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Foreword

HE GREAT problems of medicie are functions of time, place and

economic development, In primitive socicties, the major challenges
derve from the noxious effects of undernutrion and the infective and
traumatic hazards of the environment. These causes of morbidity and mor-
tality recede pari passu with advancing culture. The result 15 that a higher
proportion of the population reaches the time of life n which the endoge-
nous processes of physical deterioration inherent i all living substance
attamn significant intensity. Economic advance, at least in contemporary
Ocaidental Civilization, most often brings i 1its wake a diet containing
more ammal lipids. From the evidence available at present, it appears
Tikely that this combination of an agmg population and a diet nch in ani-
mal ypid has created a mbieu favorable to the development of atherosclero-
sis But whether or nat this pathogenesss is factual, there can be no doubt of
the enormous mcrease i the frequency of atherosclerosis in the Western
World In the thirty-five years that the wnter has practiced medicine in
New York City, an mfinitesimal t m dical evolution, the aug-
mented merdence of coronary thrombosis and other atherosclerohc dis-
eases has been all too evident; it has not been a matter of improved diag-
nosis, for my teachers of three decades ago were well acquainted with the
clmical mamifestations of coronary disease and certainly with its post mor-
tem recognition, There 15 no doubt that in the Western World atherosclero-
si1s has succeeded to the grisly title of Captain of the Men of Death held in
the past by such redoubtable scourges as starvation, war, tuberculosis, ma-
laria, bubonic plague and pneumomia Moreover, the greater case inci-
dence of arteriosclerotic disease does not fully measure the merement m
the proportion of the contemporary physician’s effort which 15 devoted to
the victims of arteriosclerosis. For the introduction of intensive sodium
restriction and mercunal diuretics has greatly prolonged the average dura-
tion of life 1n coronary disease and the antibiotics have done the same for
sufferers from cardac, cerebral and other locahzations of artenosclerosis.
Diabetic and hypertensive patients live longer than before, and the late
stages of both diseases are domimated by the consequences of arterjosclero-
sis The result is that a starthng proportion of the patients 11 the medical,
neurological and psychiatric wards are there because of arteriosclerotic
disease.

The enormuty of the challenge presented by the arteriosclerotic malacies
has of course called forth a corresponding increase m clinical and expen-
mental mvestigation The resulting literature is gargantuan and scattered

vit




viii Clueal Aspects of Arteriosclerosis

throughout the journals of every branch of medicine as well as in numer-
ous monographs dealing primanly with experimental investigation, patho-
logical anatomy or the clmical aspects of arteriosclerotic disease of the
beart, bram, extremities or other individual organs. But the practitioner
must deal every day with arteriosclerotic disease mn various organs. It is
hardly feasible for hum to keep abreast of this vast scattered literature, or
for the specialist to follow the publications in fields other than his own Dr.
Rumnzler’s book tegrates m a single volume the totality of the clinical as-
pects of artertosclerosis 1 coordination with recent basic investigations
along morphological, physiological, biochemical, geopathological, and epi-
demologic Iines. He has surveyed the enormous literature and subjected it
to critical analysis 1n the light of his own extensive studies and experience.
The pathogenesis of arteriosclerosis 15 still very much sub judice, but in
the forty odd years since Amtschkow first rendered rabbits atheromatous by
feeding cholesterol, a great deal has been achieved by investigation along
diverse paths, and this is judiciously evaluated by Dr. Rinzler. He presents
the evidence which negates the formerly dommant nihilistic view that
atherosclerosis 1s an almost inevitable concomtant of senescence and shows
that 1t 15 a potentially reversible process The major objective of Dr. Rinzler’s
book, however, 1s the elucidation of the chnical aspects of arteriosclerosis,
and 1n this he has succeeded 1n superlative fashion. Diagnosis, prognosis
and treatment of the arteriosclerotic diseases are all covered in the light of
both an exhaustive survey of the world hterature and his own experience
and work. Especially noteworthy and detailed are the sections on arterio-
sclerotic heart disease, quantitatively the most important of the arterioscle-
rotic diseases, which Dr. Rinzler has studied mtensively for many years
and to the understanding of which he has substantally contributed. The
discussion of cerebral artenosclerosis 15 illuminated by the addition of the
point of view of the internist to this primanly neurologic subject

The profession is indebted to Dr. Rinzler for undertaking and success-
fully plishing the tr Jous task of elucidating present-day knowl-
edge of arteriosclerosis and 1ts consequences In his book, medical student
and practitioner will find a comprehensive, authontative and judiciously
evaluated presentation of which 1s known of the nature, chinic and treat-
ment of the arteriosclerotic diseases

ARTHUR M. FisHBERG, M.D
New York, New York



Preface

HE UPSURGE in interest in arteriosclerosis over the past decade from

the experimental and therapeutic viewpoint, plus the reported merease
in maidence of arteriosclerosis because of the longer life span, prompted this
book which deals with a holistic approach to the clinical problems in arte-
nosclerosis. I have stressed the artenosclerotic patient as seen by the general
practitioner, in particular, by emphasizing the diagnosis and therapy of the
major and minor mamfestations of arteriosclerosis from head to foot. How-
ever, the specialist, especially in the medical branches, may find the text of
general interest.

The greater part of the book has been devoted to the cardiae, cerebral
and penpheral vascular £ 10ns of arterioscl and, rightfully so,
since these organs are most commonly involved in this disease and account
for the lughest incidence of morbidity and mortality. The chapter on Gen-
eral Considerations represents an attempt to orient the reader in the present-
day direction of thought with regard to the etiology, to the abnormalities
1n the biochemical processes, and to the co-related diseases.

Acknowledgments, as alluded to in the inscriptions, are due to many of
my colleagues My original interest in the clinical aspects of arteriosclerosis
began m 1941 when, under the aegis of Dr. Harry Gold, I was permitted to
attend the meetings of a Committee of the New York Heart Association
which was planmng the study of the life history of arteriosclerosis. Dr. Janet
Travell and I also began at this time a collaboration, both at Dr, Gold's
Cardiac Clinic at Beth Israel Hospital and at the Department of Pharma-
cology at Cornell University Medical College, of studies on cardhac pamn and
on coronary dilator drugs which led to the publication of a monograph on
Cardiac Pain 1n 1951, Dr. Travell, Dr Gold and Dr McKeen Cattell, Pro-
fessor of Pharmacology at Cornell Umwversity Medical College, have shown
interest, kindness and have been of utmost help beyond the call of duty in
the pursuit of my studies The Cornell Conferences on Therapy, conducted
by the Department of Pharmacology, have been a great source of mstrue-
tion in therapeutic matters.

Dr, Arthur Fishberg, Director of Medicine at Beth Israel Hospital, was
kind enough to review the text m the early stages of its writing His ward
service rounds and teachings have contributed greatly to my understanding
of the m-patient problems in artenosclerosis Dr Abrabam Schlossman criti-
cally reviewed the section on retinal aspects of arteriosclerosis Dr. Abraham
Geffen, of the Department of Radiology at Beth Ysrael Hospital, kindly sup-
plied some of the roentgen films used m this book. For several years after
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1946, Dr. Seymour Rogers was the surgical half of the team in the Peripheral
Vascular Chnic at Beth Israel Hospital, and we worked together until
Dr. Rogers left New York.

T am grateful to Dr. Howard A. Rusk, Director of the Department of
Physical Medicine and Rehabilitation at Bellevue Hospital, for permitting
the studies of drug therapy in the treatment of hemiplegia and of the reha-
bilitation of the cardiac, and for the opportunity to obscrve, on his service,
the cerebro-vascular and spinovascular complications of arteriosclerosis.
Dr. Arthur C. Corcoran, of the Cleveland Clmic, was most helpful with
suggestions for improving the text just before 1t went to press. The arduous
task of proofreading the text was assumed by my wife, Rita. For this and
much more, I give her my heartfelt thanks.

It is with great appreciation that I would like to acknowledge the grants
from The National Heart Institute of the United States Public Health Serv-
1ce, The Josiah Macy, Jr, Foundation and the Loyal League Philanthropies.
which directly or indirectly made possible our clinical studies.

My secretaries through the years of the wrting of the text have been
Corinne Futterman, Linda Dubester, Irene Friedman and Myma Cassin,

Sexymour H RiNzier, M D
New York City
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Cuarter I
General Considerations

HE CLINICAL problems in vascular disease due to artenosclerosis

arise from occlusive intimal disease (atherosclerosis) (1) of the small
and medium-sized arteries (2) and statistically affect mamly the heart,
bramn and lower extremties (3). However, a “head to foot” approach to the
problem of the patient with artenosclerosis must be made since arterial
msufficiency or occlusion may, under sutable circumstances, be found in
any artery (4-6). It is the purpose of this volume to deal with the clinical
aspects of arteriosclerosis primarily from the points of view of diagnosis
and therapy.

DEFINITION OF ARTERIOSCLEROSIS

Moschcowitz (7) defines artenosclerosis as a progressive and irreversible
affection of the arteries in which hyperplasia of one or more of the struc-
tural elements is a primary reaction, with deposition of lipids, collagenous
tissue, hyalm and calcium as a secondary reaction, the totality of both
components resulting 1 thickening, dilatation, deformity, and loss of
elasticity of the walls Arteniosclerosis 1s to be regarded as a gencric term
(8) which includes such entities as atherosclerosis, Monckeberg's sclerosis,
atheromatosts and hyperplastic artenosclerosis Atheromatosis (9) mdi-
cates a degenerative lesion in which lipid material, particularly cholesterol,
15 accumulated 1 the intima. This 1s a reversible condition, Atherosclerosis
indicates the presence not only of lipid materal and often caleium, but
also of reactive connective tissue proliferation. Here the primary target 1s
the intima and the goal, complete ocelusion of the arterial lumen True
Monckeberg's sel 18 d with caleifi of the medial coat
and not necessarily with lesions of the intima. Hyperplastic arteriosclerosis
(10, 11) refers to the normal involutionary process which arteries undergo
from burth to matunty. Artenosclerosis 15 to be regarded as an exaggerated
phase dependent on such factors as intravascular pressure, normal and in-
creased, the composition of the blood, perivascular stresses and fixations,
the vascular supply of the blood vessel walls and tissue permeability,

THE INCIDENCE OF ARTERIOSCLEROSIS

Arteriosclerosis 1s found n 25 per cent of people between 40 and 49
years, 48 per cent of people between 50 and 59 years, 78 per cent of people
between 60 and 69 years, and 90 per cent of people aver 70 years of age.
In 1951 (12) the total deaths from all causes in the United States were
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4 Clinical Aspects of Arteriosclerosis

1,481,000. Cardiovascular diseases accounted for 767,000 (51.8 per cent)
of these deaths. Arteriosclerotic heart disense, including coronary disease,
caused 338,000 (44.1 per cent) deaths. General arteriosclerosis resulted in
37,000 (4 8 per cent) deaths. Vascular lesions affecting the central nervous
system (muixed hypertension and arteriosclerosis) caused 158,000 (206
per cent) deaths In the year 1951, cardiovascular discase caused over half
of all deaths, and arteriosclerosis and hypertension caused over 90 per cent
of all deaths from cardiovascular discase.

Statistics gathered by the New York Heart Association in 1952 indicated
that 500,000 of the 8,000,000 population of New York City were suffering
from diseases of the heart and circulation Of a total of 81,239 deaths,

Fig. 1. Electrocardiogram of a 59.year-old white male with arteriosclerotic heart
disease tahen ut """ ° - T [ T R
was normal m
nfarction, the *

42,729 were due to disease of the heart and crrculation, with diseases of
the heart resulting in 35,684 deaths and vascular lesions of the central
nervous system causmng 5,560 deaths The number of attacks of coronary
occlusion that occur annually has been estimated to be between 500,000
(13) and 1,000,000 (14, 15). Gould (9) estimated that m 1953 there were
approximately 600,000 persons living m the Umted States who had had
one or more myocardial infarctions

The co-occurrence of arteriosclerosis in various parts of the body. Pa-
tients under 40 years of age: Berln (16) found no evidence of clmical
coronary artery disease in 11 cases of cerebral thrombosis 1 young adults
One patient exammed at autopsy showed no discase of the coronary ar-
tenies.

Gertler (17) in discussing myocardial nfarction 1n patients under 40
years of age, does not mention any chinical atherosclerosis clsewhere 1 the
imdy. Yater (18) presented autopsy data on 450 patients of from 18 to 39
years of age who died of coronary thrombosis Clinical evidences of cere-
bral or peripheral vascular disease were absent. Cerebral arteriosclerosis
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at autopsy was present in a mild to moderate degree in 10 patients. Ar-
teriosclerosis of the kidneys were found 1n 6 patients. In a few patients in
whom there was considerable atherosclerosis of the aorta, the first portion
of the ntercostal arteries, lumbar arteries, cehac artery, mesenteric artery
or renal artenes was also involved In 191 patients there was atherosclerosis
of the gorta, but m 103 the lesions were comparatwvely insignificant. Yater
concluded that coronary artery sclerosis in this series was a specific disease
in the coronary arteries and was not a part of generalized arteriosclerosis.

1t would seem that in those under 40 years of age, the clinical manifesta-
tions of atherosclerosis appear in a single organ. This is to be contrasted
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Fug. 2. ‘Electmcmdwgmm of a 58-year-0ld white female lhstrating a previous ante-
nor wall infarction, Q,T, pattern )

with the climcal finding of simultaneous atherosclerosis m various parts of
the body in the older age groups

The co-occurrence of arteriosclerosis in various parts of the bedy. Pa-
tients over 40 years of age: Boas and Epstein (19) studied the prevalence
of mamfest atherosclerosis of a working union population of 32,000 male
and female garment workers over 40 years of age by examination of 343
men and 225 women who represented a sample of this total union popula-
tion The average age of the men was 60 years, and of the women, 54 years

Their method of examination for the presence of athemsclero,sis 1s pre-

sented 1n detal as an example of the techmques useful m the diagnosis of
atherosclerosis

Each examination includes the following family and medical istory,
dietary history, complete physical examination, 12-lead elec!rocﬂrdnogmm’
postero-anterior chest and lateral s of ﬂn;
abdomen for evidence of aortic calerfications, blood tests (glucose, choles-

terol, phosphohpid, unc acd, serological test for syphilis), and urme exam-
mation ’ -

The diagnosts of atherosclerosis 1s made whenever evidence of coronary,
penipheral, or cerebral attery disease or aortic calerfications, alone or 1n com‘
bmation, are found ’ )
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The diagnosis of coronary disease is based on a definite history of angina
Ppectoris or myocardial mfarction or on the following charactenstic electro-
cardiographic signs: Q,T; patterns, Q;Ts patterns with concomitant changes
in Lead aVf, abnormal Q waves (Q bemng 20% or more of QRS in Leads I
and/or II, 30% or more of QRS in Leads V; and/or Vi, or 60% or more in
Lead aVf), widenmg of the QRS interval to 0.12 second or more in the ab-
sence of undue cardiac hypertrophy, or S-T elevations or depressions of
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Fig. 3 Electrocardiogram of a 53-year-old w hite male illustrating a previous posterior
wall infarction, Q,;T; pattern

2 mm or more m one or more leads, unaccounted for by left ventricular
stramn, digitalis, or transient causes [Figs. 1-5].

Peripheral artery disease is diagnosed when two or more pulses in one Jeg
or one or more pulses in each leg are absent m the femoral, poplteal, an-
tertor, or postertor tibial arteries No importance 1s attached to absent pulsa-
tions 1n the dorsalis pedis arteries. It 1s agreed that the absence of pulsations
in the major arteries is the most rehable single sign of occlusive arterial dis-
ease in the legs. It 1s occasionally difficult to be certan whether a given
pulsation 1s present, dimmished, or absent In such cases, postural color
changes and, despite their himited value, oscillometnie readings have been
used as additional guides Symptoms of intermittent claudication, without
objective signs of arterial it , are not dered di ic of
peripheral artery disease, since true occlusnve disease rarely if ever occurs
unless there 15 absence or diminution of peripheral pulsations.
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Cerebral atherosclerosts is diagnosed from a history of a major stroke or
an attack of sudden transient dizzmess, aphasia, or mental confusion, accom-
panied by unilateral palsy, or signs of residual lesions of the central nervous
system.

Aortic calaifications are d d from post terior 6-ft. (1.8 meter}
chest plates and lateral views of the abdomen [Figs. 6 and 7]. The chest
films are slightly overpenetrated in order to reveal calcifications more clearly;
on an average, 66 kv, 300 ma, with an exposure of 1/10 second is used.
Lateral of the abd are taken with a Bucky grid at a
distance of 36 in. {90 cm.), using 100 ma., and exposure of 2 seconds, and
an average of 85 kv., depending on size of the patient. Calcification of the
thoracie aorta is diagnosed if definite crescentric shadows are seen in the

N EEPN
gﬁa&ﬁ guax
P I l= =I-Il
7™
" [Vsjvs | | |
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Fig. 4 El di of a 49y
bmnch block

ld white male

aortic knob. Calcification of the abdominal aorta 15 diagnosed in the pres-
ence of single linear densities at least 1 em long or multiple streaks, in line
or parallel, in the proper location Advanced calcification that outhnes the
aorta is easily recogmzed

Using these standards, 33 per cent of the men and 23 per cent of the
women had one or more lesions of atherosclerosts in various parts of the
body. Ten per cent of the men and 2 per cent of the women had evidence
of coronary disease; the corresponding figures for peripheral artery disease
were 4 per cent in men and 1 per cent in women; those for cerebrovascular
disease were 0.6 per cent mn men and 0.4 per cent m women As many as 26
per cent of the men and 23 per cent of the women demonstrated aortic cal-
afication on the roentgen film In the men 19 per cent of the calcifications
were in the thoracic aorta, 62 per cent were in the abdommal aorta, and
19 per cent were in both sites For women the corresponding figures were
14 per cent, 67 per cent and 19 per cent

Eighteen of the 35 men with coronary artery disease had thus as the sole
atherosclerotic lesion. Four of 9 with penpheral atherosclerosis had this
alone, and 71 of a total of 89 men with aortic atherosclerosis had it as the
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sole atherosclerotic lesion. The corresponding figures for women are as fol-
lows. 1 out of 5 with coronary artery disease and 46 out of 51 with aortic
atherosclerosis.

The co-occurrence of coronary artery disease and peripheral occlusive
arterial disease. McDonald (20) studied the incidence of simultancous oc-
currence of angma pectoris and intermittent claudication, or the under-
lying occlusive artenal disease capable of producing either. One hundred
thirty-seven patients were studied. Eighty-seven were patients with inter-
muttent claudication due solely to occlusive artenal disease. Fifty other pa-
tients had angmna pectoris, either on effort or after cardiac nfarction. Of
79 patients presenting with intermittent claudication (74 men; 5 women),
23 (29 per cent) had angina pectons in addition. In 13 the onset of inter-
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Fig 5. El ing left bundle branch block mn an 80-year-old
white male with arteriosclerotic heart disease

mittent claudication preceded that of the angma pectoris, in 6 the angina
developed earlier, and in the remaining four symptoms developed at the
same time The resting electrocardiograms were found normal m 48 of the
79 patients In 8 (14 per cent) of 56 patients with intermuttent claudication
who denied angma pectoris, there was electrocardiographic evidence of
ischemic heart disease

A diagnosis of 1schemic heart disease was made either subjectively (29
per cent) or objectively alone (10 per cent) 1n 31 of 79 patients who pre-
sented with intermittent claudication, a total of 39 per cent Of 50 patients
presenting with angina pectons, 4 (8 per cent) suffered from intermittent
claudication and 8 (17 per cent) of the remaming 46 patients without mter-
mittent claudication showed objective evidence of occlusive arterial disease
of the legs. Thus, a diagnosis of occlusive artenial disease affecting the legs
was made subjectively or objectively in 12 or 24 per cent of the 50 patients
(44 men, 6 women) presenting with angina pectoris o

Applebaum (281) reported on 888 cases of myocardial infarction in
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whom a past history of cerebral or peripheral arteriosclerosis was noted m
26 cases, 10 of the former (1.1 per cent) and 16 (1.8 per cent} of the latter.

The co-occurrence of arteriosclerotic lesions. Pathologic correlation: As
for pathologic association, Race and Lisa (21) found that 15 per cent of
100 autopsied cases of myocardial infarction had lestons of cerebral vessels.
For the most part in those with central nervous system Jesions, the cardiac

K Tup v &
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Fig 6. Roentgenogram of the chest of a 73-year-old white male showing caleification
of the aortic knob (Courtesy X-ray Department, Beth Israel Hospital, New York )

f

disease had not been diagnosed. Hicks and Block (22) studied 155 patients
who died from apoplety (hemorrhage, 118, infarction with thrombosis, 12,
infarction without thrombosis, 11, ruptured aneurysm, 14). The 12 patients
who died of mfarction with thrombosis had associated coronary arterioscle-
rosis m 10 instances, the 11 patients without thrombosts, m 9 nstances
Ninety per cent of the entire group had hypertension and marked arterio-
sclerosis was rare The authors attribute the apoplexy to intninsic functional
vascular disease of the bram and the hemorrhages to artenal spasm which
produced anoxic damage to the vulnerable deep vessels with diapedesis and
coalescence of the hemorrhages

Alpers, Forster and Herbut (23) studied the histology of the retinal and
cerebral vessels in 100 adults from blocks taken from the eye (with choroid
and retina), the basilar artery, the cerebral cortex mcluding the lepto-
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. - . o

Fig. 7 Lateral of the abd: of a 73 Id white male showing
calcrfication of the abdomunal aorta, (Courtesy X-ray Department, Beth Israel Hosptal,
New York City.)

memnnges, the globus pallidus, putamen and internal capsule The following
arteries in the general systemic circulation were also studred histologically:
The aorta; the coronary artenes; the parenchymal arteries of the lungs,
adrenal glands; pancreas; spleen and liver; the renal arteries, the larger
arteries of the renal parenchyma, and the glomerular arteries. Fourteen pa-
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tients had no cerebral or retinal arteriosclerosis. Results of the comparison
in the remaining revealed that retinal arteniosclerosis occurs m combination
with cerebral arteriosclerosis about six times as frequently as it occurs with-
out cerebral arteriosclerosis. Sclerosis of the cerebral vessels, however,
oceurs as frequently mn the absence, as 1n the presence, of retmal arterio-
sclerosis. The distribution of cerebral arteriosclerosis showed that retnal
arteriosclerosis indicates a 4:1 possibility that the basilar artery 1s sclerosed
but gives no defimte indication that the arteries of the cortex, basal ganglia
or meninges are involved. However, the basilar artery and the artenes of

TABLE I

CorPARISON OF INCIDENCE OF RETINAL, CEREBRAL AND GENERAL
SasTEMIC ARTERIOSCLEROSIS IN DIFFERENT AGE GROUPS
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75- 8 5 3 . .
‘Totals 100 41 34 1 3 12 4 3 2

(After Alpers, B J, Forster, F M, and Herbut, P. A (23).)
Courtesy of Dr Bernard J. Alpers and Archives of Neurology and Psychutry

the cortex were more often sclerosed without than with mvolvement of the
retmal artery.

These findings probably account for the clinical point of view of the
ophthalmologist (24-27), namely, that retinal arteriosclerosis 1s considered
evidence of cerebral arteriosclerosis and this despite a respectable percent-
age of cases with sclerosis only of the retinal or of cerebral vessels (28). In
contrast, from the chmeal viewpoint of the neurologist, convictions are not
so strongly in favor of a correlation between cerebral and retinal arterio-
sclerosis (29)

As for the correlation between systemic and retinal arteriosclerosis,
Alpers, Forster and Herbut (Table 1) found that sclerosis of the retinal
vessels occurred more commonly with than without sclerosis of the aorta,
coronary arteries and splemec arteries Further, sclerosis of these systemic
vessels occurred more commonly 1n the absence of than m conjunction with
retinal arteriosclerosis Indeed, sclerosis of all vessels studied occurred more
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frequently without than with retinal arterioscleross, except for sclerosis
of the glomerular arteries,

THE HERITAGE OF ARTERIOSCLEROSIS

The role of heredity in arteriosclerosis especially with relation to cardiac
manifestations has been investigated (30-32) and most of the attention has
been given to an mbom error in lipid metabolism (33-42). In 1945, Boas
and Adlersberg (39) reported on the relative frequency of hypercholester-
olemra, xanthoma tuberosum and tendinosum, corneal arcus, xanthelasma
and coronary artery disease. They pointed out that m many members of the
families of those with hereditary xanthomatosis, the only manifestation of
the disease was a high level of serum cholesterol. These authors were not
unaware of reported associations between arteriosclerosis and hypercholes-
terolemia (43-45), but noted that these latter mvestigators did not confine
their observations to younger indwviduals, nor did any of them study the
incidence of hypercholesterolemia among the members of the patients’
families.

Subsequent studies by Adlersberg and Boas (34-37, 46) led them to con-
clude that hypercholesterolemia m primary xanthomatosis was an inborn
error of lipid metabolism which gave rise to a predisposition to atherosclero-
sis Hypercholesterolemia represented the heterozygous abnormal state
while xanthoma represented the homozygous abnormal state. They carefully
pointed out (37) that this hereditary disturbance of lipid metabolism was
only one conditionmg factor for the development of atherosclerosis and
that many additional factors were probably mvolved: anatome peculian-
ties, such as coronary intimal thickening m the male (47), varations m
permeability of the intima (48) and alterations of the intercellular ground
substance.

More specifically (36, 37), when 35 famihes with xanthoma tuberosum
and xanthoma tendinosum, comprising 172 members and an additional 29
persons known to belong to such families ( total of 201 persons) were exam-
med for hypercholesterolemia, coronary artery disease and other stigmata
of this disorder, the following results were obtamned serum cholesterols
done by Bloor’s method were determined in 175 of the 201 subjects and
found clevated above 300 mg. per cent in 57, cardiac symptoms developed
before the age of 50 in 49 patients, xanthelasma was found in 61 patients,

tuberous or tendinous xanthoma in 25, and corneal arcus in 35.

These results are to be compared with those obtained in 122 patients
with proved disease of the coronary arterics, unselected except as to age
(under 50 years) Seventy-one (58 per cent) had I))percllo]cstcrolgmla. In
addition, 50 families of these 122 patients were studied In 15 fnmxlles,. all
or most siblings exhibited hypercholesterolemia. Many siblings exhibited
corneal arcus and xanthelasma; a few showed vanthoma.
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An analysis of 500 patients who rep d we admissions to a

general hospital (48) for signs and symptoms of idiopathic hypercholester-
olemia indicated that hereditary hypercholesterolemia occurs i about 5.5
per cent of the population. A further study of idiopathic hypercholester-
olemia m 200 randomly selected families in Staten Island, New York, indi-
cated that hypercholesteremia was sigmficantly greater among children of
hypercholesteremic parents than it was among children of normocholester-
emic parents (49).

With respect to clinical significance of the hentage of arteriosclerosis, the
serum cholesterol of all relatively young patients with coronary athero-
sclerosss should be determmed as the imtial step 1 uncovering hypercholes-
terolerma in members of therr immediate family. Those with elevated
cholesterol levels should be examimned for latent cardiovascular disease and
should be kept under permanent medical supervision (36)

Wilkmson, Hand, and Fhegelman (42) studied essential fammlial hyper-
cholesterolema in four generations composed of 282 individuals. They con-
cluded that the increase i blood cholesterol was endogenous, not dietary
and that the condition 15 inhenited as an “mcomplete” domnant trait.

Thomas (32, 50) stated that prelimmary genetic analysis indicated that
hypertension bears an etiological relationship to corenary artery disease and
that the same heritage 1s expressed more often as hypertension in females
and as coronary artery disease in males.

Thomas and Cohen (51) analyzed the prevalence of hypertension, coro-
nary artery disease, obesity and diabetes among the parents, grandparents,
aunts and uncles of 266 Johns Hopkms' medical students. A study of the
incidence of these disorders m siblings of affected and non-affected parents
showed that coronary artery disease was neatly four trmes as prevalent
among siblings of indtviduals with coronary artery disease as among siblings
without it. Hypertension was three times as frequent among siblings of hy-
pertensive individuals as among siblngs of normotensive individuals, for
obesity, 1t was four times, for diabetes, eight times.

Page, Lews and Gilbert (290) found coronary artery disease to be rare
among the Navajo Indians, this 1n sprte of diet and living habits not strik-
ingly different from a control group of citizens of the city of Cleveland, Ohio
who show a ugher nerdence of coronary artery disease. Heredity was sug-
gested as the best explanation for the low mmdence of coronary disease and
the low Jevel of cholesterol among these Indians

THE PATHOLOGY OF ARTERIOSCLEROSIS

The basic pathologic alterations i arteniosclerosis [Figs. 8 to 11] consist
of the formation of atheroma, fibrous plaques and the deposit of calcium
(52-73). The earliest_macroscopic changes occur 1n the form of yellowish
minute spots of ipoid materal visible beneath the intima, which are round
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and scarcely elevated above the surface (9, 69, 74). These spots become
more numerous aud the process in general increases in soverity with
age (75).

Contradictory evidence has been offered in regard to the frequency and
degree of intimal thickemng in male infants. Dock (47) and Fangman and
Hellwick (78) found pathologic evidence of such masculine predominance.
Mmkowski (61) was unable
to show that any sex differ-
ence in intimal thickening at
birth existed,

Gould (9} places the or-
der of Tacalization with rela-
tion to the caronary cireula-
tion thusly: Fusst portion of
anterior descending branch;
mam stem of left coronary;
first portion of right coro-
nary, and first portion of left
circumflex branch Other
early lesions include (62):
(1) appearance of increased
amounts of mueojd ground

- .. .

Fig. 8 Photomcrograph of section through the
wall of a carotid artery demonstrating thickening of
the intimal wall. Note position of the mternal elastic  substance in the intima and
membrane first near the endothelal surface and  media; (2) proliferation of

3
then m the muddle of the artenal wall (Hema- subendothelial fbroblasts,

toxylin- N
oyfin-eosa.) and (3) small areas of de-

generation m the internal elastic membrane. Yater (18) lists the following
pathologie findings i early atherosclerosis
1. Smmple plague formation, the plaque being composed of moderately
loosely arraiiged connective tissue frequently containing young fibro-
blasts.
. Absence of calerum.
. Presence only occasionally of a small nidus of amorphous material in
the plaque.
Slight, if any, vascularization of plague or media.
Few, if any, cholesteral erystals i the plagque.
Shight to moderate damage to the internal elastic lamina, which usually
may he identified
sSlight thinning with mimmal mnterstiial fibrosis of the medi below
the plague.
While atheroma may be seen at the beginning of the second decade or
younger (69), fibrous plaques begin to appear duting the fourth decade.
These are in the form of a hyalime-Jike connective tissue, joining rounded

pos we

=
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or irregular plaques of white color which encroach upon the lumen. These
plaques may then become calarfied (9). Moderately advanced atherosclero-
sis has the following charactenstics (18):

1

2

3.

Hyalimzed base of the plaque.

Presence of a large mass of amorphous cholesterol or Iipid n the
plague.

Surface of plaque composed of compact fibrous tissue in which a few
fibroblasts persist.

Fyy

g 9 Left antenor descending coronary artery, mtimal thichening, caleification of
hromk 1 "

the wall and lization of the d vessel. (H

4

5
6
7.
8

=

> W Lo

Mmimum calcium deposttion in center of plaque, usually m the form
of fine calcium granules or caleified nuclei of fibroblasts

Presence of a few cholesterol clefts.

Slight marginal vasculanization,

Fragmentation or frequent absence of internal elastic lamina
Moderately thm, occasionally vasculanized media, with loss of muscle
fibers and increased fibrosis below plaque.

The following changes are associated with advanced atherosclerosis (18).

Complete or almost complete hyalmization of the plaque, both base
and surface zones, with fibroblasts remaining only at the margm
Masses of calerum m plaques.

. Frequent presence of cholesterol clefts

Common presence of broad vascular channels at margin and base of
plaque.
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sclerosis wherever veins are subject to prolonged increase m venous pres-
sure, and particularly arteriosclerosis of the pulmonary artery and its
branches caused by such conditions as mmitral stenosis and pulmonary dis-
cases leading to cor pulmonale.”

Intimal Permeability: It was Virchow's contention that lipids in the
intima were deposited there by direct infiltration from the plasma. Modifi-
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Fig 11. Atherosclerotic fesion of the central setmal artery  (x 235) {Courtesy Regs-

try of Ophthalmse Pathology of the Armed Forzces Institute of Pathology, Accesnion No
20524%.)

cations of this thesis have been offered. Leary (56, 81, 62) beheved that
himd-carrymg macrophages are attracted to the mntuna by a process of
chemotaxis, penetrate the endothelum and depostt the hmd material in
the mtima Wintermitz (83) attnbuted the primary change to hemorrhage
from the vaso vasorwm or directly from the lumen Hueper's (84, 85) behef
is that the muhation of the atheromatous process 15 a precipitation of a
cholesterol film on the mtunal surface This first causes a seduchion 1 per-
meability of the vessel wall and then throngh anoxie injury to the endothe-
hum secondanly causes an increased permeabihty which leads to the for-
mation of subntumal lipud atheromas Pollak (64, 86, 87) offers an etiologic
coneept of atherosclerons based on a study of intimal alterations after
shock, In all persons exposed to shock {infants, cluldren, adults and old
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5. Absence of, or severe damage to, internal elastic lamina.
6. Hyalimzation or atrophy of media, with loss of muscle and increase in
fibrous tissue

THE PATHOGENESIS OF ARTERIOSCLEROSIS

Widely divergent concepts of the pathogenesis of arteriosclerosts still
exist (77-80). The broader aspects of etiology include intravascular fltra-
C R . tion pressure, permeability
gl‘}\“‘“\‘r- - O T of the arterial mtima, blood
-{f\\'{_"' . composition (serum lipids)
< and the removal of lipids
from the arterial wall.
Intravascular Filtration
Pressure: Moscheowitz (7,
79), has constructed the
equatton. arteniosclerosis =
intravascular pressure x
time. He contends that the
mere evistence of blood
pressure 1s a precursor of
atherosclerosts, albeit, other
factors bemng equal: the
higher the blood pressure,
the earlier the lesion will
appear while with normal
pressures the longer will be
the span of hfe necessary to
produce arteriosclerosis. It
1s the mcreased static (lat-
eral) pressure head imposed
by gravity, which localizes
atherosclerosis in the lower
extremities so commonly.
Fig 10 Femoral artery demonstrating athero- As Gubner and Ungerleider
sclerosis and a thrombus hing within the lumen (77) pomt out “further
(Hematoxyhn-eosin ) h
examples may be cited of
the role of intravascular pressure m causing atherosclerosis, among them
are artenosclerosis in the aortic arch proximal to coarctation of the aorta,
sclerosis of the mitral valve on the ventricular side, sclerosis of the night ven-
tricular endocardium opposite a patent interventricular septum and of the
pulmonary artery opposite patent ductus arteriosus, sclerotic changes in
the veins opposite the fistulous opening in arteniovenous fistula, phlebo-
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of lipoprateius and resorption of most of the foreign maternl, lipids, namely
cholesterol, remain in the subintima w here they act as imtants and imtiate
the alterations which are generally known as atherosclerosis

The relation of coronary atheroscleros:s to stress was also pointed out by
Enos, Beyer and Holmes {255). In a senies of 300 men with an average age
of 231 years, 77.3 per cent of the cases showed some gross evidence of
coronary disease that vaned from mimmal eccentric thickemng to complete
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Fig, 12, Sk of passage of k thraugh an artenal wall

with disruption of the henvﬂy hpid-laden hpopmlem “within the wall to gie an m-
soluble residue which provokes tissue reaction (Courtesy of Dr. Irvine H Page and
Circulation (80).)

ocelusion of one or more of the main coronary branches. It was postulated
that steess on the mntima caused fibroblastic pralferation and the deposition
of mucoid ground substance Another factor of fmportance i the produc-
tion of the Jesions appeared to be the phagocytosis of certain plasma hipids
within the traumatized intima

Wang, Schaefer and Adlersberg (88} found that cortisone had a retard-
ing effect on atheragenests in chalesterol-fed rabbits, desprte tughes plasma
cholesteral levels This effect of cortisone can be prevented by admanstra-
tion of hyal it whieh fies ath lerosis and deposition of
cholesterol m the hiver The authors conclude that beside the hpid sub-
stenees i the blood that tissee permeability might also play an important
role m atherogeness.

Remaval of Lipids From Arterial Wall: Interference with lymphatic and
vaso vasorum drainage of the mtercellular flmd causes an accumulation of
colloids, such as lipids, in the artenal wall and impaired nutntion to the
cellular elements of the astery, favoring the development of atheroscleratic
and degenerative changes. Phagocy tosis by endothehal cells and histriocytes
operate to remove submtimal hpids which constantly enter From the blood
stream (77). However, the mechanisms for the removal of lipid from the
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persons), hydropic swelling of the intimal endothehal cells of vessels of
various caliber was seen. He suggests that this 15 due to increased permea-
bility preceded by physico-chemical disturbances of plasma colloids. Then
follows seepage of plasma through the defective endothelium which causes
edema and hyaline-mucoid changes of the subintima. After the breakdown
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done in elucidating whether this relationship between serum cholesterol
and atherosclerosis also holds for man (43-48, 109, 112, 114, 117, 128, 130-
147, 260, 291).
TABLE 2
AVERACE VALUES OF CONSTITUENTS oF INTTRMAL LEstoNs

Fatty Acids,
Type of Leson Mots- Total  Cholesterol Phospho- Galac- Neutral Fat, Calcium
ture® hpd  Free Ester  hpid  tosde c
Normal intma 716 144 142 386 201 80 191 023
Early fatty
plaques 675 259 162 385 190 58 205 0.86
Fibrous plaques 665 27.2 181 475 149 43 150 3904
Calcified Tissues 386 128 219 472 132 46 131 243
Atheromatous
ulcers 608 380 272 421 160 4.3 104 10.1
® Mnichira avnraccad ne nar nont of mab o o ohé bl 1ad and aale cmne ce e o€ Tems
Table 10, p 98

Phospholipid-Cholesterol Ratio: Hueper contended (127, 148) that
atheromatosis might not be due to hypercholesterolemia but to a disturb-
ance in the stabilization of the colloid state of cholesterol in the blood by
factors favormg the precipitation of the cholesterol in plasma and tissues.
The hydrophobe insoluble cholesterol 1s able to be carried m colloidal sus-
penston in high concentration m the serum because of the presence of the
hydrophilic substance, phospholipid. Phospholipids and cholesterol exst in
human blood sera in an equimolar ratio. The phospholipids keep the cho-
lestero] stabilized in the colloidal form Increases in phospholipid are not
disturbing to this chemical state, but on the other hand, increases m choles-
terol beyond the equmolar state alter the colloidal stability of the Lipid
emulsion The genesis of arteriosclerosis has been hinked, therefore, not to
the elevation of the serum cholesterol concentration per se but to abnormal
ratios of cholesterol to phospholipids.

