,
m most patents with coronary disease. he
course 15 generally favorable If fo permuts
opetatrve Intervention, he should msist on &
method the nisks of whuch are no greater than
those of inaction, not can he allow Tumset!
10 be deprived of good ysdgment by patients
who are swayed by secounts w the poputar
or medieal provs

Surgical meusures fall mto three divisions

(1) those armed af releving jschemua by
307

is to rehieve dual wschemia by

cardic vasculanty The prehmunasy seseurch
fras necessanly been largely confined to animat
expeniment; the pitfalls 1 transferning expesi-
mental results fo man are emphasized by
Blumgart and Paul.™

Peoot of the surgseal augmentation of artersal
blood supply to the myocardiom has been besct
with difficultres Expermmental studses wtbzing the
dog engounter & Sifferent corottary arterial tree
fr0m that of man Large anastomoses between 1he
left srterior descendwg and Jeft crrcumflex and
nght coronary ecour father frequently i the dog
thus rendenag the effccts of bgasion of & wngle
artery such as the left astenor descending in 3
senies of expenments highly vanable and difficult
10 nterpret

They go on to pomt out the techmceat
problems which comphicate attempts to dem-
omstrate a new, functional blood supply w
expenmental ammals afier operative proce-
dures  Capiltary icscoronary anastomoscy
are normally preseat and mimilac communtea
tions often extend te noghboring structures.
such fs the aonta and pulmonary arlery ”
While such fine connections do vot protect the
myocasdum from mfarction in sudden oceds
sion of a coropary artery, intercoronary
anastomases have been shown to be abuniant
and always present When coronary narrowing
or occluston has exsied for a time Fhese

prevent the effectrel
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TABLE 27, SURGICAL PROCEDURES FOR CORONARY DISEASE

Revascularization
Use of pericardivm 1o formy new collateral channels
Attach of pericardial surface to muscle, or lung
Ind of y reaction by i foreign sub-

stances, such as talc (poudrage)
De-eprcardsalization combined with poudrage
Ligation of coronary sinus
Production of direct anastomoses
Resection of occluded artery
Transplanation of artery directly 10to myocardium

Artenabzation of coronary stnus
Neurosurgery to block afferent pathways

Chemical nerve block
Postenor rhizotomy

Cervicothoracic ganghonectomy

Pericoronary neurectomy
Other procedures

sudden occluston 1n the experimental animal.*?
As studies have shown, the stimulation of
such functional mtercoronary collaterals prob-
ably explains the prolonged protection agamnst
coronary ligation m the normal dog heart;
the role played by vascular channels in supply-
g blood to the perrcardium when pericardial
adhesions are produced surgicatly js minimal
or nonexistent ** They conclude:

In brief, demonstration of the larger anasto-
matic channels produced as a consequence of the
operattve procedure has not received adequate
attentron Nor are there any convincing blood
flow studies which demonstrate that any thera-
peutic surpical operation leads to a sustained in-
crease 1n artenal blood flow 1 a heart wath prior
coronary narrawings or occlusions. Caution must
be observed in applying the results of expen-
ments on the normal dog heart to the diseased
atherosclerotic human heart wath its established
narrowings, orclusions and rich network of com-
pensating infercoronary anastomoses

The nonspenfic effect of any operation on
the heart must also be evaluated. It has been
repeatedly found that Iigation of the anterior
descending attery in the normal dog causes
the death of 75 per cent of the animals, and
almost any proposed surgtcal procedure !xas
resulted i “protection” against this mortality.
Harken and associates™ conclude:

1t is a remarkable fact that approvimately 75
per cent of anjmals have survived ligation of the

anterior descending coronary artery regardless of
which of the diverse “protective™ procedures was

ployed . . . The 1 that
are derived from these reports 1s that most of the
ions are ma number

P
of mstances and possibly, for the most part, not
for the reasons put forward It 1s concewvable that
ntrensic collateral channels, as opposed to an
external collateral coronary supply, have been
opened The significant increase 1n coronary back
flow reported by Beck following a “sham opera-
tion” 1n which he went through alt steps of his
second method without peroutting actual reversal
of eireulatton to occur supports ths view

REVASCULARIZATION

USE OF PERICARDIUM TO FORM NEW
COLLATERAL CHANNELS

ATTACHMENT OF PERICARDIAL SUR-
FACE TO OTHER TISSUES Claude
Beck, the pioneer in this type of operation,
indeed the proneer in the direct surgical
approach to the heart, and his associates began
the search for surgical methods of improving
the cardiac blood supply in 1932; theur first
report was made 1 19357 On the basis of
Beck’s observations, O'Shaughnessy,*® did an
anterolateral thoracotomy and appled a
pedicle graft of the great omentum to the
heart. Beck has used muscle jastead of
omentum. Others have modified this proce-
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dure. Masan® repocted on 30 paticats
19512 1t of the 30 did not survive the first
month; 1 3, the angna was not relieved, 10
scemed to be bencfited, and in 6 the sehef
wes guestionable, Evea beariag in mind that
Mason incfuded patents whose state was
rather hopeless, the results arc not encourag-
g Lezius® and Carter and associates?®
have used the tungs as a source of

309

ficial pericarditts, The nest sear O'Shaugh-
nessy'® used Aleuronat paste to produce a
body reaction sn the pericardial cavity, Beck
used powdered beef bone Thes type of opera-
tion vecewed sts first real wmpetus w1939,
when Thompson® reported the use of tale.
His enthusiasm for this metbod has coatinued
and a lacge number of patients have been

blood. Key and co-workers” have applied
the raw surface of a split segment of 1solated

‘\\V S

|/

FiG WO Decorticution by phenol ond poudroge
lteh) The open pemcordiom The left ventricle is
swatibed, front ond botk, wifh phenal, care being faken

jeyunum, stupped of mucosa but attached
by uts pedicle, to the heart surface of expern-
mental antmals, and report that thus affords o
high degree of protection agamst the 1 effects
of subsequent coronary attery higation Gener-
alty spealang, this operaton, as & sohitary
procedure, has been ducarded It stdl survives
ay part of other operations

POUDRAGE (CARDIOPLRICARDIO-
PEXY, INSTU LATION OF POWDERED
TALC OR ASBESTOS INTO PERICAR-
DIAL CAVITY) 1Figs 100, 181) The
use of perardium as o sourve of collatesal
arculaton was proposed m 1932 4 In 1935
Robertsan™ seported fhe snduction of an artr-

treated iy In the expeneace of
these workers, instiffation of stertle anhydrous
magnesium sthcate (U.S.P tale) into the pen-

10 avod fhe caronary vessahs (Roght) The applicaton of
tolc ot he same aperation (Courtesy of Dr A Bakst]

cardial sac 13 & satsfactory method of pro-
duemng an adheston pericarditis, a pronounced
hypesemia oceuts within 3 {ew howrs and per-
sists for 2 or 3 weeks This hyperemsa 1s sad
1o opea up anastomotic chanaets atready pres
ent and to sumutate the formation of new anes
The mflammatory myocardial reaction may
cause formation of new sntragardiac, ay well
as extracardsae, vessels There seems to be no
danger of 3 comstrstive pencarding as a late
result The operauen sn Thompson’s hatds
takes ahout 20 smnutes

FECHNIC An muston 3 wches long 5
mide over the teft filth costal cartlage, the
medial end being at the costosternal junction
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After careful dissection, the pericardial sac is
aspirated through a small incision and § cc. of
2 per cent novocaine are dropped onto the

g: to prevent fibrillattion,
The novocatne solution is aspirated after 5

CORONARY HEART DISEASE

adjacent pleura, and the mediastinum, A fric-
tion rub is heard for a long time, and the ECG
shows the changes of an acute pericarditis,
Pain on movmg the left arm and shoulder is
frequent, and may persist for some time post-

N

FIG 101 Poudrage, Bailey's procedure A, Incision
410 7 ¢m long 1s made over left £ifth costal carnlage
B, Cartlage 15 resected ond perichondrial bed 13 in-
cuied €, Extropleural portian of percardium (s exposed,
care being token not to enter plevra (free penicardiol
space); pursestring suture s opphed in pencardal sub-
stance and a smalt stab wound s made within its con-

minutes, about 2 drams of sterile talc are then
applied over the antertor surface and inferior
and left borders of the heart, and the mncision
is closed Cyclopropane anesthesia, with large
quantites of oxygen, 15 used

There is usually a pronounced reaction,
with fever and inflammatory involvement, not
serious, of the left lower lobe of the lung, the

G

fines D, Soft rubber furethral) catheter of adequate size
15 inserted through stab wound deeply inta pericardial
sac E, Suspension of irntant sn procaine 15 inected F,
Catheter s withdrawn and pericardial waund « closed
by constrichion of the purse sinng G, Skin 15 closed by
smple or interrupted mottress sutures (From Bailey
Surgery of the Heart, 1955 Courtesy of Lea & Febiger }

operatively; 1t is due to the involvement of
the pectoral muscles at the operation

Schildt, Stanton, and Beck,® after testing
28 chemical substances, concluded that pow-
dered asbestos, also a silicate, was supertor to
talc. Bailey® concurs, and uses asbestos rou-
tinely when doing this type of operation His
procedure 183
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TECHNIC After induction of general
anesthesia, a 3 cm. section of the left fifth
costal cartilage is removed through a 5 cm
incision, The pericardium is incised through
a small cut without opening the pleura, any
fluid present 1s aspirated, and 4 Gm, of pow-
dered asbestos, previously mixed with 30 ml.
of 2 per cent procaine solution, is injected with
a bulb syringe through a catheter, the tip of
which has been placed within the pencardum
behind the heart. Closure is made without
drainage. Morphine and oxygen are admin-
istered for 2 to 3 days to combat the con-
siderable pericarchal pain.

Fever may last for 10 days. Pencarchal
effusion is not a postoperative problem. Ac-
cording to Bailey, the pateent is free of pen-
cardial pain within 3 days, and no further
anginal pain may ever be experienced. When
1t persists, it 1s usually milder than before
treatment. Bakst* believes that the skin in-
cision should be small and that the dry pow-
der should be applied rather than blown 1
He reports that arrhythmias occur more com-
monly when the powder 1s insufflated Dack
and Gorelick,!® using the talc method 1n 36
pateents, had an operative mortality of 5.5 per
cent (2 patients) In more than three-fourths
of those operated upon, tmprovement was
good or excellent. Boone and Hubbell' report
the use of 5 per cent monoethanolamme oleate
solution as an srotating agent to produce an
adhesive pericarditis in experimental animals
Blumgart and assoctates,” basing their opin-
ion on experiments done on pigs, cast doubt
on the efficacy of pericardial adhesions They
found collateral vesscls i the vicimty of pen-
cardial adhesions, but 1 no instance did therr
injection mass traverse these adhesions

Bailey* beheves that the Thompson pro-
cedure is not a wholly satisfactory method of
revascularization, and feels that in general
the attempts at cardiac revasculanzation by
intrapericardial rritants or surface application
of vascular grafts are probably of relatively
small fundamental value to the patient How-
cver, these procedures undemably result 1
palhiation of pam, and perhaps also provide
enough additrional blood to the superficial
fayers of the fes to offer
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the possible development of additional aux-
iliary sources of myocardial nutnition. “Since
the ischemic myocardium presents a constant
need, the artertoluminal and other primitive
mechanisms may become directly continuous

with the & y coMaterals, devel
oped and brought more fully into utilization."
Tt T has now a lJarge

serics of cardiopexy operations, The operative
mortality (postoperative and hospital deaths)
in 180 operations was 10 per cent. Some of
these deaths he considers not to be related to
the surgery, being due to rupture of an un-
suspected abdommal aortic aneurysm or to dia-
betic coma; they are nevertheless icluded in
the mortality statistics In 90 per cent of hus
series there was an improvement of 50 to 100
per cent (good to excellent), 1n 40 per cent
the improvement was better than 75 per cent.
Most of the patients are gamfully employed.
Those patients who subsequently died hived an
average of 9%% years after the onset of symp-
toms, which he believes 15 about 5 years
longer than they would have lived under
medical treatment alone

The Beck I operation, now used almost ex-
clusively by Beck and colleagues, consists of
the nstillation of asbestos, cardiac abrasion,
partial coronary sinus occlusion, and grafting
of pericardium and mediastinal fat. They
firmly believe that this procedure adds lttle
to the nisk of operation, compared to simple
asbestos mstllation, even in poor-nisk “sal-
vage" patients. If difficulttes occur, they are
“the effects of anesthesia plus thoracotomy
and not so much by what 1s done to the
heart ™ Beck feels that the intercoronary
anastomoses resuting from the Beck I opera-
uon are almost as profuse as those from the
Beck II operation, and the nisk 15 considerably
smaller

Leighninger® sums up the current attitude
of the Beck group as follows:

Our attention has recently been returning to
Dr Beck's onginal concept of the “tngger™ with
more and more emphasis We have evidence that
when cyanotic myocardium s mn contact with

yg y cettarn
clectnc currents arc sct up which are capable of

against the development of “dry™ areas n the
myocarditm and so avoid the onset of fatal
ventricular fibnillation Time 15 also gained for

the of the
heart beat This 13 truc whether it be an istand of
blue muscle an contact with pink muscle, or an
1sland of pink muscle 1n contact with blue muscle
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The importance of these currents is becoming
more clear. Yater, in hus analysts of 950 deaths
from coronary artery disease, has shown that jn
about 90% of these hearts there was not con-
siderable destruction of myocardium, The magor-
1ty of these deaths were due to destruction of the
mechanism of the heart beat, rather than duc to
beart failure due to a “worn out” heart from
excessive muscle damage Most of these hearts
were hearts that, under shightly altered condi-
tions, probably had the capacity for continued
function for a pertod of tme, probably m terms
of months or years We think that the electne
currents from “tnipger” areas were responsible
for the majonty of these deaths We also know
that a few cubic centimeters of blood per minute
to an arca of myocardum which is 1n need of
blood can markedly alter the possible outcome of
such a heart We think that intercoronary com-
munications ¢an supply these small quantities of
blood to such areas by providing an even distri-
bution of blood to the myocardium, even though
0o new blood supply has been added to the heart
These small quantitics of blood can alter the
electnic currents so that the mechamsm of the
beart beat 15 not destroyed We know that opera-
tion can stinulate the production of ntercoronary
communications We also know that coronary
atery occlusion also stimulates the production of
ntercoronary communications The question for
many patients, then, is whether or not inter-
coronarnes can develop fast enough to keep up
with the progress of ks disease. The 200 to 400
thousand deaths per year from coromary artery
disease stands as evidence that this development
for many people 1s not fast enough We do feel
that operation can provide sufficient 1ntercoro-
paries to make a stgnificant difference to many
of these people.

We are aware that operation can not alter the
progress of the discase wathin the coronary
arteries nor can it undo the damage already 10
the myocardium, but we do feel that it can help
prevent or protect the heart from the effect of
these currents which can produce ventricular
fibnilation In the course of so dotng 1t has also
brought about significant reltef of pain and re
trned to useful occupatioss about 80 to 85 per
cent of the patients operated

DE- EPICARDIALIZATION Harhen and

the application of phenol
to the pericardium in order “to remove the
barrier ta the tmgrowth of vascular collateral
circulation,” Harken also applies the lingula
of the lung to the denuded myocardum as a
highly vascular source of new blood supply.
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‘The operation consists therefore of: (1) de.
cpicmdmllzz\lion with 95 per cent phenol, (2)

d d (3) p pexy. In both
man and e‘penmental animals, there 1s less
operative arrhythmia, and improved results
have been found. None of 18 patients who
have undergone the operation have died, and
the relief from pain has often been dramatic

LIGATION OF CORONARY SINUS (Fig. 102)

In 1937, on the basis of animal experiments,
Gross and colleagues® proposed that the 1n-
ductton of venous congestron might improve
the coronary circulation, and Fauteux® was
sufficiently encouraged by the results of his
ammal experiments to use this operation in
patients. Their theorses are largely based on
the following, generally accepted assumptions

(1) The coronary sinus receives from 40 to
70 per cent of the mflow of the left coronary
artery. The night ventricle 1s supplied chrefly
by the right coronary artery and 1s drained tn
large part by the accessory veins. However,
the left coronary artery supplies some part of
the night ventricle, and part of the right coro-
nary 1nflow 1s dramed by the coronary simus,

(2) An accessory dramage systern, the
thebestan vessels, 1s present 1n both auricles
and ventricles, They communicate with each
other, with the cardiac cavities, and with the
cardiac veins, but their only connection with
the artenial system 1s through the capillartes.

(3) The coronary arteries commumicate
with the cardtac chambers through the artenio-
lumrnal and arteriosinusardal systems, both of
which have networks with interartenal anasto-
mouc vesscls. The capifary bed 1s 1 direct
communication with all three systems, and
with the veins which connect with each other
and with the thebesian network

(4) The inflow or outflow systems have no
valves Fiow depends on pressure gradients,
which 1n turn depend on such factors as pres-
sure head, vessel size, position of vessel m
the myocardium, and on systolic and drastolic
pressures within the myocardium’ and the
cardiac cavities.'®

In 1946, Fauteux™ reported ligation of the
great coronary vein m 10 pauents; 7 of them
were alive and 1mproved 3 to 5 years later,
Other vestigators, working with animals,
have had no success with this method and
challenge its theoretic vahdity 2 3 % ¢ They
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point out that presumably, with the over-
development of other normal venous drainage
pathways, the mduced coronary sinus hyper-
tepsion will in time become reduced, with foss
of the beneficial effect of coronary hgation,
‘The pioneer wosk of Fauteux and of Gross
and associates was important in showing that
the coronary sinus could be sacrficed without
great harm. In the United States, coromary
sinus hgateon alone is seldomt performed, but
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1 by 2 vascular graft in S patients. The distal
poriion of the artery was perfused durmg the
operation by way of a branch, to prevent -
farction of the ivolved muscle Such a sur~
gical procedure would seem, at least theorets-
cally, to be correct for the oceasional sobtary,
sharply localized atheroma This 15 sometimes
the case in young peeple, but how ceriom ton
the clunctan be? Perbaps 1t 1s the operation for
the rare case 1 whieh the surgeon, explormg

PG 102 Simpla kgation of coronory smus {Laft)
Passage of pair of desecting forceps under sinus. after
dissecting ot in which it 15 imbedded on enher ude
{Right} Possage of threaded farge curved neodle under
sinvs, dork venous bleeding Indicates deeq teanng of

® may be used in combmation with other
Beck ines 11 with eprcardial
abrasson and ntraperscardiat jnstilanon of
asbestos (Beck I procedure) for pattents con-
sidesed unswitable for the more formdable
Beck I procedure, which stself mcludes a
pastial occlusion of the coronary sinus.

PRODUCTION QF DIRECS ANASTOMOSES

RESECTION OF OCCLUDED ARTERY
Murmy"" has proposed the most direct surgt-
€3] approach posstble He has resected the
narrowed portion of the artery and replaced

smus or o tbutary and requires repassoge of o deeper
fevel bleeding of arteral blood may indicate entrancs
into left orrium but s of no Jmpogtante and doss not
necessitate repossage of needls (Fram Badey: Surgery
of the Heams, 1955 Courtesy of Lea & Fetiger

the heart with a chawe of several pracedures,
finds the morbid changes exactly sudable.
Murray** Tumself Qoes not behieve that st
should be advocated as @ climweal procedure,
for the present at least

DIRECT TRANSPLANTATION OF AR-
TERY INTQ MYQCARDIUM (g 303)
Vineberg,®t working fiest with dogs, devised an
operation. ta crease the heart’s blood supply
by transpianung the cut frec end of an interaa!
mammary acery to a prevtously prepared
tunnel 1o the wall of the left ventsicle He ss



314

CORONARY HEART DISEASE

d that 1zation is
accomplished, and in 1953 reported on 9 pa-
tents treated by this method; 3 patients died,
of the survivors, 3 were completely relieved of
their pain Bailey* has found that revascular-
ization i ammals subjected to the Vineberg
technic scems to be limited to the anterior
portton of the left ventricle and to the anterior
half of the mnterventricular septum (an area
commonly 1nvolved 1in human infarction), and
has noted a high percentage of postoperative
thromboses 1n his ammals In Murray's** ex-

FIG 103 Vincberg procedure A, Left wternofl mom-
mary artery Is dnded of level of sixth ifercostal space
and Is mobilized up to level of the fourth B, Shallow

tunnel 3 to 4 cm long 15 made within thickness of
anterior woll of left ventricle, using a parr of fine curved

penence, the artery bas become occluded 1n
a high proportion of cases. Bakst and asso-
ciates® have found that the lumens of the im-
planted vessels in animals who lived for 6
months after the Vineberg procedure were 95
per cent obliterated by severe intimal prohf-
eration. They concluded that the operation did

whether

will perhaps d
this procedure has merit.

ARTERIALIZATION OF CORONARY
SINUS (Figs. 104, 105) Pratt,*" as early
as 1898, proposed that mourishment of the
myocardium might be increased by retrograde
flow into the coronary smus. Roberts and asso-
ciates,* working with hepanimized dogs, con-
nected an artery to the coronary smus by
means of a glass cannula. Smith and co-
workers®® ligated the cuwrcumflex artery m

/

mosquito forceps, intercostal stumps are reamputated to
cause them to bleed freely C, Artery is drawn Into
myocardiol tunnel and terminal ligature is tied to suture
placed obout ventricular stob wound (From Bailey 3}

dogs, and found that the mortality rate was
reduced from 70 per cent to 0 when the coro-
nary sinus was successfully arterialized Eck-
stemn and Leighminger™ have had sinilar good
results 1n dogs; they statez “It 1s hikely . . .
that the human being who 15 chronically dis-
ablcd after myocardial infarction has not a

fi m J: but rather

not materially increase the 1 crreula-
ton.

‘The results of the Vineberg procedure have
not been encouraging so far, but the idea 15
an intniguing one. Vineberg himself feels that
the implantation is much more lrkely to be
successful if the ventricular wall is already
ischemic and 1 need of extra circulation.
Future experimental studies, based on these

a lack of adequate collateral perfusion due to
disease in the remaming coronary arterics.”

Hahn and colleagues™ showed that blood from
the venous stde can traverse the capullary bed
and emerge from the artenal sxde. Somc of
therr sp showed be-
tween arteries and veins without the interposi-
tion of a capullary bed Other workers feel that
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Fig 104 Adenahzonon of coronary snus, Beck 1)
Procedure first stage A, Coronary mnws (s encircled
¢lose to its ostum with @ double suture of aylon; fhis 13
201 hed but rolled vp mte o hitle “bale” which w
“bound” wirh @ fina artenal suture and then s secured
fo percordium or diophrogm o1 o convenient place,
B. Two fraction sutures ore placed fully inte lumen of
toronary sinus nduoted by venaus bleeding from stich
holesh; part of winus wall s excluded, using speciol bull-
dog clamp, sinuc 15 wncsed fong tudinally between the
o sutures oy shght troction s made vpon them C,

Using a sutable venous or artenal gutogroft, on end 1o
sida anastomons §3 mads lo opening of sinus, an everning
mattress of umple running sulure technic may be wied
B, Alter syt onostomoss hos been proved secured,
graft 15 Gl'ed wah hepann solution ond clamped tor.
minally while @ portion of contiguous woll of descending
aorta s exclyded with o specal (Beck! aoruc clamp
E, £, Cleculor opeming of 4 mm diometer Is made in
excluded pormion o aoctic woll, vsing @ simple hand held
brstuory blade, or _preferably, @ specrally dewgned
punck From Boitey ¥
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this p dure does not Js myo-
cardial revascularization because of the exist-
ence of jntramural communications between
tributaries of the coronary sinus and other
heart veins.®* ® These chanmels can grow
larger and mught then function as a complete
run-off of all the extra artenal blood provided
by the operation. However, Bailey and asso-

P a direct side-to-
anastomosis when possible without vein gr
with this method, thrombosis is said to be
of a hazard. The incision in the aorta must
fairly large (4 to 6 mm. in diameter) to |
vent thrombosis of the graft, especially in
Beck 1I procedure,

In stage 2, done 3 to 6 weeks later, when

FIG 105 Beck Il procedure, second stogs A, Probe
of meatured size, wsually 2 mm n diameter, Is lad
upon surface of coronory sinus near ats terminus and the
two enarcling nylon sutures are successively tied down
vpon 1t B, After hgature 1s nght, probe Is withdrawn,

reestablishing @ 2 mm luminal diomeler After this,

mayor portion of the artenal blood from the graft m
flow m retrograde fashion throughout the ramificats
of the coronary sinus system of veins

ciates® present their own lak 'y t
tions and those of others in support of its
soundness

To Claude Beck of Cleveland goes the credit
for adapting this operation to man. He devised
an ingenious two stage procedure:

has healed, the coronary sinus
partially (pot completely) obliterated, a rel
tively minor operation. A probe 2 mm. in ¢
ameter 1s placed firmly on the sinus and
Irgature (placed but not tied 1n stage 1) is ti
tightly around the probe and compressed s

vein graft

Stage 1: Aorta

AN

/ coronary sinus

side-10-s1de anastomosis

Stage 2 Incomplete ligation of the coronary
sinus.

This method 15 desigred to replace the lost
artertal blood flow by reversing the flow
through the coronary veins which end in the
coronary sinus.

In Stage 1, an anastomosts is made between
the 20rta and the coronary sinus, a previously
prepared vein graft being lad between open-
ings made in each of these vessels. A recent

‘When the probe is removed, the caliber of 1
sinus will presumably be about 2 mm 1
duameter The two-stage technic is necessar
because the ostium of the coronary stnus mu
be left open at the beginnmg. If the venor
radicles have nat become adjusted to a highe
1 pressure, 1 i
and thrombosts of the graft are inevitable
Were retrograde flow to occur suddenly, th
myocardial venous system would be unabl
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to tolerate the Jarge blood flow necessary to
retain potency.

The beneficial effects of arterialization of
the coronary sinus are said to result from (1)
Production of hypertension in the coronary
sinus. (2) Overdevelopment of intercoronary
arterial commuaications, producing a network
through which arterial blood from any source
could, theoretically, reach any portion of the
myocardiom; localized infarction would there-
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safety, the coronary smus must not be oc-
cluded completely n stage 2; on the other
hand, the hgature may tghten self and
thereby occlude the ontfice completely, or the
flow through the sinus may become reestab-
hshed. In animals, retrograde flow of arter1al-
szed smus blood 1s not maintained beyond 4
mwonths, in man, 1t probably 1s not maintained
for longer than a year or two. He believes this
time to be sufficient for mntercoronary and

fore be unlikely, nor would ve fibnlla-
tion due to “trigger” effect of areas of local-

to become so
well esmbhshed as to last for a long tume, pes-

A
.\&{;\“{‘ '\r-i

FIG. 105 E, Interfosccular space of feft ventricle i
© 54 yeor old patient with bistery of two myocardial
Infarctions ond definte oneurysm formation who died
3 months affer the second stage of a Beck tl procedure,
note psevdoangiomatous chonge with even grecter chio-
fation of the vessels, death due fo congestive heart
failure, groft open (X 80} F, Section through coromary

ized ischemia (“dry axeas") be hke]y to occur,
(3) Dx
cating vessels, the ne\\)y devetoped medras-
tinal and pencardial vasculanty, usually of
hugh degree. Bailey® considers this an wm-
portant, perhaps the most amportant, factor
in increasing the cardrac blood supply.

The many drawbacks of the Beck II opera-
tion are listed frankly by Bailey.! The two-
stage operation 1s time-consuming and costly.
If the connection between aorta and coronary
sinus is too small it will be occluded by clot,
1f 100 large, it comstitufes as arteriovenous
fistula and s therefore 2 burden on an im-
paired circulatory apparatus For the sake of

5inus, showing inhmal profleration and mediol hyper
trophy (X 80) Such changes have been described as
“arteriahzation” of the vein, they probably represent
degenerative changes due fo the abnormally elevated
traluminal pressure, ultimately, the smaller tributaries
of this vessel become abbterated completely by extension
of these changes and/er thromboss, (From Basley.$)

baps for hfe. Then again, the general dilata~
ton of the intramyocardal vascular path-
ways may trzosform the myocardiim into a
more spongy tissue, this may be 2 “cavernous”
transformation, having the tustologic appear-
ance of corpus caverzosum (Fig 106) This
myocardial deterroration, and it must be so
regarded, cannot {ad to wmpair the wigor of
the heart as a pump, this i the face of the
added work imposed by the presence of an
arterrovenous fistula.

With all of these shortcomings, Bailey's Te-
sults convince hrm that the operabion 1y cmi-
nently worthwhile for relieving pain :md !or
P {uture and
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fibnillatton  He reports on 53 patents on
whom the Beck II technic was used There
were 8 opcrative and 3 Jate deaths (operative
mortality, 16 per cent). Graft thrombosis,
which formerly occurred in about a thurd of
the cases, 1s now becomung rarer because of
1 ampr d by Beck.
The patients 1n whom graft thrombosts oc-
curred fared poorly, but the majonity 12 whom
1t did not, have done well, Only 1 patient has
restdual angnal pam, 2 have needed graft
higatton (after 16 and 19 months) because of
large output heart failure, ‘l'he others have
reported rel tr
m therr ability to work and uudenake acuw
ities.” The ECG oftert shows a detertoration
which does not correlate with chimcal 1m-
provement.

‘The Philadelphia group of surgeons, recog-
mzing the technical difficulties of the Beck IT
operation, have required that the patient be
under 55, “that he should not have had more
than two previous myocardral infarctions, that
at least 6 months should have elapsed since
the last mfarction, that his beart should not be
enlarged (radiographically) more than 10 per
cent beyond normal limts, and that he should
show no signs either of feft or night ventricular
failure Special considerations such as calel-
fication of the aorta, hypertension, or meta-
bolic disease {(dtabetes, obesity, nephrosis)
mught well be contraindicative or deterrent to
the performance of this type of surgery.”

Intracardiac wmstllation of a silicate pow-
der 15 suggested for patients whose condition
15 not good enough to meet these requirements.
Procedures ammed at nterrupting the sympa-
thetsc pathways arc reserved for those patients
m whom all revascularization procedures are
contraindrcated

I do not feel, after sober appraisal of arterr-
alization of the coronary smus, that 1 can
recommend this operaton There 1s Iittle
doubt that the condition of the heart muscle,
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tion of choice, Bakst and Bailey, in a 12
month follow-up study of their experimental
animals, found the grafis occluded in most
of the ammals and conclude that “retroperfu-
sion of the myocardual capillary bed could not
be demonstrated 1o this group of animals.”

NEUROSURGERY TO BLOCK
AFFERENT PATHWAYS

The neurosurgical procedures are designed
to relieve the pain of angma pectons. They do
not umprove the coronary crculation except
m so far as they reduce pain which n turn
may dimimsh coronary flow. The results have
been equivocal so far. Some of the operations
are still giving good results; others have been
discontinued erther because they have been su-
perseded or because the results have been
unsatisfactory There remains enough promise
of success to give pont to the belief of some
neurosurgeons that cardiac pain can be re-
lieved 1n most cases by surgical means,

There are three possible pownts of neuro-
surgical attack (1) The vasomotor nerves,
the aim is to prevent vasoconstrictor tmpulses
to the coronary arteries (2) The motor ac-
celerator nerves, the aim is to inferrupt cardio-
pressor reflexes (3) The sensory nerves, the
aim 1s to interrupt pawn pathways

The prmary objective of current procedures
15 to block pain impulses; the other procedures
would be accomphshed m passing, if at all
A description of the innervation of the heart
will be found 10 Chapter 7

CHEMICAL BLOCK OF AFFERENT PATHWAYS

This procedure was first proposed by
Mand!*® 1n 1925 and by Swetlow™ in 1926
The most tmportant application of this method
15 paravertebral block with procaine or alcohol
Novocaine njection nduces temporary, and
in some cases prolonged, relef. Alcohol in-
jecton p a much longer, occasionally

as muscle, 1s mpaired by the d

v.hether the added blood supply makes up for
this is scarcely certain after so short a period,
only about 5 years having elapsed since Beck's
first patient had this operanon Longes and
wmore defimte follow-up studies are needed
befage final judgment can be passed. It 15
noteworthy that since January, 1954, Beck
has returned to the I procedure as the opera-

permanent, block.

The usual method 1s to inject the blocking
agent paravertebrally, as indicated 1n Figure
107. Thts may be confined to the left side, but
bilateral 1njection 15 someltmes required. The
stellate ganglion may or may not be injected.
In one sertes of 45 patients, relief was marked
1 77.5 per cent® Alcohol mjection in 22 pa-
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tients resulted in complete relief for 7, partial
relief for 9, and failure for 6.4°

White and Bland® considered this method
the least dangerous one for poor-risk patients
Nevertheless it is not free of certain draw-
backs and hazards: (1) Even when performed
most skillfully, the procedure fails to control
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jections do pot give permanent relief; in 14
of 75 patients there were recurrences withtn
2%z months.** (7) Intercostal neuralgia pro-
duces discomfort inn all cases; 1t 1s exceedingly
troublesome 1n 10 per cent, and may last for
a long time,

Various other methods of chemical nerve

A Byt o2

FIG 107 Thoracic paravertebrol somalic nerve block
dots wndicate stes of wnjections A, Cross secton B,

pan tn 10 per cent® (2) The tnjection is
carried out without anesthesia in order o ob-
serve the appearance of 3 Horner's syndrome
and a hot, dry hand (3) The spipal cord may
e injured if alcohol penctrates the subarach-
noid space,” 3 cases of myclitis have been
observed to follow this procedure ** (4) There
is danger of pulmonary puacture, pncumo-
thorax, and pneumonta ** {5) Several deaths
have been reported ** ¢ (6) Even alcohol -

Loreriof view showing derails of techmic (From Bonica 12

block have been suggested or trnied Kux and
Vetter’ described a new approach for -
Jection or fulguration, using endoscopy with
direct viston Stubbs and Woolsey* have used
bilateral steltate ganglron bioch with a buffered
ammonium sulfate solution, with ¢xcellent re-
sults 1 13 of 18 cases The mjection must
normally be repeated every 3 to 4 months and
3 bilateradd Horner's syndrome must  be
achreved
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Rinzler and Travell’s'® method consists of
local block of referred neural impulses.
Trgger areas are located, these are usually
myofascial structures, most often in relation
to the pectoralts major and minor and the
serratus anterior muscles. Procaine, 0.25 to
05 solution 1 phystologic saltne, is mjected,
using a 23 or 24 gage needle 1%4 to 2 inches
Tong, The total dose should not exceed 100 mg,

The procedure 1s usually effective only m
postinfarctive angina pectoris I have been
able to confirm the eflicacy of the method
m such cases Constderable relief 1s often ob-
tamed 1 atypical “cardiac pam,” but typical
angma pectons is less frequently relieved. An
alternative method 1s to spray ethyl chloride
solution for 5 to 15 seconds over the trigger
area; this gives shorter relief, but 1s useful for
testing purposes

POSTERIOR RHIZOTOMY

In this procedure, the upper four or five
theracic roots are divided bilaterally Whte
and Bland believe 1t to be the best operation
1n the best-risk group of patients, particularly
if the pain 15 bilateral They report 3 deaths
among 29 patients

The advantages of this method are (7) the
technic 15 a standard one, well understood by
the average neurosurgeon; (2) there 1s no pos-
sible chance of regeneration; and (3) the
fibers can be cut on both sides at the same
operation,

The ges are: (1) t
ing laminectomy of 4 vertebrae must be done;
(2) sk of ischemtc transverse myelitis as a
result of bitateral root section, even 1f blood
vessels are carefully preserved, (3) lamnec-
tomy, usually performed in the prone positton,
fimits normal respiratory excursions and is
poorly tolerated by many cardiac patients,

CERVICOTHORACIC GANGLIONECTOMY
In this operation, the stellate and upper
thoracic sympathetic ganglons are removcd
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Lindgren reported on 105 cases treated 1n
Sweden, a group of 88 patients not treated
by operation serving as controls, The opera-
tive mortality was 8 § per cent; the mortality
rafe up to 2 years postoperatively was the same
in both groups. Bilateral rhizotomy was a two-
stage pracedure, the side with the worse pamn
being done first The second stage was de-
ferred for at least 2 months. There was relief
from pain in 75 per cent, about 66 per cent
reported fncreased capacity for work In about
a third of the cases, there was “migration of
pain” to the neck or lower jaw (this may be
seen after any type of neurosurgical pro-
cedure), and in 10 per cent this migration was
serious enough to vitiate the result, In I such
case, 1n which the pattent was incapacitated by
pam in the jaw, bilateral section of the de-
scending root of the trigeminal nerve m the
medulla resulted m complete recovery and
relief from patn,

Even when angina pectons was reheved, a
“warning signal” remamed, As with other
neurosurgical procedures, a feelmg of oppres-
ston, usually m the suprasternal notch, is a
permanent residuum, and one which the in-
telligent pattent will heed Anxety is much
alteviated The bilateral procedure slows the
pulse but has no constant effect on blood
pressure, heart volume, or the ECG Trau-
matic neurttis and nasal congestion may be

C ications are dered
to be (1) nfarction with previous hyper-
tension and permanent drop 1n blood pressure,
(2) electrocardiographic evidence of myocar-
dral damage with cardiac enlargement; and
(3) excessive or moderate cardiac insuffi-
crency

Myocardal infarction has been reported
after stellectomy, and a warning voiced against
any operation “that suppresses the dilator sys-
tem of the coronary circulation.”"”