Davidson and his associates (149) studied the ratio of the phospholipids
to cholesterol in dogs grven 06 gm. of thiouract] daily and fed a ration ad
libitum cc ing 5 per cent cholesterol. This resulted in a hyperliperma in
the range of 1,000 to 5,000 mg per cent The phosphalipid mereased at the
average ratio of one mol of phospholipid for every 5 mols of cholesterol. In
young dogs on a normal diet the molar ratio of cholesterol and phospholipid
was approxtmately 1.1.

Further, Kellner and his group (150, 151) studied the effects of intrave-
nous detergents (Tween 80 or Triton A-20) on esperimental artenosclerosis
1 the rabbit. Rabbits fed cholesterol and given intravenous detergents had
far higher mean levels of blood cholesterol but significantly less arterio-
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arterial wall are not adequate to dispose of the lipids constantly penetrating
through the endothelial membrane. Over the years and with advancing age,
increased accumulation of hipids occur subintmally (47).

Page (80) [Figs. 12 and 13] tabulates six factors in the relation of the
arterral wall to atherogenesis as follows:

1. The anatomy, biochemistry and physiology of the vessel wall, all of
which are hereditarily conditioned.
The composition of the plasma.
The lateral arteral pressure and rate of filtration.
The responsiveness of intimal tissues to fltered products and their
degradation production, normal or abnormal.
The metabolic capacity of the vessel wall.
Changes 1 filtration capacity of the vessel wall, such as may result
from age, hypertensive diseases and metabole disorders.

Composition of Blood: In recent years, the cholesterol concept of athero-
genesis has been the etiologic factor subjected to the most intensive nvesti-
gation (37, 89-117). This concept will be detailed in the next section.

ST

(=28

BIOCHEMISTRY OF ARTERIOSCLEROSIS

This may be reviewed from two pomnts of view: (1) the analysis of chem-
ical changes in arteriosclerotic vessels, and (2) the chemical composition
of the blood 1n atherosclerosis (118).

The Arteries: Several reports indicate (119-122) that the arterosclerotic
aorta has a ligher cholesterol content than the normal vessel. Wemnhouse
and Hirsch (122) showed that lipid and caleum contents of the media of
the human aorta increase with age In Table 2 the ipid and ealcium compo-
sition of the normal intima 1s compared with that in various mtimal lesions
The proportions of free and ester cholesterol rise with the increasmg sever-
ity of atherosclerosis while the total phospholipid decreases shghtly and the
calcium rises.

The Blood: The first question arises as to whether the lipid content of the
blood and the mtima are the same This is m direct relation with the belief
that deposition of lipd n the atheromatous plaques of the intimal layer is
related 1n some manner to the hpid compositions of the blood (123-125).
Weinhouse and Hirsch (122) poimted out that the proportions of free cho-
lesterol, cholesterol esters, phospholipids, and neutral fat in the plasma
were strkingly similar to those i the normal intima and in the early
intimal plaques.

The relation of serum cholesterol to ath 1 was based on animal
experiments (42, 110, 126-129, 257, 258, 259) in which feeding cholesterol
has produced a nse in serum cholesterol associated with the deposition of
atheromatous plaques in the aorta and blood vessels. Much work has been
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uric acid 1 its lactum state may be a powerful cationie surface agent, and
perhaps attach itself to a larger cholesterol molecule and bring the choles-
terol molecule mto contact with a surface such as arterial mtima.”

Jackson and Wilkinson (159) doubt the usefulness of the phospholipid
cholesterol ratio as an index of atherosclerosis.

Macrochylomicroneniia: Moreton (160, 161) places emphasis on the role
of neutral fat hyperlipemia after meals as a source of atherogenesis. “The
cumulative effect of many fatty meals over a hfetime, by producing these
transient showers of lipid particles in the plasma, may be the underlying
cause of intimal lipid deposition in human atherosclerosis. . . . The increased
particle size of the hipids m sustained or alimentary hyperlipemia is the
stimulus to the phagocytosis m the intima by macrophages and the forma-
tion of the typical foam cells””

Zinm and Grffith (162) and Becker, Meyer and Necheles (163) have sup-
ported this concept Zmn and Guffith found a sigmficantly greater ratio of
macrochylo: to microchy] ns m the fastmg blood sera of athero-
sclerotic patients, as compared with control subjects.

Lipoprotein Molecules: An explanation of the presence of arteriosclerosis
1 patients with either normal or lngh Jevels of blood cholesterol has been
offered by Gofman and his associates (99, 105, 164-167). They suggest that
a defect 1n the grant molecules 1n the serum (cholesterol, cholesterol esters,
phospholipids, fatty acids and protem as the building blocks) mught be re-
sponsible for the development of arteniosclerosts rather than the mere ana-
Iytical level of these components n the serum. The ultracentrifuge was used
to charactenze certamn physico-chemucal properties of these molecules in
therr native state The lipoprotem of normal rabbuts ultracentnfugally ap-
pears as a single component of flotation rate of 5 to 8 Svedburg umits On
feeding 3 gm. of cholesterol per week, 1n some rabbits a sertes of new cho-
lesterol-bearing grant molecules appeared m the serum which could be
differentiated from those in a normal rabbit by therr flotation rate (S: class
10-30) and by a difference of their hydrated densities After 15 weeks of
cholesterol feeding, the entire group of rabbits was autopsied Rabbuts fail-
mg to develop hugh levels of the components of S¢ greater than 5 to 8 umts
showed no gross or only mmmal atherosclerosis, whereas mild to severe
atherosclerosis developed 1n rabbits with ugh concentrations of the mole-
cules of the S 10-30 class,

In a study of 600 human sera (98), a low density Lipoprotein of S¢
value between 3 and 8 units was found in all In some sera low density Irpid
and hipoprotemn components with flotation rates i the S; 10-20 class were
found Analyses of sera for this latter molecule were made in groups of men
and women with no known disease, from 20 to 40 years of age and from 40
to 70 years of age. The mcidence of measurable concentrations of molecules
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sclerosis than control amimals on the same cholesterol diet without the de-
tergent. The blood phospholipid in the experimental group of rabbits was
elevated i the same range as the cholesterol, whereas in the control ani-
mals, phosphohpid concentrations were invariably much lower than those
of cholesterol

Katz (107) has found in the chick that cholesterol induced arteriosclero-
sis is usually assocrated with both hypercholesterolemia and elevated C/P
ratios

Ahrens (152, 153) pointed out that in primary bihary cirrhosis, the serum
Iipid pattern is such that the predominance of phospholipids is pronounced
wlule in hyperhipemic states other than biliary obstruction cholestero! esters
or neutral fat predominate. Fasting serum 1n primary biliary cirrhoss is
always clear while in the hyperlipemic conditions, such as nephrosis, hypo-
thyroidism and essential xanthomatosis the serum is milky. The reason for
the occurrence of these two types of sera lies m the ratio of phospholipid to
total ipids, the higher phospholipid content in primary biliary cirrhosis
serving to keep the fats 1n solution

Morrison, Gonzales and Wolfson analyzed the ratios of serum phospho-
hipid and total cholesterol in relation to atherosclerosis (154). Ninety-two
normal persons had an average ratio of 123 with only 10 per cent of the
ratios below 1.0. In 124 patients with proved coronary thrombosis and myo-
cardial infarction, the average phospholipid-total cholesterol ratio was
0977, and 66 per cent were below 1.0

Pomeranze and Kunkel (155) studied the phospholipid cholesterol ratios
m 50 patients, 25 of whom had severe artentosclerosis as judged by elcetro-
cardiographic evidence of coronary disease, x-ray evidence of arterial caler-
fication, or signs of arteriosclerosis m the retma of these 25 patients. Twenty-
one (84 per cent) had phosphohpid-cholesterol ratios below 0.89.

Stener, Kendall and Mathers (146) compared 82 patients with coronary
artenosclerosis with 112 healthy adults and found the serum cholesterol
and serum lipid phosphorus values to be elevated m the former patients as
compared with the control group. The mcrease m serum lipid phosphorus
m the artenosclerotic patients was not proportional to the increase n the
serum cholesterol resulting i an mcrease n the serum cholesterol-lipid
phosphorus molar ratio.

Gertler (40, 93, 156-158) has introduced the “CUP” ratio as having a
possible sclective and predictive value i atherosclerosis. This is based on
the ratio of the cholesterol times the une acid to the lipid phosphorus levels
in the serum The mean value obtained for the healthy group was 90 and
for the coronary group (patients with myocardial infarcts) 119 He states
that “at present there 15 no satisfactory explanation as to how chell I

¢ acid nterrelate m coronary heart disease. It 1s possible that the

and uril
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patients with myocardial infarcts as test groups (98). They found that the
highest correlation occurred in the lipoprotein spectrum of the S, 10-20, a
similar correlation was also found for the St 12-20 class. When expressed in
milligrams per cent, a level of 25 mg per cent was taken as indicating the
presence of atherosclerotic activity. The chnically normal male population
at age 25 years has a median concentration of S¢ 12-20 molecules of 28 mg,
per cent, at age 30, 39 mg per cent, and beyond 30 years of age shows no
further sigmficant change even through the sixtieth year. The chnically nor-
mal female reaches the St 12-20 level for the male of 30 years during her
fiftieth to sixtieth years

Sera with blood cholesterol levels well below 200 mg per cent may show
high concentration of molecules of S¢ 10-20 class. Further, sera with lngh
cholesterol levels well over 200 mg. per cent may not show any measurable
concentration of S¢ 10-20 class of molecules The authors (98) have used
this vanation in physico-chemical properties of the hipoprotein molecules to
explain the occurrence of atherosclerosis in patients with both normal and
elevated levels of cholesterol n the blood.

In 1953 (164), a value for expressing an individual’s coronary athero-
gemc potentialities, or rate of development of coronary atherosclerosis, was
determined and was referred to as the index of coronary atherogenicity.
The formula 15 as follows:

mg % standard S; 0-12 ~ 1 75 x mg % standard S, 12-100
10

‘The average atherogenic index values are given in Table 3.

Eiber (168) has pomted out that total seram lipids, standard S, lipopro-
tein molecule values and the atherogenic index nise steadily, m both males
and females from age 20 until approumately age 65 and 75 years, after
which there 15 a steady dechne until age 100 years. Cholesterol and phos-
pholipids show no significant changes. Ackerman (262) has confirmed the
finding of hipoprotem level decrease with advancing age.

Keys (110) in discussing the diagnostic value of the serum cholesterol
and the serum lipoproteins 1n coronary patients, states that “neither meas-
urement, however, 1s a good discimmator between such patients and
healthy persons. If there 1s any advantage to one of these measurements
over the other in detecting or predicting coronary disease, the evidence 15
m favor of total cholesterol There 1s no evidence that a level of G concen-
tration 1 the blood may be of practical value as an indicator of the proba-
bility of present or impending coronary disease ”

Microfractionation of Plasma Proteins: Barr and his co-workers (89, 92,
170) studied the lipoproteins by means of Cohn’s mucrofractionation
method number 10. By this method alpha and beta hipoproteins are sep-

AL =
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in this class was sigmficantly higher in males from 20 to 40 years of age
than m the corresponding age group of females with both sexes over 40
showing significant mereases over the younger age groups. Diabetic men
from 35 to 70 years of age and diabetic women from 25 to 70 years of age
both show a lngher incidence of measurable concentrations of molecules of
the St 10-20 class than the normal corresponding age groups (98). One

TABLE 3
AVERAGE ATHEROGENIC INDEX VALUES
Diagnosis Cases Age Sex Index
Normal 29 20-29 M 59
284 30-39 M 70
473 40-49 M 74
267 50-59 M 73
74 60-69 M 73
50 20-29 45
188 30-39 F 51
140 40-49 F 61
80 50-59 F 7
9 60-69 F 84
Coronary heart disease 9 30-39 M 114
91 10-49 M 95
148 50-59 M 91
61 60-69 M 81
Diabetes mellitus 32 30-49 M 86
37 50-69 M 81
30-49 90
19 50-69 F 104
Hypertension® 64 30-39 M 78
P 106 3049 M 79
104 50-59 M 8
52 60-69 M 73
5 30-39 59
19 40-49 F 68
89 50-59 F 72
6 60-69 F 73

® Hy here mcludes individuals exther with a systolic pressure greater than 142 mm
of Hg or with a diastolic pressure greater than 92 mm of Hg

{Alter I W Gofman et ¢l

Courtesy of Dr John W Gofman and Modern Medicine

hundred one of 104 patients with proved myocardial infarction showed the
presence of molecules of the ¢ 10-20 class in measurable concentrations
All categories studied showed a lower frequency of occurrence of measur-
able concentrations of S¢ 10-20 molecules than did the patients with myo-
carcial infarction. When diets restricted in cholesterol and fats were given,
the measurable cc ration of the molecules mn the S¢ 10-20 class was defi-
nitely reduced in 2 weeks to 1 month. )
Gofman and lus associates studied the correlation between levels of vari-
ous serum hipoproteins and atherosclerosis using normal subjects versus
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TABLE 4
Low Far Dier
Food Permutted Arod
Beserage Coffee, tea, shimmed madk, buttee-  Chocolate dinks, whole aulk, aleo-
milh hobe beverages
Bread All Nove
Cereal All Nave
Cheese Cottage, farmer, pot cheese Al others
Dessert Angel Food cake, frnt whips, stm-  Chocolate desserts, cakes contamng
ple puddings, gelatin, sherbet nuts and {rosting, ice cream, pres
and pastnes, nuts
Egg 3 eggs weekly Fried s any form
Fat None Al
Fish Lean, baled, baded, brotded Fried, smohed, canned
Frmt All frusts except avoeade prars, Asvocado pears
frnt juices, tomato juice
Meat Leas, botled, braded, roasted Canned. smoked, spsced meat, gravy

Potato or Substitute

Saup
Sweet

Vegetable

\ashed, baked borled potatoes,
barley, farfel, macaront, fivo-
dles, “nice, spaghetts

Any from foods allowed
Jam, Jeﬂy, sugar, syrup, hard
candy

All except under “Asond”

Fned

All others
All others

Broecola, Brussel sprouts, cabbage,

canbiflower, carn, cucumber, green

per, hma bean, omons, rad-
sshes, turaps

Any food which disagrees with the patient should be avoided

Breakfost
Citrus Fruut
Coffee

Cereal

grcad and Jellv

med Mtk
wgar

Calones
Lasbohy drate
rotemn

‘at
Caloom
Iron

Meal Flan

Dinner
Frut Jmee

Lean Meat, Poultry or Fish

FPatate or Substute
Vegetable

Salad

Bread

Fruit or Other Dessert
Tea with Lemon
Sugar

Supper

Frost Jasce

Lean Fisk, Cheese or 1 Egg
Potato or Substitute
Vegetable

a1

Bread and Jelly

Fruit or Other Dessect
Skammed Milk

Night Feeding
Shrovmed Mk

Approxsmote Composition®

Amount Unse Amotnt

2000 Vitaimn & 1u 3000
gm 353 e mg 15
&m B85 Riboflavin mg 2
gm 30 Nuan mg 18
§m 1 Ascorbic Acud wg 180
mg 15

{From Diet Manual, B,
*This diet 15 below

eth Israel Hospital, New York, NY )
the Recommended Daly Dietary Allowances of 1948, m vitamia A
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arated Lipids found in fraction IV+V+VI are in combination with alpha
globulin and those found with I and IIT are combined with beta globulin
A breakdown of the cholestero-phospholipid ratio in man indicates a normal
value of 0.80 of plasma, 0.50 of alpha lipoprotein and 1.25 of beta hpopro-
tem. The per cent of total cholesterol in alpha Lipoprotem is 30 the per cent
of total cholesterol m beta lipoprotem is 70. Patients who have survived
coronary occlusion (89) or present otherwise unequivocal evidence of the
complications of atherosclerosis show a tendency to reduction of alpha
lipoprotem and a relatwve or absolute increase in beta hipoprotein, as well as
other components of Cohn’s Fractions I and III. Thesc changes may be seen
without hypercholesterolemia or recogmzably sigmficant elevation of the
cholestero-phospholipid ratio of the unfractionated plasma,

A method of determining alpha and beta lLipoproteins by means of the
ultracentnfuge has been devised by Lewis and Page (171, 171a). Paper
clectrophoresis may also be used to determine the lipoprotein pattern (171b,
171c, 172).

DIET AND ARTERIOSCLEROSIS

Ethnie differences m predilection to atherosclerosis has been most posi-
tively related to the quantity of cholesterol and fat in the diet. Rosenthal
(173) makes a strong point for the fact that races which subsist on a high
cholesterol and fat mtake never have atherosclerosis absent On the other
hand, where a diet ligh i protem is consumed, with a low cholesterol and
neutral fat intake, atherosclerosis 15 not prevalent Members of the same
race who change therr locale and subsequently their diet may show a tend-
ency to atherosclerosis where formerly no such predisposition was noted
(173-176). Reports on a low mcidence of atherosclerosis on a low cholesterol-
low fat diet have been made for the following groups. Asians and Africans
(177), Costa Ricans (178), Okmawans (179); Chmese (175, 180), Cey-
Tonese (181), Neapohtons (182), and Bantus (183). On the other hand,
the opposite has been found for those subsisting on a high fat, high choles-
terol diet: the nomadic Kirghiz (184), Europeans and North Amencans
(177). A conflicting report was made by Rogers (185) who, on an autopsy
study of the vascular structures of the population in London and Calcutta,
failed to reveal any difference in the frequency and distribution of arterio-
sclerotic lesions, although the Indian diet was low in cholesterol. Gubner
and Ungerlerder (77) concluded that low levels of cholesterol may confer
some protection against artertosclerosis The evidence for this was gathered
from a study in which the meidence of artenosclerosis of the aorta was
found to be approximately the same in indwiduals with a slight degree .of
ll)percho]cslcrolcmm as 1 those with normal blood cholesterol levels, while
a significantly lowered incidence of arteriosclerosis of the aorta was found
in those patients with Jow cholesterol levels
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TABLE 5

Low Croresteror, Drer

Food Permitted Atord

Beverage Coffee, tea, shimmed milk, butter- Chocolate drinks, whole milk, alco-
milk holic beverages

Bread All None

Cereal All None

Cheese Cottage, farmer, pot cheese All others

Dessert. Angel food cake, frot whaps, sm- Chocolate desserts, cakes contamn-
ple puddings, gelatin, sherbet g nuts and froshng, 1ce cream,

pies and pastries, nuts

Eggs 2 eggs weekly Fried mn any form

Fat® Vegetable fats and nut oils Ammal fat

Fruit All fruts evcept avocado pears, Avocado pears

Meat and Fish

Potato or Substitute

Soup
Sweet

Vegetable

fruit quices, tomato juices
Lean, 4 oz daily

Mashed, baked, boiled potatoes,
barley, farfel, macarom, noodles,
rice, spaghettt

Any from foods allowed
Jam, jelly, sugar, syrup, hard
candy

All

Liver, sweetbreads, brams, canned,
smohed or spiced méat and fish,
gravy

Fried

All others
Al others

None

Any food which disagrees with the patient should be avoded .
* Unless calonc intake 1s restricted, vegetable fats, such as ohve oil, marganne, mayonnaise,
French dressing and fats made from nut oils may be used

Breakfast
Citrus Fruit

erea
Bread and Jelly

offee
Skammed Milk
Sugar

Calonies

Carbohydrate
toten

Fat

Caleram
Tron

Meal Plan
Dinner Supper
Frait Juice Fruit Juice
Lean Meat, Poultry or Fish Lean Fish (1% oz )
(2% o0z ) Cheese or 1 Egg
Potato or Substitute Potato or Substitute
Vegetable Vegetable
Salac Salad
Bread Bread and Jelly

Fruit or Other Dessert
Tea with Lemon
Sugar

Night Feeding
Skimmed Mk

Approximate Composttion®*

Unit Amount Unit Amount

1900 Vitarun A 1U 3100
gm 360 Thianune mg 14
gm 70 Riboflavin mg 19
gm 25 Niaem mg 14
m 1 Ascorbic Aad mg 179
mg 15

**This diet 1s below the

e Recommended Daily Dietary Allowances of 1948, in Vitamm A

(From Diet Manual, Beth Tsrael Hospital, New York, NY )
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Keys (131) pointed out that in a study of clinically healthy men of age
groups 18 to 55 years, the serum cholesterol level was not significantly re-
lated to differences i the habitual cholesterol intake over a range of some-
thing like 250 to 800 mg daily. These findings add weight to the contention
that there 1s a need for regulating the intake of cholesterol and especially of
fat 1n order to regulate the level of blood cholesterol. In order to be ab-
sorbed, cholesterol requires the presence of fat as fatty acids. This is so
because 1t 15 the estenfied cholesterol that 1s well absorbed. Cook (126) has
shown that cholesterol can be recovered quantitatively from the feces in
anmals on a fat-free diet. Studies on populations forced by circumstances
into starvation or wartime austenty diets low n fat and cholesterol reveal
a lowered incidence of atherosclerosis on autopsy (124, 177, 178, 186-188).

There are chnical studies which relate the level of blood cholesterol to an
experimentally admmistered low cholesterol or fat restricted diet (7, 189-
195) (Tables 4 and 5). Momison (193) used 25 gm of fat, Kempner (192)
and Watkin (195), 5 per cent fat, Hildreth (191), 1n 3 subjects, 9, 10 and
62 gm of fat All were able to Iower blood cholesterol levels. Wilkinson,
Blecha and Reimer (129) and Gertler, Garn and White (93) found no such
reduction in blood cholesterol on a low cholesterol diet

Gofman et al (98) and Walker et al. (194) were able to show a reduction
m the level of the S 10-20 hpoprotem fraction of the serum through a
reduction in weight on a reducing diet.

Keys (134) says, in summary, “we may remark that direct evidence of the
effect of the diet on human atherosclerosis is very httle and is likely to re-
main unsatisfactory for a long time. But such evidence as there 1s, plus vahd
mferences from mdirect evidence, suggests that a substantial measure of
control of the development of atherosclerosts 1n man may be achieved by
control of the mtake of calories and of all kinds of fats, with no special atten-
tion to the cholesterol intake. This means- (1) avoidance of obestty, with re-
striction of the body werght to about that considered standard for height at
age 25, (2) avoidance of periodic gorging and even temporary large calorie
excesses, (3) restriction of all fats to the point where the extractable fats m
the diet are not over about 25 to 30 per cent of the total calores, (4) dis-
regard of cholesterol intake except, possibly for a restriction to an intake
less than 1 gm. per week.”

Keys (292) ndicates that the low coronary disease populations get no
more than 20 per cent of therr food calories from fats as a rule In contrast,
the high coronary disease populations range from about 35 per cent fat
calories (England) to 40 per cent (Umted States). What then, asks Katz

(293), is the role of the diet, He answers that the mgestion of an unbal-
anced diet rich in cholesterol and hipids and calories over the years results
1n significant atherosclerosts in a sizable proportion of the population. How-
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centration of serum cholesterol, phospholipids, and phospholipid-cholesterol
ratio.

Betaine: Morrson (201) reported significant lowering of the serum total
cholesterol and consistent rise in serum phospholipid-cholesterol ratios with
betame gwen to a series of 21 patients suffenng from proven coronary
atherosclerosis. Betaine was administered orally mn an average daily dose of
6 gm

Methionine: No alteration in serum cholesterol or lipoprotein levels were
noted m 2{ American males with moderate to marked elevations of these
Ievels who were given their usual diet and given 3 gm of methionine daily
for 6 weeks (137).

Inositol: Felch and Dotti (197) studied the effect of inositol on the level
of serum total cholesterol in 30 diabetic patients given 3 gm. of inositol
daily. The medjcation was given for § weeks. In those with a high mitial
total cholestero! there was an abrupt fall over the first 2 weeks, then a
slower decline. For example, 17 diabetics with an initial total cholesterol
over 300 mg. per cent had an average drop of 69.2 mg per cent in 8 weeks,
while the 13 diabetics below 300 mg. per cent had an average drop of only
290 mg per cent. On the other hand, (198) no cflect on the blood choles-
terol was noted by the admmustration of choline chloride (1 gm four times
daily) to 6 diabetic patients with blood cholesterol levels over 350 mg. per
cent.

Herrmann found that in 20 hypercholesterolemic patients given 2 gm of
inositol a day for 25 to 30 days, an average drop of 19 per cent of cholesterol
accurred (215).

Lemnwand and Moore state that inositol, administered in doses of 1.0 gm.
three times daily, without any attempt to control the diet was eventually
able to produce a marked decrease in all hpids (216)

Forty patients with angina pectoris were studied (217) 1 a double-blind
expermment testing the effect of a cholme-inosttol syrup on their symptoms
and on therr plasma lipids A randomized semes was followed in starting
these subjects on exther the cholme-inositol syrup or placebo. After 6 months
on the first preparation, they were given 2 3-week supply of 2 mixture of the
two 1n order to mnimize the shght taste difference. Then they were given
the second preparation for 6 more months Each day, these subjects re-
corded upon a report card the relative amount of pain experienced and the
number of nitroglycern tablets taken. At 3-week intervals, they were
weighed, and blood was secured for determinations of plasma cholesterol

and phospholipid. The data were subjected to independent statistical anal-
ysis Choline-inositol therapy produced no significant effect upon the symp-
toms and the nitroglycenn intake of these subjects The mean plasma cho-
lesterol and phospholipid levels were significantly higher while on choline
and inositol, but the mean phospholipid-free cholesterol ratio was not sig-
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ever, this atherogenic diet may still need other factors, acting in conjunc-
tion to result in atherosclerosis: heredity, sex, physical activity, metabolic
disease and local factors.

ANTI-ARTERIOSCLEROTIC AGENTS

It must be stated at the outset that there 1s no definitive proof for the
uefulness of any anti-artertosclerotic agent reported to date in the preven-
tion or reversal of atherosclerosis itself in the human. Two points need un-
equivocal proof. (1) that these agents consistently lower the total serum
cholesterol, and (2) that the lowering of the total serum cholesterol has a
reversal effect therapeutically on the human atherosclerotic lesion.

For the purpose of mobilizing cholesterol from the tissue depots and for
speedmg the hepatic removal of lipids, such lipotropic substances as cho-
e, inositol, methionme and betaine have been used alone or m combina-
tion (196-207) Lecithin has been suggested as an anti-arteriosclerotic
agent because 1t tends to mamntain plasma lipids in a state of supersaturation
m the serum and controls the degree of dispersion of the colloid lipid
particles (208-203) The effects of sitosterol (210, 211) and thyroid on
blood lpid levels have also been reported (212).

Choline: Choline chloride, mono or dihydrogen citrate, was given m
doses of 1 gm four times daily with meals to 70 patients for from 1 to 24
months (averagmg 5 months). The blood cholesterol was lowered from a
mean of 288 mg per cent to 220 mg per cent (199)

Morrison and Gonzales (202, 204, 205) treated 115 patients with proved
coronary thrombosis and myocardial infarction with choline after discharge
from the hospital. Fifty-two patients were given cholme for a year, 35 for 2
vears, and 28 for 3 years. The dosage of cholme varied from 6 to 32 gm.
daily. A group of alternate controls was set up consisting of 115 patients
with the same disease who were discharged from the hospital under 1denti-
cal conditions, Of the 115 control patients, 35 patients (30 per cent) had
died after 3 years, 29 being due to cardiac causes. In the choline treated
sertes of 115 patients, 14 patients (12 per cent) had died after 3 years, 11
being due to heart disease. These authors conclude that cholme appears to
exert a de-cholesterohzing effect on the atheromatous depots in the vascular
walls of man.

Greenberg and Bruger (198) adminstered choline (4 gm daily of cho-
line base) orally for periods ranging from 1 to 5 months to 11 patients. Their
ages ranged from 29 to 57 years Nine patients had coronary insufficiency
or previous myocardial infarction, or both; 2 patients were suspected of
having coronary artery disease and were members of a family w ith a strik-

ing history of artertosclerosis The control period lasted 1fm‘r.n ‘l to 5 months
and at least 3 estimations of serum chol 1 and phosg ds were done.
The results indicated that choline therapy was without effect on the con-
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significant drop m the serum cholestero} level. The solution contained 500
mg. of polysorbate 50, 500 mg. of choline dehydrogen citrate, and 250 mg.
in each B ce, of the solution.

Goldbloom, Eiber and Boyd {286 assessed the value of lipotropic agents
m atherosclerosis, Fafty patients with climeal generalized atheroselerosis
and chronic artery disease were maintained on a low-fat, Iow cholesterol
dict for 36 months, Twenty-five of these patients were given therapeutic
dosages of a lipotropic preparation dunng this perwod. Serum lipid fractions
such as cholesterol, phospholipids, total lipids and neutral fats swere deter-
mined and avernged on all 50 patients at the onsct of the study and at
6-month intervals for a penod of 3 yesrs. Except for a slight decrease in
blood seram cholesterol of all the 50 patients, attnbutable o the Jow-fat
restrictions of the diet, there were no significant differences in any of the
other serum lipid fractions. Changes in the ratio of phospholipid to
cholesterol were practically the same m the control and lipotrapic group of
patients. Low-fat, low cholesterol diets attained the same end result as
hpotropie agents upon reducing serum hpid partitions. Based on these
findings, they concluded that there was no chnical or laboratory confirma~
tion for the value of the admumstration of the present known lipstrope
prep m inf ing ak 1 serum lipid patterns in the treatiment
ar prophylaxis of human atherosclerosis

Blocking Agents: Blocking agents, such as sitosterol and dihydrocholes-
tero] have been reported to have either httle (210, 211, 261) or a substantsal
(219) affect m reduction of the lipoproteins m the serum

Joyner and Kuo {219} have shown that en an unrestnicted diet, in normo-
holesteremie and hyperchol patients fed 12 to 24 gm. of plant
sterol (sitosterol) per day, that there 1 a significant decrcase w blood
chalesterol level This decrease is related to the dose of sttosterol, less than
10 gm, daily having no effect Best et gl {220) found a mean fall of 164
per cent of serum cholesterol in patients {mamly hypercholesterolermc)
fed 15 to 18 gm. of beta sitosterol per day by month These same authors
{287} confirmed the sernm cholesterol lowenmg effect of 20 to 25 pm of
sitosterol datly, Effects on the kpoproteins were less consistent

Ahrens, Blankenhorn and Tsaltas {221) reported that on an isocalotic
dict, the substitution of plant fats for anmmal fats will cause a 20 per cent
decrease in total serum cholesterol.

Thyroid: The effect of a dadly dossge of 3 grams of dessicated thyrond
on serum hipoprotewns was studied by Strisower et ol (212) sn 50 schivo~
phrenic patents. The S:0-12 ard the S(2.20 levels were sigmficantly
reduced within a pertod of 3 weeks, but by 24 weeks the 58-12 concentra-
tion had retumed to the pre-thyrod level. The magaitude of the drop was
diseatly related to the pre-thyrod value.
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nificantly altered. Fluctuations of total cholesterol and of phospholipid were
not affected by choline-mnositol therapy.

Lecithin: Adlersberg and Sobotka (208) treated 5 cases of xanthomatosts
and hypercholesterolemia with 12 to 15 gm. of soybean lecithin daily. There
was a lowering of serum cholesterol in all patients and in one patient it fell
from 1,420 mg. per cent to 445 mg. per cent,

Twenty-five gm. of “soya lecithin” fed daily to 7 patients for 6-week
periods and to 1 patient for a 10-week period by Steiner and Domanski (43)
resulted n an average fall of 68 mg. per cent of serum cholesterol. The
decline, however, could be maintained for only five weeks despite continued
admimstration of the “soya lecithin”

Goulder, Kissane and Bohl (218) placed 25 patients with angina pectoris
on Granulestin, a concentrate of purified soy phospholipids consisting of
lecithin, cephalin and liposital made by the Associated Concentrates, Di-
vision. American Lecithin Co. Granulestin was given in doses of 1 heaping
tablespoon per day, or about 20 gm Clinical improvements, as measured by
reduction of nitroglycerin intake and, not objectively, occurred 1n 24 per
cent of the group Improvement occurred only after a month of treatment.
Once treatment was discontinued, the clinical state returned to the pre-
treatment picture 1n irregular fashion, n some instances over a period of
several months. Serum cholesterol levels decreased only shghtly dunng
treatment Serum phospholipid concentrations decreased rather definitely
to effect an mcrease in the serum cholesterol-serum phospholipid rato.
Since placebo therapy can mmprove angmal symptoms 40 per cent, the
improvement on Granulestin cannot be considered sigmficant.

Mixed Lipotropic Agents: A combination of choline, inositol, methionine
and vitamin B complex (Methischol) was found to be more effective in re-
ducing chylo and lipomicron counts than choline or inositol alone (204).
This same lipotropic agent (203) consisting of 3 gm. of choline, 2.25 gm.
of inositol, 3 gm. of methionmne, vitamin B-12 and natural B complex ob-
tained from 24 gm of liver was admimstered orally every day for 6 months
to a series of 28 patients with coronary thrombosis and infarction, They
were also placed on a 23 gm low-fat, Iow-cholesterol diet. Subnormal serum
phospholipid cholesterol ratios below 1.0 were restored to normal levels
above 1.0, Morrison beheves that this was accomplished by reducing the

exogenous dretary fat and cholesterol intake to lower the serum cholesterol
and by increasing the source of phospholipids through the inges-
tion of adequate amounts of hpotropic substances, serum phospholipids
were elevated.

The effect of a polysorbate 80-choline-inositol complex (Monichol) on
the serum cholesterol in 16 hypercholestenemic patients was reported by
Sherber and Levites (207). In 15 of the 16 patients studied, there was a
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stgmficant drop in the serum cholesterol level. The solution contained 500
mg. of polysorbate 80, 500 mg. of cholne dehydrogen citrate, and 250 mg.
in each 5 cc of the solution.

Goldbloom, Eiber and Boyd (286) assessed the value of hpotropic agents
n atherosclerosis. Fifty patients with clinical generalized atherosclerosis
and chronic artery disease were maintamed on a low-fat, low cholesterol
diet for 36 months. Twenty-five of these patients were given therapeutic
dosages of a lipotropic preparation during this period. Serum hipid fractions
such as cholesterol, phospholipids, total hpids and neutral fats were deter-
mmed and averaged on all 50 patients at the onset of the study and at
6-month intervals for o period of 3 years, Except for a slight decrease m
blood serum cholesterol of all the 50 patients, attributable to the low-fat
restrictions of the diet, there were no significant differences in any of the
other serum hpid fractions, Changes in the ratio of phospholipid to
cholesterol were practically the same in the control and hipotropic group of
patients. Low-fat, low cholesterol diets attained the same end result as
hipotropic agents upon reducing serum lipid partitions. Based on these
findings, they concluded that there was no clinseal or laboratory confirma-
tion for the valee of the administration of the present known lipotropic
preparations in nfluencing abnormal serum hpid patterns in the treatment
or prophylaxis of human atheroscleross,

Blocking Agents: Blocking agents, such as sttosterol and dihydrocholes-
terol have been reported to have esther Iittle {210, 211, 261) or a substantial
{219} affect m reduction of the Iipoprotems mn the serum,

Joyner and Kuo (219) have shown that on an unrestricted diet, 1n normo-
cholesteremic and hypercholesteremie patients fed 12 to 24 gm of plant
sterol (sitosterol) per day, that there is a ssigmificant decrease n blood

hot 1 level, This & 15 related to the dose of sitosterol, less than
16 gm, daily having no effect Best ef af (220} found 2 mean fall of 164
per cent of serum cholesterol m patients (mawmly hypercholesterolemic)
fed 15 to 18 gm. of beta sitosterol per day by mouth. These same authors
(287) confirmed the serum cholesterol lowering effect of 20 to 25 gm of
sitosterol daily Effects on the hpop were less

Ahrens, Blankenhorn and Tsaltas (221} reported that on an isocalone
diet, the substitution of plant fats for anmal fats will cause a 20 per cent
decrease in total serum cholesterol

Thyroid: The effect of a daily dosage of 3 grams of dessicated thyrod
on serum hpoprotems was studied by Strisower et al (212) in 50 schizo-
phrenic patients The §,0-12 and the §:12-20 levels were significantly
reduced within a period of 3 weeks, but by 24 weeks the $:0-12 concentra-
tion had retumed to the pre-thyroid level The magnitude of the drap was
directly related to the pre-thyrord value
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SEX AND ARTERIOSCLEROSIS

The predominance of coronary artery disease n males over females (72,
73, 222), before the sixth decade has suggested the arteriosclerotic protec-
tive action of estrogen (91, 128, 158, 223-226). This same “safe penod” for
females 15 reflected m the lipoprotein studies of Gofman (105): “Both young
men and young women show similar patterns of Iipoproteins and low levels
of §,12-20 lipoproteins up to 25 years of age, although there has been some
merease from the levels of the 0-15 year old group The male population
from 25 to 30 years undergoes a striking transformation which elevates the
8$¢12-20 level from a median concentration of 28 mg per cent to 39 mg. per
cent Beyond 30 years of age the chnically normal male population shows
almost no further sigmificant change even through the sixtieth year. The
normal female does not show the striking change from 26 to 30 years of
age that 1s seen n the male The female population increases slowly and
steadily 1n the $:12-20 level over the entire 25 to 60 year age span A level
essentially identical with that attained by the male population by 30 years
of age 15 reached by the female during the 50 to 60 year decade.”

Barr (92, 170) finds by the microfractionation technie that women have
a cholesterol-phospholipid ratio which is lower than that of men of thewr
own age and that they have a greater proportion of their cholesterol mn the
form of alpha lipoprotemns, which make women 1n these respects superior
to men.