PERICORONARY NEURECTOMY
In this proccdure, as suggcsted by Fau-

on one or both sides. Whete and h

go down to the third thoracic segment (T3);
Lindgren and Olivecrona® go down to the
fourth or ﬁfth segment (T4 or 5). The anter-
ior approach is p d. General t

15 used jn most cascs. although the sympathetic
chain shoutd be well wfiltrated with procaine
before it is manipulated.®

teuy,? esp mn j with ligation
of the comnary vein, most of the nerve
branches reaching or leaving the coronary
artenies are destroyed. The procedure would
scem fo be uscful in connection with other
direct operations on the heart, but more haz-
ardous than other neurosurgical procedures
designed fo interrupt nerve pathways. White
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and Bland consider such an operation illogi-
cal from an anatomic point of view,

OTHER SURGICAL PROCEDURES

Angina pectorts may improve after other
surgical procedures, Huinagel® pointed out
that in his operation for the correction of
aortic insufficiency, 60 per cent of the patients
with cardiac pain resulting from the valvular
lesion improved Evans and Poppen® noted
that angina pectoris was relieved 1n a large
proportion of their patients who had a high
thoracolumbar sympathectomy for the rchef
of hypertension Murray** has resected an
infarcted area of the myocardium jn 1 pa-
tient, who survived with good result; when
the patient did die the heart was exammed at
autopsy, and appeared in good condition

Litkoff and Bailey*’ have reported the suc-
cessful ewcision of a ventricular ancurysm
secondary to myocardial infarction, Cardiac
function improved, and cardise pam de-
creased DeCamp adds his own favorable
experience™ This operation will have to be
watched attentively in the future. At the mo-
ment, there 15 Iittle reason to belteve that most
such aneurysms add to the patient’s disability
or discomfort, nor do they change the prag-
nosis except to indicate that there has been a
severe infarction in the past.

CONCLUSIONS

The piace of surgery 1 the treatment of
coronary artery disease s far from seniled
However, so many advances are being made
surgical centers that basic phystologic prob-
lems are being clanfied and general agree-
ment on the nature of operative procedures
and therr indscations scems hkely soort

For the present, 1t appears that the small
percentage of patents ;n whom angina pec-
tors is so intractable that medical therapy
fals will benefit from some operations Of
these, the use of tale n the perrcardal sac
{poudrage) scems so far the most successful,
‘The additen of phenolizatron of the pen-
cardium (de-cpicardialization) may enhance
the benefits of poudrage Neurosurgreal pro-
cedures mav be used 1n place of poudrage, or
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if the latter fails to give relief, Tn the last few
years, we have been using fewer and fewer
nevrosurgical operations. On the basis of
evidence thus far available, I am unable to
d the other op d
in this chapter, This attitude may be changed
when further observations are reported or
when experience dictates
Another avowed aim of the cardiac sur-
geons is to prolong lfe by preventing future
wfarction in persons wath known cardiac
disease Thrs they may be accomphshing, but
there is stll no clear-cut evidence that they
have improved the outlook for most patients.
1 would therefore prefer to wait for more
defimte evidence that the outlook for Iife has
been 1ncreased before recommending surgery,
except for those who have severe angina pec-
torts which does not yespond to other forms
of treatment,
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Rinzler and Travell's* method consists of
local block of refesred neural impulses
Trigger areas are located; these are wsually in
myofascial structures, most often 1n relation
to the pectorals major and minor and the
serratus anterior muscles. Procame, 0.25 to
05 solution 1 phystologic saline, 1s njected,
using a 23 or 24 gage needle 1% to 2 inches
long The total dose should not exceed 100 mg

The procedure 1s usually effective only 1n
postmfarctive angina pectorss. I have been
able to confirm the efficacy of the method
m such cases Considerable relief 1s often ob-
tained m atypical “cardiac pam,” but typical
angina pectoris 1s less frequently relieved An
alternative method is to spray cthyl chloride
solution for 5 to 15 seconds over the trigger
area, this gives shorter relief, but 1s useful for
testing purposes

POSTERIOR RHIZOTOMY

In this procedure, the upper four or five
thoracic roots are divided bilateraflly White
and Bland bekeve 1t to be the best operation
in the best-risk group of patients, particularly
if the pain 1s btlateral. They report 3 deaths
among 29 patients,

The advantages of this method are (7} the
technic 1s a standard one, well understood by
the average neurosurgeon, (2) there 1s no pos-
sible chance of regeneration; and (3) the
fibers can be cut on both sides at the same
opemﬁnu.

The d

ges are* (1) t

1ng Jammectomy of 4 vertebrae must be done
(2) nsk of ischemuc transverse myelitis as a
result of bilateral root section, even 1f blood
vessels are carefully preserved; (3) lamunec-
tomy, usually performed in the prone position,
Iimits normal respiratory excursions and 1s
poorly tolerated by many carduc patients

CERVICOTHORACIC GANGLIONECTOMY
In this operation, the stellate and upper
thoracic sympathetic ganglions are removed

CORONARY HEART DISEASE

Lindgren reported on 105 cases treated in
Sweden, a group of 88 patients not treated
by operation scrving as controls. The opera~
tive mortality was 8.5 per cent; the mortality
rate up to 2 years postoperatively was the same
m both groups. Bilateral rhizotomy was a two-
stage procedure, the side with the worse pam
being done first. The second stage was de-
ferred for at least 2 months. There was relief
from pain 1 75 per cent; about 66 per cent
reported increased capacity for work. In about
a thied of the cases, there was “migration of
pain” to the neck or lower jaw (this may be
seen after any type of neurosurgical pro.
cedure), and in 10 per cent this migration was
scrious enough to vitrate the result. In 1 such
case, in which the patient was incapacitated by
pain 1n the jaw, bilateral section of the de-
scending root of the tnigeminal nerve in the
medulla resuited in complete recovery and
relief from pain

Even when angina pectoris was relieved, a
“warning signal” remamed. As with other
neurosurgical procedures, 2 feeling of oppres-
sion, usually 1n the suprasternal notch, is a
permanent residuum, and onc which the in-
telligent pattent will heed, Anxiety is much
alleviated. The bilateral procedure slows the
pulse but has no constant effect on blood
pressure, heart Volume, or the ECG. Trau-
matic neuriis and nasal congestion may be

L Ce indications are d
to bes (I} infarction with previous hyper-
tension and permanent drop in blood pressure;
(2) electrocardiographic evidence of myocar-
dial damage with cardiac enlargement, and
(3) excessive or moderate cardrac insuffi-
clency

Myocardial mfarction has been reported
after stellectomy, and 2 warning voiced agamst
any operation “that suppresses the dilator sys-
tem of the coronary circutation,”™?

PERICORONARY NEURECTOMY
In this proccdure, as suggested by Fau-

on one or both sides. White and
go down to the thud thoracte segment (T3).
Lindgren and Olivecrona®™ go down to the
fourth or fifth segment (T4 or 5). The anter-
ior approach is preferred. General anesthesta
is used in most cases, although the sympathetic
chain should be well wfiltrated with procaine
before 1t is manipulated.®?

teux,? j with ligation
of the ccronary vem, most of the nerve
branches reachmg or leaving the coronary
arteries are destroyed. The procedure would
seem to be useful in comnection with other
dtrect operations on the heart, but more haz-
ardous than other neurosurgical procedures
designed to interrupt nerve pathways. White



CHAPTER 19

Preventive Aspects of
Coronary Disease

Awrenn =,
ease
able -
oure
ven .
ad sy vy aAY DOpE ONE d2y 1O pm-
vent it. There are not many things we can do
at this moment, but there are a few and the
paths for further investigavion become con-
stantly cleacer. The mam points of attack ate.
(1) adequate periodic survey; (2) prevention
©f atheroma, (3) prevention of farction or
reductson of the area of mfacction, snd (<)
prevention of recurrence

‘The prevention of atheroma requires: {I)
control of conditions assomated wih 2 high
wcidence of coronary sclerosts (obesﬂy, dua-

betes, myseder

recently €2ses
Most mwen are proud enough of what they
consider to be the privilepes and benefits of
their to risk some of
their hives from coropary dwsease; at least I
have found noae withng to give them up But
there are ather condatrons, some which can be
remedied, which mcrease the risk of ths dis-
ease. Al these have been considered 1n pre-
vigus chapters but we may now discuss them
briefly 1 their preventive aspects

Case finding here 15 at Jeast as important
as 1t 1S i wherculoss The first step would
surcly be to uclude ag eleciocardiogram as
part of the pariodic health examwation 1a per-
sons over the age of 30 Those belonging to
suscepuble groups {family history, preseace of

and po!yc}:hemm), and {2) mensurc: de-

signed €0 reduce blood Lipids or thew athero-

geme  properties, which include  dietary
and use of end:

) should have
a spccna] cardmc survey at least once a year,
wore often 1 there are suspicions symptoms
This survey should include chest raeatgeaa-

and other agents said ta affect the blood hipids,
of mfarction or of the

mfarctive area calls for prompt treatment of

carly stages of wiarction, for measures which

will enbance the development of collaterals,

for prompt treatment of shock, and for the
¢ .

¥ A (3
PREVENTION OF ATHEROMA

As we have seen, men past middie age ate
mast susceplible, partiulaxly those bora wto
vulnerable familics and those of a ceriam body
buld There 1s nothiag we can do about our
ancestoss  These 1s nothing we ¢an do, bitle
that we care to do, about changmg our sexes,

gram, 4 stress test, and
possibly an examunation of the blood hpids
Although these measures are not afallble,
Tney will enable us to identify many potential
victims before if 1 too Jate

OBESITY
our nrecnse
and .

treat

We need nog acres sh-< ~

woeulicege the
desiyaviity of mamiamng a proper weight as
a pasuble safeguard Most obesity 13 conect-
ible but we must start with the chid Famdy
paterms Of overeating, mationat food habm.
pareatal av 1 st all be

The physician wdll have to ginve due regard

323
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to gluttony as an cxpression of i
problems Above all, he must convince pa-
tients and thetr famities of the importance of
mamntaimng proper weight The educational
programs of the insurance companies, the
schools, and other agencies, may eventually
have a beneficial effect on our catmng habits
The American emphasis on nutntion trans-
lated 1nto the quarts of milk, dozens of eggs,
tons of butter, barrels of cod lItver oil that we
pour into our children, may perhaps be pro-
ducing a nation overnounished but not physi-
cally fit Recent responsible studies indicate
that our well-fed children may be nferior 1n
physical fitness to the sparer children of other
cultures. In any case, leanness should be en-
couraged especially among members of the
susceptible classes **

Duabetes mellitus 1s assocrated with a high
mcidence of coronary atheroma, The use of
high-fat diets in the treatment of diabetes,
widespread tn the thirties, may have con-
tributed to this We have good reason to be-
heve that carly and judicious control of
carbohydrate metabolism, with  resulting
changes in fat metabolism, may lessen the
number and severtty of vascular complica-
tions *7

Myxedema requires vigilant control. Myx-
edematous persons are in urgent need of
thyroid extract but tolerate only small doses.
Over the
work of the heart and may result 1n coronary
msufficiency with angmal pain Most patients
require 3 grams or less a day

Hypertension 1s often assocrated with coro-
nary disease Newer methods of therapy
through medication offer some hope of effec-
tive control At present, mulder degrees of
hypertenston are usually left untreated, we
hope that therapy will become safe enough
for this group since coronary disease follows
even lesser grades of ligh blood pressure.

Hypercholesterolenua, discussed in Chapter
3, whether famlial or the result of disease,
should be treated Dietary fats should be re-
duced although only a measure of therapeutic
success may be expected m most cases Lipo-
tropic agents may be tred but their benefits
are queslionable. 5

Polycythenua, which increases blood vis-
cosity, is often associated with coronary throm-
bosis It should therefore be treated.

FOR REDUCING BLOOD LIPIDS
OR THEIR ATHEROGENIC PROPERTIES

DIET  Sec Chapters 4 and 20.

USE OF ENDOCRINE AGENTS The
relative immunity to atheroma of young
women has led to the use of estrogens in an
atterpt to prevent some of the ravages of
this 1lness, even 1n men The feminization
which ensues after the prolonged use of fe-
male sex hormones would probably lead most
men to forego the advantages of this method
of treatment Future developments along this
Ime will command our closest attention.

OTHER AGENTS Many hpotropic agents
have been proposed for the management of
coronary discase Some have been found use-
ful m ammals and are thercfore being tried
with enthusiasm in man with varying effect

Lipotropic agents (choline, methionine, ino-
sitol) have been used extensively 1n amimal
experuments, and 1 a few cases in man s’ °
12 13, 1520 22 26 21 5133 The last word has not
yet been sard but there 1s no convincmg evi-
dence that stheroma can be retarded by giving
patients lipotropic agents, singly or in combr-
nation Caution should be exercised m using
them 1n large amounts in persons with hepatic
disease since they may be harmiul to the
hver.t®

In a well-controlled study of 40 patients
with angma pectoris, 1t was found that ad-
mimstration of a choline-inositol syrup gave
no relief of symptoms The mean levels of
plasma cholesterol and phospholipid were not
significantly affected during therapy. Fluctua-
tions of these blood hprds were not signifi-
cantly affected either.”®

Various other therapeutic agents have been
tried with as yet no very acceptable evidence
that they prevent or retard the development of
atheroma Some of these are Iipocaic; hyalu-
romdose,® Tween 80,2 *® 2 lecithin,* vita-
muns E and By, pancreatic extract,®

Todydes have been employed empirically in
the treatment of arteriosclerosis for many
years Jodides m large doses have been re-
ported to retard hypercholesterolemia and
the P of experi 1 in
rabbits, an effect independent of the thyrord
gland.? Others feel that the jodides may have
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some beneficial effect m mant™* On the
other hand, some investigators find that potas-
sium jodide fails to protect chickens from
cholesterol mduced atherosclerosis except in
large doses* In smaller doses, it seemed fo
aggravate the lesions and elevate the blood
cholesterol. Thyroid extract gave some pro-
tection in all doses. In rabbits, iodides mten-
sity all the adverse effects of cholesterol feed-
g There seems little justification for the
traditional use of potassium fodide

Heparin was noted, after the lipemza-clear-
g of heparin was observed, also to help
convert cholesterol into Hpoprotemn particles
of less atherogenic power. Unfortunately, we
cannot utilize this action chnically simce the
use of hepann to obtain this effect would ne-
cessitate doses large enough to be hazardous
The occastonal injection of heparn by the
employment of the depot technic has lttle
effect on the circulating lipoproteins.®* Sulfon-
ated alginic acid, with a lipase-activating effect
similar to that of heparin, 1s now under 1aves-
ugation by Constantinides at the University of
Bntish Columbia

Ultraviolet radiation has been reported
to change cholesterol 1n some unknown way,
making 1t less atherogeme n the rabbit* The
same result 15 seen if the rabbit atself 1s wrradi-
ated, an effect not due to vitamin D. Serum
cholesterol 1s reduced an average of 12 8 per
cent 1 most persons 2 hours after a single
ultraviolet rrradiation, but 1n most there 1s a
return to previous levels 24 hours later* 3
This 15 obviously a subject needing further
mvestigation.

Plant sterols and unsaturated fatty acids are
discussed 1 Chapter 4,

Nicotinie acid, 1n large doses up to 3 Gm
a day, is now being used to Jower the concen-
teation of blood hipids 10 persens with hyper-
cholesterofemia ™

Schroeder 1s 1nvestigating the aftractive
hypothests that p; 1s 1mpor-
tant in atherogenesis ***

Other drugs such as phenylbutyramide and
gallogen are currently under investigation for
their defects 1n reducing the blood lipids

We think 1t quite likely that by reducing
the lipids which are probably atherogenie, we
may in fact be reducing coronarv atheroma
This 15, however, still a working hypothesis
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which needs to be established in human
beings.

PREVENTIVE ASPECTS OF ACUTE
CORONARY DISEASE

PREVENTION OF INFARCTION OR
REDUCTION OF INFARCTIVE AREA

When ath 15 already
measures can still be taken to prevent infarc-
tion or to mimmize its effects

Early infarction, even if small 1n degree,
should be identified. The sudden advent of
angina peetons or abrapt change in the char-
acter, location, or mode of relzef 1n established
angma, should be regarded as evidence of in-
farction until proved otherwise, Such patients
should be treated 1n the usual manner as de-
scribed elsewhere in the text.

The premonitory sigus of impendimg nfarc-
tion should be recognized whenever possible.
Severe precordial pain of a type not previously
suffered by a patient who has known coronary
disease or who 1s a candidate (member of
susceptible group) should be regarded with
suspicion Bed rest should be ordered, sedation
and analgestes prescnibed, serial cardiograms
taken In many cases, 1t will be wise to order
anticoagulant therapy to prevent possible
thrombosis ¥n those wstances, 2 high percent-
age, in which mfarction ts not accompanied
by arterial thrombosss, this procedure will be
unnecessary but since one cannot be sure of
the pathogenests of the lesion n any given
sttuation, 1t may be wise to use this treatment
anyway

The survival of the patient or the size of the
nfarct depends largely on the avadability of
a colfateral crrculatton Patients who have had
sclerosis for some time will therefore have a
better outlook than others, young victims are
more likely to die suddenly Other factors,
vigorous physical activity wn the past, or pre-
vious anemia may have promoted the forma-
tion of a good reserve circulation It 13
wrong to assume, howcver, that collateral
channels, once established, remain indefinttely
after the sneiting factor has disappeared Tor
example, despite the fact that anemia appar-
ently promotes collateral circulation, it would
probably be unwise to advocate the induction
©of anemia 1 man for prophylactic purposes.
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At least 4 weeks of anemia are needed for
collateral formation 1n dogs, and these vessels
disappear when the blood returns to nor-
mal ™

In practice, however, the problem is to
enhance the action of whatever collateral
vessels the patient has. This means the allevia-
tion of pain m order to prevent spasm of the
smaller arterics It means the prevention of
extreme hypotension in which the flow of
blood from an ntact artery 1s impaired be-
cause of reduced head pressure

Shock should therefore be treated early and
vigorously along the lines suggested in the
chapter on therapy The results of treatment
are so far not encouraging but raising the
blood pressure has the desuable effect of 10~
creasing the head pressure m the coronary
arteries and preserving the collateral blood
flow.

Anticoagulant drugs have obvious pro-
phylactic value The chance of further throm-
bosts in the coronary vessels 1s reduced, the

d: of other thromboembolic events 1s
lessened

Other complications of the acute infarction
have preventive aspects It 1s probable that
prompt bed rest early wn the course of the
llness helps to avoid aneurysmal dilatation
Leg cxercises help the anticoagulants to fore-
stall the possibiity of leg phlebothrombosis
Physiotherapy to the upper arm and shoulder,
especially active and passive motion, may re-
duce the incidence of the shoulder-hand syn-
drome

PREVENTIVE ASPECTS OF RECURRENCE OF
INFARCTION

What can the physician and the patient
who already has had evidence of defimte
coronary disease (angina pectorss, previous
infarction) do about the prevention of recur-
rences? Some of the proposed measures are
discussed elsewhere in this chapter The most
important prophylactic steps, all of which are
discussed extensively mn other chapters, are.
(1) Dictary measures aimed at correcting or
preventing errors 1 hpid metabolism which
might be associated with increased athefo-
genesis (2) Correction of obesity and other
cond! thought to be d with an
increased incidence of atheroma. (3) Long-
term administration of anticoagulant drugs.

CORONARY HEART DISEASE

(4) Use of plant sterols. (5} Recognition and
treatment of ‘*impending infarction.” (6)
Avoidance of sttuations in which the blood
pressure drops precipitately or for prolonged
periods.

Patients with known athcroma (history of
angina pectoris, previous infarction; electro-
cardiographic changes) should not, if pos-
sible, expose themselves to situations in which
relative coronary sufficiency may result
They should not engage 1n activities requiring
sudden and sometimes unexpected phystcal
or emotional strams Drugs which are poten-~
tally dangerous, such as piturtary extract or
the newer hypotensive drugs, should be avotded
or used with caution If smallpox vaccination,
as mentioned 1 Chapter 2, 1 dangerous to
coronary patients, it should not be done ex-
cept when essenttal Blood pressures should
not be lowered precipitously or for long
periods anesthesta which may produce severe
hyp €g, spinal b should be
avoided, in case of traumatic or hemorrhagic
shock, every effort should be directed to rais-
mg the blood pressure The question of
whether or not heart muscle will die depends
on the ratto between the coronary blood flow
and the demands of the muscle for nutrition
When the coronary flow ts sharply diminished,
necrosis of the muscle bundles may take
place n the absence of complete obstructton
to blood flow Such conditions are completely
realized in the case of a patient with a heart
already enlarged by hypertension whose blood
pressure falls rapidly i the course of an
operation Such a heart 1s already, because of
its ancrease an size, making excessive de-
mands for nuintion and any failure of the
coronary circulation because of reduced blood
pressure may be fatal to the area suppled.
Here 15 an excellent example of how pre-
venttve medicine can be brought into opera-
tion The blood pressure should not be per-
mutted to fall to a marked degree during
operation, especially g patients with enlarge-
ment of the heart or suspected involvement of
the coronary vessels
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CHAPTER 20

Diet in Coronary Disease

Tre THOUGHTFUL reader who has attempted
to follow the Iterature regarding liprds and
atheroma, some of which 1s summanzed in
Chapter 4, can scarcely be undismayed by the
confusion and contradictions he has encoun-
tered Nevertheless, he will as 2 practicing
physician attempt a fair evaluation of what he
has read He will usvally end by following
one of three routes

First, he may take the exceedingly casy
way of dismussing all the evidence and allow-
ng the patient to eat whatever he pleases This
course he will justify by pormting out the un-
demtable fact that there 1s as yet no completely
conclusive evidence that dietary rearrange-
ment or restriction of cholesterol and other
Iipids prevents or improves human coronary
disease

Second, he may accept uncntically the
views of some investigators and enthusiasti-
cally msist on extreme restrictions n the diet

Thurd, he may, as I do, steer to the ruddle
of the road. He may find n the disorder,
desprte the inconsistencies of the hterature, a
direction which can hardly be disregarded He
will then feel under an obligation not to wait
uptl every 1 15 dolted apd every t crossed
before gving his patient, 1f he can do so with-
out harm, the benefits of a diet which seems
to incorporate the best of current opinion,
modifying 1t 1f nccessary, as new reports are
receved.

In the last year, therefore, I have been pre-
senibing a diet low in cholestrol and contatn-
ing medium amounts of vegetable fats, with
spectal emphasis on those derived from corn
The caloric intake 1s reduced, 1f the patent
1s obese, until the weight reaches a satis-
factory level All patients are advised to Jose
their taste for highly salted food, and to
reduce the sodium content of the diet 11 view
of the constant threat of decompensation. A
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restriction of salt consumption can usually do
no harm.

BASIC DIET

An excellent basic diet 1s the low-choles-
terol, low-fat diet compiled by Robnson *
Normal Ievels of protens are permitted
Since the fat 1s greatly reduced, it becomes
necessary to increase sharply the carbohydrate
mtake to marmntan caloric balance unless, as
often happens, weight reduction 1s also sndr-
cated. One of the chief obstacles to the use of
this diet, however, 1s 1ts reduced palatability,
this can be overcome by the careful selection
of foods and by the usc of mmagination
their preparation

Another mvaluable source of informateon 15
the superb book, The Low Iat, Low Choles-
ferol Dhet,** Every patient should be encour-
aged to get a copy. He will find mnumerable
menus, recipes and suggestions for varying
the dict and making it more pafatable In addi-
tion, diet hists for special conditions are given.
For example, 1t 15 often necessary to modify
this diet to restrict sodiom as well. This 1s a
much greater hardship than the basic diet and
the patient will have much of the curse taken
off by the suggestions given 1 the book Still
another book which may be recommended 15
that of Field ***

As has already been sard, the patient who

* Robsnson, C H Am 1 Chn. Nutriton,
2353, 1954

** Dobbm, E V., Gofman, H F, Jones, H. C.,
Lyon, L, and Young, C B The Low Fat, Low
Cholesterol Diet Garden City, N. Y., Doubleday,
1953,

**3 Field, Florence Gourmet Cooking for
Cardiac Diets Cleveland and New York, World,
1953,
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has recovered from infarction should be en-
couraged to restrict his salt take at least
moderately. Many of these patients have, or
have had, hypertension; none has an intact
myocardium, and many will have decom-
pensated hearts tn the future Stnce Americans
habitually use sodium chloride in amounts far
m excess of basic needs, 1t appears wise to
adjust one’s appetite for salt as early in lfe
as possible.

Patients with diabetes and coronary disease
often need somewhat more insuln than do
drabetics without complicating heart disease,
since 2 relatively higher percentage of total
calories is in the form of carbohydrates Obese
patients usually have fewer difficulues, On
the basic diet, with little added vegetable fat,
most people lose weight,

BASIC DAILY DIET

(Nutritive value of listed foods cholesterol,
75 mg.; protein, 75 Gm ; fat, 25 Gm.; carbo-
hydrate, 220 Gm.; calem, 1,150 mg , wron,
12 mg ; vitarun A, 6,200 1U.; thianune, ) 5
mg, riboflavin, 2.3 mg, macin, 16 mg,
ascorbic acid, 145 mg., calores, 1,400 )

Skhim milk (natural or pre- 3 cups
pared from dry milk)

Lean beef, veal, lamb, 5 ounces
poultry or fish

Whole-gram or enriched cereal 1 serving

Whole-gram or enriched bread 6 shices

Potato 1 (medium)

Leafy green or yellow 1-2 servings
vegetable

Other vegetable 1 serving

Citrus fruit or other source 1 serving
of ascorbic acid

Other fruits 2

(For additional calones use sugar, jelly, jam,
or greater amounts of regetables, fruuls,
cereals, or breads )

TO BE AVOIDED

Foods Fligh in Cholesteral

Brans
Butter
Caviar
Cheese, all except shim-mlk cottage

Cream
Egg yolk
Fish roe
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Foods containing egg yolk, butter, whole
nulk, or cream; cake, cookies, eggnog, pastries,
pie, midk and egg puddmngs, custard, egg
noodles, griddie cakes, waffles, ete.

Heart

Animal oils and Jard

Kidney
Liver
Mayonnaise
Milk, whole

Shellfish: oysters, clams, crabs, lobster,

shrimp
Sweetbreads
Tripe

Fatty meat: bacon, ham, pork, mackerel,
hernng, fish canaed 1n o1, duck, goose

Foods High in Vegetable Fat

(These may be added at the discretion of

the physician )

Chocolate
Nuts

Vegetable fats and

dressings:
Crisco
Kraft o1l
Mazola
Olive oil
Peanut butter
Peanut oil
Soybean ol
Spry
Wesson ofl

MENU PATTERNS

oils, ancluding salad

The following menu pattern 13 one way In
which the foods tn the above hst might be

arranged

PATTERN Mevu
Break fast

Fruut, preferably atrus
Cereal
Shm milk—1 cup
Bread—2 shces
Ielly, jam, or marma-

lade
Hot beverage

—

SwwrLe Mesu

Half grapefruit

Oatmeal with sugar

Sk mulk—1 cup

Whole-w heat toast—
2 shces

Orange marmalade

Coffee, with sugar, of
deaired
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Luncheon or Supper

Consomme
Sandwich of 2 ounces
fean roast beef, 2

Clear soup, 1f desired
Lean meat or cottage
cheese

Bread—2 slices sheces  rye  bread,
Green or yellow lettuce, prepared

* vepetable mustard

Skim milk Cetery and carrot
Fruit sticks

Skim milk—1 cup
Fresh fruit cup

Dunner

Lean meat, poultry, or Baked flounder with
fish Creole sauce

Potato or substitute Steamed nice

Green or yellow Zucchine squash
vegetable Bread—2 shees

Bread—2 slices Grape jelly

Jelly or jam Angel cake with fresh

Fruit strawbernes

Skimn mutk—1 cup Skim mlk
SPECIAL FOODS
Usually the individual becomes d

CORONARY HEART DISEASE

fat content from 7 to 14 per cent; regular
mulk cheese has about 30 per cent butter
fat content Nevertheless, carefully used, these
may add welcome vartety to the diet on days
when meat or fish is not used.

Acceptable salad dressings are afso pre-
pared and sold under commercial labels.
Among these are an attractive mayonnatse-
type dressing, a French dressing, and a dress-
1ng made with herbs

Noodles made with egg yolks cannot be
used, but green noodles (Bwtoni) arc a
useful substitute, since they are made without
fat or added salt Some white cahe mixes now
on the market are made without egg yotks
and therefore are acceptable as part of a
low-cholesterol diet

MENUS FOR ENTERTAINING

One of the hardest things for patients to do
15 to regulate thetr diets when they are in

to skim milk and o time may even prefer it
to whole mtlk Such a simple expedient as
serving the mulk 1ce cold deserves emphasis
because so often this precaution s not taken
Skim milk may be used successfully in the
preparation of cornstarch puddings (without
€gg), n cream soups thickened with a lttle
flour-water paste (no fat), i cocoa-flavored
beverages, and in the preparatton of frurt ices
Cooked vegetables may be scasoned with
pepper or a varety of herbs and sprees
A dash of nutmeg on green beans, peas cooked
with muat, corn with tomatoes, just a speck
of mace with potatoes mashed with double-
strength skim milk (made from nonfat milk
soltds) suggest a few possibilities for adding
flavor appeal when fats are mussing Occasion-
ally, vegetables may be cooked 1n a small
amount of fat-free broth for taste vanety.
An addttion to the bastc list which will add
flextbility 15 the sodrum-poor, fat-poor cottage
cheese now obtainable 1 some cities The
cheese may be seasoned with caraway seeds,
celery seeds, black pepper, chopped frut,
jams or jellies, chives, sugar, or cinnamon
In large cities, “low fat” cheeses are some-
times sold in large or special markets The
patient should use extremc caution i pur-
chasing these because they may vary 1 butter

p If eating were as private as bathing,
there would be no problem, but since food
ts the mevitable accompamiment of social Iife,
patients may be tempted erther to abandon
thesr diets or to give up seeing their fiends—
with equally disastrous results I am including
several menus, made up manly of low-
cholesterol foods, which are suttable for din-
ner parties No attempt has bcen made to
give the cxact amounts of cholesterol per
portton and no attempt has been made to
restrict sodim The salient feature of these
menus 1s their resemblance to ordinary dinner
menus, 1t 1s doubtful whether any guest would
notice anythtng out of the way or “dietary”
about any one of them Butter for the bread
and cream for the coffee may, of course, be
added by the guests Recipes for most of the
dishes may be found 1 standard cookbooks,
such as The Settlement Cook Book or the
Joy of Cooking Amounts given will serve 6
“dieters” or 1 “dieter” and 3 or 4 guests

MENUS

Hot tomato juice
Veal with chernes
Brown or white rice

String beans
Cocoa sponge or
apricot whip
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I

Raw vepetable plate: cauliflower,
sticks, celery, radishes, tomatoes

Chicken curry with nce, garnished with
chutney, chopped hard-cooked eggwhite,
shredded coconut, raisias

Baked peaches, pears, or apples

Caramel meringue hisses

carrot

mx
Fresh frutcup  Any combination of oranges,
pineapple, grapefruit, bananas, berries, and
melon in season, a little Cowntreau or Sherry
may be added
Beef stew with vegetables
White cake with hot maple syrup

v
Brotled or plain grapefruit
Roast leg of lamb
Mashed potatoes (use skim milk with salt,
omit butter)
Peas with mushrooms
Brandied chocolate dessert
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v
Vegetable soup
Baked halibut with tomato or mustard sauce
Oven fried potatoes: use oil to coat cubed
potatoes and bake in the oven with halibut.
Asparagus vinaigrette
Cocoa angel cake (add cocoa to Swansdown
or Betty Crocker angel cake mix)

Vi

Italian spaghetti with meatless tomato sauce
and grated Parmesan cheese (the cheese
will substitute for the meat in this meal)

Tossed green salad

Italian bread (The popular “garlic bread” may
be made by brushing a small amount of
olive oif flavored with garlic on the thickly
sliced bread and toasting n the oven)

Fruit sherbet or fresh frut

viI
Jellied bowllon
Green peppers filled with meat and rice
Baked tomatoes
Baked potatoes
Carrot sticks and radishes
Meringue shells filled with frozen fruit



TABLE 27.

APPROXIMATE CHOLESTEROL CONTENT OF Foops

(Erom The Low Fat, Low Cholesterol Diet )

Food

Cholesterol
m 100 Gm
portion,
mg.

Approumate  cholestesol
content of unit

Meat and meat products
Bacon, crisply fried
Beef, lean

medum fat
Bouillon cube
Chicken
Duck
Fish
Codfish
Codfish-liver o1l
Halibut
Halbut-liver o1l
Satmon
Sole, cooked
Tuna, canned (o1 removed)
Frog legs
Lamb, muscle
Lard
Marrow fat
Organ meats
Beef Bramns
Heart
Kidney
Liver
Lungs
Calf hver
Lamb Lver
Pork liver
Sweetbreads
Trpe
Pork, lean
Rabbat
Soup stock, fat removed

Breast
Muscle meat

Dairy products

Butter

Cheese
Amencan
American process
Cottage cheese, dry curd
“Specral”
Edam (tmported)

100
100
125
None

70

110
300

2,000

100
100
65

300

150

150
17
14

&0

household measure  mg.

2 strips 16
14 1b. 110
1 1b 140
None

1 1b. 85
¥ Ib. 80
14 1b 60
11tb 75
1% b 70
1t 1,000
% Ib 70
% b 70
LI 0

1 50
¥ b, 80
14 b 125

%4 Ib 350
% Ib 2,300

W b 170

Y 1b 450

1% b 280

¥ b 450

14 b 450

14 1o, 700

Wb 450

15 Ib 350

Y% Ib. 170

1% Iy 70

¥ 1b 8s

None

% b 85

b 70

1 . 110

% b 1o

14 Jb. 75

¥ I 350

14 1b. 170

1% To. 170

B 2

Y4 1b. 1.5
va ib 70



TaBLE 27. APPOXIMATE CHOLESTEROL CONTENT OF Foobns (Contd )
(From The Low Fat, Low Cholesterol Dier.)