The effects of estrogens have been taken up from several different points
of view. The first deals with the influence of estrogens on Lpoproteins mn
atherosclerosis. Barr, Russ and Eder (91) find that in patients with
advanced atherosclerosis and with demonstrable abnormalities in hipid con-
centration and distribution, the admunistration of estrogens 1s accompaned
by changes m the distribution of total plasma cholesterol m the form of
alpha lipoproteins which 1s mereased and the percentage i the form of
beta lipoproteins correspondingly dimimished There 1s also a tendency for
reduction n the concentration of the total cholesterol of the plasma. With
withdrawal of estrogens, all opposite effects result Eighteen patients were
mvolved The distribution of cholesterol and lipoproteins i various groups
is shown m Table 6 In 11 of the group the synthetic estrogen, estinyl

(estradiol) was given by mouth m doses of 1.0 mg (10,000 rat umts) each
day. In the others, premarin (estrone sulfate) was given mn approximately
equivalent rat unitage (15 mg. daily). The dose was enough to produce
considerable development of the breasts and to cause temporary loss of
sexual desire and potency after 3 to 4 wecks

Gertler, Hudson and Jost {223) studied the serum lipids of 25 men
(aged 47 to 71 years) with carcinoma of the prostate, whu.werc subjected
to bilateral orchiectomy and then given 500 mg. diethylstilbesterol orally
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dauly for periods of from 3 to 28 weeks. An 1mmediate significant rise 1n
the serum lipid phosphorus occurred but msignificant changes oceurred
in the serum total cholesterol and neutral fat. As a result, there was a
strking decrease in the total cholesterol/lipid phosphorous ratio Glass
et al {227) indicated that estradiol given to 16 males and 15 females (age
range of 55 to 65 years) in daily doses of 0.25 to 0.75 mg. for periods of
2 to 4 months had no marked or sustained effect on any of the serum lpid
factors nor n the cholesterol-phospholipid ratio, nor did analysis of the
S, 12-20 lipoprotens show any consistent trend.

Gitman and Greenblatt (224) admimstered estrogen (premarin) intra-
venously (0.05 to 0.1 mg /kg. body weight) for various periods in 3 patients

TABLE 6
DrsTRIBUTION OF CHOLESTEROL AND LIPOPROTEINS BY AGE AND SEX

Percentage of Percentage of
Total Cholesterol Total Cholesterol
Age Cholesterol n Alpha- w Beta-

Subjects Total 14 Lipoproten Lipoprotein
Normal women 18-35 187 343 618
Normal men 18-35 197 252 720
Normal women 45-65 252 234 750
Normal men 45-65 239 229 753
Survivors of Myocardial

Infarction 28-64 259 136 839

{After Barr, D P, Russ, E M, and Eder, H A (91) )

Courtesy of Dr David P, Bamr and Transactions of the Association of Amernican Physicians
with cardiovascular disease, and noted a fall m the level of serum beta
lipoprotens of the S; 12-20 and 20-100 classes Marett and Vivas (225)
admimstered 5 mg of oral estrogen (premann) daily to 17 men and 1
woman for 2 to 25 weeks. A decrease m chalesteral and total lipd level
occurred 1n all but two men m the second to tenth week. However, with
continued therapy or even cessation of therapy, the cholesterol and total
Lipid levels began to return to pre-treatment levels

Wuest, Dry and Edwards (227a) studied the relation of estrogens to
atherosclerosis from a different pomt of view. The degree of coronary
atherosclerosis 1 49 hearts obtamed from bilaterally oophorectomzed
women was compared with the degree of sclerosis in 600 hearts from
women and 1n 600 hearts from men of comparable ages In general, the
degree of coronary sclerosis i the bilaterally oophorectomized women was
greater m the control women but less than m the control men. Rivin and
Dimttroff (227b) reviewed the autopsy records of castrated women, women
with breast carcinoma and estrogen-treated men with reference to the
degree of atherosclerotic disease. These findings when compared with those
m simlar groups of men and women whose estrogen supply was considered
normal, revealed that the male treated with estrogen has less atherosclerosis
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than the normal male, that the oophorectomized female has an incidence
of severe atherosclerosis approaching that of the male and that the hyper-
estrogenic female with breast carcinoma has less atherosclerosis than the
normal female,

Stamler, Pick, and Katz (228) 1ssued a preliminary report on the eff-
cacy of estrogens in the treatment of human coronary atheroscleross.
Sixty-nine males under 50 years of age who recently had a single proved
myocardial infarct were studied. They were divided into two groups on
a “double blind” basis—estrogen-treated and placebo. Analysis of these
groups as of June 30, 1954, revealed them to be practically identical: Mean
age, 40.6 and 40 0 years, mean imtial weight, 168 5 and 161.3 pounds; mean
duration after infarct when study was begun 54 and 36 months, mean
duration of treatment, 8 3 and 6 6 months (maximum: 19 and 18 months);
mean pretreatment plasma cholesterol level, 237 mg. per 100 cc. and 261
mg. per 100 cc., mean pretreatment plasma total cholesterol-ipid phos-
phorus (C/P) ratio, 21.8 and 234 mg. per 100 cc Oral estrogen dosages
were mereased stepwise from an initial level of 1.25 or 25 mg. of mixed
conjugated equine estrogens (Premarn) to 4.0-10.0 mg Estrogens tended
to mduce gynecomastia, loss of libido and impotence—side effects which
only rarely resulted in discontinuation of therapy. The 125 to 4.0 mg.
dosages had no effect on plasma total cholesterol levels. Higher dosages
tended moderately to lower the plasma C/P ratio.

As of June 30, 1954, in the placebo group of 26 patients under treatment
for 2 months or longer, a second proved myocardial infarction had occurred
m 6, with 3 fatahties. In contrast, 1n the group of 39 under estrogen treat-
ment for 2 months or longer, no recurrence of myocardial infarction had
occurred. Neither the size of the groups nor the duration of treatment
justifies any definite conclusions concerning the significance of these intial
observations. In their second intertm report (294) in March, 1956, there
were 3 deaths in 49 control patients and 1 death m 53 treated patients

Stemer (229) admimstered 025 to 1.0 mg of ethinyl estradiol daily to
patients with coronary atherosclerosis and to control subjects and found
consistently a fall in the cholesterol-phospholipid ratio due to lowering of
the serum cholesterol level mn 5 instances and increase in phospholipid
levels in 5 other experimental periods. There was no change i the inci-
dence of chest pain or m the electrocardiogram m the patients with coronary
arterjosclerosis during the period of observation.

Androgens, accordmng to Barr (170) whether administered alone or
sumultaneously with estrogens, will increase the total serum cholesterol
level.

It is to be noted (230) that estrogen reverses coronary atherosclerosis
in cockrels previously induced by cholesterol feeding, despite continued
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feeding of the cholesterol diet and that the estrogen-induced regresston
oceurs in the presence of continued marked hypercholesterolemia, a re-
versal of previously elevated total cholesterol-lipid phosphorus ratios to
normal levels, and of persistent aortic sclerosis.

Summary Statement on Therapy: Much controversy still exists relative
to a specific agent for the treatment of atherosclerosis. Keys' (134) attitude
toward the diet in atherosclerosis has been given on page 28. Dock (231)
favors a high protein, low cholesterol, low fat diet. Dock (231) summanzed
the attitude of a panel of experts in this field toward all therapeutic
modalities 1n atherosclerosis as follows. “So 1t appears that our panel con-
sists largely of therapy mhilists, They have no treatment for the manage-
ment of atherosclerosis in blocking agents, hormonal therapy or in lipo-
tropic agents They feel that nothing has been shown in man about the role
of cholesterol in the diet so that you don’t need to lower the cholesterol
fraction of your intake ”

RACE AND ARTERIOSCLEROSIS

This comparison refers to predilection for atherosclerosis among races
with a similar dietary background rather than that occurring with variable
diets (see diet and arteriosclerosis). The statistics from the United States
would indicate that coronary arteriosclerosis, coronary thrombosis and
myocardial infarction are on an absolute basts less common in Negroes
than 1 whites on post-morter analysis (232-235). This has also been true
with respect to clinical findings unrelated to coronary disease (236).
Hypertension, however, 15 more frequent m the Negro. Werss and Gray
(237} conclude from their studies on Negroes admitted to the Lowsville
General Hospital, that infarction of the myocardium 1s infrequent in this
group m the absence of hypertension Eighty-seven and one-half per cent
of the males with myocardial intarction m therr group had associated hyper-
tension

McVay and Keil (288) reviewed the chimecal records of 330 patients
with myocardial infarction admitted to a midsouthern umversity hospital
where the ratio of admissions was approxunately 70 per cent Negro and
30 per cent white. Male and female admissions within each race was
essentially equal The diagnosis of myocardial infarction was established
by either necropsy findings or by electrocardiographic changes. Myocar-
dial infarction was found to be as frequent among Negro men and women,
while among the white patients 1t occurred three times as frequently m
men The Negro woman had her infarct at an average age of 55 years,
as compared with 65 years for the white woman, 61.7 years for the Negro
man, and 62.7 years for the white man. Such associated 1llnesses as obesity,
diabetes, hypertenston as well as a family history of cardiovascular disease
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occurred with about equal frequency in Negro and white patients Angina
was more than twice as frequent in white women than Negro women
The equal incidence of infarction in Negro men and women would cast
some doubt on the hormonal factor 1n atherosclerosis, at least in the Negro
population,

HYPERTENSION AND ARTERIOSCLEROSIS

Some aspects of this assoctation have already been touched upon under
the subject matter dealing with the pathogenesis of artenosclerosis Nu-
merous correlated studies (238-242) show two results: (1) the develop-
ment of coronary sclerosis is favored by pre-existing hypertension, and
(2) sclerosis 1s more severe among hypertensives than non-hypertensive
persons The clinrcal picture in a hypertensive patient, then, may be dom-
mated by the symptoms associated with coronary atherosclerosis, that s,
angma pectoris or myocardial ifarction This 1s m keeping with the statis-
tical observations (239, 243) that 35 per cent of hypertensive hearts
have a severe degree of coronary arteriosclerosis, 55 per cent 2 moderate
and 10 per cent no notable coronary arteriosclerosis.

Because the presence of hypertension predisposes,to atherosclerosis, con-
sideration at present must be given to the use of}hypertensnve agents as
part of the general regimen for the therapy of atherosclerosis in the pres-
ence of ligh blood pressure, Corcoran, Dustan, Lews, and Page (289), on
the basis of ther observations of cerebral complications due to athero-
sclerosis 1 the presence of hypertension, infer that severe hypertensive
disease should be vigorously treated with antipressor drugs as soon as the
condition 1s recogmzed with the hope of preventing the atheroscleratic
disease

DIABETES MELLITUS AND ARTERIOSCLEROSIS

There 1s 2 high clinical association of diabetes and arteriosclerosis (238,
244-253) but whether diabetes predisposes to arteriosclerosis or vice
versa, as contended by Moschcowitz (168) remains unproved. Nathanson
(247) found severe coronary sclerosis m 41 of 100 antopsied diabetics as
compared with 8 per cent m 250 non-diabetic subjects in the same age
group. Warren (251) states that the diabetic not only has a more severe
degree of arteriosclerosis but the lesions developed 10 or 12 years carlier
than the non-diabetic The Feldmans (253) in their post-mortem studics
found coronary occlusion twice as prevalent in the diabetic as in the non-
diabetic. Liebow and Hellerstein (254) have summanzed several post-
mortem reports on the occurrence of coronary artenosclerosis in diabetics
and non-diabetics. Their data present incontrovertible evidence mdicnh‘ng
an increased incidence and seventy of atherosclerosis in diabetics with
the duration of diabetes as the greatest single factor in the occurrence
of coronary arteriosclerosis.
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In a chnical report, Liebow, Hellerstein and Miller (255) surveyed 383
Tiving, out-patient diabetics. Forty-two per cent had arteriosclerosis heart
disease (age over 40 years). An additional 16 2 per cent had arteriosclerosis
of the aorta and angina pectons was found in 102 per cent, 6.8 per cent
had myocardial ifarction. The prevalence of artertosclerosis heart disease
was related m a positive manner to sex, age and the presence of hyper-
tension but not to the total serum cholesterol, the degree of control of
the diabetes, the patient’s weight, the daily msulin dose or the duration
of diabetes. Dolger (256) feels that cardiovascular disease 1s part of the
diabetic process rather than a complication of it. Boas (252) found a
common assoctation of diabetes and arterosclerosis m his study of 500
diabetics over age 40 In 2 group of 282 patients whose diabetes began
between 15 and 30 years of age, Root Linden and Zanca (249) found
some form of vascular disease m 71 per cent Those followed less than
10 years had 21 per cent caleification of their arteries by x-ray; those
followed 20 years showed 58 per cent calerfication in the legs, pelvis ox
aorta

CORNEAL ARCUS AND ARTERIOSCLEROSIS

The comeal fatty g has been called comeal arcus, arcus senihs and
gerontoxon and 1s seen in all age groups When fully developed (263), it
forms a white circle around the cornea and 1s separated from the Iimbus
by a luaid zone The relationship between arteniosclerosis and comeal
arcus has been made for at least a century but statistics for (264-268) and
agamst (269-272) their chmeal correlation are stll bemng reported Formus
(263) mvestigated the relationship between the serum hipids and arcus
and found that i young persons, arcus 1s associated with extensive
Iipidochermical alterations m serum, while 1 elderly persons, Jocal senile
changes are mainly responsible The frequent co-occurrence of arcus and
xanthomatosts has been noted 1n farmlies with familial hypercholesterolemia
(273, 274).

XANTHELASMA, XANTHOMA AND ARTERIOSCLEROSIS

Xanthelasma, the yellowish, plaque-hke tumor on the eyelid, has been
related to artenosclerosis (275) and to arcus (268, 273) Some success i
removal of the fatty deposits have been achieved by a low fat, low
cholesterol diet More recently, Robmson (276) treated 35 pattents with
subcutaneous mjections of from 30 to 1,000 meg of vitamin By at weekly
tervals for from 6 to 20 weeks, and beneficial results were obtamed n 31
patients Improvement was noted by the end of the third week, and by
the end of 6 weeks almost all lesions were flat

The relationship between xanthoma, coronary artery sclerosis and hyper-
cholesterolemia, has been considered under the subject of heredity (see
page 12) Thannhauser (277) indicates that the vascular xanthoma of
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familial hypercholesteremic xanthomatosis 1s a localized process similar
to that of skin xanthoma. Stretches of layers of xanthoma cells pile up over
or beneath the inner lining of the blood vesseel. The elastic ground sub-
stance 15 mot primarily affected. The atheroma may soften and cause
coronary occlusion. On the other hand, arteriosclerosis, in contrast to famil-
12 hypercholesteremic xanthomatosis, primarily involves the elashe strue-
tures and their ground substance and the precipitation of fatty matenal,
especially of cholesterol, 1s a secondary process not dependent on the cho-
lesterol level of the serum but related to the physical properties of the
altered tissue and of the colloidal solutation of cholesterol and fatty sub-
stances imbibing the altered structure of the vascular walls

Skin xanthoma have been treated with a cholesterol free diet (278),
local injection of 1 cc or 5,000 umts of heparm sodium solution within and
under the lesions (279), by prolonged administration of heparin by intra-
muscular mjection (280, 281), and by admimstration of estrogens

INTRAMUSCULAR VESSELS AND ARTERIOSCLEROSIS

Arteriosclerosis does not usually involve ntramuscular arterzes (282, 283)
and then only affects the larger arteries Intramuscular arteries are predom-
mantly small and do not share 1n the generalized arteriosclerotic process
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famihal hyperchol emic xanthomatosis is a localized process similar
to that of skin xanthoma. Stretches of layers of xanthoma cells pile up over
or beneath the inner lming of the blood vesseel. The elastic ground sub-
stance 15 mot primarily affected. The atheroma may soften and cause
coronary occlusion. On the other hand, arterioscleroszs, in contrast to famil-
ial hypercholesteremic xanthomatosis, primarily mvolves the elastic struc-
tures and their ground substance and the precipitation of fatty material,
especially of cholesterol, 1s a secondary process not dependent on the cho-
lesterol level of the serum but related to the physical properhes of the
altered tissue and of the colloidal solutation of cholesterol and fatty sub-
stances imbibing the altered structure of the vascular walls.

Skin xanthoma have been treated with a cholesteral free diet (278),
local injection of 1 cc or 5,000 units of heparm sodium solution withm and
under the lesions (279), by prolonged administration of heparin by intra-
muscular injection (280, 281), and by admimstration of estrogens

INTRAMUSCULAR VESSELS AND ARTERIOSCLEROSIS

Arteriosclerosis does not usually involve mtramuscular arteries (282, 283)
and then only affects the larger arteries Intramuscular arteries are predom-
inantly small and do not share in the generalized arteniosclerotic process.
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familial hypercholesteremic xanthomatosis 1s a localized process similar
to that of skin xanthoma. Stretches of layers of xanthoma cells pile up over
or beneath the inner hnmg of the blood vesseel. The elastic ground sub-
stance is not primarily affected. The atheroma may soften and cause
coronary occlusion. On the other hand, arteriosclerosts, in contrast to famil-
ial hypercholesteremic xanthomatosis, primanly involves the elastic struc-
tures and their ground substance and the precipitation of fatty material,
especially of cholesterol, 1s a secondary process not dependent on the cho-
lesterol level of the serum but related to the physical properties of the
altered tissue and of the colloidal solutation of cholesterol and fatty sub-
stances mbibing the altered structure of the vascular walls.

Skin xanthoma have been treated with a cholesterol free diet (278),
local injection of 1 cc or 5,000 units of heparin sodium solution within and
under the lesions (279), by prolonged administration of heparin by ntra-
muscular njection (280, 281), and by administration of estrogens.

INTRAMUSCULAR VESSELS AND ARTERIOSCLEROSIS

Arteriosclerosis does not usually mvolve intramuscular arteries (282, 283)
and then only affects the larger artertes. Intramuscular artenes are predom-
mantly small and do not share m the generahzed arteriosclerotic process.
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BLOOD SUPPLY OF THE HEART

C oronary Arteries: The left coronary artery anses i the wall of the left
aortic sinus and passes laterally between the root of the pulmonary
trunk and the left auricle. It soon branches into two vessels, the anteror
descending branch, which runs in the anterior longitudmal sulcus to the
apex of the heart, and the circumflex branch, which curves around the base
of the atrium, in the coronary sulcus, and proceeds to the diaphragmatic
surface of the heart. In this course the anterior descending branch gives off
perforating rami into the substance of the interventricular septum and into
the adjacent ventricular myocardium while the circumflex branch sends off
a ramus which runs down over the margo obtusus toward the apex of the
heart, as well as smaller branches to supply the root of the aorta, left auricle,
and left ventricular wall (Plate 1). To the left of the posterior longitudinal
sulcus, adjacent to the coronary smus, the circumflex branch joins with
small artertes from the right coronary artery (1)

The right coronary artery arises from the right aortic sinus and proceeds
laterally in the groove between the pulmonary cone and nght atrium. It
then courses, m the coronary suleus, around the base of the right atrium to
reach the posterior longitudinal suleus It then dwides, sendmng a large
branch along the posterior longitudinal sulcus, the posterior descending
branch, and a small branch to anastomose with the circumflex branch of the
left coronary artery The right coronary artery gives off two sizable
branches, one which descends along the margo acutus, the right margwmal,
and another to pass over the antentor wall of the right ventncle, the pre-
ventricular. It also gives off smaller branches to supply the roots of the
aorta, the pulmonary trunk and the right atrium. A branch also supplies the
sino-atrial node The posterior descending branch gives off perforating rami
to supply the muscle of the mterventricular septum and the adjacent ven-
trcular walls.

Hearts may be classified into one of three groups, according to whether
the right or left coronary artenies predonunate (2) Group I consists of
hearts in which the right coronary predominates, 1n Group II the right and
left coronaries are balanced 1n distnibution, and in Group I1I, the left coro-
nary is dominant. In a study by Schlesinger (3), Group I made up 48 per
cent of a series of 225 adult hearts; Group II, with a balanced crrculation,
made up 34 per cent, and the remaining 18 per cent fell in Group I1I, with
a prcdominnnt left coronary artery.
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Coronary Veins: The coronary veins lic parallel to the branches of the
coronary arteries, and return the blood to the right atrium by way of the
coronary sinus (Plate IT).

The great cardiac vein begins in the anterior longitudinal sulcus, proceeds
to the coronary suleus and then runs dorsally and goes around the base of
the left atrium along with the circumflex branch of the left coronary artery.
Itempties into the distal end of the coronary smnus.

The middle cardiac vein runs in the posterior-longitudinal suleus along
with the posterior descending branch of the nght coronary artery. It emp-
ties into the coronary sinus near the opening of the coronary smus into the
right atrium.

The small cardiac vein parallels for the most part the course of the right
coronary artery. It receives tributanes from the walls of the right atrium
and ventricle and empties into the coronary smus near its entrance nto the
right atnum.

The Intramural Circulation: The heart muscle 1s extensively endowed
with small interconnecting channels (2, 2a). One sertes of vessels connects
branches of the same coronary artery, branches of the left and nght coro-
nary arteries, branches between the coronary vems and between the cor-
onary arteries and the coronary vems. There are also connections between
the lumen of the heart and the vessels. Those between the vems and the
heart chamber are called thebesian veins. Those between the coronary
artgries and heart Jumen are called arterio-lummal vessels (Plates III and
and IV),

Within the heart muscle there are myocardial sinusords which recerve ves-
sels from the coronary arteries and send vessels to the coronary veins

NERVE PATHWAYS OF THE HEART

The heart is supphed with both parasympathetic and sympathetic
branches of the autonomic nervous system The parasympathetic system is
motor while the sympathetic system has both a motor and sensory function.

The cardiac para-sympathetic fibers are carried m the vagi and in the
cranial parts of the accessory nerves that jomn them. The cardiac pregangli-
onic fibers are myelinated and ongmate in the dorsal vagal nucleus and
froma group of cells partially ded with the nucleus ambiguus The
bara-sympathetic cardiac branches anse from the vag: both in the neck
and thorax and dwide mto superior, muddle and inferior vagal cardiac
branches From these cardiac gangha after synapse, post-ganghonic fibers
80 to the muscle of the auricle, to the smo-auncular node, to the auriculo-
ventucular bundle, and to the walls of the coronary vessels

The motor portion of the sympathetic system begins n preganghonic
neurons in cells in the mtermediolateral column of the spinal cord These
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travel by means of the anterior spmal 100ts and the upper three to five pairs
of white rami communicantes to enter the upper thoracic sympathetic gan-
gha Some of the fibers synapse m those thoracie ganglha, other fibers con-
tnue to ascend the sympathetic chain to the mfertor, middle and superior
cervical gangha Both sets of fibers converge mn the anterior and posterior
cardiac plevuses,

The apparent pathways for pam from the heart begin i the sensorv
nene endings which are present in the adventitia of the coronary arteres
and 1n the myocardium, endocardium and epicardiim (Fig. 14). The nerve
fibers from these receptors collect m the superficial and deep cardiae plex-
uses They travel centrally by way of the middle and inferior cardiac nerves
to the cervical sympathetic ganglia, and by way of the thoracic cardiac
nenes to the upper four or five sympathetic ganglia Since there are no
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white rami which connect the cervical sympathetic chain and the spinal
cord, 1t has been generally assumed that these cardio-sensory fibers must
pass down the sympathetic chain to the upper thoracic sympathetic gangha
and from there proceed through the white rami commumcantes of the first
thoracic and upper four or five intercostal nerves to reach their cell bodies
m the posterjor root ganglia Thus, the first neuron n this apparent system
has 1ts cell ongim in the dorsal root ganglion and its synapse in the dorsal
horn

Wolff and Hardy (2b) trace noxious impulses giving nse to pam after
enterng the cord as follows: “They are conveyed across to the opposite side
where their pathsways are localized in the anterolateral portion of the spinal
cord The fibers of the spino-thalarme tract pass into the nucleus centralis
posterior to the thalamus The cortical projection from the nucleus centrals
posterior 1s predominantly to the post-central convolution ”
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CORONARY CIRCULATION AND ARTERIOSCLEROSIS

Bing (4, 4a, 4b) has studied the coronary circulation by means of coro-
nary smnus catheterization. He has applied the same principles to coronary
blood as Kety and Schmidt had to cerebral blood flow. In principle the
method of Bing consists in the introduction of an intracardiac catheter
through the right auricle into the coronary sinus and the withdrawal of
coronary sius blood during or after saturation of the heart muscle with
mitrous oxide. Once the catheter has been placed in the coronary smus, the
heart is saturated with 15 per cent nitrous oxide. Simultaneous samples of
arterial and coronary vein blood are drawn and the N-O contents durng the
saturation or, preferably, the desaturation with nitrous oxide are plotted.
The flow per umt of heart muscle is then calculated

The average coronary blood flow through 100 gm. of left ventricular mus-
cle tissue 15 77 cc. The oxygen consumption of this umt muscle 1s 94 ce.
oxygen per minute. The average oxygen extraction is 12 volumes per cent, a
figure which mdicates that the oxygen extraction of heart muscle 1s striking,
particularly when contrasted with the relative low coronary blood flow. In
three patients with myocardial mfarction (Fig 15), Bing has found that
the oxygen extraction and oxygen consumption, as well as the coronary
blood flow per umit of left ventricular tissue were reduced In congestive
heart failure due to arteriosclerosis, the cardiac output and the left ventncu-
lar work is decreased but the coronary blood flow 1s normal. The oxygen
consumption per umt of heart weght is only slightly mncreased n failure

THE NATURAL HISTORY OF CORONARY ARTERY DISEASE

It 15 well known that atherosclerosis has a predilection for the coronary
arteres and that atheromatous lesions may be found even m infants and
children. However, since clinical detection of coronary artery disease be-
comes manifest only after symptoms, such as chest pain, ensue or only after
electrocardiographic changes compatible with myocardial damage are
found, the natural history of coronary artery discase for statistical purposes
usually begins in the fourth decade

Accordmg to the criteria of the New York Heart Association (5), arterio-
sclerosis of the coronary arteries with narrowing may mamfest itself m one
or more ways, among the more frequent are: anginal syndrome, cardiac
insuffictency, paroxysmal dyspnea, paroxysmal pulmonary edema, cardiac
arrhythmia and electrocardiographic abnormalities. Changes in the electro-
cardiogram mdicatrve of myocardial damage mclude abnormalities of the
QRS group, the T wave or both. . .

Correlation with Age: Adlersberg and Zak (6) compared '50 patients in
the age groups 27 to 46 years with coronary atherosclerosis, with 50 patients
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in the age group 60 to 83 years. The younger group differed from the older
group in the following respects: A frequent famulial occurrence of heart
disease, shorter duration of anginal pain and congestive heart failure before
death; a greater preponderance of males; a high incidence of heavy smokers;
a lower incidence of hypertension and diabetes, and a higher level of serum
cholesterol

Correlation with Sex: The sex incidence of coronary atherosclerosis was
analyzed m a parallel pathological study of 600 hearts in males aged 30 to
89 vears by White, Edwards and Dry (7) and 600 hearts of women, 100 in
each decade from 30 to 89 years by Ackerman, Dry and Edwards (8) (Fig.
16). The severity of the arteriosclerosis was greater in men than n women;
after the seventh decade, the average grade of sclerosis in men was only 13
to 17 per cent greater than 1n women This would indtcate that symptoma-
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tology would begin earber in men because of the earher incidence of severe
atherosclerosis. The grading of atherosclerosis 15 shown m Fig 17. In 59 of
the 100 women, chmcal coronary artery disease was diagnosed; 52 were
over 60 years of age This corresponded with an average grade of coronary
atherosclerosis of 169, a figure present m men between 40 to 49 years of
age.

Underdahl and Smith (9) i the period from 1935 to 1945, found 27
women patients under the age of 40 in whom there was no reasonable
doubt of the diagnos:s of coronary disease This was culled from the records
of 95,000 women under 40 years of age, or about 1 case n 3,500 The young-
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et A

Fig 17 Examples of four grades of sclerosis n coronary arernes Sections statned
with hematoxylin and eosin a, grade 1 (x 30), b, grade 2 (x 22), ¢, grade 3 (x 15),
and d, grade 4 (x 15). (Courtesy of Dr. R. F Acherman and Circulation (8).}

est patient was 30 years old From their analysis of this group, they con-
cluded that coronary artery disease 1 women under the age of 40 is prac-
tically non-existent except in association with either obesity, hypertension
or hyperlipemia or some combination of these conditions.

Levy and Boas (10) found m 169 cases in women with coronary artery
disease, 125 or 74 per cent were associated with hypertension alone, 25, or
14 8 per cent with both diabetes and hypertension, and 6, or 35 per cent,
with dabetes alone. In only 13 cases, or 7.7 per cent, was there nesther
hypertension nor diabetes. Of 1,059 men with coronary artery discase, fully
50 per cent had neither hypertension nor drabetes.

Glotzer and Wolfer (11) analyzed the chnical findings in 37 women who
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had pathologic evidence of myocardial infarction secondary to coronary
artery disease. The youngest was 47 and the oldest was 87 years. The aver-
age age for the entire group was 67.7 years. There were 9 diabetics in the
series; the age ranged between 57 and 76 years with only 2 patients below
60 The average age was 66.7 years Eighteen patients were hypertensive
with an average age of 65 2 years. Of the 37 cases, 32 (86 5 per cent) were
either hypertensive, previously hypertensive, diabetic or a combination.
One may postulate that women are protected from coronary artery disease
by estrogen up to the menopause and that the cessation of estrogen output
plus the onset of hypertension and diabetes in greater proportion in females
accounts for this peculiar natural history of coronary artery disease in
women
Boas (12) reviewed the records of 124 patients with coronary artery dis-
ease under his personal observation for at least 10 years from the onset of
the symptoms of heart disease. There wre 115 men and 9 women. The
average age at death was 61 9 years, the average duration of the symptoms
of coronary disease was 13.6 years. The age of onset of the symptoms had
no apparent effect on the duration of life nor on the course of the disease
The onset occurred m the fourth decade in 9, in the fifth in 63, 1n the sixth
in 46, and in the seventh in 6 In 54 patients the symptoms began with a
myocardial infarction, m 69 patients with an anginal syndrome The aver-
age duration of life, after the onset of symptoms, of those patients whose
illness began with angina pectoris was 14 1 years, of those with an initial
myocardial infarction 1t was 127 years. No matter the mode of onset, the
course of coronary disease was marked by fluctuations m degree of angmal
pain, with episodes of coronary msufficiency or recurrent myocardial infare-
tion, as well as periods of well being Thirty-four of the men and all nine of
the women had hypertension. Eight had diabetes Sixteen had mntermttent
claudication Seventeen patients suffered from heart failure at some time
during the course of their heart disease. Fifty-three patients died with cases
as follows: myocardial infarction, 21, sudden death, 11; heart failure, 3,
cerebral vascular insult, 3; noncardiac disease, 6, and unknown, 9
Ryle and Russell (13) studied 243 cases of coronary artery disease in a
period between 15 and 25 years There were 164 males and 79 females, a
ratio of about 2.1. The chinical age of onset for the males varied from the
youngest of 34 years to an oldest of 90 years, for the females 35 years to 83
years Of the 164 male cases, 97 (60 per cent) were primanly classified as
angina pectons and 67 (40 per cent) as coronary thrombosts, Of the 79
female cases, it was 47 (60 per cent) and 32 (40 per cent), respectively
There was a family history relating to a parent, brother or sister in 12 male
cases (7 per cent) and in 8 female cases (10 per cent). Hypertension of
160,100 mm Hg, or over were recorded in 66 of 130 cases (44 per cent).
James, Post and Smith (99) reviewed the case histories of 146 women
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with myocardial mfarction. The average age of menopause was 47.4 years
and the average age of imtial mfarchion was 16.6 years later. Hypertension
and/or diabetes was present m 69.9 per cent of the entire series, 636 per
cent of the living patients, 77.6 per cent of the fatal cases, and 90.9 per cent
of the premenopausal group Therefore, only 1 patient of the premeno-
pausal group had a myocardial infarction presumably due to spontaneous
coronary artertosclerosis, without diabetes or hypertension, and she was
moderately obese These findings again emphasize the high mcidence of
hypertension and diabetes in women with myocardial infarction, their rela-
tive protection against myocardial infarction 1n the absence of hypertension
and diabetes m the premenopausal state and the contrast by comparnson of
the proclivity for coronary atherosclerosis for men mn a comparable age
group
THE CLINICAL ASPECTS OF CORONARY
ATHEROSCLEROTIC DISEASE

Arterosclerotic coronary artery disease may exist without symptoms and
without abnormal cardiovascular physical findings Further, the commonest
complamnt 1n symptomatic coronary arteriosclerotic disease 1s chest pam. It
15 known that 25 to 40 per cent of persons with a typical history of angma
of effort have normal resting electrocardiograms and normal physical find-
ings A problem in differential diagnosis arises because chest pain of typical
effort angina may be simulated by disorders of structures of the chest
besides the heart. These include myalgia of chest muscles, cervical and
upper thoracic spondylitis and neuritis, pulmonary infarction and embolism,
cardiospasm, esophageal hiatus hernia and others

Coronary Failure: This 1s defined as a state of failure of the coronary
circulation, from whatever cause, which is more prolonged than angina pec-
toris without, however, producing acute myocardial infarction (132} In
terms of symptoms, 1t refers to cardiac pain lasting from one-half to many
hours which usually does not respond to nitroglycerm or rest. In terms of
signs and laboratory findings, it lacks the elevated fever, elevated sedimen-
tation rate, clevated leucocytosis, change in blood pressure, progressive
clectrocardiographic changes, shock and pulmonary edema seen in mjyo-
cardial mfarction. On pathological examination, no resultant myocardial
infarction or extensive myocardial fibrosis will be found and the underlying
mechamsm for the pain must be sought in prolonged but reversible myo-
cardial ischemia. Freedberg et al. point out that the practical aspects of
making a proper diagnosis lies in the nature of the medical care required—
fess prolonged care than myocardial mfarction and more attention than
angmna pectoris with regard to bed rest. Since no thrombus (coro-nnry arte-
rial or mural) has been formed, dicumarolization or heparmization 1s not

indicated.
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Coronary Insufficiency. This name has been given to a clinical state in
which no acute coronary artery occlusion takes place but 1 which the pre-
cipitating cause produces a degree of insufficiency of coronary flow for a
sufficient time to produce focal or even diffuse subendocardial necrosis or
papillary muscle necrosis The localization of the lesions in these areas 1s
attributed to the fact that they are remote from the source of blood supply
This disease may end fatally (13b).

The precipitating factors have been listed (13c, d) as: Sexual intercourse
or straming at stool with excess exertion, extremes in heat or cold; tachy-
cardia; auricular fibnllation or auricnlar flutter, shock; heart failure; hypo-
gl ia; operation; hesi of many types, carbon monoxide
poisoning; acute hemorrhage; chronic anemia; pulmonary embolism; hyper-
thyroidism, and hypothyroidism.

Here, as 1n coronary failure, the signs and symptoms except for pain may
be shght or absent. However, there is a characteristic electrocardiographic
pattern which consists of RS-T depression and T wave inversion m one or
more leads This is related to the subendocardial localization of the lesions
as opposed to the usual epicardial Iocalization in acute myocardral infarction
where RS-T elevations are more common,

Freedberg (13a} holds that coronary insufficiency is really a pathologic
diagnosis and even Master (13e) admits to a confusion of terms. Neverthe-
less, as far as cardiac pain is concerned, coronary farlure or coronary insuf-
ficlency represent simlar states of diminished coronary flow with resultant
myocardial ischemia.

Myocardial Infarction: The clinical picture of myocardial infarction in-
cludes severe pam, fever, leucocytosis, changes in the electrocardiogram and
sedimentation rate. This complication of coronary artery disease will be
considered 1 detail later.

Chest Pain of Effort Angina: The diagnosis of effort angina of coronary
artery disease origin on history alone has been possible in the classical case
ever since the days of Wilham Heberden (1768) (14, 15) The following 1s
Heberden’s deseription (15): . . “But there 1s a disorder of the breast
marked with strong and pecul 7 derable for the kind of
danger belonging to 1t, and not extremely rare, which deserves to be men-
tioned more at Jength The seat of it, and sense of strangling, and anxiety

with which 1t 15 attended, may make 1t not improperly be called angina
pectoris

“They who are afflicted with it, are seized while they are walking, (more
especially if it be up hill, and soon after eating) with a painful and most
disagreeable sensation in the breast, which seems as if 1t would extinguish

Iife, 1f it were to merease or to continue but the moment they stand still,
all this uneasiness vanishes.
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with myocardial infarction. The average age of menopause was 474 years
and the average age of mitial infarction was 16.6 years later. Hypertension
and/or diabetes was present m 69.9 per cent of the entire series, 636 per
cent of the living patients, 77.6 per cent of the fatal cases, and 90.9 per cent
of the premenopausal group. Therefore, only 1 patient of the premeno-
pausal group had a myocardial infarction presumably due to spontaneous
coronary arteriosclerosis, without diabetes or hypertension, and she was
moderately obese. These findings again emphasize the high incidence of
hypertension and diabetes in women with myocardial infarction, their rela-
tive protection agamst myocaidial mnfarction in the absence of hypertension
and diabetes in the premenopausal state and the contrast by comparison of
the proclivity for coronary atherosclerosis for men in a comparable age
group.
TIIE CLINICAL ASPECTS OF CORONARY
ATHEROSCLEROTIC DISEASE

Arteniosclerotic coronary artery disease may exist without symptoms and
without abnormal cardiovascular physical findings Further, the commonest
complaint in symptomatic coronary arteriosclerotic disease is chest pain. It
is known that 25 to 40 per cent of persons with a typical hustory of angina
of effort have normal resting electrocardiograms and normal physical find-
ngs. A problem in differential diagnosts arises because chest pain of typical
effort angina may be simulated by disorders of structures of the chest
besides the heart. These include myalgia of chest muscles, cervical and
upper thoracic spondylitis and neuritis, pulmonary infarction and embolism,
cardiospasm, esophageal hiatus herma and others

Coronary Failure: This is defined as a state of failure of the coronary
circulation, from whatever cause, which is more prolonged than angina pec-
toris without, however, producing acute myocardial infarction (132) In
terms of symptoms, 1t refers to cardiac pain lasting from one-half to many
hours which usually does not respond to nitroglycerin or rest. In terms of
signs and laboratory findings, it lacks the elevated fever, elevated sedimen-
tation rate, elevated leucocytosis, change m blood pressure, progressive
electrocardiographic changes, shock and pulmonary edema seen in myo-
cardial infarction. On pathological examination, no resultant myocardial
mfarction or extensive myocardial fibrosis will be found and the underlying
mechamsm for the pain must be sought n prolonged but reverstble myo-
cardial 1schemia. Freedberg et al. point out that the practical aspects of
making a proper diagnosis lies in the nature of the medical care required—
less prolonged care than myocardial infarction and more attention than
angma pectoris with regard to bed rest Since no thrombus (c'oronary arte-
rial or mural) has been formed, d lization or hepari 1on 15 not

indicated.
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group were found to have parallel findings so that m any mdwidual case
some symptom usually associated with true angina of effort was elicited
in the functional or non-cardiac patient. There were, however, certamn lead-
mg differential symptoms. In the functional cases, the pain 1s apt to occur
as frequently at rest as on effort, in the organic cases, the pain occurs more
frequently on effort than at rest. Pain induced by cold was apt to be organic

As will be described in the following pages, the problem of overlap be-
tween cardiac and non-cardiac origins of chest pain apples not only to
symptomatology but also to objective testing for angina pectoris whether
the tests be bfochemical or graphic (18).