Cholesterol
1n 100 Go.
portron, Approuumate cholesterol
Food mg. content of umt

household measure  mg
Dairy products (contd.)

Limburger process 150 % 170
Monterery Jack 150 14 1b. 170
Parmesan 60 % 1b 70
Punento cream process 150 %I 170
Roquefort 100 14 b, 1o
Swiss process 150 ¥ Ib 170
Velveeta 150 34 b, 170
Cream, Table (255 fat) 87 % pint 220
Whipping (40% fat) 140 t4 pint 350
Eggs (hen’s)
Yolk 1,400 1 yolk 300
White None None
Milke Nonfat (1% fat) 04 15 pint 10
Skim milk powder (15 fat)® 35 % cup 21
Whole (452 fat) 140 ¥ pint 3s
Fruits and vegetables
All fruits and frt products None None
Al vegetables and vegetable products  None None
Muscellaneous
Aloholic beverages Nope None
Cocoa and chocolate None Noze
Coffee None None
Gelatin None None
Grams and grain products None None
Herbs None None
Honey None None
Jams None None
Tellies None None
Legumes None None
Macaroni None None
Marshmatlows None None
Molasses None None
Nuts None None
Salt None None
Spaghetti None None
Spices None None
Sugar None None
Syrup (maple and corn) None None
Taptoca None None
Tea None None
Vantta and other flavoring extracts None None

# Some shim mulk powders, m which the fat 15 Jess completely removed, have
been found to be slightly higher i cholesterol



CHAPTER 21

Medicolegal Aspects of
Coronary Disease

THE CARDIOLOGIST, regardmg himself pri-
manly as a scientist and cndeavoring to
preserve for himself the same seremty as he
prescnibes for his patient, has recently found
himself unwillhingly and increasingly wvolved
n burdensome hugation, anising wmn good part
from Workmen’s Compensation and insurance
clamms.

TRAUMA AND THE CORONARY
ARTERIES

The heart may be damaged 1n direct trauma
to the chest '* While the bony framework of
the chest protects the viscera wathen 1t 1n most
cases, cardiac damage may occur when the
chest 1s struck by a hard object, when 1t 15

Jury secondary to circulatory changes due to
trauma, 1 the Jatter case, the lesion is similar
to that occurring m infarction after coronary
occluston ** After chest trauma, the heart may
be violently thrown aganst the bony parts and
compressed ° It may be torn from its attach-
ments, have its walls lacerated or ruptured,
have the blood forced bach 1ato the ventricles
or prevented from Jeaving by compression, or
be bruised by fractured bones pressing agamst
its surface The pericardium may be injured
In rare cases, the valves may be ruptured, The
coronary vessels may be injured and intimal
hemorrhage, as described by Patterson,'* may
result Actual thrombosis of a coronary artery
after this type of wnjury 1s exceedingly rare,

In expertmental ammals, death may occur
without extensive Jestons and in survival ex-

njured m a fall, or 1 b

involving impact with a steering wheel The
frequency of such traumatic lestons 1s under
considerable dispute. Some consider them ex-
tremely rare, others quite common Factors
which may mftuence the effect of such trauma
on the heart are

1, The resthence of the thoracic cage,
which 1s decreased with advancing age, an
mjury is more likely to damage the heart 1n
the young, who have elastic chest walls.

2. The presence of heart disease,” sclerotic
vessels are more easily injured and intramural
hemorrhages may resulf

3. A tendency to psychoneurosts or vago-

hetic imbal * or of

d’lgi(‘;lis‘ thyroxine, or epmephsine before
the mjury may constitute a sensttzing factor

Various injunes have been described, The
heart tissue may sufler direct injury or in-

periments lestans may produce httle
evident dysfunction In studies with cats and
rabbits that dred after receiving mallet blows
to the chest, 90 per cent showed no structeral
damage to the heart™ Changes other than
fissve trauma may account for death 1n some
anstances, Such changes would be reflex coro-
nary spasm, cardmac dilatation, and spasm
caused by direct, rather than reflex, action of
the vibratory forces on the coronary vessels
Death is more hkely to follow trauma m
ammals sensitized with heterogenous serum,’
or those under the influence of digialis,
thyroxine, or epmephrine

Considening the many possible anatomic
varations of cardiac injury m such cases, the
absence of a clear-cut chinical picture is not
surpristng The chinical descriptions in the
literature for the most part lack either post-
mortem data or adequate chnical study. In
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one group of cases, the most common symp-
toms were pain, dyspnea, tachycardia, dizzi-
ness, unconsciousness, and weakness.!” In
another group, 2 dazed feeling, dlzzmess, or
were the first i
of injury'® After a latent period, precordial
pain, weakness, or even angina pectoris which
may persist for months or years, may appear.
Dyspnea and palpitation are other complamts.
Objectively, the most common findings were
poor heart sounds, rate and rhythm disturb-
ances (although not nearly as often as m
experimental animals), systolic murmur, nor-
mal blood pressure, and changes in the electro-
cardiographic pattern. The latter may resemble
the progressive findings in the myocardial
infarction of coronary disease. Other cases
may show arrhythmias, QRS complex changes,
and nonspecific alteration of the S~T segment
or T wave,

Coronary occlusion resuiting from direct
trauma to the chest is rare In exceptional
cases, when the artery lies in, or close to, the
area of injury, the vessel wall may be injured
and thrombosts may ensue The following
case reports are examples.

Case 1, A 58 year old man vath syphulis, hyper-
tension, and known coronary discase for many
years, bad fis manubaum stem: fractured m an
automotule accident, 8 hours later he had pre-
cordial pain and died, autopsy showed recent
thrombus in a sclerosed coronary artery.t?

Case 2 A 50 year old woman with previous
hypertension complained of chest pain imme-
diately after being thrown against the seat of a
car in an automobile accident The electrocardio-
gram showed evidence of coromary thrombosts
with myocardial mnfarction She died suddenty on
the thirteenth day and the autopsy corroborated
the recent occurrence of the lesion

Coropary thrombosis after blunt injury 1o
the chest was reported 1 7 cases ** Coronary
occlusion has been noted as one of the
sequelae of such injuries? and 2 cases re-
sembling posterior wall wnfarction after blunt
njury to the chest 1n young men have been
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fibrosts, or rupture of the myocardium may
result. However, the outlook would be dis-
tinctly more favorable in those cases in which
the myocardium alone 1s mvolved.

Most njured hearts heal without evident
functional disability. Healing 1s by fibrosts and
seems to be very similar to that which occurs
m the heart wall after coronary thrombos:s.
In some instances, partial or total disability 15
claimed as a result of the accident. In such
cases 1t may be extremely difficult to evaluate
the relation between the trauma that had been
suffered and the symptoms and signs which
are found The history is of the utmost impor-
tance, and every effort should be made to
obtain as reliable a story as possible The
history should cover the previous health of
the patient, the nature of the symptoms and
the time of their appearance following the
acadent, and the nature of the injunes
sustained An ECG should be taken soon after
the accident, and frequently thereafter.

WORKMEN’S COMPENSATION
CLAIMS*

No aspect of coronary discase 15 so troubling
and evasperating to the cardologist as the
relation of the discase to injury and exertion
He will be faced by this mostly i Work-
men’s Compensation cases, and when called
on to testify will sometimes wish that he had
chosen another profession. The physictan may
be unable to answer with assurance the
questions put to him, even when he 1s thor-
oughly familiar with this iliness, has spent
years 1n study of its course and vagaries, has
the hterature of other investigators at his
command, and when he exercises honesty,
good will and cautious judgrment.

Contrary to common belief, workmen’s
compensation laws are not a development of
the Englsh common Jaw or of employer's
hability legstation but an outgrowth of the
increastng number of accidents after the

reported * Other app ic cases
have also been reported ® ©

I‘mm a medical point of view, there n ittle

n  the or

chmcal features of o heart wall mjured by

direct contusion, whether or not the coronary

artery is occluded In either case, nfarction,

1 and new ph
concepts In 1881, Bismarck, worried about

+T have drawn considerably on several sources
for this section® Clark, Tousant, and Sprague;®
Texon,' and Larson® The Jast mentioned has
wiitten a most comprehensive and authontatine
treatise on the subject.

T

-
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Marxian strength 1e earlier elections, had the
first compulsory insurance laws passed in an
effort to block what he feared to be an ad-
vancing tide of socialism. In 1884, the first
compensation law was passed in Germany—
13 years before England, 25 years before the
first American legislation, and 65 years before
the last American state (Mississipp1) followed
smt In 9 of the United States, workmen’s
compensation 1 not mdustrywide but himuted
to specually hazardous occupations
American legislation started 1 1909. New
York passed 1ts fist law 12 1910 The next
year 1t was held to violate the state constitu-
ton, an 1913, this was remedied by a New
York State constitutional amendment which
was finally, 1t 1917, upheld as constitutional
by the United States Supreme Court There-
after, the way was open for all the states to
pass sutable laws As early as 1912, 2 Work-
men’s Compensation Act was passed 1n
Massachusetts to caver personal mjury As
defined by decisions of the state Supreme
Judicial Court, 1t now mcludes disease and
accidental myury to the body or muind, direct
or indirect, ansing out of, or 1n the course of,
employment Also, “aggravation of a pre-
existing disease to the point of disability or to
a fatal ending sooner than would have oc-
curred shall be a personal injury provided 1t 1s
caused by the stran or exertion of work, but
not 1if 1t 1s due to the natural effect of exertion
on an organ already diseased™ Uniquely
American gs the fact that the employer alone
makes contributions, neither the state nor
employee bearing a share. The theory is that
this 15 a legitimate part of the cost of manu-
facture and 15 therefore passed on to the
consumer 1n the price of the fimshed product.
It 1s fund. 1 to an ding of
the compensation system to know that its
underlymg philosophy 1s that of social pro-
tection rather than of nghting 2 wrong The
basic test of hability 15 connection with work
rather than the “fault” of anyone. The right
to benefits 1s based largely on the assumption
of providing support or preventng destitution
rather than of setthng accounts between two
individuals according to their deserts or blame.
The test is whether a situation “anises out of
employment” not whether 1t 15 “provimately
cansed by employment”, the question whether
an employee’s fault 1s a g factor,

CORONARY HEART DISCASE

for example, 1s therefore largely disregarded.

How have the original American laws
been modified and remterpreted to bring about
the present attitude of compensation tribunals
toward cases involving the heart? These
changes have revolved around the interpreta-
tion of some key words and phrases, Of these,
the first to undergo transformation was the
phrase “by accident,” a phrase found in most
statutes and meaning an “unlooked for mshap
or untoward event which is not expected or
designed.” The basic factor in the concept
of “accident™ 15 unexpectedness, But what 15 1t
that has to be unexpected, the cause of the
result? If courts insist that the cause of an
njury be an “untoward” or “unexpected”
cvent, then the number of cases mvolving the
heart will be comparattvely small, when the
result of a given performance, regardless of
s nature, 15 unexpected and 1s then regarded
as accidental, the number of compensable
cases will be much larger. This distinction will
become clearer when the “wsual vs. unusual
event” concept 1s considered,

Another aspect of the word “accident”
which 1s important 1s whether “by accident”
or “accidental” one means “by an accident
If 1t is so construed, and some courts have
done and are downg so, the claimant must be
able to fix the date with some degree of
certamnty. However, many courts, including
those of New York State, have held that the
cause may be gradual and mmperceptible and
still be accidental, This of course leads t0 a
considerable expanston of the number of
compensable heart claims

In the past, and 1n some states even now,
an exertion, to be considered accidental within
the meaning of compensation Jaws, had to be
“unusual™ and not m the line of the patient’s
ordinary duties, This has been a dificult
attitude to maintain, and many ambiguities
and barhne decisions were mvolved. In the
last few years, the mterpretation, if not the
Jetter, of the law has become somewhat
standardized and clanfied.

Two types of incidents are commonly
disttnguished. In the first, in which “usual
exertion leads to something actually breaking,
hermating, or letting go, with an obvious sud-
den mechanical or structural change in the
body,” the injury 1s considered accidental }yy
most jurisdictions; an overwhelming majority
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will therefore compensate for ruptured
ancurysm, even when the exertion or con-
ditions producing the change are in line with
the usual duties of a job. The second type of
incident, which involves subtler arguments, is
“mjuries from generalized conditions” A
much narrower majority of jumsdictions
accept usual exertion as leading to accidental
injury when it involves coronary thrombosts
and other cardiac conditions. The following
are representative cases:

Compensation was allowed and the usual-
exertion rule defintely stated in the case of a
man who had a coronary occlusion m the course
of his usual work of sfacking 135 pound gram
sacks (Warlich v, Driscoll, 68 Idaho 522, 200
P.2d 1014 (1948).

Compensation was allowed for & coronary
thrombosis from lfting sacks of sugar in the
usual way (Peterson v Safeway Stores, 158 Kan
271, 146 P2d 657 (1944).

Compensation was allowed in the case of a
deputy shenff who suffered a coronary occlusion
wile smashing stills m his usual way (Willis v
Aiken County, 203 S C. 96, 26 SE.2d 313 (1943).

Death from coronary occluston was held to be
accidental and compensable m the case of a man
who worked extremely long hours dunng the
hetght of pea-picking season for 3 days (Jones
v. Califorma Packing Corp. Utsh 244, P2d 640
(1952).

Larson® cites Georgia as a good example
of a state which has carried to its ultimate
the that an d
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writer or a pail of water. Yet, because of his
extremely bad heart condition, even this
exertion could, as was established by the
medical testimony, bring on the collapse In
the same month, Georgta awarded compensa-
tion for a heart attack suffered S nunutes after
a bookkeeper had walked up a single fiight
of stairs to his office (Bussey v Globe In-
demnity Co, 81 Ga App. 401, 59 SE 2d 34
(1950).

‘The attttudes of New York and New Jersey
deserve special attention, since they are the
states which have produced the largest volume
of disputed heart cases New Jersey has
adopted the usual-exertion theory, as have
most states, for most hmnds of injury, while
nsisting on “unusual exertion” 1n cardiac
cases Nevertheless, the New Jersey reports
are filled with finely balanced distinctions on
which exertions are usual and which unusual
n heart cases

New York State, with the largest number of
cases, started by insisting emphatically on
unusual or even catastrophic circumstances
Judge Pound, speaking for a unanimous Court
of Appeals, laid down the rules

A distinction ewsts between aceidental 1jury
and disease, but disease may be an accdental 1
jury The exception arises out of abnormal condi~
tions which must be established to sustam an
award Two concurrent limutations have been
placed on the right to recover an award when
a discase, not the natural and unavowdable result

result 15 sufficient to supply the accidental
clement, whether the cause is extraordinary
or not. It follows the formula that “An
acaident anses out of the employment when
the required exertion producing the accident
is too great for the man undertaking the work,
whatever the degree of exertion or the con-
ditson of health

Applymng this rule, Georgra has actually
found heart falure to be an accident when
the exertion, far from bemg unusually heavy,
was lighter than usual—so long as the exert:on
in fact precipitated the attack (Lumbermen’s
Mutual Casualty Company v Kitchens, 81
Ga. App. 470, 59 S E.2d 270 (1950). In this
case, decedent had asked to be put on Iighter
work because he was not fecling well, and at
the time of his death he was carrying 14
boards, none of which weighed over 20
pounds—about the weight of a portable type-

of the emp 1s developed dunng the
course of the employment, although 1t does not
follow that compensatton should be awarded
all cases comung lterally within these imitations
Farst, the inception of the disease must be asugn-
able to a determinate or single act, rdentified
space or time (Matter of Jeffreyes v Sager Co,
198 App Div 446,233 NY $35) Sccondly, 1t
must also be asstgnable to something catastrophte
or extraordinary (Matter of Cennclly v Hunt
Furniture Co, 240 NY 83)

Almost immediately, courts found 1t dif-
ficult to decide the nature of an unusual ¢xer-
tion Frnally, 1n 1943, compensation was
allowed 1n the case of a furnace stoker who
collapsed after throwing a dozen shovels of
coal, each weighimg about 40 pounds, on the
fire, This was held an accidental injury, in
spite of the fact (hat the shoveling was hin
regular job (Bohm » L R.S & B. Realty Co,,
Inc, 263 App Div 962, 37 N Y.S. 2d (1942)
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aff'd 289 N'Y. 808, 47 N.E. 2d 52 (1943)
In 1944, a plant patrolman’s coronary occlu-
ston was ruled to be aceidental because he had
to patrol an outside beat in extreme cold
during a heavy snowstorm, although of course
his regular job was to patrol in all kinds of
weather (Flammer v Bethlehem Steel Co,
268 App Dwv 944, SINYS 2d 258 (1944),
aff'd 295 N Y. 817, 66 NE 2d 588 (1946).
The sarme year, the exertion of a fireman who
rag up two flights of stawrs, halfway down,
and then up agam was held “unusual,” al-
though realistically 1t was surely 2 routme
actvity for a fireman (Godsman v, Grumman
Arrcraft Engmeenng Corp, 268 App Dwv.
945, 51 NYS 2d 760 (1944), aff'd 295
N.Y 708, 65 NE. 2d 339 (1946) And in
1945, the pecessity of remaming 1n a cramped
position for an bour to tamp new firebrick -
side 2 boiler was held to convert the stran
wnto an accidental mjury (Brooks v. Ellot
Bates, Inc., 269 App Div. 792, 55 NYS 2d
671 (1945), aff'd 295 NY. 710, 65 NE 2d
340 (1946), two Judges dissenting)

With the Cooper case in 1946, the newer
view begins to affect even the Janguage of the
opinjons, reference to the unusualness of the
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nonroutine feature being the fact that the
diiveway on which he was walking was
somewhat shippery (Serie v. F. & M Schaefer
Brewing Co., 273 App. Div 833, 76 N.Y.S.
2d 50 (1948). But, to show that the old
requirement could stull defeat clamms, in the
same year the same court denied compensa-
tion for the death of a house superintendent
who suffered a coronary occluston while carry-
mg downstars garbage cans weighing 70
pounds—10 pounds more than the beer cases
and on the stairs at that (Chiara v Villa
Charlotte Bronte, Inc., 273 App Div. 834,
76 N.Y.S. 2d 59 (1948), aff’d 298 N.Y. 604,
81 NE. 2d 332 (1948).

Then came a serzes of cases m which 1t was
ruled that to show catastrophe the only proof
needed was that the decedent had been work-
ing harder than he had used to work at some
tume in the past. In the Furtado case, the
claimant, upon being promoted to the re-
sponsible job of supervising construction of
3 new shops, worked long hours 7 days a
week for 9 or 10 months, and experienced
heart symptoms from time to time; the Ap-
peliate Diviston found thys assignment to be
“unusual work,” and held that “claimant

exertion being ometted geth
In this case, an award was made for the death
of a trucker who had put in an unusually hard
day, lifting 2 cartons at a time 1n order to save
time, because he had no helper. The Appellate
Drvision's opiion said that “the board could
find that the heart attack which caused the
death was produced by the labor mcident to
the employment ™ (Cooper v. Brunswick Crgar
Co, Inc.,, 273 App Div 1038, 78 NYS 2d
642 (1949), aff’d 298 N.Y 731, 83 NE 2d
142 (1948) )

From 1948 on, a sentes of cases emerged
which reduced the disinction between usval
and unusual to a hollow shell In one case, a
painter had so placed hus ladder that he had
to stretch hus arm “all the way out™ 1 order
to paint, and the Appellate Diviston held that
the “extreme excrhion and extension of his
arms in panting” satisfied the requirement
of accidental mijury (Ruby v Lustig, 274
App. Div. 954, 83 NYS 2d 664 (1948),
affd 299 N.Y. 759, 87 N.E. 2d 672 (1949)
In another, a deliveryman who suffered a
heart attack while carrying a 60 pound case
of beer was granted compensation, the only

mjuries ansing out of
and in the course of employment due to Jong
and arduous hours of work.” (Furtado v
American Export Aurlines, Inc, 274 App.
Div 954, 83 NY.S 2d 664 (1948), leave
to appeal demed, 298 N.Y. 933 (1949). In
1949, an inspector was brought within the
protective orbit of “accident” solely because
“the work done by claimant had about a
month earlier been changed so that fewer men
were doing the same volume of nspections
which increased claimant's physical effort ™
(Carhin v Colgate Arrcraft Corp., 276 App.
Div 881, 93 N.Y.5 2d 791 (1949), affd
301 N.Y. 754, 95 NE. 2d 626 (1950). In
other words, a strain which has been usual
and routine for 3 month is an *accident”
because a month earher the claimant had had
highter work.

At about this time, the Court of Appeals
apparently felt that it had had about enough
of this sort of thing, and in Masse v. James H
Robson Company (301 N.Y. 34, 92 N. E
2d 56 (1950), reversing the lower court, it
awarded compensation to 3 man who had
undergone unusually arduous work during the
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week preceding a heart attack which occurred
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mon men would regard decedent's mjunes as
At least we cannot say as a matter of

at home, and made the foll qual
statement:

“A heart injury such as coronary occlusion
or thrombosis when brought on by overexer-
tion or strain in the course of daly work is

law that such 15 not the case Applications of thts
pninciple, though often not expressed, are in-
herent in many decisions

What 1f the worker was aware of having

p though a pre ting p
may have been a contnibuting factor.”

Nothing was said about unusual stran, the
quotation permuts recovery not only for over-
exertion but for “strain in the course of daily
work.”

Smce the Masse case, awards have been
sustained on the basis of the following exer-
tions: “pulling” a2 machine which claimant
regularly pulled seven times a day, climbing
the subway stairs, with no evidence whatever
of spectal haste; long hours and unusual
excitement causing the death of the steward
of a social club; erecting partitions 1 a store,
which claimant regularly did “at certain sea-
sons,” on the assumption, apparently, that
what 15 done most of the time 1s usual, and
what is done only some of the time 1s unusual
and accidental, spending 1% hours 1n and
out of a refrigerator while repaing 1t,
which was “the longest period of tme which
claimant had been required to spend m a
refrigerated box", working harder than usual
as a bookstore clerh m some unspecified
degree for some unspecified time, thereby
making a detached retna m the eye an
aceidental injury; and spending 5 or 10
mmutes in the usual cramped position a
steamfitter has to assume while working nside
a botler. In ths last case, the court made a
statement which sums up the story from the
Lerner to the Masse case

Appellants
dent as y or phic,
assignable to a determinate or single act, 1denti-
fied 1n space or time

As an abstract legal propositton usndoubtedly
this definition is unassalable. However whether
an event Is to be found an industrial accident 1s
not to be determined by legal defimtion “but by
the common-sensc viewpornt of the average man ™
[Citing the Massc case | Hence the issue almost
myanably falls within the realm of fact, and if
the facts and circumstances sustain, upon any
reasonable hypotheses the concluston that an
Bverage man would view the event as accidental,
then the det t facts and
were presented 10 the instant case, and that com-

cite the definttion of an accr-

cardiac Js and working?
New York and New Jersey hold that continu-
g a usual exertion after beconmng aware of
iliness makes the episode accidental Contrani-
wise, Pennsylvania holds that if the claimant
was 1 good health and suffered a heart attack
1 the course of routmne exertion, he had had
an “accident ” If, however, he had previous
disease, unusual strain must be shown to
prove an accident

Most of these mental acrobatics which
baflle the nonlega! mund arise from the use of
the word “accrdent” in one form or another
m the older laws The purpose of this usage
and of the distinction drawn between “usual™
and “unusual” exertion 1s (o prevent claims
bemng made for disease processes which have
no relevance to a man's worh, However, there
1s another method of establishing this safe-
guard 1 a more realistic manner, without
the clumsy device of the “accident,” a device
which nvites relaxatton, modification, and
some kind of evaston in order that justice may
be done In some states, the concept of
“accident” 1s avoided altogether and it 1s
required that the injury arise “out of employ-
ment ” As Larson shows, an examination of
cases mn such states, for example, Californa,
Towa, and Massachusetts, getting an “exertion
of exposure” award 1s not necessanly easy;
the only difference 1s that the 1ssue 1s jomned
at the proper point, whether or not there 13
fundamental causation rather than an accident.
There must still be an unexpected result and
some exertion which could cause the collapse
The mere fact that a breakdown occurs during
working hours 1s not suffictent, there must be
some effort which establishes a causal con-
nection Here, medical testtmony becomes of
even greater importance than ever before

The physicran may, at least in New York,
concede that practically all tnfarction has s
ongin i underlymg atheroma without com-
promising his patient’s clatms The real 1ssue
1s the relauon of a given exertion or stress
maident to an episode of infarction

How can we simplify a problem which
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defies simphfication? We can start with the
assumption that coronary occlusion almost
never occurs in an intact coropary artery.
Underneath the occluded section of the vessel
there 15 almost mvariably an area of atheroma;
this 15 an abnormality, but whether, before
ischemia results, 1t can be considered disease,
1s controversial Certainly atheroma, even of
hugh degree, 15 compatible with long and useful
fife. Other causes of coronary occlusion, such
as embolism, are rare, and to my knowledge
noge of them have been brought nto question
with regard to the compensable aspects of
coronary disease.

The pertinent pathologic changes need only
brief summary here The transiton from
atheroma to occlusion may take place mn
several ways: (I) rupture of the atheroma
with discharge of 1ts contents, (2) hemorrhage
mto the plaque, which then expands and may
rupture; (3) thrombosis on a plaque which
has exther an intact 1ntima or a hining disrupted
by hemorrhage or rupture, Just how njury or
stratn would affect this transitton is doubtful,
but presumably sudden mcrease 1n blood
pressure would be 2 factor This 1s at least
moderately plausible m the case of inttmal
hemorrhage, although there is stll doubt that
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his family, Nevertheless, I have seen instances
m which every criterion of common sense
would indicate the existence of such a relation-
ship.

Case 3. A 56 year old man tripped and fell
down a flight of 18 steps while struggling to marn-
tan his hold on a keg of pails in his arms. Witha
a few minutes of the time he was picked up, he
complained of pain in the left side of his chest,
which at first was attributed to nb fracture. An
hour later, profuse perspiration appeared, and his
systolic blood pressure dropped from 150 to 100.
An ECG was read as normal, but 6 hours after
the fall changes were evident and the course was
then that of an antentor infarction.

With such a story, if called upon, I would
tesufy 1n clear conscrence that the mfarction
was the result of the circumstances of the fall
‘Whether or not there was a direct blow to the
chest dunng the fall seems to me immaterial.

Usually the story is not so clear cut, and 1n
such cases the criteria set forth by Blumgart®
are a useful guide to climeal judgment, He
isted the following criteria which must be
satisfied to demonstrate the relationship of
effort to myocardial mnfarction: (1) develop-
ment and increase of cardiac symptoms, such
as pamn or substernal distress, during or 1m-

changes 11 blood pressure are

to the intimal capillaries.
Infarction may of course occur in the

presence of coronary sclerosis without occlu-

ing unusual effort, (2} con-

of the after of

effort, (3) presence of clinical signs and symp-

toms of acute myocardial infarction, (4)
1 of ¢ch 1stic

sion of a major vessel. A sch portrayal
of this process is given in Chapter 1. There
may be thrombosis or spasm of a smaller
vessel, posstbly a collateral channel An
important factor 1 producng infarction
cases of injury 15 the hypotension of shock
or hemorrhage; 1 have seen several examples
In an otherwise impaired heart, the drop
blood pressure may be sufficient to induce
infarction through ischemsa. This could hap-
pen in 2 beart with normal artenses, but the
hypotension would have to be profound and
prolonged.

It 1s to give p
eniteria for whether an inf
or coronary occlusive episode is the result of
a given injury or stress. I am fairly certain that
many more cases have been acknowledged in
Iitigation than are warranted in fact, perhaps
on the assumption that the law should be
Uberally construed m favor of the claimant or

graphic‘: patterns of mnfarction

While this st is a useful guide, it should
nevertheless not be interpreted ngidly. Each
one of the criteria may be moddied under
certain cwreumstances,

It 1s unwise to nsist that symptoms be
absolutely contnuous after onset. As in
paturally occurnng infarction, there may be
a period of remussion corresponding to partial
terruption of coronary flow and partial
ischemia of the heart muscle.

Case 4 A 42 year old map, with angina
pectors, ran upstawrs with a telewision set weigh-
1ng about twice the usual amount. When he ar-
rived at the head of the flight of stairs, be col-
tapsed with severe precordial pain radiating to
the left arm The pain did not respond to the
nitroglycenin which he had with him, but sub-
sided after a few moments. He had more angina
of effort that afterpoon, but was free of pat
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whle lymng in bed for 6 hours, a typical infarction
developed that evening

In this case, there can be little doubt of
a relationship between the injury and the
cardiac catastrophe, and T had no hesitation
in giving my opinion to that effect.

With regard to the third and fourth critena,
the alert chnicran will bear in mund the
frequency of atypical signs, symptoms, and
laboratory findings. Certamly the electro-
cardiographic findings need not be “char-
acteristic,” any more than they need be
for the diagnosis of infarction under other
circumstances. It is more important that, 1n
association with other clinical evidence, they
show chianging patterns over a period of days

The difficulties of timing the onset of in-
farction plague the physician

Case 5. A 50 year old man complamed of pre-
aordlal pan while engaged in his duties of
pa The ap-
paratus on which he was ndmg bad stopped with
an unexpected jar Evidence of infarction rapidly
developed and he died early the following morn-
ing The patient had denied having any symp-
toms previously. Postmortem examunation showed
a3 postenor wall infarction which appeared to be
ot less than 10 days old. Iaquiry among hus as-
sociates revealed that he had had a 1 hour bout of
:’Indihgeslion“ and vormiting about 2 weeks before
eatl

The infarction in this case was related to
the eaclier episode and not to that of the day
before death. Without the autopsy findings,
an erroneous conclusion would probably have
been reached.

In my opmion Blumgart's criteria should
be revised 1n the following way, recognizing
that these are munimal crtena only; the
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cardiac damage, the referee will seldom be
satisfied by such tesimony and say msist on
a declaration that the doctor believes that it
aid produce such damage The doctor may
then summon up all his knowledge and ex-
perience, satisfy us conscience If he can,
stifle his misgivings, and answer the question,
adding as much qualification as he is per-
mitted In some instances, he may have to
refuse to respond categorically to the question
as worded Referees and legislators will have
to recognize that the medical expert s not
trying to evade the 1ssue, 1t 15 stmply impos-
sible in some cases to be certain about what
‘happened

The solution, so far 2s it 1s a sofution, for
the doctor 15 Farst, to give hus opimon with
honesty and dignity Second, and perhaps
more mportant, to remember that he 1s a
physician and not a lawyer or a lawmaker,
the mequities of a given law or the abuses
which may result from thewr interpretation
may deeply concern him as a private citizen,
but when testfymg as a medical expert he
must forego indignation and exasperation and
allow the courts to nterpret his testimony
as they see fit

The solution for soctety would seem to be
to remove such a highly controverstal ssue
from the field of htigation Recent proposals
to treat heart disease, no matter how caused,
as an illness to be covered by industual sa-
surance, seem to provide a senstble solution,

INSURANCE BENEFITS AND
CORONARY DISEASE

Coranary disease may enter 1nto questions
benefits 1n three ways

physician cannot, with clear state
that a given actvity produced a given nfare-
tion unless: (1) cardiac symptoms develop
during or soon after the alleged exertion, and
{2) there is definite electrocardiographic evi-
dence of recent myocardial damage

As the cases cited 1n this chapter show, 1
wiew of the vanable course of the naturally
oceurning disease, it would scem that coro-
na; and Te-
sulting from trauma cr effort are very uncom-
mon but not unknown

The physician may be willg to state that
an accident “might” or “could™ have produced

1 It may be alleged that the claimant
fraudulently concealed earlier hustory of heart
disease In fhe absence of telltale physical
signs at the time of the inial examination or
of the subsequent disclosure of a history of
coronary disease, it ts practically impossible
to hold that an insurce had had coronary
disease before the ansurance poticy was 1ssued
unless a routine ECG was taken It1s true that
some 11l mndividuals will run even this gauntlet,
but most patients with degenerative heart dis-
ease will present some evidence of it in the
ECG.
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2. Under the terms of certain polictes, the
insuree may claim benefits to be paid in case
of permanent and complete disability In the
past, many hfe msurance policres contained
provisions for the payment of benefits in the
event of total and permanent disability. Most
companies have discontinued such policies,
thus sparing the cardiologist from making
difficult, sometimes impossible decisions

The physician 1s called upon to decide
whether the claimant has heart disease and,
1f so, whether 1t prevents hus earning a liveli-
hood A redefinition of terms has gradually
evolved through judicial interpretation, and
“permanent” and “fotal” disability no longer,
10 this connection, have their oniginal, literal
meamngs It 1s not necessary for him to certify
that the disease 15 beyond the possibiity of
eventual cure for it to be considered “per-
manent.” Most policies carry the provision
that if an alloess lasts beyond a given time,
it 1s to be considered permanent

“Total disatulity” no longer carries wath 1t
the implication that the patient cannot earn
a living 1n any way A man with certain skill
and trammng, such as a physician, 15 not ex-
pected to earn hus living as nught watchman
or peanut vendor, although physically he
might be able to do so The previous traimng
and experience of the patient must be grven
sersous constderation and if he 15 unable to
carry on the same or comparable work with-
out risk to himself, he 1s “disabled totally

The recent change 1o our atutude toward
the prognosis of coronary disease and our

ding of the psychologic principles
involved, has dimmished considerably the
number of patients who consider themselves
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doctor or insurance companies in these mat-
ters; each case must be decided on the basis of
the history, the clinical findings, and the
results of autopsy. The following bnef
bistories, taken from my own files, wil illus-
trate these points.

Case 6 A 39 year old man had angina pectons
and electrocardiographic evidence of myocardial
damage (bundle-branch block). He was dnving
alone on a dry country road when observers
noted his car swerving, seemmgly out of control,
off the road, crashing into a tree and killing the
dnver  Postmortem  exammation showed ad-
vanced coronary sclerosis, recent thrombosis of
a mawn vessel, and infarction of the left ventncle,
apparently several days old

In this case, of course, 1t would be 1mpos-
sible to attribute his death entirely or even
largely to the accident

Case 7, A 62 year old man had krown, but
clinrcally muld, coronary disease Agawnst medical
advice, he took a long journey by antomobile,
New York to New Orleans, entrely alone He
was found dead, crushed within a demolished
car, at a concrete fence The road was dry and
there were no skid marks Autopsy showed ad-
vanced artenosclerosss of all the coronary arter-
1es, old myocardial fibtosis, but no poiat of
coronary occlusion or secent infarction Inquiry
showed that he had driven over 400 nules that
day and was trymg o reach a motel a hundred
mules farther on at which he had made reserva-
trons

There are several posstbilities here He may
have had a seizure of cardtac pa:n and driven
off the road, he may have died suddenly, the
car crashing thereafter, he may have fallen
asleep at the wheel, he may have swerved to
avord hittng an animal. Simce in this case

jously no definite answer could be given

or who are dered by their physicians as
incapable of earning a livelthood.

3. Some policies provide for the payment of
double benefits in case of accidental death, and
the question sometimes atises about the refa-
tionship of a gwen accident to death 1a the
case of a person with heart discase When a
man with known heart discase dies during an
accrdent, it 1s important to know whether be
was actually killed by the impact or whether
the accident was the result of an immed:ately
preceding fatal heart sezure In my experi-
ence, most such problems arise from claims

by the physician, the problem had to be
resolved by negotiation or judicial decision;
a compromuse was reached to the satisfaction
of and the pany.