OBJECTIVE TESTS FOR DIAGNOSIS OF EFFORT ANGINA

Philips, Chapman and Goerke (19) mvestigated the relative value of
certain poignant techniques m the detection of heart disease. These tech-
mques mcluded History, a 12 or 13-lead electrocardiogram, fluoroscopy
of the chest, electrokymogram, a 70 mm mnifilm of the chest, and serum
cholesterol and serum lrpoprotemns The survey included 2,252 mdividuals
with a mean age of 437 years There were 1,859 men and 393 women In
the detection of coronary artentosclerosis heart disease, physical examma-
tion and fluoroscopy were found to be insensttive. The value of the electro-
kymogram was also mn doubt The history was the best method of detecting
coronary arteriosclerotic disease and the following questions were of most
value: “Do you ever have distress, pamn, or an uncomfortable feehng mn
the chest while walking on the street or up inclines or steps”, “While walk-
ing, are you forced to stop n order to rest”, “have you noticed mcreasing
or undue shortness of breath with exertion” The electrocardiogram was
most sensitive 1n detecting hypertensive heart disease The three standard
leads were practically as sensitive as 12 or 13 leads (57 per cent as com-
pared with 65 per cent) The three questions above and the three standard
leads of the electrocardiogram detected 92 per cent of all heart cases, but
35 per cent of normal individuals also erther answered any one of the
three questions affirmatively or had abnormalties m the three standard
lead electrocardiogram No significant difference was found between the
mean levels of St 12-20 Lipoproteins 1n those with heart disease as compared
to those without heart disease. .

Runzler (18) also indicated that the Limutattons of the serum lipoproteins
as a dragnostic test in angna 15 due to the fact that even i definite coronary
msufficiency these lipoproteins of the S 10-20 class may vary from the
Limut of resolution (less that 5 mg per cent) to over 80 mg per cent The
test indicates the presence of atherosclerotic activity but does not specif-
weally indicate disease of the coronary arteries sufficient to cause angma
pectoris The serum hipoprotein levels listed 1n Table 7, demonstrates the
wide range of S¢ 12-20 levels m patients with proved angina pectoris.
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“In all other respects, the patients are, at the begmning of this disorder,
perfectly well, and in particular have no shortness of breath, from which
1tis totally different The pain 1s sometimes situated 1n the upper part, some-
times m the middle, sometimes at the bottom of the os sterni, and often
more mchned to the left than to the right side, It Lkewise very frequently
extends from the breast to the middle of the left arm. The pulse is, at least
sometimes, not disturbed by this pain, as I have had opportumties of ob-
serving by feeling the pulse during the paroxysm Males are most liable
to that disease, especally such as have past their fiftieth year.

“After 1t has continued a year or more, 1t will not come so instantaneously
upon standing still, and 1t will come on not only when the persons are
walking, but when they are lymg down, especially if they Ite on their left
side, and obhige them to rise up out of their beds In some inveterate cases
it has been brought on by the motion of a horse, or a carriage, and even
by swallowing, coughing, gong to stool, or speaking, or any disturbance
of mind

“Such 15 the most usual appearance of this disease, but some vareties
may be met with Some have been seized wlile they were standing still
or sitting, also upon first waking out of sleep, and the pam sometimes
reaches to the nght arm, as well as to the left, and even down to the hands,
but tlis 15 uncommon 1 a very few mstances the arm has at the same
time been numbed and swelled In one or two persons the pan has lasted
some hours, or even days, but this has happened when the complamt has
been of long standing, and thoroughly rooted m the constitution once
only the very first attack continued the whole mght ”

With about a 200-year span i between, compare Heberden’s descrip-
tion of classteal angina pectons with Zoll, Wessler and Blumgart’s (16)
words. “We accept the term angima pectoris to denote a syndrome of par-
oxysmal substernal or precordial pain or discomfort of short duration,
frequently radiating to the shoulders and mner aspects of the arms, pre-
cipitated by exertion, emotion, or other states m which the work of the
heart is mcreased, and relieved by rest or mtroglycern.” )

It would certainly appear from these apt descriptions that the diagnosis
of effort angina could be made from the history alone. Master, Jaffe and
Pordy (17), however, analyzed the chest pam of 100 patients with angina
pectons and abnormal resting electrocardiograms and of 100 non-cardiac
or functional patients with negative resting electrocardiograms. The fol-
lowing components of chest pain were evaluated Duration f’f each attack;

frequency of attacks, type (pressure, constriction, aching, txghtness, cho];-
ing, stcking, burning), location (substernal, precordial, entire chest, left
chest, nght chest, back epigastrum); radxati?xl, onsct (effm:t, emoho]nal,
spontaneous, meals, cold, intercouise), and relief (n]troglycer:ln, rest, “:1"5'
key, belching, spontaneous). Patients in both the cardiac and non-cardrac
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Fig. 18. The normal ballistocardiogram (32-year-old white male}. (A) Breath held
1n mid respitation with forcing. (B) Graph taken at deep imnspiration with breath held.
(C) Graph taken at deep expiration with breath held. (D) Graph taken with patient
respiring quietly but freely (Dock electromagnetic mstrument)

Riseman and Josephs (21) found that the 12-lead electrocardiogram
gave more information of value in angina pectoris than could be obtamed
from the three standard leads plus one apical lead Odle, Wechsler and
Silverberg (22) indicated that even when the 12-lead electrocardiogram
was normal, electrocardiographic leads demonstrating the left ventricular
cavity may gwe specific objective evidence of coronary wsufficiency In
this method the exploring electrode 15 placed in the left supraclavicular
fossa over the clavicle at the lateral border of the sternocleidomastoid mus-
cle. In 5 out of 100 patients in whom such electrocardiograms were taken,
changes were demonstrated 1n the left ventricular cavity leads but in none
of the other leads The normal pattern is a QS and nverted T. In abnormal
patterns either the upnight T waves elevation of the S-T segment, appear-
ance of 2 promment R wave, or combination of the latter occurred These
5 patients had chincal evidence of angma pectons and yet showed no
electrocardiographic abnormalities by standard and umipolar hmb and
precordial leads

There are certamn circumstances where despite a typical history of angina
pectons, the physician needs or wants confirmatory objective findings of
coronary artery disease. The insurance medical exammer (23) needs more
than the history to prove either freedom from angma in an applicant for
a policy, or of the presence of coronary artertosclerotic disease 1n a claimant
for disability The industrial physician also needs objective data on the
employee in compensation questions The practicing physician may want
confirmatory evidence before giving his patient practical advice for the
future The relative value of the electrocardiogram, the ballistocardiogram,
stress tests, the level of serum hipoproteins molecules and the ratio of phos-
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indirect instruments were classified as high frequency (26) and low fre-
quency (28).

Many types of direct instruments were used, namely, the electromagnetic
(27, 30-33), the photo-electric (34), the piezo-electric (33) and combina-
tions of electromagnetic and photo-electric. The internally impressed force
derived from the cardiac propulsiy e effort was described in terms of its prin-
ciple functions, namely, displacement, velocity, and acceleration and an
instrument was described to measure all three {36-38).

By whatever direct instrument one records the ballistogram, the normal

Fig. 20. The ballistocardiogram of a 52-year-old white male with 2 history of effort
angina, a normal resting electrocardiogram and a positive Master 2-step test. It shows
an “M” shaped component begmming at the height of the J wave during ballistocardio-
graphe systole {Dock electromagnetic instrument).

curve is represented by: (1) regularity of the pattern from beat to beat,
and (2) defimtiveness, that is, the ability to distinguish at a glance the var-
1ous waves m the complex (Fig 18). In general, the abnormal patterns
are represented as follows (39-49).

1 The H-wave amplitude may be equal or higher than the J-wave.

2 The -wave may disappear.

3. The J-wave becomes “M” shaped at its peak (late “M” type of Starr).

4. The J-wave occurs late m systole giving a deep K (late downstroke

type).

5 The L and after-waves may be accentuated
There may be upward bowing of the J-K segment

Brown et al (29) besides studying the complex itself, analyzed the
degree of variation between mspiration and expuation which they called
the respiratory variation mndex (RVI) with the following formula:

@

(largest inspiratory (smallest expiratory
RVI = minute volume) mmus  minute volume)
Surface area

The normals were found to hase an RVI between 0 and 430 cc. per
minute per square meter of body surface axis. Any variation above 450 cc.
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pholipid to serum cholesterol will be discussed as objective tests for the
determmation of whether chest pain 1s of coronary artery origin (18).

THE BALLISTOCARDIOGRAM IN CORONARY ARTERY DISEASE

In 1947 and later, Starr (24, 25) reviewed the 8 to 10-year after-histories
of 90 persons over 40 years of age on whom ballistocardiograms had been

Fig 19 Abnormal ballistocardiogram (A) This
demonstrates the abnormality 1n the ] wave which
1s notched at its peak (late “NI” type) (B) The
early “M” type The H and J waves are about equal
m height (C) The late “M” type The T and L are
of about equal height and the K 1s shallow (Dock
electromtgnetic mstrument)

taken, Four of the subjects
had had abnormal ballisto-
cardiograms 8 to 10 years
previously. Three of the 4
developed coronary artery
disease m the years which
followed Five subjects with
normal ballistocardiograms
in 1937, 1938, and 1939, died
within the next 8 to 10 years
None developed clmical evi-
dence of heart disease, and
in 2 the heart was normal at
necropsy Starr mndicated on
the basis of these findmngs
that abnormal ballistocardio-
graph might presage and pre-
dict future heart disease (26).

In 1949, Dock and Taub-
man (27) described a small,
mexpenstve electromagnetic
ballistocardiogram  readily
usable 1n office work for re-
cording the ballistocardio-
gram directly from the body
The curves obtained with the
electromagnetic  mstrument
compared so well with those
obtained with the more ex-
pensive mstruments (26, 28,
29) which record the veloc-
ity of bodily motion rather
than the distance moved by
the body that, to all intents
and purposes, the clmical sig-
nificance was the same. The
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abnormal in 70 {93 per cent) of 75 patients with angma pectorss, normal
vestmg clectrocardiograws, and positive two-step tests They also found
that 27 {23 per cent) of 113 patients with negateve two-step electrocardio-
graphic tests had abnormal balbstocardiograms at rest or after everase.
This means that in 156 (83 per cent} of 188 patients, there was a direct
correlation between positive balhistocardiograms and positive exercise toler-
ance tests and between negative ballistocardwgrams and negative exercise
tolerance tests A high percentage of such correlator was also found by
Runzler, Bakst and Rosenfeld (32).

According to Scarborough (30) (Fig. 21), 10 per cent of the climeally
normal population have abnormal ballistocardwgeams in the &fth decade,
33 per cent m the sixth decade, 69 per cent in the seventh decade and 82
per cent m the eighth decade At the same tune, the mmdence of abnormal
electrocardiograms are rising from 2 per cent to only 8 per cent through
these d in the chmically normal population These findi led
Searborough and I associates to conclude that abnonmal ballstocardio-
grams below the age of 40 or narmal ballistacardiograms above the age of
60 should be looked wpon with significance If the balhstocardiographie
mterpretation comncrdes with the other laboratory data, then 1t may be
gven weight On the other hand, if the ballistocarchogsam 15 ab tin
the absence of other confirmatory findings, one should reserve opmion
as to its climeal ssignificance

Dack and Mandelbaum (40) believe that poor physical condition and
especially the flabby abdormnal muscles which give sedentary men pot-
bellies, account for some of the Grade 1 traces, and that these factors plus
eraphysema account for some of the Grade 2 traces w older people They
feel that the ballistocardtograph appears to be sensitive, hut not a specific
tool for ease findings in Jatent coronary disease

STRESS TESTS FOR USE IN PATIENTS WITH CHEST PAIN
AND NOEMAL RESTING ELECTROCARDIOGRAMS

Exercise Tests: There are several types of exercise tests now m use
Barker (23) states that i older persons (50 years or over) who have
typical symptoms of angma pectons, it s often not necessary to make a
record dunng an attack of angma pectoris. However, i the followmg
types of patients, as histed by Barker {23),° this may be very important

A. Patients below 38 years of age, especially those below 40 years, When
symptoms are typreal and an adequate cause cannot be found to explam
them, ov if there are typical symptoms and the resting electrocardiogram
1s not outside narmal lmuts or displays only munor devsations, there shounld

®From Borker, } M The Unipolor ElL d
Crofts, Ine

Courtesy of Appleton-Century-
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was considered abnormal. They use the following arbitrary grades of
abnormality to classify the ballistocardiogram (Figs. 19 and 20):
0 = normal tracing

Grade 1: The regularity and definitiveness are preserved. The inspir-
atory IJ amplitude is normal. The expiratory complexes, however, are
decreased in amplitude.

Grade 2. One-half or more of the complexes are abnormal, again mainly
durmg expiration.

Grade 3: The complexes in both inspiration and expiration show vary-
ing degrees of abnormality and definitiveness The complexes are still in-
dvidually 1dentifiable. The amplitude of all the complexes is low.

Grade 4: Totally abnormal complexes are present throughout. They
are of low amphtude, umdentifiable, and irregular.

Taymor and his co-workers (34) found that the ballistocardiogram was

EKG_&ND BCG STUDY OF 369 APPARENT WAL PERSON:
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interval 1s taken as the control level. Depression of the RS-T segment of
over 05 mm in any lead 15 considered a positive result. A change from an
upright T to an 1soelectric (flat) or inverted T-wave 15 also an abnormal
response (Fig. 22B); 5o, too, 15 a change in the other direction, that 1s,
from a flat or negative to a positive T-wave. Occasionally, premature beats
or some significant arrhythmia, widening of the QRS, mtraventsicular or
bundle branch, large @ waves, prolongation of the P-R interval, or heart
block may appear. All of these are abnormal responses to the exercise
A change from an inverted or flat T-wave to an upright T-wave is abnormal
A change from an inverted T-wave to an upright wave in lead IIT alone
15 not a positive result. Elevated S-T segments which return to base line
after exercise are not abnormal.

TABLE 8
Two-stEP TRIPS FOR STANDARD TESTS

Werght ge
(b)) 1519 20-24 25-20 30-34 3539 40-44 45-49 50-5¢ 55-59 60-64 65-69
Males
32
31
30

29 29 29 28 27 a7 26 25 25 24 23

28

27 28 28 27 26 25 25 24 23 22 22
26 a7 27 26 25 25 24 23 23 22 21
25 F

21 25 26 23 24 23 23 22 2l 20 20
3 a4 23 24 24 23 23 21 20 20 19

22 24 25 21 23 22 a1 20 20 19 18
21 23 24 23 22 23 21 20 19 18 18
20 22 23 23 22 a1 20 19 18 18 17
19 21 23 22 a1 20 19 19 18 17 16
18 20 22 2l 21 20 19 18 17 18 15

Females
50-59 32
60-69 30
70-79 29
80 89 28 28 28 27 26 24 23 23 ar 21 20
- 2 27 26 a5 24 a3 22 22 21 20 19

200-209 16 15 15 1
ELO»g;‘J 15 14 14 li ié }g }% ig %511 H
220-229 14 3 13 13 13 12 12 11 11 10

Courtesy Dr Arthuor M Master and American Heart Journal (24777, 1942).
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Fig 22 Electrocardiograms taken on a patient with coronary artery disease, effort
angina and a normal resting el d to d a positwe stress test with
exercise, ergonovine and anoxerma (A) Control el 1 B) El -
gram immediately after exercise Note S-T segment depressions (C) Fifteen minutes
after exeraise The S-T segments have returned toward the 1so-electric level (D) Ten
mmutes after the intravenous admimistration of 02 mg of ergonovine maleate Note
S-T segment depression m leads IT and V, (E) A posiive anoxerma test as shown hy
S-T segment depression in leads II and V, in the electrocardiogram taken 20 munutes
after the start of the anoxemia test (Courtesy of Dr Isidore Stewn and New York State
Journal of Medicine (66) )

be an objective record. It 15 most unfair to “tag” an mdividual with the

diagnosis of angina pectoris or coronary artery disease who does not have

it The resulting anxiety state may be worse than the orgame disease.

B Any patient at any age displaymg typical or atypical symptoms but
whose resting electrocardiogram 1s not abnormal and in whose case one
or more of the following 15 1n question

Insurance hability

Insurance benefits
. Mlitary service

Litigation of vartous sorts.

. Individuals m responsible or “key positions ™ If 1t 1s mmpossible for
the physician to make a tracmg at the time that there 1s a spontaneous
attack, and an attack should be induced by exercise.

1. The Two-step Exercisc Electrocardiogram (Master Test (51)) This
consists of ascendimg and descending two 9-nch steps (22 to 27 inches
wide) a variable number of times (depending on age and weight) in 1%
minutes (Table 8). In interpretation of the electrocardiogram, the P-R

ULk 1o =
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tive under these conditions and if the clinician is convinced of the necessity
of a further test, the amount of exercise may be cautiously increased.

One must be especially careful to register and interpret the electrocardio-
gram immediately before the test in order to detect an acute infarction that
may have developed between the clinical examination and the test. Tracings
should be done before, immediately after, and 2, 5, and 10 minutes after
the exercise

Any defimte widening of the QRS complex after exercise is pathologic.
S-T depressions between 1.5 to 2 mm. are probably abnormal. If 1t is less
than 1.5 mm., it 13 a normal test Any shift of the T vector after exercise to
the extent that a distinetly inverted T in any or all of leads I, II, Vs, V5 and
Ve 1s inscribed, 1s definitely pathologic. However, reversal of T waves mn
leads that are near the transitional zone of the normal T vector are not to be
interpreted as abnormal If the T becomes lower or mverted at a time when
the tachycardia after exercise 1s dimmishing, then 1ts pathologic sigmficance
is enhanced. A reversal of the U waves after exercise 1s definitely abnormal;
so 1s the appearance of extrasystoles or paroxysmal arrhythmias.

3. Littman and Rodman Test (54) This exerase test 1s a vanation of the
Master Two-step test in that patients walk over two 9-inch steps Where
the history mdicates that the complamt 1s more commonly experienced at
some particular hour of the day, the test 1s performed at that time. If no
such temporal factor 1s elicited, the test is always run 1 mudafternoon fol-
lowimng a medium or Jarge noon meal. In order to produce a constant and
easily reproducible cold stimulus (as suggested by Riseman, Waller and
Brown), the patient performs the exercise while holding m each hand ap-
proxumately 4 ounces of gauze wrapped 1ce The exeraise 1s carred out at
the patient’s own rate except when this proves to be unusually slow or fast

Under these circumstances, a metronome adjusted to sound 60 beats to the
minute 1s employed to regulate the pace. The patient is mstructed to take
one step at each beat and allow 2 beats for turmng A complete single trp
can thus be made m 6 seconds- 2 seconds up, 2 seconds down, 2 seconds for
the turn The patient 1s mstructed to turn in opposite directions alternately
to mmumize the tendency to vertigo The subjects walks over the steps
until he expertences pam o1 until he 1s forced to stop by dyspnea or fatigue.
Failing this, the trip 15 contmued until 100 single or 50 round trps have
been completed

A six lead record cousisting of leads I, II, III, Vi and Vs 1s made before
beginning and upon completion of the test. The hmb lead electrodes are
left on durmg the exercise so that 1t 1s possible to make the second electro-
cardiogram mmmediately This 15 not ordmanly done, however, until the
pulse rate has slowed to 100 per minute or less

Positive tests consist of extensive S-T depressions, T-wave reversions, or
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The procedure for obtaining electrocardiographic records in the “two-
step” test is as follows: The electrodes are attached to the patient and his
weight is recorded. He is then requested to sit down in a rechning chair
or to lic on the exammation table and to make himself comfortable. The
number of tumes that he is to climb the “steps” is determined from the
standard table (Table 8). Next the electrocardiogram is taken. The tech-
nician or physician then demonstrates the procedure by climbing over
the steps two or three times The patient, at 2 given command walks up one
side of the steps and down the other, always turning to the same wall or
side of the room before each ascent to prevent vertigo, He makes a trip only
when he recerves the count and the required number of ascents is com-
pleted in 1% minutes. If the patient climbs too slowly, he is told to move
more rapidly, if too fast, his ascents are made more dehberate. A stop
watch, a wrist watch or electric clock with a sweep hand is used. At cessa-
tion of the exercise, the patient sits down and the four leads of the electro-
cardiogram are recorded immediately. The electrocardiogram is then re-
corded at 2 and 6 mmutes after cessation of exercise Only a few beats in
each lead are necessary Placing the steps near or agamst a wall gives a
patient a sense of secunity Further reassurance may be afforded by holding
the patient’s arm and guiding him over the steps, providing the examner
exerts no vertical lift.

If the single “two-step” test just described is negative, the test should be
repeated at another time with twice the standard amount of work 1n 3 min-
utes (double “two-step” test)

2, Scherf Test (52, 53). In 1932, Goldhammer and Scherf found electro-
cardiographic changes in 11 of 20 patients with angina pectoris after exer-
ase In 1933, they recommended an exerase test to determine the adequacy
of the coronary circulation for the early diagnosis of angina pectoris

Scherf believes that the actual form of exercise 1s unimportant. Stair-
chimbing, knee-bending, sitting-up exercises, and raising dumbbells may be
used From the patent’s story, one determines the amount of exertion
needed to bring on symptoms and also the amount which the patient per-
mits humself to perform daily The exercise prescribed for the test does not
exceed the latter and approximates the former. Patients who develop pam
only after severe exertion are asked to climb several flights of staws rapudly.
Those who expertence pain after mild exertion are asked to climb one fhght.
Those who develop pain after the slhightest exertion are asked to bend the
knees a few tumes or sit up in bed several times If the patient states that

the pain appears only on exertion following a heavy meal, the test 1s done
after such a meal In order to avoid an excessive degree of ischemia of the
heart muscle, the first test 1s always Iimited to the amount of work which
the patient does spontaneously during his daily routine. If the test is nega-
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tive under these conditions and if the clinician 1s convinced of the necessity
of a further test, the amount of exercise may be cautiously increased.

One must be especially careful to register and mterpret the electrocardio-
gram immediately before the test in order to detect an acute infarction that
may have developed between the clinical exammation and the test. Tracings
should be done before, immediately after, and 2, 5, and 10 minutes after
the exercise

Any defimte widenmng of the QRS complex after exercise 1s pathologic.
S-T depressions between 1.5 to 2 mm. are probably abnormal If 1t 15 less
than 15 mm, it 1s a normal test. Any shift of the T vector after exercise to
the extent that a distinetly inverted T 1n any or all of leads 1, II, Vi, Vs and
Ve is inscribed, is definitely pathologic However, reversal of T waves m
leads that are near the transitional zone of the normal T vector are not to be
mterpreted as abnormal. If the T becomes lower or inverted at a time when
the tachycardia after exercise 1s dimmishing, then 1ts pathologie significance
is enhanced. A reversal of the U waves after exercise 15 definitely abnormal;
s01s the appearance of extrasystoles or paroxysmal arthythmias.

3. Littman and Rodman Test (54) This exercise test is a vanation of the
Master Two-step test in that patients walk over two 9-inch steps. Where
the history indicates that the plaint 15 more cc ly expertenced at
some particular hour of the day, the test is performed at that time If no
such temporal factor 1s elicited, the test is always run in midafternoon fol-
lowing a medium or large noon meal In order to produce a constant and
easily reproducible cold stimulus (as suggested by Riseman, Waller and
Brown), the patient performs the exercise while holding in each hand ap-
proximately 4 ounces of gauze wrapped 1ce. The exercise is camed out at
the patient’s own rate except when this proves to he unusually slow or fast.

Under these circumstances, a metronome adjusted to sound 60 beats to the
minute 1s employed to regulate the pace. The patient 15 mstructed to take
one step at each beat and allow 2 beats for turning A complete smgle trip
can thus be made m 6 seconds 2 seconds up, 2 seconds down, 2 seconds for
the tumn The patient is instructed to turn n opposite directions alternately
to mmmize the tendency to vertigo The subjects walks over the steps
until he experiences pam or until he is forced to stop by dyspnea or fatigue
Failing ths, the trp 15 contmued until 100 single or 50 round trips have
been completed.
A s1x lead record consisting of leads I, 11, III, V, and V- 1s made before
g and upon pletion of the test The hmb lead electrodes are
left on during the exercise so that 1t 15 possible to make the second electro-
cardiogram immediately This 15 not ordmanly done, however, until the
pulse rate has slowed to 100 per minute or less.
Positive tests consist of extensive S-T depressions, T-wave reversions, or
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The procedure for obtaining electrocardiographic records in the “two-
step” test is as follows: The electrodes are attached to the patient and his
weight is recorded. He is then requested to sit down in a reclining chair
or to he on the examination table and to make himsclf comfortable. The
number of times that he is to climb the “steps” is determined from the
standard table (Table 8). Next the clectrocardiogram is taken. The tech-
nician or physician then demonstrates the procedure by climbing over
the steps two or three times The patient, at a given command walks up one
side of the steps and down the other, always turning to the same wall or
side of the room before each ascent to prevent vertigo. He makes a trip only
when he receives the count and the required number of ascents is com-
pleted m 1% minutes If the patient chimbs too slowly, he is told to move
more raprdly; if too fast, his ascents are made more deliberate. A stop
watch, a wrist watch or electric clock with a sweep hand is used. At cessa-
tion of the exercise, the patient sits down and the four leads of the electro-
cardiogram are recorded immediately. The clectrocardiogram 15 then re-
corded at 2 and 6 minutes after cessation of exercise Only a few beats in
each lead are necessary Placing the steps near or against a wall gives a
patient a sense of security Further reassurance may be afforded by holding
the patient’s arm and guiding him over the steps, providing the examiner
exerts no vertical hit

If the single “two-step” test just described 1s negative, the test should be
repeated at another time with twice the standard amount of work in 3 min-
utes (double “two-step” test)

2. Scherf Test (52, 53) In 1932, Goldhammer and Scherf found electro-
cardiographic changes 1n 11 of 20 patients with angina pectons after exer-
cise In 1933, they recommended an exercise test to determine the adequacy
of the coronary circulation for the early diagnosis of angina pectorss.

Scherf believes that the actual form of exercise is unimportant. Stair-
climbing, knee-bending, sitting-up exercises, and raising dumbbells may be
used From the patient’s story, one determines the amount of exertion
needed to bring on symptoms and also the amount which the patient per-
mits himself to perform daily. The exercise prescribed for the test does not
exceed the latter and approximates the former. Patients who develop pan
only after severe exertion are asked to climb several flights of staus rapidly.
Those who experience pamn after mild exertion are asked to chmb one flight.
Those who develop pain after the shghtest exertion are asked to bend the
knees a few times or sit up m bed several times. If the patient states that
the pain appears only on exertion following a heavy meal, the test is done
after such a meal. In order to avoid an excessive degree of 1schemia of !he
heart muscle, the first test is always himited to the amount of worl-: which
the patient does spontaneously during s daily routine, If the test is nega-
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reached the top, or before if he became distressed on the way, he was hur-
ried down again and immediately reconnected to the electrocardiograph.

Positive results consisted of honizontal depression or sagging of the RS-T
segment of 1 to 4 mm., a completely flat T wave, a diphasic T wave, the

first part of which was negative, or actual inversion of the T wave.

Fvaluation of Exercise Tests Master and Chesky (57) followed-up 300
patients seen consecutively m private practice beginmng in 1946 These
patients all had normal resting 12-lead electrocardiograms and the majority
complained of chest pains. The patients were divided mto two equal groups
The first group consisted of 150 patients with both negative single and
double Master two-step exercise tests. The second group consisted of 150
patients in whom exther the simgle or double two-step test exercise electro-
cardiogram was positive. The average follow-up period extended for from
3 to 4 years,

Among the group of 150 patients with negative single and double Master
two-step exercise tests, only 1 woman sustamed a coronary occlusion 3 years
later, no other instance of spontaneous coronary disease occurred Among
the group of 150 patients with positive single or double Master two-step
exercise tests, 86 patients (nearly 60 per cent) had spontaneous attacks of
coronary occlusion or msufficiency erther before or after the exercise test
was found to be positive Twelve deaths occurred among these patients, 10
as a result of coronary occlusion. Of the remaimng 64 cases, 49 had defimite
climcal coronary artery disease However, 1t 15 to be remembered that coro-
nary insufficiency may occur erther on a functional or an organic basis Thus,
n the remaming 15 persons 1n this latter group, the chnical impression that
the heart disturbance was functional, was confirmed by a normalization of
the positive exercise tests, following the administration of dyhydroergocor-
nme (51)

Positive results with exercise tests vary from 52 to 88 per cent (52, 53, 56,
59), according to the techme and especially with the degree of exercise As
for false positive, the Master group (60) found that 25 per cent of 200 nor-
mal persons had positve single “twa-step” tests, and 6 5 per cent had exther
positive smgle or double “two-step” tests or both Thus is in contrast to the
findings of Dawvis ef al (61) who found the electrocardiographic exerctse
test of the Master type to be positive m 22 8 per cent of the normal controls
Normal women showed a far ligher madence of positive tests than did the
men, actually 45 5 per cent of the normal women had positive tests, as con-
trasted to 136 per cent of the control men There was no definite age trend
m the normal group.

STRESS TESTS WITH DRUGS

Stein Ergonovine Test (62-66). The present test 1s carried out as follows:
At each test, the exact location of pam nduced by effort 1s noted A control
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both In all instances, these may be secn in more than one lead, particularly
in the precordial position.

4. Glyceryl Trinitrate-Exercise Test: Under conditions individually stand-
ardized for each subject, referable to emotional state, meals, time of day,
and s0 on, excrcise consisting of climbing stairs at a constant rate (number
of steps clmbed a minute) is performed before and after the sublingual
admmistration of glyceryl tnmtrate (53). The chmbing may be done on a
“two-step box” or a convement flght of stairs. The exercise should be con-
tinued each time until mitmal pain is noted in the chest or arms and then
immediately discontinued. The test should be terminated before wndue
dyspnea or fatigue occurs The patient should be carefully instructed regard-
ng the importance of the factor of mimmal pain as an “end pomt” to the
test. The control level of exercise tolerance should be determmned by at
least three separate tests, preferably with the use of sublingually admins-
tered placebos to exclude the factor of suggestion Soluble saccherin tablets
are readily available and satisfactory placebos. The nterval between tests
should be at least 30 minutes in order to minmize the known phenomenon
of increased coronary flow resulting from the mitial exercise and should
preferably be done on different days An mncreased tolerance to the exercise
followng admmistration of glyceryl tninitrate should be verified on repeated
tests A schedule which hias been found to e reliable follows:

Test Day Time, Min Drug Steps Time
1 1 0 0 X X
2 2 60 Placebo X X
3 3 120 Glyceny1 S A

Trimtrate R .
1 2 [ Glyceryl X X
Trinitrate .
5 2 60 Placebo X N
6 2 120 0 X X

An evaluation of exercise performed under each condition should make a
positive decision as to the effect of glyceryl trmitrate. The test 1s considered
posttive only if a significant increase in the exercise performance is noted
after administration of glyceryl trinitrate. A positive test is considered
strong evidence for a diagnosis of angina pectonis

This test devised by Reeves and Harrison (55) has as its main feature the
reproduction by the test of the usual spontaneous pain, a symptom repro-
duced very admirably m relation to location, intensity and quahty by intra-
venous ergonovine (vide infra).

5. Wood Test (56) The test consists of continuous effort until the patient
is pulled up by pain, dyspnea or fatigue Actually this consisted of chmbing
84 steps rapidly, at a moderate speed or slowly, according to the ease \futh
which angina was said to be provoked by effort. As soon as the patient
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test becomes positive, a sublingual dose of mtroglycerm (06 mg.) 1s admin-
istered to terminate pain and/or electrocardiographic changes (Figs 22D,
23).
The cnteria for a positive test arc one or more of the following.
1. A depression of the S-T segment of 0.75 mm. m a limb lead and 1.50
mm. in a chest lead.
2. Significant T-wave alterations n I, Il or V,
3. The development of numerous premature contractions.
4 The occurrence of pain.
5 On occasion, just as with spontaneous angina pectons, (67, 68, 80) a
transient elevation of the S-T segment instead of depression may occur
after ergonovine administration (Fig 24). Subhngual nitroglycerin
restores the elevation quickly to normal (69).
. The appearance of an inverted “U” wave where one had not been
present in the control and which disappears with the waning of the
state of insufficiency

=3

" CON- MINUTES AFTER ERGONOVINE
TROL NITROGLYCERIN
1 0.4T mg

Fig. 21 Ergonovine test on a patient with the typical pam of coronary msufficiency
and a normal restng el d who, on ad of er , devel-
oped an elevation of the S-T segment The mitroglycerm was given 1 mumnute after
adminstration of the ergonovime because of the onset of drugsnduced chest pam and
the depression of the S-T segment {courtesy of Dr Isidore Stemn).
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Fig 23 A positive erg test 1 a 49. 1d male with artersosclerotic heart
disease, effort angina, and a nomnal resting el 1 Spray adi d
before the injection of 0.2 mg. of erg maleate int Iy diminished but did

not entirely prevent the usual chest pan occurning with administration of ergonovine
alone, Note the depression of the §.T segment in Jead II and V 4 minutes after ijec-
tion. Nitroglycenn, 06 mg, was given immeduately after this change was noted The
patient was entirely comfortable throughout the test.

blood pressure, pulse rate, and resting electrocardiogram is taken Leads I,
I, 111, V, and lead V, are recorded. The area of usual spontaneous pan
1s then sprayed with ethyl chlonde (64, 65) or another volatile cooling
agent (fuoromethanes). The jet stream is swept slowly over the pam area
mn one direction; timing is such that one sweep lasts about 5 seconds with
a B-second break between sweeps Stnce successive sweeps are applied to
adjacent skin areas, any particular region is usually covered by the spray
only once or perhaps twice The skin is not frosted.

After the last sweep, while Jead Vi alone or lead IT and V. (if a direct-
writing 2-channel viso-cardiette 1s available) are being recorded, a color-
less solution contaimng U S P. ergonovine maleate, 0.2 mg. per ml of dis-
tilled water, is injected intravenously at the rate of 1 ml per minute. The
injection is stopped when either pamn or electrocardiographic changes ap-
pear. Leads I, 11, II, aVr and V, are repeated again and blood pressure 1s
determined at 1, 5, and 10 minutes after the end of the injection. When the
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test becomes positive, a sublingual dose of nitroglycerin (06 mg.) is admm-
istered to terminate pain and/or electrocardiographic changes (Figs. 22D,

The criteria for a positive test are one or more of the following:

1.

=

A depression of the S-T segment of 0.75 mm. in a limb lead and 150
mm. in 2 chest lead.

2. Sigmficant T-wave alterations in I, II or Vi

3. The development of numerous premature contractions

4,

3. On occasion, just as with spontaneous angina pectoris, (67, 68, 80) a

The occurrence of pain.

transient elevation of the S-T segment instead of depression may occur
after ergonovine administration (Fig. 24). Sublmgual nitroglycerm
restores the elevation quickly to normal (69).

The appearance of an inverted “U” wave where one had not been
present in the control and which disappears with the waning of the
state of msufficiency.

CON- MINUTES AFTER ERGONOVINE

“TROL NITROGLYCERIN

Fig 24. Ergonovine test on a patient with the typical pam of coronary msufficiency

and a normal resting who, on

of erg evel-

Opeq an elevation of the S-T segment. The mitroglycerm was given 1 mimute after
administration of the ergonovine because of the onset of drug mduced chest pam and
the depression of the S-T segment (courtesy of Dr. Isidore Stein).
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In 76 patients with a typical history of angina of effort, 62 (82 per cent)
gave a positive ergonovine test. No false posttive tests oceur, that is, none
but patients with typical angina give a positive test. The prior spraying
serves either to ehmmate or decrease the intensity of pamn which is usually
found m 95 per cent of coronary patients given ergonovine without spray.

The advantages of this test are given as.

1 It elminates the associated pain in a large proportion of patients.

2 Tachycardia does not usually occur to confuse the electrocardiographic

mterpretation

3 The test can be done on the group of patients who for reasons other

than cardiac cannot exercise.

4 The positive electrocardiographic changes may be quickly reversed to

normal by nitroglycenn,

Pitressin Test (70): A control electrocardiogram is taken, Pitressin in
doses of 0.75 cc (15 pressor umts) intravenously or 2 cc. intramuscularly,
1s given. The electrocardiograms are repeated. The critena of a positive
test are given as a change of a positive T, Tz or Tu to a flat, diphatic, or nega-
tive T wave, or S-T segment deviations totalling 3 mm. or more in leads I,
IL, I and IV F,

The author comments that the side-effects of pitressin renders its general
use as a test for latent coronary msufficiency madvisable.

Epinephrine Test (71): The patient is placed at rest in the recumbent
position for 30 minutes or longer before observations are begun After the
systolic blood pressure has reached a constant level as determined by four
or five consecutive readings, a control electrocardiogram is taken Then,
after agam recording the blood pressure, one cc of epmephrne 15 mjected
subcutaneously. Determinations of the blood pressure are made at ntervals
of 2 or 3 minutes for the first hour and at 5-mmute intervals for the remam-
der Electrocardiograms are taken at frequent intervals Observations of the
blood pressure are taken until it has returned to s resting level. If at this
time, the electrocardiogram stll shows changes from the contro! trachmg,
additional records are taken at intervals of several hours.

The T wave n the onginal patient mereased slightly m amplitude. Nor-
mal subjects showed a tendency to decrease Typrcal chest pain occurs only
in the anginal group This test 1s not m use today.

ANOXEMIA TEST

The Levy anoxemia test (72) 1s based on the mhalation of a muxture of
10 per cent oxygen and 90 per cent nitrogen that 1s passed through water.
Flutter valves are mcorporated m the apparatus so that rebreathing 15
avorded. A tank of 100 per cent oxygen is incorporated i the circuit so lhz.lt
oxygen can be admmistered quickly if needed In the routine anovemia
test, a resting electrocardiogram is made as a control Tracings are tahen at
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S-mmute intervals duning inhalation of the 10 per cent oxygen-mitrogen mix-
ture, then 1 minute after inhalation of 100 per cent avygen and agan 3 min-
utes after breathing room air. The test lasts for 20 mnutes unless pam
ensues The tests are immediately stopped and 100 per cent oxygen admin-
wtered.

The critena for a positive test are (Fig 22E):

. The sum of the RS-T deviations w leads 1, 2, 3 and 4F should be
greater by 3 mm. or more than i the control tracmgs.