Case 8 A 45 year old man with a history of
coronaty disease was hilled when fus car hit a
police stanchion. Autopsy showed numerous -
jemes and advanced coronary atheromatosis
without recent occluston or mnfarction [t was an
iy evening and investigation revealed definite
skid marks.

Here again, one couldn't be sure, but the
d is of death was not chal-

for double ind for vehicular d
No rules can be formulated to assist the

len‘g‘ed



MEDICOLEGAL ASPECTS OF THE
ELECTROCARDIOGRAM

1 have repeatedly emphasized that the ECG
is of definite, but only limited, value A diag-

bl

rienced physicians have often exaggerated the
importance of minor changes 1 borderline
records. Furthermore, the mfluence of extra-
cardiac agents on the ECG must be borme m
mind, the effects of changes i posture, the

nosis can be made with p certainty
from the tracing alone only in the case of
certain arrhythmias, and even 1n these only
the nature of the thythm is established, not the
nature of the underlying disease Tn coronary
disease and H the ECG

fl of drugs, r ion, neural stumuly,

diseases i other organs, which may affect

skin resistance, etc, or influence the heart
only reflexly, must alt be observed

1f the following limitations on the use of the

h, as lard down by Marvin,2

Is an aid in varying degree, depending on the
type and location of the lesion. In some cases,
especially of chronic coronary disease, the
tracing is suggestive, sometimes highly so, but
1 all cases the tracing must be 1nterpreted
in the light of clmical findings.

It cannot be emphasized too strongly that
the ECG reflects the anatomic changes 1 the

are taken 1nto account, courts and lawyers will
be less hikely to entertamn extravagant claims
of the value of the ECG
1. Changes 1a the ventncular complex, -
cluding its termunal portion, bave no special
sigmficance, except the changes associated
with myocardral infarction
2 The ECG bhardly ever gives helpful in-
on the fi i state of the heart;

heart, and 1s not a measure of the fi !
capacity of the heart. A tracing may show
marked deviation from normal, and yet the
indvidual may be able to lead au actve life
with vigorous exercise; on the other hand,
the ECG may be normal m the presence of
the most advanced heart failure.

Sertous errors may be made mn interpret-
wg a tracing which 1s only slightly abaor-
mal. The limuts of variation m size and shape
of the complex are normally wide, wexpe-

therapeutic questions about the amount of rest
and action and the proper dosage of digitalis
therefore cannot be decided on the basts of
the ECG

3 It 15 usually umpossible to give a prog-
nosis from the ECG

4 The graphic records must be mterpreted
m the light of chaical evidence. Many physi-
crans are making unjustified diagnoses of heart
disease solely on strength of minor vaniations

TABLE 28  RELATIVE IMPORTANCE OF ELECTROCARDIOGRAM IN DisgNosis of
Heart Disgasg™

Euology

Congenital [T
Rheumatic 111
Syphilitic TIL
Anterosclerotic 11
Hypertensive 11
Asthmatic 11
Thyrotowue I
Pneumonse 111
Diphtheric 1T

Muscular Damage

Toue 11
Traumatic 11

I Diagnosis may be made by the

Pathology

Developmental Defects 111
Vatvular Damage Tl
Astenal Damage T

A Degeneration or destruction
of the myocardium 11

B Relattve myocardial weak-
ness (especially 1 a heart
already damaged) 1V

Pericardtal Damage 11
Abnormal Rhythm 1

FCG alone
15 d

Function

Congestive Failure 1V
Cardiac Asthma 1V
Angina Pectons 1V
Limitation of activity 1V
Causes of increase of
cardiac symptoms
Tncrease 1n pathologe
fesions TV
tncrease 1n work 1y
Abnormal rhythe 1

Bacternal Fndocardiy {3

Il Diagnosis usually, or frequentl
cvidence

or by electrocary, | I

HI Diagnosss may be aided by the FCG under some arcumstances

IV Diagnosts is not helped by the FCG
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tn the ECG; these should never be accepted
in the absence of supporting cltnical evidence

The oniginal ECG, and not merely 1ts inter-
pretation, should be m evidence and available
for reading by expert witnesses The qualifica-
tions of those who are to interpret the tracings
must be well established Neither the pos-
session of an electrocardiograph nor the abul-
1ty to take attractive tracings confers shill
iterpretation  Certification by  qualifying
boards or qualtfications equally exacting should
be mststed upon.

It must also be borne 1n rmnd that a single
tracing 1s of limited value Serial tracings,
preferably taken as soon as possible after an
njury alleged to have produced cardiac injury,
with repeated follow-up tracings, give a
much clearer picture of dynamic processes,
especially when a particular incrdent is -
volved. Even better would be a control ECG,
taken either as part of a program of routine
health examunations or of the physical exam-
ination gtven to prospective employees, which
would make 1t much easter to evaluate subse-
quent changes.

Table 28 indicates the amount of help
which may be expected 1n various heart
condutons, from the use of the electro-
cardiograph
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Abscess, and myocardial infarction, 137
Acenocoumarin, 292
Acuds, fatty, 45, 50
Adams.Stokes syndrome, treatment of, 280
Afnica, coronary disease m, 41
Age, anatomic changes with, 70
factors m disease, 14
factors in prognosis, 262
Aging, premature, 15
élc(}hol mjections, 318

78

arienalization of coronary sinus, 314-318
resection of occluded artery, 313
splant of artery into d
Androgens, and bpid metabolism, 57
Anemia, and anginal parn, 100
sunulating coronaty disease, 259
Ancsthesia, use of, 11l coronary disase, 304
Aneurysm, gomc. stmulating coronary disease,
24

313

cardiac, 131
congenital, 34
coronary, 30
artenosclerotic, 30
dissecting, 31
mycotic, 31
syphihiic, 31
Angina pectoris, 93-103
anemia and, 100
ballistocardiogram in, 222
case reports, change in pain indicating myo-
cardial infarction, 184
effects of smoking and meals, 176
with familial hypercholesterolemia and in-
farction, 212,
with Jeft bundle-branch block, major infarc-
ton after, 211
with major infarction, 190
sudden onset of, 191
with Wilson block and anteroseptal infarc-
tion, 195
character of pain, 94
characteristics of, 93
cold affecting, 102
decubitus, 96
diagnosis of, 96-98
differential diagnous of, 235-259
ectopic rhythms and, 102
electrocardiogram 1n, 162-168
€xtracardiac pain and, 102
location of dommant parn, 93

345

Angina pectoris (Cont )
management of, 296-304
drug therapy, 298-302
pamn pathways from heart, 98
pulmonary hypertension and, 101
radiatron of pam, 93
recumbency, 96
referred pain, 94
rebef, 96
sine dolore, 96
sites of pan, 99
symptoms, 96
tests in, anoxema, 163
ergonovine, 167
exercise tolerance, 164-167
meal, 167
two-step, 164-167
tobacco, 66
valvular disease and, 101
Anomales of blood vessels, 32-34
Anoxemfa test i angina pectorts, 163
Antecoagulant therapy, 286-294
complications and risks, 290
dicumarol, 287
beparin, 287
long-term, 293
overdosage, 290
selection of cases, 288
substitates for dicumarol, 291-293
technic of treatment, 289
Anxety neuros¢s, simulating coronary disease,
2.

Aorta, anginal pain in, 99
anomales of, 32-34

AlLUs senius, 13
Armchair treatment, 272
Arrhythmua, ectopic, and angmal parn, 102
as factor 1n prognosis, 264
myocardzal infarction and, 120-124
pathogenesis, 121
treatment of, 280-284
Arterenol, 1 shock, 277
Artenalization of coronary sinus, 314-318
Artenes, coronary, 1
abnormal ongin from normal aorta, 33
absence of artery,
aneurysms of, 30
congenital, 34
angina i disease, 99
anomalies of, 32-34
ansing from pulmonary artery, 33
cbanges with ape, 70
common trunk, 33



Artentes (Cont.)
embolism of, 31
inflammatory lestons of, 28-30
infustons in shock, 279
1intimal lesions, 71, 76
intramural hemorrhage, 76
lesions of, 28-32
medtal calaification of infancy, 28
multiple, 34
necrosis of newborn, 28
neoplasm of, 32
occluston of, 75, 88, 250
ongin from cardeac ventricle, 34
progressive narrowing of, 73-75
thrombosts of, 32, 75, 86, 128
Antterioarterial shunting, 79
Artenolar lesions, 73
Antenoluminal vessels of Vieussens, 78
Arteriosclerosts See Atheroma
Artenosclerotic ancurysm, 30
Artentis, 28
Arthntis, of shoulder, simulating coronary dis-
ease, 257
Atherogenesss, dzet 1n, 49-56
filtration theory, 71
hormones and, 55-58
mtimal lesion, 71
hpid metabolism and, 45
thrombus formation, 72
Atheroma, and coronary flow 3
course of,
lipid metabolism and, 44-61
obesity and,
occlusion and, 76
prevalence of, 11
prevention of, 323
Atheromatoss, 44, 73
Atropine, 1n angina, 302
Auncular, fibnllation, 123, 281
nfarction, 133-135
rupture, 128

Ballistocardiography, 219-226
m acute infarction, 223
1n angma pectons, 222
m coronary disease, 221
n normal persons, 221
vectorballistocardiography, 224
Biliary tract disorders, and coronary disease, 22
Bland-White-Garland syndrome, 33
Blood, hpids, 44-61
See also Liptd metabolism
Lipoproteins, 45, 47-49
phospholtpuds, 44, 46
potasstum, 116, 238
pressure, in dial 110

Bundle-branch block and myocardial infarction,
124

and angina pectors, case report, 211
electrocardiogram in, 158-161
Bursitis, simulating coronary disease, 257

Caffeine sensittvity, pain from, 259
Calaification, 72
medral, of coronary arteres, in infancy, 28
myocardial, 86, 132
Calonic ntake, and lipid metabolism, 53
Capillanies, intimal, 76
Cardiopericardiopexy, 309-312
Cardiovascular disease, differential diagnosts of,
243-248
Carditis, acute rheumatic, sunulating coronary
disease, 247
Carotid sinus, hyperactive, simulating coronary
disease, 258
Case reports, 172-218
angina pectors, sudden onset of, 191
angna pectons affected by smoking and meals,
176

angna pectorts and familial hypercholesterole-
mz:a with infarction, 212

angma pectorrs and left bundle-branch block,
major nfarction after, 211

angina pectoris and major nfarction, 190

angina pectons and Wilson block with antero-
septal infarction, 195

anterior infarction with few symptoms, 192

aurtcular and ventncular mfarction in 39 year
old woman, 172

chromc_disease with extensive jnfarction and
fibrosts, 202

complete heart block and ruptured interven-
tricular septum with acute infarction,
5

21

fresh anterolateral infarction after old hyper-
tensive beart disease, 198

1atrogentc heart disease, 172, 180

tnfarction 1 32 year old man, 172

mustaken dragnoses, 209

y and cerebral 3

198

posterior wall infarction and pulmonary em-
bolism, 202

post-extrasystohc T wave mversion, 190

supenmposttion of tnfarctions, 176

syncopal onset of wnfarction with posterior walt
damage, 182

‘Wilson block, 195

Wolft-Parkinson-White syndrome, 191

C: increased, 1

Cedilantd D, in heart failure after tafarction, 276
(& 48

proteies, 52, 115
supply 10 heart, 14
impatred flow, 2
reversal of flow, 81
and dial i 121
treatment of, 280
Brucellosis, and coronary artery disease, 29
Butbospiral muscles, 87

of
Cerebral with
<ase report, 198
Cerebrosides, 44
Cervical, disk, herniated, stmulating cororary dis-
ease, 258
b, simulating coronary disease, 255
Chest pain, postinfarctive, simulating coronary
disease, 257
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China, coronary disease in, 41
Cholesterol, 45
content of foods, 332
mtake of, and atherogenests, 49
and coronary disease, 40
metabolism, 45
and blood lipoprotens, 47
and heparin levels, 47
and phospholipid ratio, 46
Choline, esterasc, plasma, 1 myocardial nfarc-
tion, 116
theophyllnate, in angina, 300
therapy, 324
Chronic coronary disease, 137
management of, 296-304
Cireulation, coronary, ©
collateral, 4, 78-82
See also Collateral creulation
ity of blood, 1n

“unaPst, M4SAVE PULLONALY, SINULAUNE LUIU-
nary disease, 243
Collateral circulation, 4, 78-82
arterroarterial shunting, 79
development of, 80
extracardiac anastomoses, 81
as factor m prognosts, 262
interarterial communications, 81
reversal of blood flow, 81
speed of development, 82
Congenutal cardiac defects, and myocardial 1n-
farction, 137

C unmary, in my infarc-

tion, 115
Coronary arteries See Artenes, coronary
Coumadin solution, 292
C-reactive protein, in myocardal infarction, 116
Cryoglobulins, 116
Cyanosts, as factor 1n prognosis, 264

in myocardiat infarction, 109

Danilone, 292
Death rate See Mortahty
De-epicardiabization, 312
Deslanoside, in heart failure after infatction, 276
Diabetes, control of, 324
coronary disease and, 21
as factor i prognosis, 263
lmp!ndlzng coma simulating coronary disease,
59

hpid metabolism and, 58
myocardial mnfarction and, 130
Diagnostic methods, 219-233
Diaphragmatic lesions simulating coronary dis-
ease, 243, 249
Diathermy, in angina, 302
Dicumaral therapy, 287
substitutes for, 291-293
Dret, and atherogenesis, 49-56
cholesterol, 49
fatty acrds, 50
protews, 52

Duet (Cont.)
and coronary disease, 40
therapy, in angina pectons, 297
in coronary disease, 328-333
Dufferential diagnosts, 235-259
cardiovascular disease, 243-248
central nervous system disorders, 258
gastrointestrnal tract disease, 248-253
pulmonary disease, 237-243
skeletal disorders, 253-258
Digitahs, affecting electrocardiogram, case report,
209

1n heart fatlure after infarction, 275
Digoun, 1n heart failure after infarction, 276
Dindevan, 292
Dioxyline phosphate, i angtna, 301
Dipaxin, 292
Divretics, m angina, 302
Driving, tn coronary discase, 297
Dyspnea, as factor in prognosts, 264

n myocardzal infarction, 109

Edema, pulmonary, 112
treatment of, 277
Elastocalcmosts, 72
Electrocardiography, 142-169
1n angsna pectoris, 162-168
1 anterior wall infarctton, 148-153
1n anterolateral tnfarct, 152
1n anteroseptal tafarct, 150
1n apecal infarct, 153
1n aurtcular infarction, 162
1n bundle-branch block with snfarction, 156-161
changes simulating coronary disease, 236
1n chronic coronary diseasc, 168
1 combmed 1nfarcts, 156
complicating disease, 144
1n coronary msuffictency, 161
1n lateral wall infarct, 153
limb leads, 143
medicolegal aspects of, 343
1n munor nfarction, 161
mustaken diagnoses, case report of, 209
1n myocardsal infarction, 146-148
normal vanations, 144
In pericarditis, 246
in posteror wall infarction, 153-156
in posterolateral infarct, 155
in pulmonary embolism, 237
m nght ventncular infarct, 153
1n septal infarct, 151
1n spontaneous pneumothorax, 242
1n subendocardial infarction, 161
techmie, 142
value in prognosts, 264
in Wolfl-Parkinson-White syndrome, 161
Electrokymography, 233
Electrophoresis studics of lipoproteins, 49
Embolism, coronary, 31
arr, 32
bacterial vegetations, 31
as factor in prognosis, 264
fat, 31
foreign bodies, 31
myocardial infarction and, 128
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Embolism, coronary (Cont )
paradauc, 31
pulmonary, 130
and posterior wall infarction, case report,
202

sumulating coranary disease, 237
Emotional factors in coronary disease, 24-26
cardiac pain, 25
wtrogenic, 26
pathogenesis of sclerosis, 24
precipitation of infarction, 26
Emphyserna, meduastinal, 137
stmulating coronary disease, 242
Endocarditis, subacute bactertal, and coronary
embohsm, 31
and myocardral nfarction, 137
Endocrines, and atherogenests, 55-58
See also Hormones
E 1 f: 113

phulia, tn my
Epmephrine, 10 shock, 279
urtpary, in myocardial infarction, 116
Ergonovine tesl, in angina pectoris, 167
Eskimoes, coronary disease i, 42
Esophageal lesions, sunulating coronary dsease,
248

Estrogens, and lipid metabolism, 56
Etiology of disease, 10-34
age factor, 14
biliary tract discase, 22
disbetes, 21
emotional factors, 24-26
fapmbal factor, 14
galibladder disease, 22
gastromtestinal tract disease, 23
geographic factors, 40-43
hypertension, 19
hypotension, 26
1atrogentte factors, 2¢
metabolic disorders, 22
oceupation, 18
operative procedures, 26
physical siram, 27
premature aging, 15
ractal factors, 40-43
seasona) factor, 23
sex factors, 16
trauma, 27
vaccnation, 23
weight and body buifd, 17
Exercise tolerance tests, 163-167
1 balhistocardiographby, 331
Extrasystoles, 122
treatment of, 281

Familhal factors in disease, 14
Fats, neutral, 45
Fatty scids, 45, 50
and atherogenests, 50
essential, 50
unsaturated, 50
Female mortality rate, 16
Fever, as factor in prognoss, 263
1n myocardial mfaral(:n,‘lﬂt

an.
treatment of, 281
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Fibrin, in myocardtal infarets, 86
Fibrinog: asma, in dial inf;
Fibrosis, cardiac, 89

coronary, 74
Flugroscopy, 231-233

paradoxic movement, 232

partial reversal, 232

reduced ventricular pulsation, 232
Flutter, and myocardtal jnfarction, 123
Flyng, in coronary disease, 257
Foods, cholesterol content of, 332

See also Diet
Fractionation of lipoprotemns, 47
Fractured nb, stmulating coronary disease, 254