Partial or complete reversal of the direction of the T wave in lead 1,
accompanied by RS-T deviation of 1 mm or more m thus lead, and

3. Complete reversal of the direction of the T wave in lead 4F regardless

of any associated RS-T deviations in this lead,

Rochm ¢t al {73) have modified the test to the extent of usmng the Q-T.
duration before the test and 20 minutes after the test, and 2} mmutes after
breathing 100 per cent otygen They found that mtral Q-T. durations were
significantly hugher in patients with angina pectons as a group than i con-
trols. The value for the upper kit of normal 15 0 480 seconds. The Q-T
Anovemsa Index 1s ealeulated by adding 26 tumes the mavimal merease of
Q-T. durng anoxa to the Q-T. duration (0.480 sec = (bl Q-T.) + 26
{maximal mcrease 1 Q-T.)

Tewell and Pritchard (74) and Penneys {75) have used the Mudlikan
Oumeter to control the degree of hyporema. Desaturation 15 mntroduced m
gradations of 5 per cent every few minutes until 70 per cent 1 reached
Electrocardiograms are taken with each change. The test is stopped at the
appearance of the first abnormal electrocardiogram

The percentage of cases of true angina pectorss faling to exhibit a posi-
tive Levy test has been vanously estimated to range from 45 to 70 per cent
(72, 76, 77} while false positives occur 1 1 to 5 pes cent of the cases (76,
77,78, 781)

Burnett {78b) fonnd an maidence of 192 per cent false positives and

tuded that the mduced 1a test was not a dependable means of
demonstrating coronary artery disease, hut this work was enticized on the
mrovnds that the study was camed out m the ngh alttudes of Denver,
Colorado, where 2 10 per cent axygen muxture 15 equivalent to 8 per cent at
sea level
Roehm (73) has indicated that alteration of Q-Te duration dunng the
course of the anoxema test may be an additonal md m distngusshing &
normal from an abnormal response since 985 per cent of patients consid-
ered to have true angima pectons exlubited positwe tests by the Q-T anox-
emia mdex entenon, n contrast to only 55 2 per cent positive by the Levy

critersa, while the meidence of false posttives was not sigmficantly in-
creased

—~
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Mathers and Levy (79), m order to appraise the prognostic value of the
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anovemia test, made a follow-up study in 1952, of 254 individuals on whom
1t was performed durmg the decade of 1937 to 1947. Included were 141 pa-
tients with manifest or suspected coronary heart disease, ten with hyper-
tension and 103 with no evidence of a cardiovascular disorder, The average
follow-up peniod was 6 years Suxty-three mdividuals died during the course
of the study. In the 16 cases in which an autopsy was performed, the clini-
cal diagnosis was confirmed. They felt that a positive reaction indicated not
only the presence of coronary msufficiency at the time of the test, but also
a poorer ultumate prognosis with respect to longevity. This conclusion was
particularly applicable to the patients subject to anginal pain. Mathers and
Levy pomt out, however, that whereas this is true for the group as a whole,
it did not necessarily apply to the individual patient. In other words, be-
cause of numerous uncontrollable variables affecting the lesions of athero-
sclerosis, it 1s not possible to predict accurately, within a wide range of
probabihity, the future chnical course of the patient with coronary heart
disease by the use of the anoxermia test.

CRITIQUE OF STRESS TESTS

The enteria for the selection of a reliable stress test nvolve:

1 The efficacy of the test, that is, the number of true positives and true

negatives.

2 The lack of severe complications, and

3. The per cent of false positive and false negatwve tests.

The exercise, anoxernia and ergonovine tests can each result m positive
tests which fall into an 80 or more percentile bracket There is always &
risk m performing these tests. Myocardial infarction or death may ensue
Master (51) and Reeves and Hamison (53) have performed thousands of
exercise tests without a fatal outcome However, this is not a universal
experience (80-82) Wilson (80) states, “We had two patients die rather
quickly after induced attacks of anginal pam and we are rather cautious m
experimenting with these patients ” Yu and Soffer (83) described a method
of recording the electrocardiogram during the performance of a double two-
step exercise test and were able to show that S-T depression, alteration of
the T wave and appearance of ventricular premature beats actually occurred
during exercise and persisted to the recovery period 1n most cases. This
means that the patient usually continues to exercise during electrocardro-
graphic alterations

Barker (23) holds “that the test which involves lowered oxygen tension
does not appear to have a place n chinical medicine The ever present possi-
bility of inducing convulsions and the relatively high incidence of sudden
deaths makes 1t quite undesirable.” Wemstem (84) feels that the ergono-
vine test has a greater margin of safety than the anoxemia or the exercise



Guardic Aspects of Arteriasclerosis 81

test because the effect of the drag is rapidly produced and can be promptly
oulhfied.

The ergonovine and anoxemia tests have the least reported incidence of
falsc positive tests; the exercise tests the greatest False negative tests may
depend on the amount of mtimal sclerosis. Wegria (85) has shown that
the p of elect diographic changes in anesthetized dogs whose
coronary flow is decreased experimentally, depends entiwely on the per
cent of such diminution. A reduction of bleod flow of 10 to 35 per cent did
pot, a5 a rule, produce any electsocardiographie changes. With a reduction
of 35 to 70 per cent, generally “slight” electrocardiograpine changes m both
the RS-T segment and T wave appeared Occasionally no change was seen
and sometimes the RS-T segment and T wave changes were marked. With
a seduction of 70 to 100 per cent, the changes were always marked. These
changes were in the nature of elevation of the RS-T segment but this has
been seen in angina pectoris {67-63)

In suramary, that objective stress test which has the least percentile over-
Yap between true and false positives would appear to be the most useful.

THE EXERCISE AND ANOXEMIA BALLISTOCARDIOGRAM

~t

- ~verpise and anoxerma tests have been used with the ballistocardia-

~=Yinoram (61, 40, 86). Davis ¢f al. (61) found
UL G < cent of normal control subjects and
n 31 4 per cent of patients w.. mary artery disease detenorated after
exeraise Scarborough et al (86) found control ballistocardsograms were
all normal m form 1 the “normal™ group and remamed normal throughout
the anoxemua test In 11 patients with suspected coronary artery disease,
control ballistocardiograms were abnormal in 4, normal m 4, and borderhne
m3 Dunng anoxemia 1 normal, 2 borderhne and 1 abnormal ballistocardio-
gram became abnormal or more abnormal

TOBACCO, THE BALLISTOCARDIGGRAM AND
CORONARY ARTERY DISEASE

The normal ballistocardiogram has been shown to become abnormal
after smoking for hoth the normal adult group (61, 40, §7-90) as well as
those with coronary artery disease Such a conversion from a normal to an
abnormal trace did nat oceur i the age group of 14 to 18 years despte the
fact that the 100 high school youths tested were all habutual smokers (91 ).
In the age group of 20 to 40 years, after testing 400 normal persans (250

~Y W ner cent of the hallistocardiograms became abnormal
< . N - /89 found 28 per cent of 50 nor-
e boens,

Davis et al (b1 svuw. ronary
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anoxemia test, made a follow-up study in 1952, of 254 individuals on whom
it was performed durmg the decade of 1937 to 1947. Included were 141 pa-
tients with mamifest or suspected coronary heart discase, ten with hyper-
tension and 103 with no evidence of a cardiovascular disorder. The average
follow-up period was 6 years Sixty-three individuals died during the course
of the study. In the 16 cases 1n which an autopsy was performed, the clini-
cal diagnosis was confirmed. They felt that a positive reaction mdicated not
only the presence of coronary insufficiency at the time of the test, but also
a poorer ultimate prognosis with respect to longevity. This conclusion was
particularly apphcable to the patients subject to anginal pamn, Mathers and
Levy pomnt out, however, that whereas this 1s true for the group as a whole,
1t did not necessarily apply to the individual patient. In other words, be-
cause of numerous uncontrollable variables affecting the lesions of athero-
sclerosts, it 15 not possible to predict accurately, within a wide range of
probabulity, the future climcal course of the patient with coronary heart
disease by the use of the anoxemua test.

CRITIQUE OF STRESS TESTS

The cnteria for the selection of a reliable stress test involve

1 The efficacy of the test, that 1s, the number of true positives and true

negatives.

2 The lack of severe complications, and

3 The per cent of false positive and false negative tests.

The exercise, anoxemia and ergonovine tests can each result in positive
tests which fall mto an 80 or more percentile bracket There 15 always a
nisk m performmg these tests Myocardial infaretion or death may ensue-
Master (51) and Reeves and Harrison (55) have performed thousands of
exercise tests without a fatal outcome. However, this is not a universal
experience (80-82). Wilson (80) states, “We had two patients die rather
quickly after induced attacks of anginal pan and we are rather cautious in
experimenting with these patients ” Yu and Soffer (83) described a method
of recording the electrocardrogram durmg the performance of a double two-
step exercise test and were able to show that S-T depression, alteration of
the T wave and appearance of ventricular premature beats actually occurred
during exercise and persisted to the recovery pertod m most cases. This
means that the patient usually continues to exercise durng electrocardio-
graphic alterations.

Barker (23) holds “that the test which involves lowered oxygen tension
does not appear to have a place n clinical medicmne The ever present possi-
bility of inducing convulsions and the relatively lugh incidence of sudden
deaths makes it quite undesirable.” Wemstem (84) feels that the crgor.m-
vine test has a greater margm of safety than the anovemia or the evercise
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ment. Five year survival rates for patients with previous and subsequent
myocardial infarction were about 46 per cent and 41 per cent, respectively,
The 5-year survival rate for those with heart faslure was about 20 per cent.

Electrocardiographic findings proved of some prognostic value. Those
patients with angina pectoris and normal electrocardiograms hved longest,
those with significant alteration of T and Q waves had 2 less favorable prog-
nosis; and those with conduction disorder had the least favorable prognosss.
The specific changes showed that the least favorable prognosis m 5-year
survival studies were those with complete heart block, aoricular fibritlation,
and mversion of Wave T: and T. These conditions were also associated
with the Jeast favorable prognosis in 10-year survival studies, and, m addi-
ton, left bundle branch block was a grave prognostic finding i 10-year
survival studies.

Angina pectoris associated with obesity or gall bladder disease had the
most favorable prognosis; angina with dubetes mellitus or caremoma, the
least favorable. Thyroid disease and duodenal wlcer bad an n-between
effect on survival rate

Sigler’s abservations were made on 1,700 cases over a 23-year penod
(98). The average length of sursival of the 879 patients who died was
about 4.6 years. In the entie group the percentage of patients still hving at
the end of 5 years was 328 for males and 34 5 for females About 10 per
cent of patients of each sex survived for 10 years Of the 1,021 patients sl
Iing, the average length of survival was abaut 55 years The percentage
of patients hving at the end of 5 years was 346 for males and 461 for
females, at the end of 10 years about 15 per cent of each sex was still iving,
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artery disease. The normal persons ranged in age from 25 to 74 years with
an average of 47.7 years; the patients from 29 to 68 years with an average
of 49.0 years Ballistocardiographic alterations after smoking occurred in
G 8 per cent of the normal control subjects and 58.6 per cent of patients with
coronary artery disease. Pordy (90) found alterations post-smoking in 53
per cent of a cardiac group.

The causes of the changes in the ballistocardiogram after smoking are not
known but the high incidence of post-smoking alterations m the ballisto-
cardiogram of the patient with coronary artery discase has led to the sug-
gestion that the tobacco sensitive group give up smoking This is not unlike
the problem of tobacco angina m which chest pain and depression of the
S-T segment of the electrocardiogram 1n depth to that after the stress tests
may occur after smoking in the tobacco sensitive person (88, 61, 93-93, 953,
96)

BLOOD TESTS IN THE DIAGNOSIS OF
CORONARY INSUFFICIENCY

Serum cholesterol, serum lipoproteins, the atherogenic index and the
phospholipid cholesterol ratio in relation to arteriosclerosis have been con-
sidered 1n Chapter I In my opinion (33), these tests lack specificity as diag-
nostic axds n coronary insufficiency i the individual patient because of the
overlap of normal and abnermal, within the normal range of the tests.

PROGNOSIS OF ANGINA PECTORIS

The largest sertes of follow-ups are those of Block, Crumpacker, Dry and
Gage (97) who made observations mn 6,882 cases and Sigler (98) who fol-
lowed 1,700 cases.

The Block group represents an average follow-up period of 18 years with
a range of 5 to 23 years. The average age at diagnosis of angma pectors was
58 8 years for the total series, 58 5 years for the males and 60 1 years for the
females. The average duration of symptoms prior to diagnosis was 2.5 years.
The ratio of males to females was about 4 to 1

Survival studies showed that mortality was greatest in the first year
(about 15 per cent) and about 9 per cent per year thereafter. The survival
curve for the entire series 15 lower than the normal population Females had
a better prognosis than males The 5-year survival rate for the entire popu-
lation was 58 4 per cent as compared to the rate of 869 per cent for the
normal population The 10-year survival rate for the entire series was 371
per cent as compared to the normal rate of 70 4 per cent.

Factors which unfavorably influenced the prognosis included cardm.c en-
largement, hypertension, myocardtal infarction and congestive heart failure.
At the end of 5 years, about 64 per cent of patients without cardiac enlarge-
ment were living as contrasted to about 41 per cent with cardiac enlarge-



33

31

38
39

40

43

44
45
46

47

49

Cardiac Aspects of Arteriosclerosis 85

Dock, W, and Tausaray, F.o Some techmes for recording the ballistocardiogram di-
rectly from the body Am J Med 7 751, 1849

MaTmzss, J. A L, Nwkerson, J L, Freming, T C, and PattERsoN, M. C.. Abnor-
mal ballistocardiographic patterns n cardiovascular disease as recorded with the low-
freq d bal d Am_Heart J , 40 390, 1050

Brown, H R, Jr, HorrMan, M ], and DEVALLa, J, I8 . Balbstocardiographic findings
1n patents with symptoms of angina pectons Crreulation, 1132, 1950

Docx, § Newer graphic methods 1 the diagnosis of heart disease New York J Med,
52 2401, 1952

ManpeLBavn, H, and Maxpereausm, R A.. Studies utihzing the portable electromag-
petie ballistocardiograph I, Abnormal HIJK patterns m hypertensive and coronary
artery heart disease Ctrculation, 3 663, 1951,

Rivzier, S H, Baxsr, H, and RosenrEp, § G of the fuls of the
Dack electromagnetie ballistocardiograph and the exerase tolerance test 1n the detec-
tion of coronary msufficiency Neto Yorh J Med , 52 1277, 1952

RivzLer, § H . Evaluation of newer diagnostic tests for coronary artery disorders mn the
patient with chest pam and a normal electrocardiogram Neto York J. Med , 52 2386,
1952

Taxmor, R C, Poroy, L, CHesky, K, Moser, M, and Masten, A M The ballsto-
cardiogram 1m coronary artery disease JA M A, 145 419, 1652

RosENFELD, S, BaksT, H, Benjaaty, Z H, Rixzres, S, and Mopeer, W.. The ballisto-
cardiogram and the apical systolic murmur New York ] Med , 54 1344, 1954

Arserr, S R, and Livongr, N A new full range cahbrated bal
graph 1 Recording the body ballisics in displacement, veloaity, and acceleration.
Am Heart J, 4552, 1933

Swyirn, | E, and Bryax, S Sunull it d recording of di
and acceleration 1n ballistocardiography Am Heart J, 45715, 1953

Syurn, ] E, Leperer, L G, and Manoss, J, C Evaluation of the cahbrated displace-
ment, veloaity and acceleration balhstocardiograph m angina pectons Am Heart J,
49 344, 1955

Etuor, R V, Pacrarp, R G, and Kynazis, D T Acceleratton Ballistocardiography
Design, construction and appl of 2 new Crrcul: 9280, 1954

Brown, H R, pELaria, V, Ja, EpsteN, M A, and Horrxan, M ] Chinical Ballisto-
cardiography New York, Macmillan, 1952

Dock, W, ManoeLsavs, H, and Ma~pELeavm, R A Ballistocardiography. St Louis,
Mosby, 1953

B ~, ] R The Ball s S field, Thomas, 1952

Gusner, R S, RopsterN, M, and UncEriemer, H E - Ballstocardiogram and electzro-
cardiogram on a swgle channel Circtlation, 4 239, 1941

Guener, R The diagnosis of artenosclerosis including observations on hprd metabohsm
and the ballistocardiogram Lafe Insurance Med Directors Oct 1950 New York, Re-
cording and Statistical Corp, 1951, p 3

RupenstelN, E A review of chmeal ballistocardiography, New England ] Med,
247 166, 1952

Smrra ] E, and Bryaw, $- The low frequency velocity measurement balhistocardio-
graph  Circulation, § 892, 1032

Troussox, W B, Ravraront, M B, and Seracue, H B Ballistocardiography 11 The
normal ballistocardiogram  Crreulation, o 881, 1951

Axvesson, W H, Ussacw, K, and Doerner, A A : Balhstic respiratory vanation as
measured by the electromagnetic ballistocardiograph Am Heart J, 47.15, 1954

Baxen, B M, Jr, Scarsosoves, W R, Mason, R E, and Stvoewarn, M L - Coro-
nary artery disease studied by ball and el I Tr Am.
Chn & Chimatol A, 62 191, 1950

DeLagra, V, Jr, Epsteny, M A, and Broww, H R, Jn Analysis of H Wase of balls-
tocardogram  Circulafion, 2 765, 1950

veloctty,




13a

13b
13c

13d

13¢
14

Clincal Aspects of Arteriosclerosis

Wire, N. K., Eowaros, J. E, and Drw, T. J.. The relationship of the degrce of coronary
atherosclerosis with age in man Cireulation, 1 615, 1950,

Ackeryan, F R, Dmy, T ], and Eowaros, ] E Relatwaship of vanous factors to the
degree of coronary ath ! n women Crrenle , 11345, 1950

Unperpany, L 0., and Saumit, H L., Coronary artery disease m women under the age
of forty Proc Staff Mcet, Mayo Chn, 22 479, 1947

Levy, H, and Boas, E P, Coronary artery disease 1n women J A M A, 107 97, 1936

Grorzer, S, and Wourer, H + Coronary disease 1n women New York ] Med, 49 287,
1949

Boas, E P The natural history of cornnary artery discase of long duration Am Heart J,
41 323, 1951

Ryie, J A, and Russere, W T The natural history of coronary discase, a ¢lmtcal and
epdemological study Brit Heart J, 11 379, 1949

Fneepeere, A §, BLumeant, H L, Zowr, P M, and ScuiesiNcen, M ] The chncal
syndrome of cardiac pam intermediate between angina pectons and acute myocarchal
mfarction JAM A, 138 107, 1948

Less, R L Chinical aspects of coronary insuffacncy Am J Med , f 89, 1948

Master, A M, Dack, S, Gristizvan, G, Fiewp, L B, and Horw, H  Acute coronary
wsufficiency  An entity, shock, h 1 and pul Lolism as factor w s
production J Mt Stnar Hosp, 45 9, 1947

MasTER, A M, Dack, §, Honw, H, Freeveraw, B I, and Fiep, L E Acute coro-
nary msufficiency due to acute hemorrhage An analysis of one hundred and three
cases Crreulation, 11302 1930

MasTER, A M Acute coronary artery disease Am J Med, 2 501, 1947

Heseroen, W Some account of a disorder of the breast Med Tr Roy Coll Physicians
London, 2-59, 1772

Heseroen, W Comment Anses on the History and Cure of Disease London, Hamulton,
1802

Zow, P M, WessLER, S, and Bruscart, H L Angina pectoris A chmcal and patho-
logie correlation Am § Med . 11 333, 1951

MasTER, A M, JarrE, H B, and Poroy, L Chest pun cardiac vs noncardac M Clin
North America, 38 743, 1951

Rinzeer, S H Evaluation of newer diagnostic tests for coronary artery disorders i the
pattent with chest pain and a normal electrocardiogram New York J Med, 52 2386,
1952

Puwres, E . Cuaraax, J M, and Goenxe, L S Relatne values of techoiques used m
detection of heart disease Am Heart |, 45 319, 1933

Rivzrer, S H, Travew, J, Baxsr, H, Benjanrs, Z H, Rosenmtiar, R L, Rosen-
¥Ewp, S, and Hinscst, B B Effect of hepana wn effort angma Am ] Med , 14 436,
1953

Fuseman, J E F, and Joserns, B N Multiple lead electrocardiogram in angina pec-
tons Am Heart J, 40 260, 1950

Opir, . G, Weonsien, L, and Sunensenc, J H  The electrocardiographic dinguosis

of coronary 1 by leads d the Jeft cavity Am Heart
J, 39532, 1950 ’
Barser, J. M The Unipolar Electrocard A Chnial I New York,

Appleton, 1952

Srarm, I On the later development of heast disease in apparently healthy persons with

Ej ten years after istonies of 90 persons over 40

years of age, Am J M Se, 814 233, 1047

Syamn, I, and Huprery, E. A Changes 1 the ballistocardiograms of healthy persons
and of patients, m most cases followed far a periad of ten years or longer Tr A Am
Thysicans, 64 59, 1951

Starn, 1, and Woon, F € Stuchies wath the ballstocardiograph mn acute cardiac infarc-
tion and chronic angma pectorss Am Heart J, 25 811, 1943




70
.

2
3

74

75

ke

78

78
78b
79

-0}

86

87
88

89
90

Cardiac Aspects of Arteriosclerosis 87

Rusiaw, A ; Patressin test of coronary mswfficeency Am Heart ], 34 564, 1947
Levmee, § A, Erstene, A C, and Jacesson, B M. The use of epmephnne as a dug-
nostie test for angina pectonis Arch Int Med , 45 191, 1930
Levy, R L, Wuanms, N. E, Brueny, H G, and Carr, H A “The anovemia test”
1n the diagnosis of coronary msufficency Am Heart J, 21 834, 1941
Rowmat, D C, Kory, R C, Mapk, R E, Townes, A §, and Mengey, G R. Dura-
tion of the Q-T mterval dunng the anoxemia test Am Heart ], 47 204, 1954
Teweir, H E, Jr, and Prrrciarn, ] § Controlled hypoverma test for coromary m-
sufficiency employing the Millikan oimeter A study of normal and abnormal responses
Arch Int Med, 90 433, 1952
Pennevs, R The oumeter-controlled induced anovenua test for coronary artery diseases
Chn Res Proc, 3111, 1955
Bionck, G Anovemia and exercnc tests m the dingnoss of coronary disease Am
Heart J, 32 689, 1946
Prurrt, R D, Buncuewy, H B, and Bawnes, A R - The anoua test m the diagnosss of
coronary msufficiency A study of 289 cases JAM A, 128 839, 1945
Srewart, H J, Horcer, E L, and Sonenson, C W Expenence with the “Anovemsa
Test” 1n Pattents with Angina Pectons and those with atypical chest pan, Am Heart §,
36 161, 1948
Turner, R W D, and Morron, E V B The anoxaemic test for coronary wmsufficiency
Brit Heart J, 14 519 1952
BursetT, C T, Nnnss, M G, and Josepusow, C ] The induced anovemia test Am
Heart 1., 23 306, 1942
Marners, ] A L, and Levy, R L. The prognostic significance of the anovermg test
m coronary heart disease Am Heart [, 43 516 1952
WisoN, ¥ N, and Jounston, F D The occurrence 1 angind pectosis of electrocardio-
graphic changes similar m magnitude and 1 hind to those produced by mvocardial
wfarction Tr A Am Physicians, 54 210, 1939
Rossizr, P H, and Spumier, O Ueber drer Todesfalle bein elektrokardiogramm
Arbeitsversuch, Cardiologra, 11 60, 1946
,L A, and G AL dial d by Master two-
step test JAM A, 158 179, 1955
Yu, P N G, and Sorrex, A Studies of electrocardiograplue changes during evercise
{modified double two-step test) Circulation, 6 183, 1932
WesTEN, ] Tests for coronary msufficiency J A M A, 150 168 1952
Wecris, R, Secers, M, Kramine, R P, and Warp, H P Relationship between the
reduction 1 coronary flow and the appearance of electrocardiographic changes Am
Heart [, 38 90, 1949
Scanporavcs, W R, Penneys, R, Tuonas, C B, Baxen, B M. Ju, and Mason, R E
The cardiovascular effect of induced controlled anoxerma A prehmunary ballistocardio-
graphic study of normal subjects and 2 few patients with suspected coronary artery
disease Circulation, 4 19D, 1951
Caccesg, A, and Scuracer, A The effects of cigarette smoking on the ballistocardio-
gram Bull New York Aced Med , 31 415, 1955
Russex, H I, Zomviax, B L, and Donser, V ] Effects of tobaceo and whiskey on
the cardiovaseular system J A M A, 157 563, 1955
Burr, I E Effect of cigarette smoking 1 the normal person J A M A, 157 569, 1655
Poroy, L Chnical eval of the tobacco ball Bull New York Acad
Med, 31 415, 1953
Kmwy, J J, Jr, Caccese, A, OntwMarouez 1, and Tavssax, F The Effects of
:l"gss:)mleg -s;nol\mg on the balhstocardiograms of high school youths Am Heart J,
T 30, 195

. R A Studies utilizing the portable electromag-
I d as a means of d nicotine




86
50

51

52
53

54

56

57

58

59

60

60,

=

28

63

64

65,

66

67,

68

69

Clinical Aspects of Arteriosclerosis

Scarsorouen, W R, Davss, F. W, Jr, Baker, B, M, Jr, Mason, R E, StcEwALD,
M L, Long, § A, Fox, L M: A ballistocardiographic study of 369 apparently nor-
mal persons. Am Heart J, 45 161, 1933,

Master, A M. The two-step evercise clectrocardiogram., A test for coronary msuffi-
ciency Ann. Int Med , 32 842, 1950

Scuenr, D Fifteen years of electrocardiographic cxercise test in coronaty stenosis New
Yorh J. Med , 47 2420, 1947,

Scuery, D, and Scuarren, A T The electrocarthographie exeruse test, Am Heart J.,
43 927, 1952

Lrrraas, D, and Bang, ] H, Jr  Acute atypteal coronary artery insufficiency incidence
and chmeal course Circulation, 5 189, 1932

Rerses, T ], and Harmsow, T R Diagnostic and therapeutic value of the reproduc-
tion of chest pain, A M.A Arch Int Med, 91 8, 1953

Woop, P, McGrecon, M., Macipson, O, and WhiTTaxker, W.: The cffort test 1 an-
gma pectoris Brit, Heart J, 12 363, 1950

Masten, A M, and Cursny, K Two-step exerene clectrocardiogram follow-up mvesti-
gation m patients with chest pan and normal resting electrocardiogram JAM A,
151 458, 1953

Poroy, L, Arar, H S, and Masten, A M Dihyd: 1n the differential diag-
nosts of functional heart disturbances and orgamic heart disease J Mt Sinar Hosp,
17 26, 1950

UNTERMAR, I, and DecnarF, A C . The effect of the exeraise on the electrocardiogram
(Master “two-step” test) 1 the diagnosis of coronary nsufficiency Am J M Seu
215671, 1948

MatriveLy, T W, Fancues, F S, Bauves, F L, and Ross, G P The value of the
double standard 2-step exescise tolerance test 1 detecting coronary disease A follow-up
study of 1000 miltary personnel Clin Res Proc, 3 32, 1955

Scuentss, L, SANDDERG, A, A, WENER, ], Dvorxay, J., and Masten, A M The effects
of the single and double “two-step” excreise tests upon the electrocardiograms of 200
normal persons } Mt Sina: Hosp, 17 242, 1950

Davis, F W, Jn, Scarborover, W. R, Masox, R E, SlNcE\vALD, M L, and Baxes,
B M The effect of exeraise and smohing on the el nd ball d
grams of normal subjects and patients with coronary artery dhiscase. Am Heart [,
46 529, 1953

Sveix, I Observations on the action of ergonouine on the covonary cculation and 1
use m the duagnosis of coronary artery wnsufficency Am Heart §, 36 36, 1949

SteiN, I, and WEnsTEIY, ] Further studies of the effect of ergonovine on the coronary
arculation. J Lab & Clin Med . 36 66 1950

Srem, 1, Rivzier, S H, Baxst, H, WernsTer, ], Grreer, R, and Traverr, ] Car-
diac pain 1 man  Blocking effect of ethyl chlonde spray on the angina of ergonovine.
Bull New York Acad Med , 30 318, 1954,

Rinzier, $ H, Srew, I, Bagst, H, WeiNsTEN, J, GeTrier, R, and TRAVELL, J*
Blockng effects of ethyl chlonde spray on cardiac pam nduced by ergonovine Proc
Soc Exper Biol. & Med , 85329, 1954

StEN, 1, WEDSSTEW, J, Wess, J . and SLoter, 8 R A comparatnve study of evercise,
anoverua, aud ergonovine tests for coronary tsufficiency. New York | Med , 52 1409,
1952

Ranoues, F S, and Franpxan, N F ElL di hic al bling these
produced by myocardial infarction observed dunng a spontancous attack of angina
pectons Ann Int Med, 28 671, 1848

Rosstxz, H, and Dressten, W : Transient clectrocardiogsaphic changes identical with

those of acute attacks of angina pectons Am
Heart |, 47 520, 1954
$rerv, 1, and WensTeE, ] Unusual reaction to crgonovine maleate in a case of coro-
nary insufficiency New York State ] Med , 53 1434, 1953




CuaptER I
Differential Diagnosis of Chest Pain

S STATED by Reeves and Harrison (1). “When a patient complains
A of pam 1n the chest two separate questions often need be answered
The first involves a dectsion as to whether or not pain results from disturb-
ances of the coronary circulation The second question, which anses only
when the first is answered o the negative, mvolves a positive decision as
to the cause of the pain. When a patient is told that his pain is not the
result of coronary disease, he naturally wonders what may actually be the
cause. Unless this problem can be solved in a manner convincing to the
patient, he may continue to believe that the heart 1s responsible. Such a
belef is likely to lead to months or years of unnecessary fright and anxiety
on the part of the patient and his relatives”

Pam ansing from thoracic structures other than the coronary arteries
may simulate that of angina pectorss or myocardial infarction to a remark-
able degree On the other hand, there are certam diseases in which angina
pectorns of coronary sclerotic origin may occur concomitantly. These mclude
hyperthyroidism (2, 3), hypothyroidism (4, 5), diabetes mellitus (6),
hypertension (7), peptic ulcer (8) and cholecystitis (9)

By 1938, Hernck (10), who had delmeated so clearly the clinical picture
of coronary thrombosis 26 years before, had compiled a list of 30 clinical
conditions which had been mstaken for acute coronary thrombosis.- Some
of the more mmportant clmical conditions from which pain of coronary
artery orgm must be differentiated are listed below.

1. LESIONS OF THE VASCULAR SYSTEM

a. Aortic Disease:” Uncomplicated syphilitic aortitis may be accompanied
n. This pain 1s lpcaljzed and 1s not mfluenced by exertion

(11) This s to be contrasted with thefpain of coronary ostial stenosis which
resembles the typical pam syndrome of angina pectoris (12-14) This is

not surprismg since the mmnution of blood supply thro wed
uth: es leads to myocardial ischemia as m coronary
artery disease due to arteriosclerosis. The di: of ¢ y_ostial ste-
nosts ¢ gmvthe_hxsmq_ofﬂsﬂxhxhs_upmumgg&he
31%@“)%:@
Aortic Valvular Dis~~-» ™t- - - ? oo .7 tic_ste-
nogis and angma pecton r cent

(16), 36 7 per cent (17),
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Iikely to have chest pam as those without aortic wsufficiency (31), The

usual explanation of the pain of aortic nsufficiency is that the lowered
pm@;wﬂﬂﬂm—dﬂm@me

¢. Mitral Stenosis: Angina pectoris or coronary thrombosis 15 a rare oc-

currence 1n mitral stenosis (32, 33). Levine and Kauvar (32) found an

mcidence of only 06 per cent of mutral stenosis n 2,832 cases of angma
pectons or myocardial mfarction. The occurrence of pain in mitral stenosis

has been attributed to a relative coronary insufficiency (33); compression
of the left coronary artery n _its course between the left auricle and a
prominent pulmonary conus (34), It on the c nfice as
consequen: i €3 o v
chordae (35).
Three other types of chest pain have been found as with mitral

stenosis (36), namely, that of cardiac neurosss, that of active rheumatic
carditis and that of hypercyanotic angina. This last syndrome is described
as one of severe pain in the precordiwm or retrosternally with radiation to
the left shoulder and arm but without any relation to exertion, emotion or
stress The attacks are paroxysmal in nature and can last for hours or days.
Signs of dyspnea, orthopne, and 2 severe degree of eyanosis (from which
sign_the syndrome gets its name) are prommnent. Dunng the attacks, signs
of_&dwi}w’fe»;ﬂm[e 15 usually no fever or leucocytosis
‘The punismare effectively relieved hy gxygen than by vasodilator drgs.

d. Dissecting Aortic Aneurysms: The coronary artenes, as they rise
from the aortic sinuses, may be compromsed by disease of the ascending
aorta. Medical dissection of_the aorta in this region with an extension of
the dissection n_the mtrap dial portion-of the-aorta may cause oblit-
exation of the coranary eirculation and produce myocardial infarction (37,
38) Reports have appeared 1n which dissecting aneurysms have mvolved
the right coronary artery (39, 40), the left coronary artery (i1), and even
the mouth of both coranary arteries (42). The helpful pomts in this diag-
nosis are sudden onset of chest pain in a_patient with hypertension who
develops an aortic insufficiency where one has not been present previously
(43). The electrocardiogram may simulate that of myocardial mfarction
closely, or may show changes of acute local myocardial ischerma, that s,
T wave 1nversion rather than deep Q patterns such as seen 1 acute ante-
rior or posterior wall infarction The latter 15 believed due to the fact that
the dissecting column of blood with the hematoma thus formed compresses
rather than obliterates the entire vessel and leads to partial rather than
total 1schemia Logue and Sikes (44) describe pulsation_of the ocla-

vicular joint as a sign of diagnostic sigmificance
When tbe,d\ssecimn-gLﬂ)e_ﬂammdemlaLm_ﬂl_ep_eﬁ&(lml
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Kumpe and Bean (18) believe that the typical symptom complex of
transitory substernal pain provoked by exercise, emotion, or exposure to
cold 1s rare in association with aortic stenosis. There is, however, general
agreement (15, 16, 18-20), that the degree .of .coronary_sclerosis tends-to
un nversely proportional-to-the-degree-of.aartic stenosis.

Contratto and Levine (15) examined the coronary arteries at necropsy
of 2 males, aged 46 and 25, who had clinical and pathological evidence of
aortic stenosis and clmcally complamed of angina pectonss. They found
perfectly normal coronary arteries and no recent or old infarctions of the
ventricle They attnibuted the pain to a suction-like effect on the smaller
coronary orifices by the increased velocity of the blood flow through the
aorta This resulted in a decreased flow through the coronary arteres and
a relative myocardial 1schemia

This factor of coronary insufficiency in producing the anginal pam in
aortic stenosis 15 strengthened by the findings of Friedberg (21) of acute
myocardial damage at necropsy in hearts with aortic stenosis and normal
coronary vessels Occasionally, the climical picture of acute coronary throm-
bosis may be simulated by caleific aortic stenosis without any pathologic
evidence of myocardial infarction (22) Calcification of the aortic valve
and even of the coronary arteries may co-exist without any symptoms of
coronary nsufficiency (23). It 15 to be remembered calaification of the
ascending portion of the aortic arch is a sign of luetic and not arteroscle-
rotic involvement (24)

If ‘one, therefore, 15 to make a diagnosis of angina pectorts on the basis
of coronary artery disease m the presence of aortic stenoss, such more
usual chinical concomutants as old age, the presence of .dabetes and/or
hypertension, and electrocardiograplic changes, should bear more weight
than the presence of aortie stenosis 1tself.

Cardiac pam 1n free aortic msufficiency, such as i syphilitic heart dis-
ease, is usually due to an associated narrowing of the coronary onfices
Vithout this association angma pectors 1s rare.

However, a specific type of anginal pain syndrome has been described
1n aortic msuffictency of rheumatic ongin (25-30) The chest pamn 1s sumi-
lar to that of angina pectoris of coronary artery origim in 1ts location,

radration and onset with effort. It differs mainly in _the occurrence of the
seizures_at_mght while at rest Relief is obtaned by mitroglycern or m
some_instances by _getting up and walking about There are prormnent
vmfcmrgs such as flust weating, palpitation and throbbing of
the meck vessels. Lewis (27) felt that the pain was brought on_by a rel-
ative cotonary-insuffictency” due ta.a_uise m_blood pressure and_pulse rate
vhi ded the pain
“l;zlt]lgcscivxth coronary sclerosis and aortic insufficiengy are twice as




Differential Diagnosis of Chest Fain 93

the T-waves compahble with a diagnosis of coronary insuffictency. Even
relief by nitrites does not necessarily signify that one is dealing with
coronary artery pain, because a placebo sometimes appears to be equally
effective in effort angina and because nitrites have been found occasionally
to relieve skeletal musele pain.

What dagnostic criteria distinguish somatic from cardiac pain syndromes
of the chest? In_acutecpisodes_of pain suggestive of myocardial infarction,
i ar.ah aof signs of tissue pecrosis and circulatory_collapse
15 of the utmost_importance in_weighting the diagnosis in one direction
or the other. The absence of tngger areas would seemingly rule out the
skeletal muscles as a cause of pain, unless, of course, the tngger areas
happened to be located_in. the retro-sternal striated_muscles of the_chest
wall which would not be accessible to palpation, That _the pain syndrome
1s primarily somatic m origm is often suggested by a “rheumatic tendency”
of the patient, or the finding of painful mation elsewhere in the body attrib-
utable to tngger areas 1 appropri les In chronic effort syndromes,
the most valuable sign of a somatic disorder is an engrmous variability
1n_the exercise limit, or capacity for effort without pain, over short periods
of time. In our experience, such vanabiity 15 uncommon in” coronary
artery disease; in true effort angma, just as in mtermittent clandication,
pain appears after walking apprpximately the same distance, within narrow

umts, from day to day 16 other hand, if_the distance which the
patient can walk cidely, 1t_js hkely that there is an extracardiac

component in the etiology of pamn,

Solomon and Winter (50) have reported a case of chest pam due to
an intramuscular lipoma.

3. LESIONS OF THE NERVOUS SYSTEM

a. Herpes Zoster: The_chest pain jn herpes zoster may_precede-the

vesicular_eruption by a_few—days and, if 1t mvolves the left side of the
chest, it may be mistaken for a more serious heart condition until the
rash sppears (10, 51). 7,
"B Brachial Plexus: Affections }ft‘}% brachal-plexus must be divided
into those involving the trunks or the cords. Involveme ks
of the brachial plexns causes radicular_symptoms and is brought on by
lesions _near the scaleni muscles_or_vertebral column_and high_in_the
supraclavicular fossa and aylla It 1s with lesions of the trunks that we
results in_penpheral nerve lesions and is brought on by lesions low in the
supraclavicular fossa and axilla. It 1s with lesions of the “trunks that we
are more concerned

¢. Nerve Lesions Secondary to Osteoarthritis of the Spine: The inter-
vertebral foramina, through which spinal nerve roots emerge, are com-
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re@on, the symptoms usgally produced are cough, hemoptysis and_a
persistent_tearing pain_n_the_chest, This may_be -accompanied.by_shock
with a decided fall in blood pressure from previons hypertensive levels.
Roentgenograms may HWW)PJ;T g of the thoracic portion of the aorta.
Angmcardiu&ﬁphically (45), the aortic lumen is seen to be more or less
abruptly narrowed and the aortic walls thickened at the site of dissection
Contrast substance may be seen within the false passageways as a result

of the dissectron -~
2. LESIONS OF THE MUSCULAR SYSTEM

Reports from different parts of the world have called attention to somatic
pamn syndrome of the chest and our expenence (46-48) mdicates that
these disorders have not always entered mto the consideration of the
physicran as a cause of chest pam. The skeletal muscles which are usually
involved 1n these pan syndromes mclude such anterior ches s as
the pectoralis ;Eix(‘r_fms)zmdwdmtmw
antenor, such_posterior chest muscles as the infraspinatus, supraspmatus
and postertor superior_serratus When shoulder and arm pan_becomes
a problem in differential diagnosis from angma pectoris or coronary throm-
bosis, the scalenus anticus syndrome must be considered.

These pain syndromes of the chest muscles which are primanly somatic
in ongmn may at tines resemble effort angina and myocardial infarction.
Mpyofascral trigger mechamsms may be imtiated by direct_trauma_to_mus-
cle or_jomt, chrome muscular stram, chilling of fatigued muscle, acute
myosttis, arthritis, nerve root injury, visceral ischemia or dyskenesia, and
hysteria. Predisposing factors may be general fatigue, low metabolic rate
with creatinuria, chronic infection and psychogenic stress. Protracted
myofascial pam following activation of trigger area 1s thought to depend
on a reflex pan cycle maintamed by the trigger area.

Our observations are in conflict with the frequently encountered view
that when pamn on effort (walking) 1s substernal, it 1s necessanly due to
coronary artery disease, whereas when 1t is located in the precordwum, it
may originate from exther cardiac or somatic causes. We have found, also,
that certam other critera which are often accepted as pomnting toward a
cardiac etiology of chest pan can no Jonger be regarded as reliable The
mtensity and quality, as well as the distribution, of so-called mrdmc~ pa.in,
can be reproduced in every detail by the referred pamn momentarily in-
dunced by stimulation of trigger areas in the chest muscles Furthermore,
we can no longer depend with certainty on transient electrocard : h

changes if the electrocardiogram was taken during an attack of pain, as
1t often 1s, since extracardiac pam induced, for example, by \\'orlf-}sche-
mia of the forearm muscles, may temporarily produce abnormalities of
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while head movements did, and that a normal Eh)sxcal exammation and
electrocardiogram were Tound excepting for a sensitive right carotid smus.
4. LESIONS OF THE BONES

a. Tietze's Syndrome: This syndrome is described as a pamful_bemegn,
nonsuppurative swelling of the costochon: the sternoclavicular junc-

tion (58-61). Tender hullous or fusiform swelling.invelves-the-soft-tissue,
cartilage and-bone.-There are no diagnostic radwgraphic alterations.

b. Cervical Rib: The first nib 1s the base of a tnangle in the neck of
which the scalenus anticus muscle anteriorly and the scalenus medms
posteriorly form the other two sides The subclavian artery and the
brachial plexus pass within the borders of this triangle When this area
1s compromised so_that pressure on the nerves or the vessel results, a
sertes of symptoms gnown as the scalenus apticns syndrome, results The
presence of an anomaly, such as a cervical rib, or spasm of the_scalenus.
anterior muscle may be the causative factors Pressure on the brachial
plexus may cause pamn simulating either angina pectoris or coronary throm-
bosis (61).

The scalenus anticus syndrome is further characterized by pain in the
chest, neck, arms or hands, signs of venous ahstruction, vasomotor changes,
and, if severe, by evidences ofm'teriallmdw’_’_mmme
motor and sensory nerves,

The presence of a cervical nb is easily determmed by x-ray. The pres-
ence of the scalenus anticus syndrome is suggested (63) by fullness in
the supraclavicular_space, poor gnp, dimuushed or absent reﬂexes, and
by the intensified pain produced by compression of the anterior scalenus
muscle on_the affected side as compared with the normal side. Allen has
developed the followmg maneuver to aid m the diagnosis (64): “The
patient sits with arms extended horizontally at the shoulders and flexed
at the elbows so that the forearm 15 perpendicular The head 1s then
rotated as far as possible either toward or away from the side being tested.
A positive result 1s indicated by marked dimmution of, or complete dis-
appearance of, pulsations in the radial artery as determined by the physi-
cian’s fingers.”

The tender spots in the antenor scalem muscles which may be elicited
by digital pressure respond to procane infilteration and the resultant re-
lease of spasm may be both diagnostic and therapeutic.

Judovich (63) feels that scalenus syndrome may also follow myocardial
mfarction He feels that this results through reference of pain m the sen-
sory distribution of Cs, Cy and Cs segments. With adequate stimulation,
the spasm of the anterior scalenus muscle develops as a sensory-motor
complex,

¢, The Hypersensitive Xipheid: Lipkin, Fulton and Wolfson (118)
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pletely surrounded by bony structures, and osteophytes produced by
cervical arthntis.may irritate the nerve root and produce radicular symp-
toms (52).

Davis (53) has shown how closely the syndrome of radiculitis with
chest pan may simulate angina pectoris or coronary occlusion, Besides
the usual symptoms of coronary disease, certam characteristics of_radic-
ulitis_are also_present, such_as_attacks occurring-while_at_rest in_bed
at night, or after certain-movements-of-the-spine, to wit, bending, turning
from side-to-side-or-gettmg-out-of-hedi-and finally_after coughmg, sneezmg...
or straiming at stool, In Davis’ series of patients, hypertrophic osteoarthritis
was present mn those patients 1 whom roentgenograms of-the cervicodorsal
spine were taken. The more important duagnostic pomt was the reproduc-
tion of attacks by the application of pressure over the dorsal vertebrae.
Occasionally, tenderness i the region of the costochondral junctions of
the nbs and sternum was present. Diagnosis w:\gconﬁrmed in some by
the striking response to therapy which consisted*of postural_correction,
bed boards, exercise and, partienlarly, manipulation and traction of the
cervicodorsal spime

d. Nerve Lesions Due to Rupture of the Sixth Cervical Intervertebral
Disk: It has been pomnted out (54-56) that precordial pan may be due
to umlateral pressure on the sixth cervical nerve root_In the four patrents
of Semmes and Murphy (51) each gave a hustory of numerous cricks
the neck recurrmg mtermuttently months or even years before the mitial
attack of radiation pamn In each patient, the.pam radiated to the pre-
cordium qs well as to a_pomt just medal to the upper angle of_the scapula

and down _the lateral and medial surfaces of the arm On physical exam-
mation, they found severe muscle spasm 1n the neck and shoulder with an
exqusitely t er
ervefrom the spinal canal X-ray exam-
ination of the cervical spme showed a straightening of the cervical curve.
No hypertrophic arthptis was found af the begmnmng of symptoms The
treatment consisted m&‘"e)movalj)iﬂl&hernmted—dlsk
e. Hyperactive Carotid Sinus: Friedman (57} reports 2 cases of young
men (aged 35 years and 21 years) m whom the chnical mamfestations of
a hyperactive carotid stnus simulated angina pectoris. One of these patients
complained of pain m the substernal area with radiation to the left
shoulder. Both patients were adamant m their insistence that eercise or
exertion_cid not produce chest pain but_that sudden movement in the
neck did. However, one of the patients, who was a physician, admutted
relief of the chest pam by amyl nitnte after the occurrence of one of
the attacks while lifting a heavy object. The differential diagnosis was

made by the_facts that ver frequently_preceded_the chest pain.- that

strenuous exertion or_heavy work did not always induce the chest pamn
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with the pain, (3) presence of pain (ﬁg}lﬁathing, (4) the clinical evidence
of right ventrlculyhypertrophy, and (5) the minimal or lack of response
to mtroglycerin.

6. LESIONS OF THE GASTROINTESTINAL TRACT

.
a. Cardiospasm: Cardiospasm with or without megaesopbagus will give
substernal pressure or pamn which may closely stmulate angma. The occur-
rence of pain after meals, regurgitation of food and x-ray confirmation of
spasm with a dilated esophagus 1s useful in the differentral diagnosis.

b. Peptic Ulcer of the Esophagus: The clinical features of this disease are
pamn, hematemests and dysphagia (67). The pain 15 located at the lower
end and behmd the sternum. It is made worse on lying down. This pamn
radiates on occasion to the back, both shoulders and sometimes down one
or both arms. Esoph py 1s of aid in revealing the ulcer. Peptic ulcer
of the esophagus 15 nearly always associated with a congemtally short
esophagus and a diaphragmatic hernia, both of which can be revealed by
roentgenograms taken after swallowmg barium

c. Esophageal Hiatus Hernia: A luatus hernia may give symptoms mdis-
tmgushable from those of angina pectons (6871, 119) or a myocardial
mfarction (72, 73). In a sentes of 91 small hiatus hermae (maximum diam-
eter not over 7 cm ) and 37 cases of large herniae (74), substernal pain was
found mn one-third of the former and approximately one-seventh of the
latter patients Small luatus herniae therefore are more important m the
differential diagnosis from angma pectons The more common symptoms
m hiatus hernia are epigastnic pamn and vomiting or regurgitation Right
shoulder pamn 1n hiatus hernia 1s more common m the absence than in the
presence of heart disease. Consistently recurring substernal pain on effort
1s rare in hiatus hernia. The act of bending forward or lying down usually
brngs on the symptoms of hiatus hernia Although the use of nitroglycerm
m hiatus herma may cause dramatic relief on occasion, 1t dees not have the
consistency of relief which 1s found mn 1ts use in angna pectoris. On the
other hand, atropine 1s more effective 1n relieving the pain of hatus hernia

Massel and Horger (120) report on the use of pueumopentoneum to dis-
tmguish between the chest pam of hiatus hernia and coronary artery dis-
ease A 60-year-old man under their care had precordial pain and on work-
up was found to have a positive Master’s exercise tolerance test and a hiatus
herma The patient’s pain had practically invalided him before a trial with
preumoperit fully relieved it. On this basis, because the
authors felt that the pamn rose chiefly as a consequence of the hiatus herma,
a hermoplasty was done. The patient returned to work pain-free and an
exercise tolerance test done erght months after the operation was still posi-
tive A conclusion is reached that prneumoperitoneum affords a diagnostic
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have reported a frequent association between coronary artery disease and
a tender xiphoid. The diagnosis is made by palpation of the xiphoid area
This reproduces the spontancous pam of which the patient has com-
plamed Very moderate finger tip pressure will elicit the syndrome. The
methods of treatment mclude local procaine mifiltration, ethyl chloride spray
and xiphordectomy Because the pain is most commonly experienced deep
n the chest somewhere behind the sternum and may radiate into the epi-
gastrium, through to the back, to both shoulders, to the arms or over the
precordium, reassurance must be given the patient that this pain 15 not
cardiac mn origin

5. LESIONS OF THE RESPIRATORY SYSTEM

a. Acute Pleuritis: Chest pan secondary to inflammation of the pleura
1s aggravated=by. deep_inspiration_and accompanied by a_diagnostic
fuction ruh_elieited hy auscultatian,

b. Pulmonary Embolism: The chest pam associated with a relatively
large pulmonary embolism may be sudden in gnset and substerpal n loca-
tion (65) Just as with acute myocardial mnfarction, dyspnea, cyanosis,
sweating, weakness, fall in blood pressure, weak pulse, vomiting and a rise
in_temperature may be present after a pulmonary embolus Such signs as
moist rales in the lungs. hgmoptysis, and elevation of one leaf of the dia-
phragm are signs related to the embolus itself The electrocardiogram may
be diagnostic of acute @Eﬁ;ona]e, that 15, a deep i, sigmficant Qs and
inverted T pattern A History of an acute or recent thrombophlebitis or
the onset of these symptoms one to three weeks after an operation, a
delivery or an mjury may pomt toward the probability of an embolism.

c. Sp P horax: This disease 1s due to the rupture of a
vesicle on_th The chest pam 15 sudden in onset due to
pleural rupture and may be accompanied by shortness of breath Respira-
tory movements on_the affected side are dimimshed. The percussion note
is hyperresonant The breath sounds are suppressed and roentgenograms
show evidence of a pneumothorax.

d. Pulmonary hypertensive pain: Viar and Harrison (66) described a
group of patients suffermg from chest pain related to an increased pressure
in the pulmonary vascular circuit. The diagnoses included: (1) lesions of
the mutral valve, (2) certain congenital anomalies of the heart; (3) primary
diffuse disorders of the lungs, especially asthma and emphysema, or (4) dis-
orders of the pulmonary. artery and, mare particularly, embolism _’.Tlle chest
painTnSQ be sumilar to that produced by coronary artery disease insofar as
Jocation, radiation, quahty and mtensity of the pam are cor.mcmed. ’ljhc
ifferential is to be made by (1) the recogmtion of an unfLe{Iymg Fond;hox:
capable of causing pulmonary hypertension, (2) cy;:ysns occurring along
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with the pain, (3) presence of pain %B/bﬁathing, (4) the clinical evidence
of nght ventricu\h/hypertrophy, and (5) the minimal or Iac\k/o{ response
to mtroglycerm,

6. LESIONS OF THE GASTROINTESTINAL TRACT

.
a. Cardiospasm: Cardiospasm with or without megaesophagus will give
substernal pressure or pain which may closely simulate angina, The occur-
rence of pain after meals, regurgitation of food and x-ray confirmation of
spasm with a dilated esophagus is useful in the differential diagnosis.

b. Peptic Ulcer of the Esophagus: The cliical features of this disease are
pain, hematemesss and dysphagia (67) The pain is located at the lower
end and behind the sternum It 15 made worse on lying down. This pain
radiates on occasion to the back, both shoulders and sometimes down one
or both arms Esophagoscopy 1s of aid m revealing the ulcer. Peptic ulcer
of the esophagus is nearly always associated with a itally short
esophagus and a diaphragmatic hernia, both of which can be revealed by
roentgenograms taken after swallowing barium

c. Esophageal Hiatus Hernia: A hratus herma may give symptoms indis-
tingwshable from those of angina pectonis (68-71, 119) or a myocardial
infarction (72, 73). In a series of 91 small hiatus hermae (maximum diam-
eter not over 7 cm ) and 37 cases of large herniae (74), substernal pain was
found m one-third of the former and approximately one-seventh of the
latter patients. Small hiatus hermae therefore are more important in the
differential diagnosis from angmna pectons. The more common symptoms
m hiatus hernia are epigastnic pain and vomiting or regurgitation Right
shoulder pam in hiatus hernia 1s more common in the absence than in the
presence of heart disease Consistently recurring substernal pain on effort
is rare 1n hiatus hemia The act of bending forward or lymg down usually
bungs on the symptoms of natus herma, Although the use of mitroglycerm
m hiatus hernra may cause dramatice relief on occaston, it does not have the
consistency of relief which is found 1n 1ts use m angina pectoris On the
other hand, atropine 1s more effective 1 reheving the pain of hiatus hernta

Mausel and Horger (120) report on the use of pneumoperitoneum to dis-
tinguish between the chest pam of hatus herma and coronary artery dis-
ease. A 60-year-old man under their care had precordial pam and on work-
up was found to have a positive Master’s exercise tolerance test and a hintus
hermia, The patient’s pain had practically mvalided him before a trial with
I peritoneum fully relieved it. On this basis, because the
authors felt that the pain rose chiefly as a consequence of the hiatus hernia,
a hermioplasty was done The patient returned to work pam-free and an
exeraise tolerance test done eight months after the operation was still posi-
tive A conclusion 1s reached that pneumoperitoneum affords a diagnostic
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test for distinguishing, in patients with co-existing angma and hiatus hernia,
those cases of chest pain that are of cardiac origin from those that are not,

d. Association of Gall Bladder Discase and Coronary Artery Sclerosis:
There are three points of importance 1 the relation of gall bladder disease
and coronary artery disease. (1) that there is a positive statistical associa-
tion between gall bladder disease and coronary artery disease (9, 75) and
this association becomes more definite after the age of 40 (77); (2) thata
striking improvement 1n the symptoms of angina pectoris may follow the
removal of a diseased gall bladder in patients with coronary artery disease,
and (3) that gall bladder disease alone may give rise to symptoms simulat-
ing angina pectoris in patients with no evidence of coronary sclerosis (75,
79)

The importance of chrome cholecystitis as a factor in myocardial incom-
petence was first indicated by Babcock (80) m 1909. Studies on the asso-
ciation of gall bladder disease and coronary artery disease in autopsied
cases (9, 77 are sufficiently convincing to regard this relation as important.
Furthermore, Fitz-Hugh and Wolferth (81) were able to demonstrate the
rehef of symptoms suggestive of coronary msufficiency and the return of
mverted T waves n the electrocardiogram to an upnight position following
the removal of gallstones The experimental proof for this possibility 15
offered by Gilbert (82) who demonstrated a decrease in coronary blood
flow on distenston of the gall bladder or distention or ymtation of sts ducts.
Ravdin (83) reports the history of a 48-year-old white female who, 6 months
after a cholecystectomy, began to have precordial pam which raduted
through to the back and down the ulnar aspect of the left arm to the finger-
tips. This pamn was sometimes relieved by mtroglycerme A celiotomy re-
vealed a thick, kinked common duct plastered with adhesions and contain-
ing sand, but no stones The duct was freed of adhesions and a T-tube left
in place Post-operatively, all traces of precordial pam disappeared This
pain could be reestablished by distention of the common duct through the
T-tube. It was felt that reflexes ansing 1n the extra-hepatic bile passages
caused a restriction 1n the coronary flow sufficient to produce the symptoms
of angina pectoris. This 15 in Iine wath the findings of Gold (84) who studied
the effects on the electrocardiogram of extracardiac pamn produced by a
blood-pressure cuff applied to the arm or by a head-vise Changes m the T
waves were found at the height of the pamn.

Wakefield (85) sums his experience by stating, “It 15 my conviction that
in coronary artery disease and 1ts most common clinical manifestation,
erther angma pectors or myocardial infarction, associated with chrome gall
bladder disease, with or without stones, cholecystectomy should be seriously
considered, provided the patient’s cardiac status warrants the surgical pro-

cedure.”
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Ravdin and his group (117) state that operation upon the biliary tract
should not be undertaken for the purpose alone of relieving anginal pain
unless there 15 a relationship between the bihary tract and the angmal sei-
zures. Also, the presence of angma pectoris should not be regarded as a
contra-indication to an operation upon a diseased biliary tract unless the
cardiac mvolvement is so advanced that the operative hazard outweighs
the chance of benefit. In some patients true angina pectoris can be ameli-
orated or completely relieved by gall bladder surgery. It 1s mmportant to
note that 1n the period of 1944 to 1947, inclusive, 106 patients with cardiac
disease were operated upon for gall stone disease with no deaths,

Keys, Dry, Walters, and Gage (121) reviewed the records of 100 patients
with colonary artery disease who had undergone cholecystectomy m the 5
years between 1948 through 1952 in order to answer two questions: How
well do patients with coronary heart disease tolerate cholecystectomy? Does
the removal of a diseased gall bladder mfluence the subsequent clinical
course of the patient with coronary heart disease® Eighty of the patients
had angina pectoris, 31 had a history consistent with a previous myocardzal
nfarction There were no deaths on the operating table Three patients died
in the hospital, only 1 of these was due to vascular complications One pa-
tient had an acute myocardial mfarction post-operatively from which he
recovered Two other patients had clinical and electrocardiographic evi-
dence of acute coronary insufficiency while m the hospital.

The survival rate of these patients 6 years after operation was 706 per
cent as compared with 83 9 per cent in the normal population of stlar sex
and age Keys, Dry, Walters and Gage (121) conclude “it is doubtful
whether removal of a diseased gall bladder influences the course of coronary
artery disease directly but 1t 15 likely that hfe may be prolonged by per-
formance of cholecystectomy preferably during the quescent phases of
gall bladder disease.”

e. Acute Pancreatitis: Acute pancreatitis may be assoctated with an acute
onset of substernal oppression as well as epigastric pam and may be con-
fused with an acute myocardial infarction (86) This differential diagnosis
may be rendered more difficult when arrhythmias such as auncular fbnlla-
tion or flutter are assocrated with an onset of acute pancreatitis (87), or
when electrocardiographic abnormalities suggestive of myocardial infarc-
tion accompany the acute pam (88) Gottesman, Casten and Beller report
on 5 proven cases of acute pancreatiis m whom there were found electro-
cardiographic changes suggestive of myocardial infarction Further they
were able to reproduce these electrocardiographic changes m dogs with
experimentally induced acute pancreatitis. The differential diagnosis is
made by the presence of an elevated blood amylase and signs of upper
abdominal peritoneal irtation which is found in acute pancreatitis,
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f. Splenic Flexure Syndrome: Machella (89) described a group of 40
patients in whom a symptom complex consisting of pain or discomfort in
one or more of the following sites. The left upper quadrant of the abdomen,
the precordial area, chest, left shoulder, neck or arm was caused by disten-
tion of the splenic flexure. Symptoms occurred when gas was visualzed 1
that area, Gas was absent durmg asymptomatic mtervals and symptoms
could be reproduced by dstention of the splenic flexure by air inflation of a
balloon introduced through the rectum.

7. LESIONS OF THE MEDIASTINUM

Acute mediastinitis which follows rupture of the esophagus is usually
traumatic 1 origin However, spontaneous perforations may follow severc
vomiting (90, 91). In the course of this vonutimg, there 1s severe precordtal
or epigastric pam, or both, with associated shock and dyspnea The later
finding of pleural effusion or subcutaneous emphysema 1s helpful in the
differential diagnosis

Pulmonary alveoli of healthy persons may rupture and allow air to escape
into the surrounding connective tissue without any evidence of trauma to
the chest Interstitial mediastinal emphysema may result. The patient that
attracted Hamman’s attention (92) to the diagnosis of sponancous medias-
tinal emphysema was a 51-year-old male who while shaving was suddenly
seized with intense pam under the sternum which radiated to the left
shoulder. This pam lasted one-half hour. Physical exammation and the
electrocardiogram were normal. Three days after the onset, the patient
reported that while lymg on his left side, he had heard a curious loud bub-
bling, cracking sound synchronous with the heart beat This was misinter-
preted as a pencardial friction rub and was used to further confirm the
probably diagnosis of coronary thrombosts. This chinical picture remamed
a mystery until 4 months later when Hamman heard the same characteristic
crunching, bubbling sound in a 17-year-old boy who had a sudden onset
of substernal pan while sitting. There was subcutancous crepitation over
the front of his neck and a roentgenogram showed air i the medastinal
tissue between the heart and the antenior wall of the chest

Aisner and Franco (93) list four signs as being of importance 1n the diag-
nosis of mediastinal emphysema (1) medrastinal crepitation, (2) decrease
or obliteration of cardiac dullness, (3) subcutaneous emphysema, and (4)
pneumothorax. They pomt out that pneumothorax is most often left sided
This adds to the complexities of the differential diagnosis from pam in the
chest of cardiac onigm

*Tumors of the mediastinum, both benign and malignant, manffest symp-

toms by pressure or irritation of the mediastmal structures. Their presence

is confirmed by x-ray examination of the chest Fishberg (94) describes 2
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patient with a mediastinal neoplasm whe had status angmosus for 16 hours
before death, At necropsy, the tumor mass surrounded and obhterated the
left circumflex artery and it was postulated that this smght be the cause of
the precerdsal pain,

8. LESIONS OF THE PERICARDIUM

Acute pedcarditis has precordial pam as one of its charactenstic symp-

toms {95-100}. Just as in coornary occlusion this pain origh g over the
precordium may radute to the left shoulder, left side of the neck, and to
the left arm This pam 1 d with dysp when effusion recom-

pamed the acate pericarditis {101). Acute pencardibis may arise in the
course of other diseases, such as acute rheumatie fever, tuberculoss, urema,
Libman-Sacks, Jues or parasitic disease. There is an acute benign pertcarditis
of unknown etiology which has been chiefly noted in young patients after
an mfection of the upper respiratory tract Acute pencarditis may also oceur
secondarily to myocarchal infarction. The differential of all the foregomng
from pericardihis associated with coronary artery disease should be made
first on the presence of some primary disease which could produce pencar-
ditis The presence of a fnction rub s of no diffevential help The electro-
carchographie picture diffess an acute pencardstis as compared wath that
of myoeardl infarchon The o stie electy d 1w acute
pericardatis mvolves an RS-T elevation in ali leads with later inversion of T
waves. ) waves are rarely present and rarely significant i acute pericarditis
In acute myocardial mfarction, one sees a reaiproeat relation m the RS-T
segment between leads I and III Q waves when present are decp and sig-
mbcant

When cffusion accompames pencarditis there may be compression symp-
toms such as hackimg cough, hoarseness or dysphagia There will then be
signs of merease m cardae dullness, dummshed beart sounds, Ewart’s sign,
dimmuteon m the pulse pressure, and a paradoxical pulse Neray will reveal
a water-hottle type of heart, which on fluoroscopy will show dimumshed or
absent pulsations of the borders

9. HEMATOLOGIC DISEASES

Hemek was one of the first to call attention to the assomation of angina
pectoris and anerma (102) In permeious avema (163} such cardie symp-
toras as dysp Ipitation, tact dia and dal pan may be pres-

kles, apieal systohe

ent, The physical findings may include edema of the an
murmur, an enlargement of the heart and liver, Packenng and Wayne (104}
treated 8 anenic patients who complained of pain over the stemum mduced
by exeraise {step-test) and relieved by rest The canses of anemia mncluded
hemorrhage from hemorrhowds, chronie microcytic anemia. nemicious ane-
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f. Splenic Flexure Syndrome: Machella (89) described a group of 40
patients in whom a symptom complex consisting of pain or discomfort in
one or more of the following sites: The left upper quadrant of the abdomen,
the precordial area, chest, left shoulder, neck or arm was caused by disten-
tron of the splenic flexure. Symptoms occurred when gas was visualized in
that area, Gas was absent during asymptomatic mtervals and symptoms
could be reproduced by distention of the splenic flexure by air inflation of a
balloon introduced through the rectum.

7. LESIONS OF THE MEDIASTINUM

Acute mediastimtis which follows rupture of the esophagus 15 usually
traumatic m origmm  However, spontaneous perforations may follow severe
vomiting (90, 91) In the course of this vomting, there 15 severe precordial
or epigastric pain, or both, with associated shock and dyspnea. The later
finding of pleural effusion or subcutaneous emphysema is helpful in the
differential diagnosis

Pulmonary alveoli of healthy persons may rupture and allow air to escape
into the surrounding connective tissue without any evidence of trauma to
the chest Interstiial mediastinal emphysema may result. The patient that
attracted Hamman's attention (92) to the diagnosis of sponaneous medias-
tinal emphysema was a 51-year-old male who while shaving was suddenly
seized with mtense pam under the stemum which radiated to the left
shoulder. This pan lasted one-half hour Physical exammation and the
electrocardiogram were normal. Three days after the onset, the patient
reported that while lying on s left side, he had heard a curious loud bub-
bling, cracking sound synchronous with the heart beat. This was misinter-
preted as a pericardial friction rub and was used to further confirm the
probably diagnosis of coronary thrombos:s. This clnical picture remamefl
a mystery untl 4 months later when Hamman heard the same characteristic
crunching, bubbling sound in a 17-year-old boy who had a sudden onset
of substernal pam wlile sitting. There was subcutaneous erepitation over
the front of his neck and a roentgenogram showed air in the mediastinal
tissue between the heart and the anterior wall of the chest.

Assner and Franco (93) hst four signs as being of importance n the diag-
nosis of mediastmal emphysema: (1) mediastinal erepitation, (2) decrease
or obliteration of cardiac dullness; (3) subcutaneous emphysema, and (4)
pneumothorax They pomnt out that pneumothorax is most often left sided.
This adds to the complexities of the differential dragnosis from pan m the
chest of cardiac origin

Tumors of the mediastinum, both benign and malignant, manifest symp-
toms by pressure or irritation of the mediastinal structures. Therr presence

is confirmed by x-ray examination of the chest. Fishberg (94) describes a
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than the usual paroxysm of true angmna pectons, The dull type of FCVD
precordial pam 1s so characteristic that it need never be confused with true
angina pectoris ”

It 15 to be remembered (115, 116) that anxiety states may occur m pa-
tients with coronary artery disease and emotional disturbances may bring
on angmal attacks. An attack of angina pectoris can readily become asso-
ctated in the mind of the patient with other anxiety-provoking experiences
and situations. In this way, angina pectons may become the current focus
and point of discharge for earlier sigmficant anxieties (115). These anxieties
may lead to a “cardiac neurosis” mn a patient with true angina The pain of
angma 1s hghtly dismissed by some patients. In others, it may result in
angor anmmi with a sense of immunent dissolution, an overwhelming fear of
impending death,
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mia and recurrent hematemesis. After cure of the anemia, 6 patients were
completely relieved of the sternal pain on exercise. This would indicate as
pomted out by Willus and Giffin (105) that the anginal syndrome was due
to anoxia of the myocardium, secondary to the anemia rather than to coro-
nary sclerosis.

A clinical picture simulating coronary occlusion has been reported (106)
during a hemolytic crisis in sickle-cell anemia

10. LESIONS OF THE DIAPHRAGM

Boas and Boas (107) report the history of a patient who was seized with
severe pain in the precordium and left side of the chest. A diagnosis of coro-
nary thrombosts had been tentatively made but he actually had trichinosis
with diaphragmatic mvolvement Other acute nflammatory conditions of
the diaphragm have been described under the title of Hedblom’s Syndrome
(108)

A case of diaphragmatic flutter of from 70 to 300 minor contractions 2
mmute has been reported as causing precordial pam with radation to the
left shoulder and down the left arm (109, 110)

11. FUNCTIONAL CARDIOVASCULAR DISORDER®

Precordial pain 1s one of the prime symptoms of this disease Twe types
of precordial pam have been described (111, 112). One is a poorly localized,
dull ache which is seemingly more uncomfortable than panful and which
fits in with the type of pan discussed under lesions of the muscular system
Wood (113) has mamntaned that the intercostal muscles may develop pam-
ful spasm because these patients tend to breathe more with the chest wall
than with the diaphragm Tlus 1s also associated with overbreathing (114).

Friedman (111) has also described a sharp, transient, stabbing type of
pam located at the left mpple and radiating mside the chest. He found that
the onset of this pan was in some mstances with an arrhythmia and beheved
that it represented a true pain of cardiac origm

The differential diagnosts between angma pectoris and precordial pam of
functional cardiovascular diseases 1s hsted by Friedman (111). “Certan
differential points however are dependable Thus, precordial pain of FCVD
ongin rarely extends to the sternum, shoulders or arms It also is not uni-
formly provoked by exercise and never 1s unless there is excessive tachypnea.
The sharp type of FCVD pain usually occurs in association, as has been
mentioned, with some abnormality of cardiac function (usually arrhyth-
mia). Morcover, thus last type of pam rarely if ever occurs duning sleep, is

umnfluenced by meals or by climatic changes It also is shorter in duration

© Tlus syndrome has also been called “writable heart,” “soldiers’ heart,” “effort syndrome,’

and “ncurocirculatory asthenia
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As for smoking, I have already alluded to the deleterious effects of
aigarets on the ballistocardiogram 1n patients with coronary artery disease
and to the sensitwvity of patients to tobacco resulting in precordial pain
and on oceasion, electrocardiographic alterations {Chapter 1T} Levy (3, 4)
found no great difference i the effects of nicotine on the circulation of
normal subjects and n cardiac patients, except m susceptible individuals.
Von Ahn (5) has mdicated that the effect of nicotme on the coronary
arculation even with hypoxia 15 due to the sympathetic effect with an
mcrease n heart rate which in turn causes T-wave inversion and S-T de-
pression  Both of these electrocardiographic effects are eliminated by

TABLE 9
1200 Caronie Diet
Food Weight Measture c P F
Breakfast
Frut 100 gm 1 serving 15
Egg 50 gm 1 medm 7 5
Bread or equivalent 30 gm 1 shee 15 3
Skimmed milk 200 gm 6 oz 10 6
Coftee
Dunner
Soup, clear
Aeat or eq\ma]ent' 90 gm 30z 21 15
Velgf‘t able® 100 gm % cup 7 2
Bread or cguivalent 60 gm 2 shices 30 6
Fruit 100 gm 1 serving 15
Tea
Supper
Meat or equivalent® 60 gm 2 0z 14 10
Vegetable® 100 gm % cup 7 2
Salad
Bread or equmvalent 30 gny 1 shee 13 3
Frus 100 gm 1 serving 15
Skiupmed milk 200 gu 6 oz 10 6
Coffee
Night Fecding
Skammed mlk 200 gm 6 oz 10 6
Soda crackers 12gm 2 10 2
Totals 159 78 30
Approximate Composition®®
Unit  Amount Unit  Amount
Calories 1210 Vitamm A 1y 19,750
Carbohydrate gm 160 Thiamune mg
Protein gm 5 Riboflavin mg 18
Fat gm 30 Nuacn mg 12
Calerum m 1 Ascotbic Acid mg 125
ron mg 12
© Cooked
>* This det 15 adequate nccording to

the ded Dal, All,
(From Diet Manual, Beth Totael Hospital, New Yor N ¥ 'Y of 1948



CuartER IV
Treatment of the Patient With
Effort Angina

HE PATIENT with effort angina is most always an ambulatory patient

and treatment is directed at preventing anginal attacks during meas-
ured work, ambulation and exercise or to termmate the attack immediately
when 1t occurs. Toward this end, beside diet and drug therapy, considerable
discussion about and some adjustment in the “way of lif¢” may be necessary.
One must learn as much as possible about the factors known to produce
angmal attacks in the individual patient, e.g,, walking distance, size of meal,
emotional situations, cold weather, hot weather, speed of walking, stair
chimbing, insufficient rest, length of working day, etc. Modifications of these
factors should be attempted since they may act, much like the stress tests,
to induce anginal attacks. Gold (1) Lsts the following circumstances which
influence the daily course of angina pain: (1) spontaneous variations in
the course of the pain, (2) changes in the weather; (3) a change of occupa-
tion or amount of work, (4) changes of diet, (5) changes i eating habits
with increase 1 the amount of rest before and after meals, (6) condition of
the bowels, (7) emotional stress, (8) a change in domestic affairs, (9) con-
fidence aroused n treatment, (10) encouragement afforded by any new
procedure, and (11) a change of medical adviser

As indicated in Chapter I, no special diet other than that necessary to
reduce weight is indicated (Tables 9 and 10) Such a dret is usually high in
protein and low m cholesterol and fat and satisfies many of the criteria for
a low cholesterol-low-fat diet. Katz and Stamler (2) have emphasized
the ife-span pattern of the diet as being of more probable import in rela-
tion to atherosclerosis. It 1s not yet known whether or not the patient with
coronary atherosclerosis and effort angina has already reached the pomnt
of no return m relation to dietotherapy and posstbility of reversal or amel-
1oration of the atherosclerotic process 1n the coronary vessels.

Obesity per se (2a, 2b, 2¢, 2f, 2g) has not been established as an etio-
logic factor n coronary artery disease even though pathologic association
has been made (2e) between obesity and the mcidence of coronary artery
discase Keys (2f, 2g) climically did not find his coronary patients to be
particularly fat However, the exstence of obesity in the artenosclerotic
cardiac reduces work tolerance and cardiac reserve (2c, 2d) and reduc-
tion in weight is attended with an improvement n these factors.
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is advocated with an attempt to it the number of cigarettes or to sub-
stitute alcohol for tobacco.

The patient with angina of effort may play golf, garden or partake in
some other form of exercise where sudden bursts of continued exertion
is not needed. Vacations should be spaced during the year. Flying (10)
1s permitted especially in modern pressurized cabms. Where heart failure
has occurred or is possible, 1t 15 wise to inform the airhne to have an
oxygen tank available n the plane.

Drugs and other therapy useful and said to be useful in the treatment
of effort angina are covered 1n tlus chapter Surgical therapy for mtractable
angina is discussed in Chapter V It 15 my opiion that sublingual nitro-
glycerm remains the drug of choice for the treatment of the acute par-
oxysm of angina and that prophylactic use of the drug, m doses of 01 to
0.4 mg. subhingually on an hourly or every two hour basis, should be con-
sidered. Where intractable angina or angma decubitus ensues, I consider
therapy m the following order: (1) mercunals for the relief of overt or
hidden pulmonary congestion, (2) local block therapy (procame infiltra-
tion or ethyl chlonide spray) directed at trigger areas of the chest muscles,
(3) radioactive 10dine therapy or paravertebral block, and (4) finally,
cardiopericardiopexy, m one modification or another. In my expenence,
the numbers of patients with coronary artery disease who need come to
surgery for mtractable angina are few The disappomntment, mn general,
with the surgical treatment of coronary artery disease has stimulated the
need for primary medtcal therapy directed at the atherosclerotic lesion
itself.