, 115

G-23350, 252
Gallbladder disorders, and coronary disease, 22
stmulating coronary disease, 249
Gallap thytha, 121
treatment of, 280
Ganglionectomy, cervicothoracte, 320
Gangrene, penpheral, m myocardial infarction
with shock, {25
Gastne lestons, simplating coronary disease, 24%
Gastrointestinal tract disorders, and coronary drs-
ease, 23
and myocardial imfarction, 109
simufatng coronary disease, 248-253
Geographue factors mn coronary disease, 4043
Gualin, in heart failure after méarction, 276

supuit, wrs
treatment of, 280
faslure, as factor in prognosis, 263
in myocardial infatction, 112
simulating coronary disease, 247
treatment of, 274-277
Heduitn, 292
n my 1 m
Hemorrhage, anticoagufants causing, 290
cerebral, with myocardial infarction, case
seport, 198
intramural, 76
myocardal infarets and, 85
Hepann, sffecting cholesterol, 325
altered levels of, 47
therapy, 287
1 angina, 301
Hernta, tuatus, simulating coronary disease, 249
Herpes zaster, stmulating corovary drscase, 258
Hiatus hermia, simulating coronary disease, 249
Hiceups, as factor in prognosis, 264
n myocardial infarction, 109
treatment of, 274




Hormones, 55-58

androgens, 57

estrogens, 56

gonads, 56

preventing atheroma, 324

thyroid gland, 58, 259, 303
Hydrovyamphetamine, 1o shock, 279
Hypercholesterolemia, control of, 324

famifal, with farction and angwa pectoris,

case report, 212

Hyperkalemia, mamfestations of, 238
Hypertension, control of, 324

1n etiology of heart disease, 19

pulmonary, anginal pain in, 101
Hypertrophy, cardiac, 90

Tatrogeruc factors in coronary disease, 26
case report, 172, 180
Incidence of coronary disease, 10-32
Indhans, coronary disease, 42
Infants, coronary necrosts of newborn, 28
medsal calofication of coronary artenes m, 28
Infarction, myocardial, 4-7, 8290, 105-117
antertor wall, electrocardiogram n, 148-153
artenal obstruction caustng,
atheroma and, 73
auricular, 133-135
electrocardiogram in, 162
ballistocardiogeam 1n, 223
blood pressure in, 110
blood proteins m, 115
bundle-b

247

Infarction, myocardial, case reports (Cont )
ventricular wall, extensive, with fibrosis,
1 chronic disease, 202

catabolism increase 10, 115
cause of death, 116
chrucal features of, 106
complications of, 120-139
cyanosis in, 109
differenttat diagnosts of, 235-259
dyspnea 1, 109
electrocardiography 1n, 146-148
emotional shock preceding, 26
fever m, 113
fibrosts, 89
gastrointestnal symptoms, 10%
heart farlure in, 112
heart sounds iz, 110
‘hemodynamics 15, 111
bemorrhagsc infarcts, 85
hiccups in, 109, 264, 274
laboratory features of, 113-116
leukocytosis 1, 85, 113, 263
Iipids, 86
See also Lipid metabolism

Tocalization of, 86
Iocation of coronary occlusion, 88
major, 5
mnor, 7
mural thrombs, 86
new bload vessels and connective tissue, 86
pam 10, 105, 106
pauntess, 108
pencarditis i, 86, 110
plasma fibninogen 12, 115
polymorphonuclear infiltration. 85
postenior wall, electrocardiogram m, 153-156
postinfarction’ syndrome, 137
postinfarctive chest pam, 257

1

h block and,
m, 156-161
calcification, 86
cardiac muscle bundles and, 86
cardiac signs, 110-113
case reports angma pectons with major
anterior wall infarction, 190

gram

prevention of, 325
prognostic features, 107, 262-265
Tegeneration, 89

removal of necrotec tissue, 86
sedimentation rate 1n, 113, 263
serum mucoproteins 1n, 115

tion, 183

anterior infarction with few ptoms, i, 161
192 sweating 1n, 109
anteraseptal snfarction with Wilson block symptoms of, 105
and angin, 195 transamunase test 1n, 114
auncular and ventncular mfarction i 39 treatment of, 270-284
year old woman, 172 unnary coproporphyrins in, 115
change 1n angmal pam indicating infarc- unnary vrobihnogen i, 115
vectorcardiagraphy n, 229
complete heart block and ruptured ter- Infusions, 1ntra-artenai, 1a shock, 279
ventricular septum, 213 Inositol therapy, 324
, after old hyp , di features of, 250

fresh

disease, 198
posterior wall, with pulmonary embolism,
202

subundocardial, mistaken diagnosis of, 209

supertmposttion of infarctions, 176

syncopal omset, with postenor wall dam-
age, 182

10 32 year old man, 172

-orona
Insurance benefits, 331-342
Intsma, atheromatous lesions of, 71
hemotrhage of, 76
Todides, n arteriosclerosts, 324
Jodne, radioactive, in angna, 303
Ischermia,
and cardrac pasm, 100
clectrocardiography, 146
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Tschemua (Cont.)
mechanism of, 73-78
progresstve narrowing, 73-75
Isopropylatterenol, in shock, 279
Isuprel, i shock, 279
Itabans, coronary disease in, 42

Japan, coronary disease m 41
Jaundice, and myocardtal nfarction, 137
Jews, coronary disease 1, 42

Khellin, in angina, 301
Kymography, 233

Lecithin, 45
Legal aspects of coronary discase, 334-344

+ P
LCULOC;’!OSIS, as factor in prognosis, 263
in myocardial infarction, 113
Levarterenol, n shock, 277
Levophed, 1n shock, 277
Ligation of coronary sinus, 312
Limolerc acid, 50
Lipid metabolism, 44-61
blood hipids, 44
reductron of, 324
calon¢ 1ntake and, 53
cerebrosides, 44
cholesterol, 45
diabetes mellitus and, 58
fatty acds, 45, 50
glomesulonephnitis and, 8
hormones and, 55-58
Lipoproteins, 45, 47-4%
myocardial infarct and, 86
myxedema and, 58
obesity and, 53
phospholiptds, 44
role 1n atherogenesis, 45
sitosterols, 52
tnglycendes, 45
xanthelasma and, 60
xanthoma diabettcorum and, 61
xanthoma tuberosum and, 60
Lipoproterns, 45
alterations 1, 47
chemtcal fractiopation of, 47
classificatton of, 47-49
electrophorests studies of, 49
uvltracentrifugation of, 48
Lipotropic agents, 324

Malara, and coronary artery disease, 30
Male mortality rate, 16
Malingening, 259
Meal test, 167
in ballistocardiography, 222
Medicolegal aspects, 334-344
msurance benefits, 341
trauma, 334
value of electrocardiogram, 343
‘Workmen's Compensation claims, 335-341
Menu patterns, 329
M:phemermine, 1n shock, 279
Mesomorphs, and coronary disease, 15, 17
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Metabolic disorders, and coronary disease, 22
Metabolism, ipid, 44.61
See also Lipid metabolism
Metamine, in angma, 299
Metasynephrine hydrochloride, in shack, 279
in supraventricular tachycardia, 281
Methiomne therapy, 324
Methoxamumne, in shock, 279
Migraine, precordial, 259
Mitral stenosis, anginal pain in, 101
Mortality rates, 10
cause of death, 116
geographuc factors, 40-43
immediate mortality, 265
sudden death, 13
M serum, n

115
Murmurs, and myocardral infarction, 110
Muscles of heart, 86-88
bulbospiral, 87
spinospiral, 87
Mycotic aneurysm, 31
Myocarditts, chronie, 75
stmulating coronary disease, 247
Myocardium, anginal pam mn, 99
¢alarfication, 132
infarction, 4-7, 82-90 105-117
See also Infarction, myocardral
pathologic changes, 82.90
Myofibrosis cordss, 75
Myxedema, control of, 324
Iipid metabolism and, 58

Necrosts, coronary, of newborn, 28
electrocardiography 1n, 148
Necrotic tissye removal, and myocardial miarcts,
86

Negroes, mortality rates of, 40
Neoplasms, and coronary artery occlusion, 32
simulating coronary drsease, 243, 248, 258
Neosynephrine hydrochlonde, 1n shock, 279
in supraventricular fachycardta, 281
Nerves, sensory, of heart, 98
Nervous system disorders, simulating coronary
disease, 258
Neurectomy, penicoronary, 320
Neurites, brachial, stmulating coronary disease,
258

Neuroses, anxiety, simulating coronary disease,
259

‘Neurosurgery, 318-320
cervicothoracic ganghonectony, 320
chemical block, 318
pericoronary neurectomy, 320
posterior rhizotomy, 320

Newborn, coronary necrosts of, 2§

Nicotine. See Tobacco

Nicotinic actd, in angina, 302
reducing blood lipids, 325

Nitrites, tn angina pectoris, 298

Nitroglycerin, tn angina pectorss, 298

Nitroglyn, 10 angina, 299

Noradrenale, in shock, 277

Norepinephnine, In shock, 277

Norway, coronary disease 10, 42
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Novocaine injections, 318
Nursing care, 1t infarction, 273

Obesity, cholesterol levels and, 53
coronary disease and, 17
correction of, 323
as factor in prognosis, 263

Occlusion, artertal, 75

atheroma, 76
diagnostic features of, 250
Jocatton of, 88
thrombosis, 75
Qccupation, and coronary disease, 18
Operative procedures 10 coronary disease, 26,
303, 307-321
Quabatn, intravenous, 1 shock, 279
Orxygen therapy in infarction, 270

P factor formation, 100
Pain, angnal. See Angma pectons
11 myocardral mfarction, 195. 106

, and my 137
simulating coronary discase, 253
Papavenl, 1n angina, 301
Papaverine, m angina, 300
Papillary muscle rupture, 127
Parednine, 1n shock, 279
Parotysmal heart action, simulating coronary
disease, 248
treatment of, 281
Pathology, 70-90
anatomic changes with age, 70
arteriolar lesions, 73
changes m cardiac size, 89
coflateral airculation, 78-82
1ntimal lesion, 71-73
intramural hemorthage, 76
ischemta, 73-78
myocardial lesion, 82-90
Penite-Carnrick, m angema, 299
Pentaerythnitol tetranitrate, 1n angina, 299
Peptec ulcer, and coronary disease, 23
Penicarduts, as factor in prognosis, 264
and myocardial infarcts, 86, 110
simulafing myocardial nfarction, 243
Peru, coronary disease 1n, 42
Phenylephrine hydrochloride, in shock, 279
1n ‘supraventricular tachycardia, 281
Phospholipsdcholesterol ratio altered, 46
Phospholipids, 44
Phytosterols, 52
Plaques, atheromatous, 73
Plasma fibnnogen, 1n myocardial mfarction, 115
Pleural disease, smulating coronary disease, 243
Pleuropericarditis, and myocardial infarction, 136
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Postoperative infarction, 27
P od, 1n 115
Poudrage, 309-312
Precordzal pain, 101
Pregnancy, and myocardial infarctron, 137
Preventive aspects of coronary disease, 323-326
atheroma, 323
blood lipid reduction, 324
reduction of infarction, 325
Procaine injections, 318
Prognosis in coronary disease, 261-268
after infarction, 265
with mfarction, 262
without infarction, 261
Pronestyl therapy in ventricular tachycardia, 282
Proteins, blood, 1n myocardial infarction, 115
ntake, and atherogenests, 52
hipoproteins, 45, 47-49
Psychogenic factors in coronary discase, 24-26
Pulmona:
disease, simulating coronary disease, 237-243
edema, 112, 277
hypertension, anginal pain m, 101
Pulmogocardiac faslure, smulating coronary dis-
ease, 246
Pulsations, abnormal, diagnosis of, 232, 233
Pyndoxal, and athetogenests, 51

Quinidine, 1n angtna, 302
In ventncular tachycardia, 283

Ractal factors i coronary disease, 40-43
Radiation of pain, in angina pectorss, 93
in myocardial mfarction, 106
Radiufitis with spondyhtis, smulating coronary
disease, 253
Radioactive 10dine treatments, i angina, 303
Rate disorders See Arrhythmia
Rauwolfia, 1 angma, 299
Regeneration of heart muscle, 89
Rescction of occluded artery, 313
Rest, m angma pectorss, 297
1 infarction, 271-273
Revasculanization, 308-318
ligation of coronary sinus, 312
penicardium for collateral channels, 308
Production of direct anastomoses, 313.318
Rheumatic, carditts, simulating coronary dis-
case, 247
fever, and coronary artery disease, 30
Rhizotomy, posterior, 320,
Rhythm disorders See Arrhythmia
Rib, cervical, simulating coronary dssease, 255
fracture, stmulating coronary discase, 254
Rocatgen therapy, in angina, 302
2

L , 5p g coronary

discase, 241

Poisoning, chemical, and coromary disease, 28

Polyarteritis nodosa, and coronary artery disease,
30

Polycythema, control of, 324
coronary disease and, 27
Porphyria, and coronary disease, 22
Postiafarction syndrome, 136
Powunfarctse chest pain, 257

Rupture, cardiac, 125-128
auncular, 128
interventneular septal, 126
papillary muscle, 127
ventnicular wall, 126

Satmonetloss, and coranary artery discase, 30
Scalenus anticus syndromé, simulating coronary
disease, 255
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Sclerosis, coronary See Atheroma
Seasonal factor 1n myocardial infarction, 23
rate in

INDEX

Thrombosis, coronary, 32, 75
formahon of thrombus, 72

as factor 10 prognosis, 263

Septum, 1nterventricular, rupture of, 126
case report, 213

Sex factors 1n cosonary disease, 16

m prognosis, 262
Shock, coronary disease and, 26

as factor 1n prognosis, 264

myocardial infarctron and, 124

therapy, in coronary disease, 304

treatment of, 277-280

blood and plasma, 279
sympathommetic drugs, 277-279

Shoulder-hand syndrome, 135-137

treatment, 136
Shunting See Collateral circulation
Sintrom, 292
Sitosterols, 52
Size of heart, changes m, 89
Sketetal dxsgrders, stmulating coropary disease,
Skin lesions, xanthomatous, and coropary dis-

ease, §

Smoking, 64-68

See also Tobacco
Sounds, and myocardial infarction, 110
Spinal cord tumors, stmulating coronary disease,

258

Spmusplral muscles, | 87
P with lating coronary
dlsczse 253
Statistics of coronary disease, 10-34
Stenosis valvular, and aneginal parn, 101
Sterols, cholesterol See Cholesterol
phytosterols, 52
sitosterols, 52
Stokes-Adams syndrome, treatment of, 280
Stomach disorders, stmulatng coronary disease,
249

Strain, before myocardial infarction, 27

Sweating, 10 myocardtal mnfarction, 109
Sweden, coronary drsease 1n, 42
Sympathonumetic drugs, 277-280
Syphtlis, and coronary artery disease, 29
Syphilttic aneurysm, 31

Tabetic crisis, simulating coronary dnsease 258
dia, and izt

Tachy
treatment n! 280-282
Tests, in angma pectons, 163-167
n ballistocatdiography, 221
Thebestan system, 78
Theophylline ethylenedramine, 1n angina, 300
Thromboangutis obliterans, and coronary artery
dxscasc, 30

and, 128
arterfal, 130
glycosuria, 130
mural thrombr, 86, 129
new thromboses 1n arferies, 129
venous, 130
“Thyroid gland, disorders simulating coronary dis-
case,
nduced Rypothyroidism 1n angina, 303
hpid metabolism and, 58
Tobacco, 64-68
angina, 66
effects on ballistocardiogram, 221
mechamsm of action, 64
Tocopherols, n angma, 302
t, 1n al § ion, 114
Transfuslon, in shock, 279
Transplantation of artery into myocatdium, 313
rauma, before mfarction, 27
medicolegal aspects, 334
Travel, in coronary disease, 297
Treatment, of acute infarction, 270-284
after first two days, 271-274
first two days, 270-271
heart failure, 274-277
with hiccups, 274
nurstng care, 273
psychologre rehabilitation, 274
pulmonary edema, 277
radioactive 10dine, 303
rest, 271-273
thythm and rate disorders, 280-284
shock, 277-280
of angma pectoris and chronic disease, 296-
304

anticoagulant therapy, 286-294
p Surgery, 26, 303, 307321
i trinitrite

phosph 10 angina,
299
Tnglyccndcs, 45
Tromevan, 292
Tuberculosss, and coronary artery disease, 29
Tumors, and coronary artery occlusion, 32
sumulating coronary disease, 243, 248, 358
Two-step test, in angina pectoris, 164-167
in ballistocardiography, 221

Ultracentnfugation of lipoproteins, 48
Ultravrolet radiation, affecting cholesteral, 325
Unc acsd metabolism disorders, and coronary
disease, 22
Urinary fons, m dial
115, 116
Urobilinogen, unnary, m myocardal infarction,
15

Vaccination, coronary &uscase after, 23
Valvular disease, and angina, 101
Vasowyl, m shock, 279
Vectorballistocardiography, 224
Vectorcardiography, 226-231

in myocardial infarction, 229
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Veins, anomabes of, 32-34 Wollf-Parkinson-White syndrome, 124
Venoluminal vessels of Thebesius, 76 case report, 191
Ventricular, fibnifauon, snd m)w:zfdml infarc- electrocardiography m, 161
won, 123 Workmen's Compcmahvn chnm, 335-34%

wall yuptuse, 126 Wyamine, in shech, 27
Vigussens, vewels af, 78
Visammia, in angina, 301 Xanthelasma, 60
Vitaoun Ba and atherogenests, 56 Xanttunes, in angma, 00
Vitamen E, w angos, 302 Xanthoma, diabcticorum, 61

tuberosum, 60

Weight, changes 1o, and lipid metabolismt, 53 Xanthomatons skin lesians, and coronary disease,

1actors 1 disease, 39, 17 ¥

obesuy, 33, 263, 323 Xphoud, hypersensitive, sumulaung coropary dis-

Witson block, case report, 195 ease, 258