DRUG THERAPY

The difficulties 10 assessing the value of drug therapy m relieving car-
diac pain 1s a product of the himitations 1 quantitative methods of analysis
and the numerous factors other than drug therapy that mfluence the pam
(1, 11, 12) Through many years of experience testmg drugs for their
usefulness in effort angina (1, 11-18) we have concluded, as expressed by
Travell (12), that the method for testing new drugs should mclude: (1)
a representative sample of patients, (2) a matching placebo to evaluate
that part of the drug response due to the specific pharmacologic action
of the “unknown”, (3) erther each patient acting as his own placebo
control or comparable groups of patients receiving drug and placebo, (4)
allocation of patients to drug and placebo groups solely by chance, (5) the
double-blind method to eliminate unconscious bias m the results, (6) pro-
tection of the patient-participant from possible touc effects of the drug;
(7) suitable enteria of drug action, (8) an effective plan of drug admin-
istration and measurement of the effect, (9) simplified recording of data;
(10} unlization of all data in the analysis, and (11) application of statis-
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previous admmistration of dihydroergotamine, a sympatholytic agent. It
is postulated that nicotine may act on the coronary arterses also through
stimulation of the posterior pituitary and the release of pitressin, a known
coronary vaso-constrictor. More positive cffects have been reported (6, 7)
for tobacco on the penpheral vascular eirculation than on the coronary
circulation. Some interdict tobacco entirely (8, 9) in patients with coro-
nary artery disease. My attitude based on present knowledge 1s as follows:
Cigarets are forbidden in the tobacco sensitive group and in patients with
concomitant penipheral vascular disease. In others, 2 modified program

TABLE 10
1500 Caronte DieT
Food Weight Measure [ P F
Breakfast
Fruit 100 gm 1 senmg 15
Egg 50 gm 1 medum 7 5
Bread or equivalent 30 gm I shee 15 3
Butter 5 gm 1 teaspoon 4
Milk 200 gm G oz 10 [ 8
Coffee
Dunner
Sonp, clear R 13
Meat or_equivalent® 90 gm 3 oz _A 3
Vegetable® 100 gm % cup 7 2
Salad
Bread or equivalent 60 gm 2 shces 30 6
Fruit 100 gm. 1 scrving 15
Tea
Supper
Meat or equnalent® 60 gm 2 oz 14 10
Vegctable® 100 gm % cup 7 2
Salad 3
Bread or equinalent 30 gm 1 shice 15 M
Butter 5 gm 1 teaspoon
Fruit 100 gm 1 senung 15 s
Ablh 200 gm 6 oz 10 6
Coffce
Night Fecding
Milk 200 gm 6 oz 10 g 8
Soda crackers 12gm 2 10
Totals 159 78 62

Approxmmate Composttion®®

Unit Amount Unit Amount

Calories 1500 Vitarmmn A LU 2],‘30?
Carhohydrate egm 180 Thamme mg 19
Proten gm 80 Riboflavin mg "

at gm 60 Niacmn mg 195
Calcaum gm. 1 Ascorbic Acid mg 25
Tron mg 12
2 Cooked R, Jed All of 1048
. at d to the Daily Dictary

ST e et Turael Hospital, New Yorh. N Y.)

(From Diet Manual,
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found an mcrease in cardiac output per minute, systohe output and heart
rate with no change in blood pressure Therr findings suggested that
mtroglycern reheves the pam of angina by mcreasing the coronary flow
relatively more than the work of the heart On occasion (29), a paradoxic
action of amyl nitrite, when nhaled by coronary patients, may oceur, that
is, the cardiac work may be increased above the level of coronary flow
and electrocardiographic changes typical of coronary msufficiency may
ensue.

PrEPARATIONS AND Dosace: (1) Amyl nitrite in pearls containing 0.2 cc;
(2) tablets of glyceryl trmtrate (mtroglycerin), 06 mg, (3) octyl mtnte,
2 cc put up n whaler form (37); (4) sodium mtrnte, 15 to 60 mg. every
3 to 4 hours, (5) erythrol tetranitrate, 30 to 60 mg every 3 to 4 hours.
Action begins 1n fifteen mmutes and lasts from 3 to 4 hours (6) Mannitol
hexanitrate, 15 to 60 mg. every 4 to 6 hours Action begms 1 15 to 30
minutes and lasts from 4 to 6 howrs (7) Triethanolamne tnmtrate (meta-
mme) 2 mg four trmes daily (30-32) (8) Pentaerythntol tetramtrate
(Peritrate), 10 to 20 mg three times daily (20, 33-35) (9) Nitroglyn 6
mg (gr 1/10), 24 mg (gr. 1/25); one pill daily (35a)

Sk Reactions The mtntes may cause flushing, headache, throbbing,
palpitatton and cardiovascular collapse Mannitol hevanitrate may also
cause methemoglobinemia, a nse in mtra-ocular pressure or an increase
n mtracrantal pressure

Comment The mitrites are the drugs of choice n combatting acute
pam of effort angmna. The quick-acting nitrites (amyl nitrite and glyceryl
trmitrate) are used as diagnostic drugs to differentiate the pamn of angina
pectons from other causes of chest pam This, however, also has its pit-
falls for Gold (1) has shown that many patients obtam equal relief with
placebos placed under the tongue as with glyceryl trimtrate. Studies have
also been made (30-36) on the prophylactic use of longer-acting mitrites
m angima pectonis The general consensus with use of erythrol tetramtrate
or manmtol hexanitrate 1s that no great advantage 1s to be found over
treating the mdividual attack As for metamine and pentrate, two groups
of mvestigators (32, 33) have found these no better than a placebo m
preventing angma and others (20, 30, 34, 35) have attnibuted evidence
for the efficacy of the drugs based on exercise-electrocardiograph studies
and on chimcal evaluation Gold {38) has pomted out that the frequent
use of nitnites will neither lead to dependence on them or reduce their
efficacy

2. Xanthines: In 1895, while working with dwretics, Askanazy (39)
noted that theobromne sodio-salicylate, besides its dwretic action, was
also useful for pain in angma pectons

Pranstacorocic Basis. There 1s ample experimental evidence to prove
that vanthines are coronary vasodilators (40-42), Fowler, Hurevitz and
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tical checks to establish the validity of the sampling and the probability
of error

The availability of (1) a satisfactory method, as outlined, for testing
new drugs and for comparing one agent with another 1 a reasonably short
period of time, and (2) a team of physicians specially tramed in the man-
agement of patients for pharmacologic investigation and in research meth-
ods will go a long way to msure that a decision concerning the therapeutic
value of a drug will not be reversed by future studies

The technics for evaluating drug efficacy m effort angina vary from the
report card system (14) to the use of exercise alone (13) or exercise and
the electrocardiogram (19-21). Using the last mentioned method, Russek
and his co-workers (20 and 21) found only glyceryl trinitrate, papaverine
and pentaerythritol tetranitrate to be effective as coronary vasodilators
m the following doses for the listed drugs-

Drug Dosage
Glyceryl tnmtrate 1/100-1/150 gram
Papaverine 1-2 gramns IV
Ethyl alcohol 3-8 gramns orally
Pentaerythntol (Pentrate) 1.5 grawms orally
tetramitrate 1-2 oz
Ammophylline 10-20 mg
Romacol (betapyndyl- 75 grams 1V
carbmol tartrate) 6 grans orally
Visammn (Khellin) 100 mg orally
Octyl mitnte 200 mg IM or oralh
Tolazolme (Pnscoline) 1-4 inhalations
hydrochlonde 25.50 mg IM or orally
Tetraethylammorium chlonde 300-500 mg IM
Dioxylline {Pavenl) 200-500 mg orally
Heparin 50-100 mg 1V
Bishydrotycoumarin { Dicumarol} 200 mg
Morphine % grams subcutaneously

CORONARY VASODILATORS

1. Nitrites: Brunton (22) reported on the use of amyl nitnte m angna
pectoris m 1867, “on pounng from five to ten drops of the mitnte on a
cloth and grving 1t to the patient to mhale, the physiological action took
place in from about thirty to sixty seconds, and simultaneously with the
flushing of the face the pan completely disappeared and generally does
not return till its wonted time next day ” In 1879, Murrell (23) mdrcated
that equally successful results could be obtained with mitroglycerin (glye-
eryl trmtrate) Bradbury (24) mntroduced erythrol tetramtrate n 1895

PHATRMACOLOGIC Basts: Use of nitrites 1n the rehef of pain of angmna
pectoris depends on therr relaxation of coronary vascular tree (25), Coro-
nary vasodilatation outlasts the effects of nitrites on other vascular beds
and coronary blood fiow 1s increased despite the concomitant fall in aortic
pressure. The nitrites increase coronary arterial blood flow (26-28). Wegria
studied the effect of 06 mg of mtroglycerin in ten normal persons and
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Smuth (43) studied the effects of aminophylline on experimentally-induced
cardac infarcts in dogs. They found the mnfarcted area considerably less
in the aminophylline-treated dogs than in the controls and concluded
that the theophylline-ethylenediamine was capable of developing collat-
eral coronary circulation in the dog Gold, Travell and Modell (44)
repeated this work in cats and measured the size of the infarcts with a
plammeter. They could not confirm the results of Fowler.

PreparaTIONS AND Dosace  Climeal studies 1n angia pectoris have been
made with theobromme (03 to 0.6 gm. four times a day), theobromme
sodio-acetate (045 to 0.7 gm., four times a day); theobromme sodio-
salicylate (05 to 07 gm. four times a day), theophyllme (01 to 025 gm.
four times a day); theophylline sodio-acetate (02 to 03 gm four times
a day) and theophylline-ethylenediamme (ammophyline) (0.1 to 02 gm
four to six times a day) (Table 11)

Sk Actions: The mamn disadvantage of oral admimistration of xanthmes
1s occasional gastric untation. Intravenous admimistration may produce

ddi excit t, faintness, flushing, tingling of Ips, collapse and

death

Coyment: The ongmal enthusiasm for use of xanthmes orally 1 angina
pectoris (45, 46, 50, 51) was followed by discouraging reports (1, 48, 48).
Fially in 1943 1n a review for the Council of Pharmacy of The American
Medical Association, Boyer (52), concluded that “the chinical evaluation
of the usefulness of the xanthmnes i the treatment of coronary artery
disease is far from satisfactory It seems wise to place the burden of proof
on those who claim therapeutic efficacy ”

Because of the discouraging results with oral admmistration of amino-
phyllme, we investigated its usefulness 1 angina of effort by intravenous
admumstration (13) It was found that an intravenous mjection of 024 gm.
of ammophyllme mcreases the capacity for effort without pamn n patients
with angina for one hour or more. It 1s obvious, however, that this
method of admumistration 1s of Imited practical value

3. Papaverine: Pal (53) m 1913 first advocated the use of papaverme
in treatment of angina pectorns

Prararacorocic Basis. Macht (54) found papaverine to be a powerful
dilator of the coronary artenes of frogs The studies of Essex (55) dogs
further corroborated the coronary vasodilator action of papaverine

PrEPARATIONS AND Dosace Papaverme hydrochlonde 1s gven orally
m doses of erther 33, 100 or 200 mg four times daily This mtravenous
dose 15 65 to 100 mg Ethaverine (ethyl analogue of papaverne) (586, 57,
154) is given as 50 mg. capsules, two to four times daily Dioxyline
phosphate (pavenl) is admumstered m doses of 200 mg, one to six times
daily (20, 58, 59).
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action m dulling response to pam rather than its coronary vasodilator
action (70).

5. Khellin {Visammin): Khellin is an active principle of the fruit
Ammi Visnaga, known m Arabic as “Khella” It was first isolated in a
punfied form m 1930, although it was first extracted m 1879. Chemucally,
1t 15 a dimenthoxymethyl-furano-chromone.

Prarnacorocic Action: Khellin is a dilator of the coronary blood ves-
sels (71) and is active i a minimal concentration of 10-¢ It has produced
significant mereases m coronary blood flow m both intact animals and 1n
the dog’s heart-lung preparation

PREPARATION AND Dosace: Khellm is administered m oral doses of 50
mg. to 100 mg, three times daily (72, 73). The intramuscular dose is 100
mg. to 200 mg.

Sme Actions, Oral admmistration may produce nausea, msomma, con-
stipation, dyspepsia, and a sensation of warmth.

Coninents The Egyptian group (74, 75) treated 250 pattents with
angina pectonss with oral doses of 50 mg to 100 mg. three times daily.
The duration of observation and treatment varied from 3 months to 2
years with response to treatment occurring after from three to ten days
dependmg on the seventy of the angmna. Occasionally, intramuscular doses
of 100 to 200 mg. were given. Fifty-six per cent of the patients showed
good improvement, There were no control studies excepting that when a
placebo was substituted for the achive drug, the attacks recurred

Rosenman, Fishman and Katz (76) have indicated that controlled
studies with placebo and khelln revealed no benefit in some patients
and dramatic responses occurred in others as manifested by a decrease m
the number of attacks of precordial oppression and in the number of
nrtroglycenn tablets used (73). Others have reported beneficial effects
with khellin (77-79).

Greiner and his co-workers (14) studied the effects of khellm in 39
patients who, in alternating courses, were also given tablets of a placebo
of sugar of milk, which resembled the active drug m size, shape and color
The khellin was admmustered in doses of 100 to 150 mg daily A com-
panson of approumately 1,500 days admimstration of each of the two
agents showed that khellin had no greater affect than sugar of milk m
the control of the pam of angma of effort. These negative findings were
confirmed by Hultgren (80).

6. Tetraethylammenium Chloride: The use of this drug 1n angina pec-
tons has been advocated by Christy (81) and Hirshleifer (82). Christy

(81) treated 10 patients with the anginal syndrome with a bi-weekly intra-
muscular injection of tetraethylammonium chlonde m doses ranging from
200 to 800 mg, per injection for periods of at least 1 year. Of the 10
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SmE AcTioNs. Papaverme may cause dizziness, nausea, vomiting, drow-
smess, auriculoventricular and intraventricular block, cardiac arrest, pre-
mature beats, coupling, ventricular tachycardia and fibnllation.

Conment: There 1s diverse opinion as to the efficacy of oral doses of
papavenme for relief of angina pectoris. Pal (60) and Bochm (61), Macht
(54) and Katz and Elek (62) report (60) favorable effects in angina
pectoris. Pal and Macht gave their doses intravenously (30 to 40 mg).
Boehm and Katz and Elek gave their medication orally, the latter investi-
gators 1n doses of 100 mg. four times daily. Gray, Riseman and Stearns (63)
also found the drug of value for pain 1n coronary insufficiency and coronary
thrombosis when given intravenously in doses of 65 or 100 mg They found,
however, that oral doses of 33, 100 or 200 mg four times daily for 1 week
were of Iittle value m clinical treatment of angina pectoris

This same mixed fecling was expressed by Gold (64) 1 a timely review
of the value of papaverme in coronary artery disease. He believed that
it had some value but how much was still in doubt. Its administration
was not without dangers. These included toxic rhythms, namely, pre-
mature beats, coupled rhythm, ventricular tachycardia and partial AV
block, all of which may occur with doses within the therapeutic range.
The value of the blind test was demonstrated again by Katz and his
co-workers (65) who re-evaluated the status of papaverine mn angina
pectons They had previously reported favorable results with the drug
(62). This group studied 13 patients in the followmg manner: no medr-
cation was gien duning a 6-week adjustment period, then placebo cap-
sules 1dentical in appearance with papaverine was given for at least 4
wecks, then capsules of papaverine hydrochloride contaiming 100 mg were
substituted blindly and given orally in doses of from 400 to 800 mg. daily.
The authors now concluded that papaverine admmistered orally i these
doses was in general of limited value 1n angma pectorts Ethaverine (55)
was reported to have no value for angma With pavenl there are mixed
opmmons as to its efficacy (20, 57, 58).

4, Ethyl Alcohol: This 1s 2 commonly used remedy for angina attacks.
Its use is based on the the concept that 1t is a vasodilator. However,
Dixon (66) found experimentally only slight vasodilation of the coronary
artenes. Evans and Hoyle (67) found that objectively only 1 in 11 patients
was able to do more work following phophylactic use of brandy. Stearns

¢t al. (68) found that therapeutic doses of whiskey (1 ounce) did not
measurably shorten the duration of attacks of angina pectoris or increase
the capacity of the patient for work. Eggleston (69), however, recom-
mends a small dank of brandy or whiskey to relieve the pain of angmna

pectoris. ! . )
The effects of alcohol in relief of angina must be attributed to its centra
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by Graham and his co-workers (91). This finding was incidental to an in-
vestigation of the effects of heparin on the concentration of the serum
lpoprotems (S: 12-20 and 20-100). Efficacy of heparin in effort angina has
since been reported by Engelberg (92), while, on the other hand, no sigmfi-
cant benefits were found by Russek (93), by Miller, Zmn and Gniffith (94),
by Rinzler et al. (93), by Binder (96), Chandler and Mann (87) and
Port (98).

A comparison of the levels of serum hpoproteins of the Sp 12-20 and
Sp 20-100 classes m our study (95, 99) showed no s:igmficant change m
concentration after 6 weeks of hepann or placebo administration. Thus find-
mg was confirmed by Chandler and Mann (97).

2. Androgens: The basis for use of androgens m the treatment of angina
pectoris was the finding of Edwards, Hamilton and Duntley by spectro-

TABLE 12
ErrecT of INTR n TesTosTERONE P 1N ANGINA Pecromss
Author and No of
Rcfercnce Cases Dosage Results
Walker | 8 |25 me, four tunes m first week | Improvement i 7 cases
1 PRSP E s ¢
Hamm
(102)
mjections—30 1 1 year)
Sigler & 20 |25 mg two tmes weekly In 1I—marked relief
Tulgan {all M) n 5 —some rehel
(103) In 4—none
Strong & 15 25 mg_every 4 to 5 days, total- | In 5—marked 1mprovement
Wallace (all M) |lng 12 mjections In 7—shght mprovement
1 In 3—none
Waldman 10 25 mg two times weekly | In 7—favorable
(105) (all MY T
Lesser 100 |25
(108) | (92M) |2
(8F) ljec
Injections
Levine & 19 25 mg three times weekly for [In 5—marked relief
Lakoff (18 M) |4 weeks In 1—moderate relief
(107) (3F) In 2—questionable relief
- In 11-—none
1serman 25 dail
(108) mg daly No value
Levine & ar 25 mg two to three times In 2—marked improvement
Sellers weekly In 4—moderate mmprove-
(109) ment
1In 4—shght improvement
. In 11—none
urmmers 67 |25 mg fve nmes weeNly for | In 9—marked mpro t
110) | (58 M) |6 wecks In 34 moderate (o sught
(9F) mprovement
In 24—none
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patients, 2 had complete relief, 5 considerable improvement, 2 no relef,
and 1 patient could not be followed adequately. No blind testing was
applied m this study

Israel (82a), in a survey of the usefulness of tetracthylammonium chlo-
ride for the relief of chest pain, cites an instance of a 42-year-old man
with acute myocardial infarction and agonizing precordial pain in whom
300 mg of tetraethylammonium chloride injected intravenously produced
immediate and permanent relief of pamn after 25 mg, of morphine sub-
cutaneously and 15 mg. intravenously had failed to be of any benefit,

Despite these results, because of its known hypotensive effects and
because of the possibility of mducing myocardial infarction, this drug is
to be used with caution in patients with coronary artery disease (83, 84).

MISCELLANEOUS AGENTS

1. Heparin: The steps by wiuch heparin came to be used in the treatment
of effort angina were as follows: It was first demonstrated that heparm abol-
ishes alimentary liperma (85-90). Secondly, while investigating the relation-
ship between atherosclerosis and serum lipoprotemns of the Se 10-100 class
in rabbits, the Califorma Group showed that the daily injection of heparin
for 3 to 8 weeks prevented atherosclerosis and suppressed the development
of molecules of the S¢ 10-50 class. Subsequently these findings were apphed
to man and 1t was observed (91) that the intravenous injection of a single
dose of 100 mg. of sodium heparin 1 a patient with a myocardial mfarction
and a hugh level of serum lipoprotemns of the S¢ 10-20 and 20-100 classes
caused a prompt shift of the hipoprotein molecules from the higher to the
lower Sr classes This was an acute effect which reverted to the imtral pat-
tern within 24 hours Graham et al (91) then admimstered hepann intra-
venously to 20 patients at intervals of 2 to 14 days. These investigators noted
that “a small proportion of the patients showed depressed m Se 10-20 lev.'els
which persisted for the full 3 to 14-day intervals between intravenous njec:
tions of heparin, but m general the levels observed 3 to 14 days after injec-
tion showed no average trend toward reduction.” They stated, on the other
hand, that they had “direct evidence that with a suitable heparin dosagﬁ
schedule, chronic lowenng of the serum St 10-20 levels can be obtained.
To substantiate this 1 patient 1s desscribed who for 1 month mamtamed an
S¢ 10-20 depression for the 3-day intervals between heparm injections ( 100
mg. each) and on cessation of the hepann mjections showed a s]ow,. pro-
gressive rise over a 1-month penod to a level which approached the origmnal
S, 10-20 concentration A second patient is mentioned who received 100 mg
of heparin by vein daily for 4 weeks and showed a similar effect.

Dosage: Sodium heparm, 100 mg,. twice weekly intravenously. -

Comment: Relief of angina pectoris by heparmn was first reported in 195
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claims have been disputed by many groups of investigators (15, 16, 114-120).

In our mvestigation (15, 16), 41 patients with chronic chest pain and
with arteriosclerotic and/or hypertensive heart disease were selected at ran-
dom from the Cardiae Clinic. Three patients failed to fimsh the full course
of therapy so that we had to analyze 38 patients, 19 having received syn-
thetic alphatocopherol and 19 a matching placebo Seventy-six per cent of
the patients had effort angina alone; the remainder exhibited msxed types of
cardiac and somatic chest pain.

Because of the possible carry-over effects of alpha-tocopherol, the bhnd-
test method for investigation selected was that of matching groups There-
fore, the patients were paired and matched as closely as possible with
respect to sex, age, cardiovascular status, duration and type of chest pain,
presence of hypertension, history of previous myocardial mfarction, pres-
ence of abnormal electrocardiograms, and such miscellaneous data as the
presence of somatic pamn syndromes, osteoarthritis of the spine, diabetes
mellitus and anema. There was a resulting close correlation in the percent-
ages of chmical abnormalities between the groups.

Synthetic alpha-tocopherol was given by mouth in daily doses of 200 mg
for about 2 weeks, and thereafter, 300 mg A similar number of matching
placebo tablets was given The average duration of administration of the
vitamin was 16 weeks (10-20 weeks) and of the placebo, 16 6 weeks (10-20
weeks) According to the criteria for dosage and duration of medication set
up by Shute, Shute and Vogelsang (112), the periods of 25 to 5 months,
during which our patients received “optimum” doses of alpha-tocopherol,
represented adequate time for climeal tnal

The response to medication was essentially the same for the alpha-
tocopherol and for the placebo groups Thus, no improvement was noted 1n
12 treated subjects (63 per cent) and i 14 controls (73 per cent) Subjec-
tive improvement was reported by seven treated patients {37 per cent) and
by § controls (27 per cent). These figures relating to improvement are in
accord with the observations of Evans and Hoyle (49) who showed that
the admumnistration of a placebo to patients with angina pectoris was accom-
panied by a diminution of pam in 375 per cent of their 66 cases

We concluded that alpha-tocopherol was not of appreciable benefit in
treatment of angma pectoris,

4. Cytochrome C: Cytochrome C acts by enhancing the tissue uptake of
oxygen For this reason Proger (121) has used this i patents with myo-
cardal anoxia, Cytochrome C, 60 mg intravenously, has been shown to
prevent anoxic changes m the electrocardiogram of cardiac patients brought
on by breathing a 10 per cent oxygen mixture. They, therefore, recom-
mended 1ts use in angina pectoris.

We tested the effect of intravenous cytochrome C on the chest pain m
patients with effort angina (17) by the following method. The patient was
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photometric studies that the diminished arterial supply to the skin of cas-
trated men was.increased after administration of testosterone propionate
(100).

Dosages: A dose of 25 mg. of testosterone propionate intramuscularly
twice weekly seems to be the average dose. Frequency of medication and
duration varies with different investigators (Table IIT).

Side Actions: Testosteronc therapy can cause marked sodium chloride
and water retention and on occasion may precipitate cardiac failure (109).

Comment: The majority of investigators (101-106) reports some degree
of improvement in the pain of angina pectoris under therapy with testoster-
one propionate (Table 12). Riseman (108), Levine and Likoff (107), and
Levine and Sellers (109) give an unfavorable report Lesser (106) attnb-
utes this lack of success to msufficient treatment since about one-third of
hus group showed no noticeable mmprovement during the first month of
therapy In Lesser’s study also the possible psychologte effect of injection
therapy per se was elmmated by giving 5 patients 6 consecutive injections
of sterile sesame o1l prior to receiving testosterone propionate None of the
patients on sesame o1l showed any appreciable change in symptoms while
progressive improvement occurred 1n the same patients following use of
hormone therapy Sigler and Tulgan (103) also used this techme. However,
the study was not an entirely blind one. In both instances the physician
knew when he had given a placebo. This may have prejudiced his question-
ing of the patient Other than this cniticism one must remember that testos-
terone propionate therapy 15 costly and must be given parenterally Sum-
mers (110) has shown that even the small group of patients (9 of 67 cases)
who at first noted considerable improvement 1 the frequency and the
severity of the anginal attacks, reverted within a few months to that which
had been present before treatment was begun. Forty-one per cent (5 of 12
patients of the control group treated with sesame o1l also reported mmprove-
ment.

There 15 no adequate explanation for the apparent efficacy of androgen
therapy in angmna pectonis Waldman (103) has postulated that testosterone
mav act m a2 number of ways by vasodilatation of the coronary arteries, by
development of a collateral circulation; by correction of an androgen defi-
ciency or by an improved cardiac muscle metabolism of phosphorus and
creatine The use of testosterone must be further questioned because of 1ts
known abulity to shift hipoprotems toward the atherosclerotic-like side (111).

3. Vitamin E: The stimulus for the use of vitamin E in angina pectons
was given by three Canadian physieians (112, 113} who noted some im-
provement of the “anginal pain” in 96 per cent of 84 patients on dosages of
vitamin E (in terms of alplia-tocopherol) ranging from 150 to 600 mg.
daily with a usual dose of 200 mg to 300 mg. daily Imprt?ver‘nent com-
menced in approximately 5 to 14 days after the onset of medication These
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claims have been disputed by many groups of mvestigators (15, 16, 114-120).

In our investigation (15, 16), 41 patients with chrome chest pan and
with arteriosclerotic and/or hypertensive heart disease were selected at ran-
dom from the Cardac Clinic. Three patients failed to finish the full course
of therapy so that we had to analyze 38 patients, 19 having received syn-
thetic alphatocopherol and 19 a matching placebo. Seventy-six per cent of
the patients had effort angina alone, the remainder extubited mixed types of
cardiac and somatic chest pain

Because of the possible carry-over effects of alpha-tocopherol, the blind-
test method for investigation selected was that of matching groups. There-
fore, the patients were paired and matched as closely as possible with
respect to sex, age, cardiovascular status, duration and type of chest pain,
presence of hypertension, history of previous myocardial infarction, pres-
ence of abnormal electrocardiograms, and such miscellaneous data as the
presence of somatic pain syndromes, osteoarthritis of the spine, diabetes
mellitus and anemia There was a resulting close correlation m the percent-
ages of clinical abnormalities between the groups.

Synthetic alpha-tocopherol was given by mouth in daily doses of 200 mg
for about 2 weeks, and thereafter, 300 mg A similar number of matching
placebo tablets was given The average duration of admimstration of the
vitamin was 16 weeks (10-20 weeks) and of the placebo, 16 6 weeks (10-20
weeks). According to the criteria for dosage and duration of medication set
up by Shute, Shute and Vogelsang (112}, the periods of 25 to 5 months,
during which our patients recerved “opttmum” doses of alpha-tocopherol,
represented adequate time for climeal tral

The response to medication was essentially the same for the alpha-
tocopherol and for the placebo groups Thus, no improvement was noted in
12 treated subjects (63 per cent) and in 14 controls (73 per cent) Subjec-
tive improvement was reported by seven treated patients (37 per cent) and
by 5 controls (27 per cent). These figures relating to improvement are m
accord with the observations of Evans and Hoyle (49) who showed that
the administration of a placebo to patients with angina pectons was accom-
panied by a diminution of pain in 37.5 per cent of their 66 cases

We concluded that alpha-tocopherol was not of appreciable benefit 1n
treatment of angina pectoris.

4. Cytochrome C: Cytochrome C acts by enhancing the tissue uptake of
oxygen For this reason Proger (121) has used this m patients with myo-
cardial anoxia, Cytochrome C, 60 mg. mtravenously, has been shown to
prevent anoxic changes mn the electrocardiogram of cardiac patients brought
on by breathing a 10 per cent oxygen mixture They, therefore, recom-
mended its use 1n angma pectons

We tested the effect of intravenous cytochrome C on the chest pain
patients with effort angma (17) by the following method: The patient was
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photometrie studies that the diminished arterial supply to the skin of cas-
trated men was.increased after administration of testosterone propionate
(100).

Dosages: A dose of 25 mg. of testosterone propionate intramusculardly
twice weckly scems to be the average dose. Frequency of medication and
duration varies with different investigators (Table III).

Side Actions: Testosterone therapy can cause marked sodwm chloride
and water retention and on occasion may precipitate cardiac failure (109).

Comment: The majority of investigators (101-106) reports some degree
of improvement in the pain of angina pectoris under therapy with testoster-
one propionate (Table 12). Riseman (108), Levine and Likoff (107), and
Levine and Sellers (109) give an unfavorable report. Lesser (106) attrib-
utes this lack of success to msufficient treatment since about one-third of
his group showed no noticeable improvement during the first month of
therapy. In Lesser’s study also the possible psychologic effect of injection
therapy per sc was eliminated by giving 3 patients 6 consecutive injections
of sterile sesame oul prior to recewving testosterone propionate. None of the
patients on scsame ol showed any appreciable change m symptoms while
progressive improvement occurred m the same patients followmng use of
hormone therapy. Sigler and Tulgan (103) also used this techme However,
the study was not an entirely blind one In both mstances the physician
knew when he had given a placebo. This may have prejudiced his question-
ing of the patient Other than this criticism one must remember that testos-
terone propronate therapy 1s costly and must be given parenterally. Sum-
mers (110) has shown that even the small group of patients (9 of 67 cases)
who at first noted considerable improvement in the frequency and the
severity of the anginal attacks, reverted within a few months to that which
had been present before treatment was begun Forty-one per cent (5 of 12
paticnts of the control group treated with sesame o1l also reported improve-
ment,

There is no adequate explanation for the apparent efficacy of androgen
therapy m angina pectoris Waldman (105) has postulated that testosterone
may act 1n a number of ways: by vasodilatation of the coronary arteries; by
development of a collateral circulation, by correction of an androgen defi-
ciency or by an improved cardiac muscle metabolism of phosphorus and
creatine The use of testosterone must be further questioned because of 1ts
known ability to shift lipoprotens toward the atherosclerotic-like side (111).

3. Vitamin E: The stimulus for the use of vitamin E m angina pectons
was given by three Canadian physicians (112, 113) who noted some 1m-
provement of the “anginal pain” m 96 per cent of 84 patients on dosages of
vitamin E (m terms of alpha-tocopherol) ranging from 150 to 600 mg
daily with a usual dose of 200 mg to 300 mg daily. Improvement com-
menced m appm‘(imately 5 to 14 days after the onset of medication. These
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bemg the decrease in the “anoxiating” effect of adrenalin on the heart mus-
cle by an aboltion of the abnormal irntability of the adrenal secretary
mechanism In addition to the adrenal treatment 57 per cent of these pa-
tients were also given rradiation over the upper thoracic and cervical spine

McMillan and his co-workers (134, 135) nradiated the adrenal glands of
23 patients with severe angina pectoris. Each adrenal area received 600 r in
three divided doses a week. Thirteen patients were greatly reheved, 4 mod-
erately, 3 shghtly and 3 not at all These patients were observed for a period
of from 2 to 12 months The treatment did not alter the hfe expectancy

Our 1nterest i the use of radiation therapy to the spimne in the treatment
of angina pectons was aroused by the report of Sussman (136) who indi-
cated that sub-erythema doses of roentgen radiation to the lower cervical
and upper thoracic spme to nclude the sympathetic ganglia was able to
mmprove the severity of angina pectoris m 11 of 16 subjects so treated We
mvestigated this problem (137) by means of the blind-test method pre-
viously described and could not confirm the observation.

Twenty-mine ambulatory patients with heart disease (hypertensive
and/or artertosclerotic), chrome chest pain and spinal osteoarthritis were
divided mto two groups matched with respect to age, sex, cardiovascular
status, duration and type of chest pam and degree of osteoarthntis of the
spine. Of these, 55 per cent had effort angina alone, 28 per cent had both
effort angma and somatic chest pain; and 17 per cent had enly somatic
chest pain One group (14 patients) was chosen blimdly by the x-ray thera-
pist to recerve cervical and dorsal irradiation 1 doses of 200 r twice weekly
for 3 weeks. The control group (15 patients) received a placebo course of
sumilar x-ray treatments, that is, these patients went through the exact rou-
tine for preparation for x-ray as the others, except that no roentgen radia-
tion was given.

The patients were followed in our Cardiac Clinic for at least 12 weeks
after completion of x-ray therapy. Since the x-ray therapist had designated
which group should receive true and which placebo exposure, we were
unaware of the nature of the exposure in any particular case. Furthermore,
the designation of the group was not revealed until the chinical data had
been analyzed. Our results showed no sigmficant difference m the response
of treated and control groups. Thus, chest pain was not improved in 13 of
the treated patients (93 per cent) and 11 of the controls (74 per cent),
Partial improvement was reported by one treated patient and four controls

7. Mercurials: Gold (138) has stressed the value of dehydration with
mercunals to control the cardiac pain occurring at rest This has been veri-
fied by Soloff (139).

‘These patients do not have congestion in the lungs in the usual sense,
that s, rales cannot be heard, but their symptoms improve when the weight
15 decreased by mercurialization Gold summarizes “Not all patients respond,
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walked back and forth over a standard set of steps until the onset of his
usual type of chest pain. The rate of walking was set by the subject lumself
and at any subsequent time on the same subject, he was kept at the same
rate Each test with cytochrome C was coupled with a control test on the
same day, thus elinunating the effect of spontancous variations in pain on
different days n the same subject. Cytochrome C was used mntravenously
mn doses of 50 mg in 5 cubrc centimeters of solution. Physiologc saline was
used as the control solution Five mimutes after the mjection, the patient
was walked, then rested for an hour, then given the second mjection, and
walked again.

‘We were unable to demonstrate any increase in the capacity for effort
without pain 1n patients with angina pectoris following intravenous mjection
of cytochrome C as compared with a placebo injection of physiologic saline
solution.

5. Thioureas: Encouraging results have been reported with their use for
angina pectorts (122-128) According to Raab (129, 130), thiouracil exerts
a “heart protecting” effect by suppressing the formation of thyrod hor-
mones. His further thesis is as follows: Sympathetic stimulation {exercise,
emotion, ete.) is accompanied by an acute influx of the adreno-sympatho-
genic catecholamines, nor-epmephrine and epinephrine, mto the myocar-
dium. These catecholamines exert a specific oxygen-wasting chermical effect
upon the heart muscle which 1s 1n principle independent of cardiac work
and which 15 potentiated by the thyroid hormone Coronary sclerosis exag-
gerates the resulting myocardial hypoxia to a pamful maximum (angina
pectoris) Nitrites and the thioureas act by decreasing the metabolic pain-
producing effectiveness of these catecholamnes. Garb (131), on the other
hand, found that the 1solated papillary muscle of the cat soaked 1n mtro-
glveenin or sodium mitrite showed no block n the effects of the amines
either on contractile force, automaticity or electric potentials.

Successful results have been reported with the use of thiouracil 1n doses
of 0.4 to 06 gm. daily for 3 weeks followed by a daily mamtenance dose of
0.2 gm. propylthiouracil in daily doses of 75 to 125 mg and methylthiouracil
m mitial doses of 400 to 500 mg daily followed by maintenance doses of
100 to 200 mg. daily.

DiPalma and MaGovern (132) caution that as the basal metabolic rate
is lowered by thiouracil there 1s a tendency for water retention to occur 50
that pulmonary edema and mecreased dysprea appear. They further show
that those patients who benefit mostly from thiouracil admunistration have

an elevated basal metabolic rate before treatment. They conclude that this
is the only indication for use of the drug other than as a therapeutic test in
selection for thyrordectomy in those patients with angina pectors.

6. Radiation Therapy: Raab (133) was able to improve the anginal at-
tacks in 76 per cent of 200 patients by radiation of the adrenals, the rationale
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tients who developed extrasystoles just before the onset of pain brought on
experimentally by peddling on a stationary bicycle with a fived load at a
fived speed. Quinidine sulfate was given in doses up to 01 gm. four times
a day. One patient was able to do twice as much exercise before pam devel-
oped and no irregularities were noted in the pulse before, dunng, or after
exercise.

Qur impression is that quimdine should not be used in the routine treat-
ment of angina pectoris per se except where arrhythmias might interfere
primarily with myocardial efficiency and secondanly with coronary suffi-
ciency (147-149).

12. Radioactive Iodine; Radioactive jodine provides a means for perform-
ing a chemcal thyroidectomy. Such a procedure is advocated for the some-
what less than 5 per cent of patients who remain disabled from angina pec-
tonis or congestive heart failure despite all medical measures (150). This
method of treatment lowers the total metabolism of the body and so reduces
systemic crreulatory needs to the extent that the needs of the body and the
cardiac reserve match more closely. The drug is given to euthyroid patients
as evaluated clinically, and by basal metabolism, serum cholesterol, sernm
protemn bound iodine and thyroid uptake of I'** Blumgart (150) reported
on 1,070 patients so treated. The cases were gathered from 48 cooperating
clinics and so represents results in many hands. Of 720 patients with angina
pectoris, of whom 200 also had evidences of congestive heart failure, 76 per
cent showed worth-while tmprovement (40 per cent excellent and 36 per
cent good) Of 350 patients with congestive heart failure, 62 per cent
showed worth-while improvement (32 per cent excellent and 39 per cent
good).

An excellent result (150) denotes that the patient is markedly improved
over pretreatment status, with erther no recurrence of symptoms or a
marked decrease in the frequency and severity of angma pectons or con-
gestive failure, despite markedly increased activity, A good or worth-while
result denotes definite improvement with a decrease in frequency and se-
verty of attacks of angina pectons or congestive failure on the same amount
of actiity as hefore treatment.

The dose schedule as reported in 1950 (151) ncluded a total dose vary-
ing from 255 to 176 millicuries (average 61 0). Affective dosage may result
from a single dose of 25 5 to 42.5 millicuries (average 31 5) or up to 6 doses
may be needed.

The program of 1% treatment is given by Blumgart, Freedberg and
Kurland (152) as follows'® “In every instance tracer doses of 100 to 150
mucrocuries of I'! by the thyroid is measured by the direct counting tech-
nic. This measurement is made 24 hours, 48 hours, 72 hours and 96 hours

* Courtesy of Dr Blumgart and the New England Journal of Medicine,
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but some do 1n a dramatic way. I have the impression that the pamn in those
patients who also have exertional dyspnea or nocturnal dyspnea is more apt
to tespond well. Because of a clear cut relationship between the relief of
dyspnea and the pain by dehydration in some cases which have both symp-
toms, I am inclined to think that in some cases cardiac pain is the sole
chinical manifestation of left heart failure. If you treat them as cases of
left heart failure, therr capacity for exertion without pain 15 enhanced and
nocturnal pain may either lessen or vanish”

8. Cobra Venom: Freedberg and Riseman (140) found that admimstra-
tion of cobra venom to patients with angina pectoris increased the stand-
ardized exercise tolerance in 7 of 12 patients studied. Since m these patients
medication did not prevent the electrocardiographic changes associated
with exertion, they concluded that the action was not one of coronary vaso-
dilation The dose was 10 mouse umts three times the first day, followed by
one mjection daily for 7 days and then biweekly mjections of the same dose

9. Nicotinic Acid: Stokes (141) reports no improvement from oral admin-
wstration of nicotmie acid (200 mg daily) or nicotinamide (200 to 400 mg.
daily) erther in prevention or relicf of angma

10. Digitalis: Gilbert and Fenn (142) reported that digitalis exerts 2
vasoconstrictor effect. The administration of digitalis might therefore be
thought to mcrease the pain in angma pectoris However, Gold (143) found
no merease in cardiac pain m 120 patients with effort angma given digitalis
even m touc doses. They concluded that digitals does not exert any direct
constrictor effect on the coronary artertes 1n patients with coronary artery
disease.

11. Quinidine: Freedberg, Riseman and Spiegl (144) using the exercise
tolerance method, tested the effect of quinidine sulfate on the capacity for
work without pam m patients with angina pectoris. The tests with qunidime
sulfate were carned out after administering 0.3 gm. of the drug four times
daily for 1 week, with an additional dose 1 to 2 hours before the exercise.
Twelve patients were studied Four showed a marked response, 5, a moder-
ate response and 3, no response. A marked response mdicated an merease
of over 50 per cent in the work capacity without pam as compared with
the pre-medication status. A moderate response indicated some increase
over the control level by not over 50 per cent

The value of quinidine sulfate led to an investigation of other cinchona
alkaloids (145). Qunidime, quinine, cinchonadine and cincl line were
found to decrease the frequency of attacks of angna and mcreased the
excrcise tolerance. Quinme sulfate (0.3 to 0.4 gm. every cight hours) ap-
peared to be the drug of choice from the standpoint of availability and low
toxicity as well as effectiveness

Proger et al (148) found an increase for capacty for work wnhoutopnm
when cardiac irregulanties were abolished by quimdine. There were 2 pa-
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mas apparently then begin to function and may be affected by subsequent
doses of I'3, Subsequent doses frequently lead to tenderness and gradual
disappearance of the nodule, the inductton of myxedema with its character-
1stic clinical manifestations, rise in serum cholesterol and lowering of the
basal metabolic rate. v

“The first chinical intimations of inciptent hypothyrordism may consist of
one or more of the following. shght fullness or puffiness of the face, in-
creased sensitivity to cold, shight stiffness of the joints or arthralgia and
parasthesias Concomitantly, the patients usually report that the attacks of
angina are milder or less frequent or that dyspnea and orthopnea are dimin-
ished It has been our practice to permit marked hypothyroidism or, in some
mstances, even complete myxedema to develop, in order to assure ourselves
that all thyroid tissue has been affected, and then to give 6 or 12 mg. of
thyroid daily. In each patient thyroid dosage must be adjusted to maintain
him at the lowest metabolic level at which he experiences the maximum
reltef from his cardiac disease and the mmmmum discomfort from myxe-
dema. In certain cases this may not be possible, the patient showing little
or no 1mprovement over lus pretreatment status when sufficient thyroid is
administered to obviate the discomfort Most patients are maintained at a
level of approximately -20 to -25 per cent on a daily dosage of 6 to 30 mg.
of thyroud.

“Occasionally patients may suffer a recurrence of therr symptoms be-
cause residual thyroid tissue has regenerated with return of the metabolic
rate to pretreatment levels. In such instances, thyroid is withdrawn, and
after tracer doses show adequate uptake of I**! an additional therapeutic
dose is admimnistered.

“In addition to these special considerations, the same caveful supervision
and therapeutic program indicated for all patients with heart disease is
essential ”
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after the administration of I'3* by mouth. From these data the biologic half-
Iife is estimated and the equivalent dosage m roentgens delivered to the thy-
roud 1s caleulated. As a check on ths, the urinary excretion of 113! is also
measured for each of the 3 days followmng the administration of I8t by
mouth Assuming that the normal thyroid weighs 25 to 30 gm., the imtial
dose 15 calculated to deliver approxmmately 30,000 to 50,000 equivalent
roentgens. Since the average euthyroid 24-hour uptake 1s approuimately 30
per cent and is turned over with an average biologic half-life of 7 days, the
initial dose of I'*! 15 approximately 30 mc.

“After the admimstration of the therapeutic dose, similar measurements
are made by direct counting of the uptake of the dose by the thyroid 24,
48 and 72 hours after its adminmistration to ascertain the amount of the
therapeutic dose retained 1 the thyroid

“Dunng the next few weeks the patient is observed closely. During this
period and later, we have made numerous observations of possible toxic
effects and of the occurrence or absence of thyroiditis. We have observed
the ambulatory patients three times weekly for 2 weeks. It 1s, of course,
imperative to instruct all patients concerming the safety precauticns relative
to contamination of clothing and skin, storage of unne immediately after
the therapeutic dose and other necessary safeguards Approumately two
thirds of the patients have exhibited mild to moderate thyrorditis lastmg 1
to 10 days It has been severe m only one instance No treatment except the
use of analgesics has been indicated Inasmuch as thyroid hormone 1s appar-
ently released durmg the stage of thyrouditis, the actvities of the patient
should be reduced to a mummum dunng this time

“After the first 2 weeks the patient 15 seen by us at 1 to 2-week mtervals,
at which time serum-cholesterol, basal metabolic rate and other measure-
ments are made, m addition to a chimical appraisal of his condition Careﬁfl
mquiry 1n regard to early signs of hypometabolism 1s made. In our experi-
ence hypometabolism has developed 5 weeks to 6 months after an adequate
dose of I'S' When patients do not develop hypometabolism within several
months, it has been our practice to admimster additional doses after pre-
limmnary tracer dose studies to determme whether residual tissue capable
of takmg up I'*1 exists The average number of doses per patient was 23,
but more than 3 doses of I'*! were necessary for 6 patients As many as 45
or even 6 doses at various periods of time have proved to be necessary, but
in each case mysedema was finally achieved.

“Repeated administration of I'*' is particularly indicated when thyroid
adenomas are present In some patients these adenomas are plainly evident
at the time of imtial exammation. In other patients they have become appar-
ent only after the normal thyroid has disappeared after the first 1 or 2 doses
of 111, Presumably these nodules are imtially non-functioning and do ot

take up I'** until the normal thyroid tissue has been destroyed. The adeno-
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There are three methods of revasculanzation used (4, 5). The first
consisted of grafting tissues upon the heart in order to establish vascular
commumcations between the coronary arteries and the arteries of the en-
grafted tissues. This 15 called extracoronary anastomosis. The tissues that
have been used for this purpose mclude the parietal pericardium, medias-
tmal fat, lung, skeletal muscle from the chest wall and omentum brought
up through an opening in the diaphragm (6-10). This method m general
has proved disappointing

The second method of revasculanzation involved the use of agents for
the purpose of producing an inflammatory reaction between the heart and
parietal pericardium (11, 12). One can make effective intercoronary con-
nections by abrading the surface of the heart and rubbmg a muldly 1mi-
tating substance such as powdered asbestos, 02 gm, on the surface. In
1943, Feul (13) summarized the climical expenences with the Beck procedure
which 15 the combination of pectoral muscle grafts and cardiopericardial
adhesions with asbestos Thirty-seven patients with coronary sclerosis and
angma pectoris were operated upon with an operative mortahty of 378
per cent Nine patients died 4 months to 6 years after the operabon Of
23 operative survivors, 14 (609 per cent) had excellent results, 5 (21.7
per cent) had good results and 4 (17 4 per cent) had little or no improve-
ment,

Thompson and his co-workers (2, 14-16) use the following techmc
for cardiopericardiopexy as a one-stage surgical procedure The operation
takes place in three steps. Step 1 mcludes placing the patient 1n the supine
position, making a small cutaneous mcision over the left fifth costal carti-
lage and carrying 1t laterally along this cartilage to a length of about 7 or
8 cm, exposing the costal cartilage, and excising a 5 cm segment of the
cartilage. Step 2 exposes the antenior mediastmum, including the pert-
cardium. In step 3 the pericardium 15 opened, the sac is explored, 2 to 4
drams (567 to 1134 gm ), by volume, of stenle dry magnesium silicate
powder (USP talc) are spread over the antenor surface of the heart and
around 1ts borders, and the surgical wound 1s closed. The operation can
be completed n 30 munutes or less

The foreign body reaction, which 15 invoked by the tale introduced into
the pericardial sac, reflects itself in a rise of temperature and involves the
lungs, pleura, heart, pericardium, and mediastmum. The temperature may
nse as high as 104°F (40°C ) and subsides gradually within 10 days
Pulmonary consohdation m the form of interstitial pneumonitis begms
after the first operative day, but the patient 1s not dyspneic or cyanotic
The mediastimtis that makes its appearance from the first postoperative

day 15 demonstrable roentgenographically by bulging mediastinal outlnes
and gradually resolves Extensive adhesions form between the myocardium
and the pericardium, but the adhesve granulomatous pericarditis that has
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6§ QURGICAL therapy of angina pectoris should be reserved for patients

who, after adequate observation, cannot be controlled by medical
means” (1). Such surgery now has centered about two methods of attack:
(1) creating new channels of blood supply, and (2) interruption of sensory
pathways It 1s to be remembered that m interpreting the statistical results
of surgery that the surgeon 1s usually dealing with patients with erther
severe paroxysmal ches. pam or intractable angina decubitus in whom
medical therapy has been unavailing.

Revascularization of the Heart: The various procedures descnibed for
augmenting the blood supply of the heart are designed for three main
purposes: (1) to alleviate pain, (2) to protect against subsequent myocar-
dral infarction, and (3) to bring the myocardium “the good red blood” which
may prevent the fatal ventricular arrhythmias attendant upon ventricular
muscle ischemia (mechanism death) Since pain is a subjective response
and since all surgical series have been analyzed without a parallel control
group, attention has also been directed at the size and patency of the newly
created anastomotic channels as evidence of efficacy of the revascularnizing
procedure.

Blumgart and Paul (2) have pomted out that the post-operative demon-
stration of fine communications between the heart and surrounding struc-
tures by colored watery solutions or India nk is of little import because
such fine commumecations are of no mmmediate functional sigmficance
for they do not protect the myocardium from mfarction if a coronary artery
1s occluded suddenly. In truth, in the presence of coronary narrowmg or
occlusions, intercoronary anastomoses which will pernit a lead-agar mass
to penetrate to vessels 40 micra i diameter or more in fixed sections are
abundant and always present, on the other hand, vessels of this caliber
exist in only 15 per cent of normal human hearts In fact, Blumgart (2)
adds. these vessels in coronary artery disease are so abundant that 1t 15
difficult to conceive how surgery can further increase their size. It has
been known that the development of such a basket-weave of collateral
channels has been nature’s way of treating a disease for which physicians
have as yet no specific therapy

Nevertheless, Thompson and Plachta (3) have indicated that a study
of vessels within the granulomatous pericarditis produced by magnesium
trisilicate crystals revealed internal chameters far above the critical 40
even 10 years after human cardiopenicardiopexy.

micra
134
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zation by the use of phenol as one of the steps in the S}lrglcal treatment of
angma pectons. From their expertments on dogs, removal of the eptcardium
of the dog’s heart with 95 per cent phenol permitted anastomoses between
pericardial vessels and the coronary arteries that were large enough to
carry the Schlesinger mass (40 micra or larger) In humans, phenolization
was combined with the installation of talc and the application of the hngula
of the lung to the denuded myocardium. The total operating time in 18
patients with intractable angina ranged from 11 to 26 mmutes There were
no operative deaths The operation is reported to result m consistent relief
of pam. All but 4 had complete relief of pain, Two patients died within 2
months of the operation from fresh coronary occlusion after having been
completely relieved of their angmal pam The first patient was operated
upon in December, 1951, and he was shll alive and working at the time of
their report.

Artentalization of the cardiac veins was first suggested as a thid method
of revascularization of an 1schemic myocardium by Roberts, Browne, and
Roberts (20) in 1943. They created an arteriovenous anastomosis 1 dogs
between an aortic branch and the coronary sinus by means of a glass can-
nula, and then higated the coronary artery Chicago blue dye imjected mto
the sinus was found m the capillaries Later, experiments on dogs usmg a
systemic artery-coronary simus anastomosis were carned out by Senstrom
(21) and Beck (22) These experimental trials led Beck to attempt this
method m humans (23)

It is to be remembered that the excellent test of benefit of the anastomosis
from the aorta to the coronary senes m dogs 1 whom the coronary artery
was later Ligated may not be directly applicable to man because the coronary
artenal tree of man and dog differ (24) m that large anastomosis between
the left anterior d ding and left crrcumflex and right coronary occur
frequently in the dog This makes for difficulty n mterpretation of effects
of single artery ligation mn the dog

Beck and Leighninger (25, 25a) have performed two types of revascu-
lanization operations

(1) The Beck I procedure consists of partial higaton of the coronary
sinus, abrasion of the surface of the heart, application of 02 gm of pow-
dered asbestos as an mflammatory agent, and grafting of partial pericardium
and mediastinal fat to the raw surface of the heart This 15 a one-stage pro-
cedure and provides intercoronary arterial communications, elevation of
coronary sinus pressure, and extraccronary communications.

(2) The Beck IT procedure consists of grafting a vein between the aorta
and the coronary smus in the first stage and three weeks later the sinus is
partially higated to 2 to 3 mm near its ostium

The Beck I procedure, carried out on 33 patients and evaluated 3 months
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been established is a benign, beneficial, and permanent sequela that is
directly responsible for the increase in maintenance of myocardial vascu-
larity (16, 16a).

Over a period of 14 years (1938 to 1951), Thompson has performed this
operation on 57 patients. The operative and hospital mortality was 12 per
cent Of the 50 remaiming patients followed to 1951 or their time of death,
37 were men and 13, women. The age range was 35 to 68 years with an
average of 51 years Tlurty-three patients were still living by 1951, The
shortest duration of symptoms before operation was 3 months, the longest
15 years with an average of 3% years. The hving patients had had their
symptoms for an average of 2% years, while the patients who died had
therrs an average of 4} years. The shortest length of life after the opera-
tion was 2 months, the longest 13% years with an average of 5 years. Four
tests were used to determine postoperative benefits: (1) the decrease m
amount of anginal pamn; (2) the increase in exercise tolerance; (3) the m-
proved ability to attend to daily needs, and (4) a return to the former or
some other gainful occupation Using these critera as a gwde, those with
50 per cent improvement were classified as poor results, 50 to 75 per cent
improvement, moderate, and with more than 75 per cent jmprovement,
marked. The results m 50 patients are as follows: 5 (10 per cent) are
classed as poor results, 25 (50 per cent), moderate; and 20 (40 per cent),
marked.

Of 17 paticnts followed to their death, the average duration of symptoms
before operation was 4% years and the average span of Lfe after operation
was § years. Thompson considers this 9% years span in excess of the average
span of hife of 4 to 5 years of the coronary patient from the onset of symp-
toms. Sigler (18) also idicated an average length of survival of hus group
who died to be 4.6 years However, Block (19) found the 5-year survival
rate to be 58 4 per cent of his series and the 10-year survival to be 371 per
cent after onset of symptoms This survival rate of 37 1 per cent m the non-
aperated cases compares closely with the 9%-year survival rato of 17 of 50
patients (34 per cent) operated by Thompson. One must not lose sight,
however, of at least the subjective deterioration of Thompson’s patients, all
of whom had severe angina when operated upon.

Dack and Gorelik (17) reviewed therr results on cardiopericardmpe«")’
performed 1n 36 patients who were partially or completely mcapacitated by
coronary wmsufficiency or congestive heart failure The rmmediate operative
mortality was 5.5 per cent In a follow-up period ranging from 3to 4.2
months, over three-fourths of the patients exhibited good or excellent chini-
cal improvement as mamfested by decreased angina pectoris, increased
exercise tolerance, and ability to return to work .

Harken, Black, Dickson, and Wilson (85) have advocated de-epicardial-



Surgical Therapy 139

have done well Seven of the 9 patients who were incapacitated before the
operation were working. Three had shight pain on severe exertion, and 5
were completely free of pain. There was 1 fmlure among the 9 survivors:
The patient still had pam as severe as before the operation. It would seem
that the mternal mammary artery was placed in the heart without sufficient
slack to allow for the movement of respiration This artery was probably
firmly thrombosed. Of the 3 patients who were 1n status anginosis before
the operation, 2 died 60 to 62 hours, respectively, after the operation, and
1 died of cardiac arrest on the operating table. One of the nine surviving
patients had had coronary occlusion since the operation, without infarction.
This patient had returned to work, and 1t appears that his mammary artery
mmplant probably protected him from death and defimtely protected him
from nfarction.

Ligation of the Great Cardiac Vein: Experimental attempts to mnduce the
development of a collateral circulation through the mtramyocardial chan-
nels which empty into the channels of the heart by cardiac vem ligation
alone preceded those of arteriolization of the cardiac vems heretofore dis-
cussed Coronary sinus hgation was subjected to thorough study (29-32).
The mortality rate m dogs after coronary smus hgation has varied with
different mvestigators,

Further, the studies of Thornton and Gregg (33) indicated that though
the coronary sinus pressure may nse :immediately after its hgation, thus pres-
sure 1s not maintamed and after 30 days 1t returns to normal The immediate
effects of coronary sinus occlusion 1n dogs included cyanosis of the left ven-
tricle, occasional petechial hemorrhages and larger extravasations under
the epreardium It Las also been found that congestive effects are lessened
as the site of the sinus obstruction moves to the left and that ligation of the
great cardiac vem practically never results m gross congestion of the left
ventncle (21).

For this last reason and because of the high experimental mortality pro-
duced by higation of the coronary smus in the dog found by Gross, Blum
and Silverman (30) and by limself (31), Fauteux (34) believed that higa-
tion of the great cardiac vemn 1n humans would provide adequate collateral
circulation and a lower operative mortality His results of 40 cases of angma
pectoris treated by great cardiac vem hgation (34-36, 37) show an operative
mortality of 20 per cent with 6 subsequent deaths and benefit from the
operation 1 72 per cent of the 40 cases Nineteen of the surviving 26 pa-
tients became free of symptoms and were able to return to their former
work The addition of pericoronary neurectomy to the ligation of the great
cardiac vein has been pesformed by Fauteux (36, 37) He, however, is
unable to assess properly the value of this combination operation over a
hgation of the great cardiac vein alone
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to about 5 years postoperatively, resulted in an improvement in 84.8 per cent
of these patients, no change in 9.1 per cent and more pain in 61 per cent,
Seventy-eight per cent of the patients were better able to work, with about
27 per cent with no limitations and 51.4 per cent with some.

The Beck II procedure carried out on 43 patients and similarly followed
as above, resulted in an improvement of 88 4 per cent of these patients, no
change in 70 per cent and more pain in 46 per cent. In 791 per cent of
these patients, the ability to work was improved, 41.9 per cent with no
limtations and 37.2 per cent with some limitation. In a 3-year period from
1951 through 1953, there were 108 operations with an operatve mortality
of 2.8 per cent due to thoracotomy alone, 75 per cent from the Beck I pro-
cedure and 26 1 per cent from the Beck II operation. In the first 6 months
of 1954, there were 27 operations with an operative mortahty of 37 per
cent from thoracotomy alone, 4 per cent from the Beck I procedure and
0.0 per cent from the Beck I1 procedure The late mortality (2 months to
5 years) from all causes 1n 106 cases was 9.4 per cent in the Beck I and 11.3
per cent 1 the Beck II procedure. In November, 1954, Beck expressed a
preference for the Beck I procedure (25)

Bailey et al. (26) has indicated that the ideal patient for arteralization of
the coronary smus 1s 50 years of age or younger, has had a single myocardial
mfarct more than 6 months before, has a normal blood pressure and heart
size and 1s suffering from angina decubrtus or uses many mtroglycermn tab-
lets The major contra-ndications include. recent myocardial mfarction
(wathin 6 months), congestive heart failure, gallop rhythm, a blood pressure
of 180,100 mm. Hg. or higher, a heart size mcreased beyond 10 per cent of
predicted value, age over 55 years, and a caleified aorta

Vmneberg (27) showed that experimentally n dogs anastomoses could be
mduced between the coronary vessels and an internal mammary artery
transplanted mto the myocardium of the left ventricle The presence of
communications between the implanted artery and the circulation of t.he
left coronary vessel was studied by means of x-ray examination of the in-
jected specimens, serial sections through the sites of anastomoses and by
makmg plastic casts of the arteries mvolved to show the nature of the anas-
tomoses Internal mammary artery implantation was performed by Vine-
berg (28) mn 12 men between the ages of 36 and 57 years with coronary
artery msufficiency Nine of the 12 patients had no angina at rest, and 3
were 1n status angmosus All were unable to work at the time of the opera-
tion. Their periods of disabihty varied from 7 to 36 months Ten of t}.xe 12
patients had one or more proved myocardial infarction Of these 12 patients,
9 survived. All survivors did not have angina at rest, before the opc'ratmn
Even though 2 of these patients had had both anterior and posterior infarc-

tons, there was still some myocardial muscle left to revascularize Both
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Saccomano, Utterback and Klemme (45) have suggested that surgical
removal or alcohol injection of the second, third and fourth thoracic sympa-
thetic ganglia on the affected side only will alleviate angina pain. This is
based on experiments upon dogs m which stimulation of Cs and Ty, when
isolated, produced no effect on the heart rate or blood pressure. The effect
on pulse rate was most marked on stimulating the second and third nerves
with dimmishing effect on the fourth and fifth thoracic nerves The effect
on systemic blood pressure was more or less constant from the second tho-
racic nerve down to the seventh thoracic nerve.

1. Paravertebral Block with Alcohol: Paravertebral aleohol block was
introduced by Swetlow (42) as a method of obtainmng more prolonged
anesthetic effects than were possible with block of the upper thoracic sym-
pathetic gangha by procamne hydrochloride Levy and Moore m 1931 (46)
summarized the reported cases of angma pectoris treated with paravertebral
alcohol block and added 9 cases of their own. In 1941 (47), they reported
their complete results with an additional 36 patients. The technic used was
that described by White and Smithwick (48). Of Levy and Moore's total
of 45 cases, 4 died within 3 weeks of the block, and 1 was lost to follow-up
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INTERRUPTING SENSORY PATHWAYS

William Harvey left the impression that the heart was devoid of pain
sensation because, on touching, pricking or pinching the heart of a patient
who, through a childhood accident, had been left with an exposed heart,
no painful response was elicited. It is reasonable that proper stimulus for
eliciting pain was not used. In 1899, Francois-Franck (38) offered a sugges-
tion that sympathectomy would relieve anginal pain, However, it was not
until April 2, 1916, that the Rumanian surgeon, Jonnesco (38a) performed
the first cervical sympathectomy for the relief of the pain of angina pectoris
Although the operation was left-sided only, the operation was dramatically
successful m relieving the chest pain. During the next 10 years, studies by
Fontame (38b), by Cutler (38¢), and Porter and Richardson (39}, using
the technic of cervical sympathectomy, showed that less than 2 out of 3
patients were bemg relieved of their pain At this point in medical progress,
two contributions were being made 1n relation to cardiac pam Firstly, the
thoracic cardiac nerves were demonstrated by the anatommsts (40). At the
same time, Mandl (41) and Swetlow (42) were elaborating on the value of
paravertebral block with procaine and alcohol, respectively, m the treat-
ment of cardiac pam.

In 1933, White, Garrey and Atkins (43), using a method for producing
cardizc pam m dogs described by Sutton and Lucth (44), made some €x-
permmental and chnical observations on cardiac innervation. A fine silk liga-
ture, threaded on a curved needle, was passed just beneath the uppermost
portion of the descending branch of the left coronary artery and its accom-
panying veins This was brought out through a glass tube and the wall of
the chest was sutured n several layers around 1t to obtain an air-tight clo-
sure, Traction on the thread for a few seconds produced a charactenstic
stiffening of the limbs, marhed increase mn the ratc and depth of respiration,
and, f maintained for over 10 or 15 seconds, a definite restlessness on the
part of the ammal Respiratory changes were recorded on a kymograph and
were used as a graphic method of recording panful stimuli.

As a result of these experiments, 1t was shown that cardiac pamn was not
transmmtted by the vagus nerves since cuttng both vagi did not ehmmate
the sensation of pain. Bilateral resection of both stellate ganglia dimmished
but did not block all sensory stimuli from the heart. Bilateral removal of
the sympathetic gangha from the stellate down through the fourth
thoracic ganglion or section of the upper five posterior dorsal nerve roots
appeared to interrupt all sensation from the heart From these expen-
ments, they concluded that for the routine treatment of angina pectoris,
paravertebral injection of alcohol into the upper four to five thoracic gangha
and their rami is the surgical method of choice
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Saccomano, Utterback and Klemme (45) have suggested that surgical
removal or alcohol injection of the second, third and fourth thoracic sympa-
thetic ganglia on the affected side only will alleviate angina pain. This is
based on experiments upon dogs in which stimulation of Cs and Ty, when
1solated, produced no effect on the heart rate or blood pressure The effect
on pulse rate was most marked on stimulating the second and third nerves
with diminishing effect on the fourth and fifth thoracic nerves The effect
on systemic blood pressure was more or less constant from the second tho-
racic nerve down to the seventh thoracic nerve

1, Paravertebral Block with Alcohol: Paravertebral alcohol block was
introduced by Swetlow (42) as a method of obtaning more prolonged
anesthetic effects than were possible with block of the upper thoracic sym-
pathetic ganglia by procame hydrochlornide. Levy and Moore in 1931 (46)
summarized the reported cases of angina pectoris treated with paravertebral
alcohol block and added 9 cases of their own In 1941 (47), they reported
their complete results with an additional 36 patients. The techme used was
that descnibed by White and Smithwick (48). Of Levy and Moore’s total
of 45 cases, 4 died within 3 weeks of the block, and 1 was lost to follow-up
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INTERRUPTING SENSORY PATHWAYS

William Haivey left the impression that the heart was devoid of pain
sensation because, on touching, pricking or pinching the heart of a patient
who, through a childhood accident, had been left with an exposed heart,
no pamnful response was elicited. It is reasonable that proper stimulus for
eliciting pain was not used. In 1899, Frangois-Franck (38) offered a sugges-
tion that sympathectomy would relieve anginal pain. However, it was not
until April 2, 1916, that the Rumanian surgeon, Jonnesco (38a) performed
the first cervical sympathectomy for the relief of the pain of angma pectoris.
Although the operation was left-sided only, the operation was dramatically
successful in relieving the chest pain. Durimg the next 10 years, studies by
Fontaine (38b), by Cutler (38¢), and Porter and Richardson (39), using
the technic of cervical sympathectomy, showed that less than 2 out of 3
patients were being relieved of their pain. At this point in medical progress,
two contributions were being made in relation to cardiac pamn. Firstly, the
thoracic cardiac nerves were demonstrated by the anatomists (40). At the
same time, Mandl (-41) and Swetlow (42) were elaborating on the value of
paravertebral block with procaine and alcohol, respectively, i the treat-
ment of cardiac pain.

In 1933, White, Garrey and Atkins (43), using a method for producmg
cardiac pain in dogs described by Sutton and Lueth (44), made some €%
perimental and clinieal observations on cardiac innervation A fine silk liga-
ture, threaded on a curved needle, was passed just beneath the uppermost
portion of the descending branch of the left coronary artery and its accom-
panymg veins This was brought out through a glass tube and the wall of
the chest was sutured 1n several layers around 1t to obtam an air-tight cl?-
sure. Traction on the thread for a few seconds produced a characteristic
stiffening of the limbs, marked increase in the rate and depth of respiration,
and, if mamtamed for over 10 or 15 seconds, a defimite restlessness on the
part of the animal. Respiratory changes were recorded on a kymograph and
were used as a graphic method of recording painful stimuli

As a result of these experiments, 1t was shown that cardiac pain Was not
transmitted by the vagus nerves smce cutting both vagi did not climinate
the sensation of pamn, Bilateral resection of both stellate ganglia dimmished
but did not block all sensory stimult from the heart Bilateral removal of
the sympathetic gangha from the stellate down through the fourth
thoracte ganglion or section of the upper five posterior dorsal nerve ro0ts
appeared to imterrupt all sensation from the heart. From these expest-
ments, they concluded that for the routine treatment of angmna pecmrlls,
paravertebral injection of alcohol into the upper four to five thoracic gangha
and their rami is the surgreal method of choice.
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has perfected an x-ray technic to insure greater accuracy in the placement
of needles (1). Since paravertebral block with alcohol must be performed
without anesthesia in order to observe the occurrence of Horner's sign and
a hot, dry hand, some degree of discomfort and nervousness may occur and
this may precipitate fatal myocardial infarction.

2, Stellate Ganglienectomy and Four Upper Thoracic Ganglionectomy:
Becanse of the above objections to the paravertebral block with aleohol,
wherever possible, ganglonectomy is performed (50). White (1) states
that 1t 1s the operation of choice at the Massachusetts General Hospital
Olivecrona (50a) in Sweden treated 71 patients by this techmc In 44 per
cent there was complete relief from pain In 41 per cent 1t converted severe
forms of angina pectors into milder types. Unsatisfactory results were ob-
tamed n 7 per cent. Eight per cent of the 71 patients died within 1 month

Fig 27 Common sites of tngger areas m chest muscles Serratus anterior
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Fig 26 Common sttes of tngger areas 1n chest muscles Pectorahs mnor

examination, Of the remaiming 40 cases, relief was obtained in 31 (77.5 per
cent). In 19 patients, (47 5 per cent) the relief was marked and permanent.
In 9 patients, (22 5 per cent) no relief was obtained. In tlus series there was
a Ingh percentage of neuritides following the procedure since 38 patients
were so affected. In other reported results (1, 49) this complication was
reduced to between 10 and 30 per cent.

In 1948, James White (1) reported his experience with this method on
75 patients. Fifty-six were completely or nearly completely relieved of their
pam on the side of injection In 21.3 per cent, there were fair results, that is,
the mtractable angina was so reduced that the patient was relatively com-
fortable with routine medical measures without marcotics Eight per cent
died as a direct result of the procedure and there were failures n another
8 per cent. In the later years of the report, with the improvement of the
injection technic, the proportion of good results has increased steadily, so
that the results in the Iatter third of the serics are distinetly the best. The
last death was in the fifty-eighth case.

One of the objections to this techme lies in the fact that it 1s a blind pro-
cedure The needle may enter the pleura or the subarachnoid space. White
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if sympathectomy was extended high enough mto the anginal pathway
(stellate ganglion plus second, third and fourth thoracic ganglia). Best
results were obtaned in a further series (52) in patients who had complete
resection of the angmal pathway (the first to the fourth thoracic ganglion)
bilaterally. This procedure 15 therefore recommended in the severe hyper-
tensive with angmal pam.

Fish and Grantham (53) were able to immediately relieve the pain in the
mtial stage of an acute posterior wall infarction by procamne block of the
left stellate ganghon

3. Posterior Rhizotomy: Postenior rhizotomy involves the division of the
non-myelated axon of the peripheral sensory ganghon According to
Whte (1) the advantages of the procedure lie in the fact that the technic
of laminectomy and posterior root section is a standard procedure which
can be carried out by the average neurological surgeon There is no chance
of nerve regeneration and rlnzotomy on both sides can be done at a smgle

Fig 29 Common sites of tnigger areas and the distnbution of referred pam from
these muscles Trigger areas anterior to the sternum mn the rudmentary sternabis muscle
give nise to a Teference of pain which mav extend up and down from the base of the
neck to the epigastrium,
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Fig. 28 Common sites of trigger areas and the distnibution of the reterred pain
from these muscles Trigger areas m the lateral part of the precordium, where the
pectoralis major and mmor muscles overlap, give rise to pan widely distributed over

the precordium, occasionally to the scapula and frequently to the medial eprcondyle
of the elbow and ulnar distribution of the forearm and hand

of the operation, 2 of these occurring duning the operation The most serious
medical complication is myocardial infarction durmg or after the operation.
This occurred m 10 cases; in 5 1t Ied to their death. In 18 patients (25 per
cent), “migration of pamm” occurred, that is, accentuation in the non-oper-
ated side of a discomfort of which the patient had not been previously
aware. After bilateral operations, the pain in some of these patients migmted
to the neck, jaws or temples. This pan appeared on exertion and was re-
lieved by mitrites.

Evans and Poppen (51, 52) became mnterested in the posstbiltty of reliev-
ing anginal pain m patients undergomg splanchnicectomy who had severe
hypertension and angina pectonss. In a series of such patients (51), they
were able to show that the incidence of relief of associated angmal pain
was related to the level of resection of the sympathectomy, that satisfactory
relief from anginal pain could be obtained 1 100 per cent of such patients
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dyspnea and movement of the left foreleg) when tridirectional tension in
one plane was applied to the coronary vessels i such a manner as to cause
no damage in blood flow.

Laan et al. (58) has used both pre-aortic plexus block and resection for
the treatment of angina pectons. They believe that physiologically the in-
terruption of these sensory pathways effects a sympathectomy of all cardiac
elements in the cervical sympathetic trunk Novocane infiltration 1s done
every other day for a total series of 6 to 8 treatments and a maintenance
wfiltration may be carried out every eighth, tenth ord fifteenth day Injury
to the aorta or brachial plexus must be avoided. Nineteen of their patients
had a pre-aortic plexus resection Ther pratients have been followed for 18
months, Two died of myocardial infarction 4 and 27 days after operation.
Sixteen patients have had a complete disappearance of pam.

5. Lacal Block Therapy: The myofascial genesis of chest pam has been

Fig 31 Technic for procame mfiltration One to four cc. of procame hydrochlonde
1 physiol saline m of from 025 to 05 per cent 15 used for each
tngger area A 1 to I#anch (24 gauge) or a 2-inch (23 gauge) needle 15 used depend-
g upon the site of the trigger area and the musculature of the patient The position-
mg of the patient as shown 1s important so that the muscles may be placed on the

stretch in order to make the finding and the mfiltration of trigger areas easier. Pectorahs
major
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Fig 30 Common sites of tngger areas and the distribution of referred pan from
these muscles. Trigger areas 1n the axillary region 1 the serratus anterior muscle mduce
a spread of pain at the corresponding level which travels anteriorly almost to the
sternal border and p ly as far as the i lar line, and occasionally to the
volar aspect of the arm as far as the palm

operation However, (1, 49) 1t is a time-consuming procedure and a severe
operation for cardiacs. A bilateral root section involves the sk of a subse-
quent transverse myelitis. There is also sensory loss of areas of the chest
supplied by the cut nerves.

Ray (49) has performed 11 operations with 1 death on the second post-
operative day due to coronary occlusion. Another patient died 3 weeks
after operation, while up and about, of a coronary occlusion. Ray concludes
that “the patients are not rehabilitated completely and there are disadvan-
tages to almost any method. But from the standpoint of rational procedure
in properly chosen cases I think that it has value.”

4, Pre-Aortic Plexus Block: In 1942, Wenckebach (54) postulated that
sudden distention of the aorta stimulated the nerve plexus in the adventitia
and produced cardiac pain. This idea was extended by Martin and Gorham
(53) who obtained typical pain response in dogs (increase in heart rate,
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Fig 32 Technie for procamne mfltration of pectorals mnor

discussed m the chapter on differential diagnosis. Muscle spasm sufficient
to cause chest pamn may also result from reflex effects of visceral disease
which in the instance of the heart 1s referred to as the somatic component
of cardiac pain Such reflex visceromotor phenonena following coronary
artery spasm or closure give nise to spasm of the chest muscles, tenderness
(physically diagnosed by the presence of trigger areas) (Figs. 23-27) and
pain (4, 5, 57-69a). This 1s simlar to the reflex spasm of the abdominal
musculature m an acute surgical condition of the abdomen Further, this
secondary spasm of the chest muscles may develop mnto a vicious cycle
which may exist without further dependence on stunuh from the heart and
may, in turn, establish areas of referred pain (Figs. 28-30). Pam m the
chest, whether of primary visceral origin or secondary somatic ongn, 15 a
source of anviety and emotional conflict to the patient and therapy must
be directed at one as thoroughly as at the other Procamne infiltration of
the trigger areas (Figs. 31-33) or spraying with a rapidly volatile cooling
agent (Fig 34), such as ethyl chlonde, of the skin surface overlying the
trigger area are effective methods for treating the somatic component of
cardiac pain (50, 57-60, 64, 69).
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Fig 32 Technic for procame mfiltration of pectorahs mmor

discussed 1n the chapter on differential diagnosis. Muscle spasm sufficient
to cause chest pain may also result from reflex effects of visceral disease
which n the wstance of the heart 1s referred to as the somatic component
of cardiac pam Such reflex visceromotor phenomena following coronary
artery spasm or closure give nise to spasm of the chest muscles, tenderness
(physically diagnosed by the presence of trigger areas) (Figs. 25-27) and
pain (4, 5, 57-69a) Tlus 1s similar to the reflex spasm of the abdominal
musculature 1 an acute surgical condition of the abdomen. Further, this
secondary spasm of the chest muscles may develop into a vicious cycle
which may exist without further dependence on stimult from the heart and
may, in turn, establish areas of referred pam (Figs. 28-30) Pain in the
chest, whether of primary visceral onigin or secondary somatic ongm, is a
source of anxiety and emotional conflict to the patient and therapy must
be directed at one as thoroughly as at the other Procaine infiltration of
the trigger areas (Figs 31-33) or spraymg with a rapidly volatile cooling
agent (Fig. 34), such as cthyl chloride, of the skin surface overlying the
trigger area are effective methods for treating the somatic component of
cardiac pain (50, 57-60, 64, 69)
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marked correlation of posttivity of the ergonovine stress test with occlusive
atherosclerosis of the small coronary arteries and myocardial damage (75).

It is necessary to define the abnormal zone of hypersensitivity known
as a trigger area. Its essential charactenstic is that when it is stimulated
by pressure or needling, 1t gives rise to a bref reference of pam. The
referred pam is usually perceived at a distance from the trigger area, but
as n the case of precordial muscles, 1t may circumscribe the trigger area
itself. The distnbution of pain referred from trgger areas 1s relatively con-
stant for the site of ongin, thus, similarly located trigger areas mn different
individuals produce sunilar, and therefore, predictable pain reference pat-
terns Although trigger areas reside occasionally in the sk, they are in
most instances located withm the myofascial structures. Muscles which

Fig 34 Techmuc of ethv! chlonde spiay The contamer 15 held 1 to 2 feet away
from the skin and 1s sprayed at an acute angle The sprav ss applied m even sweeps n
a thythm of a few seconds on and a few seconds off The skin should not be frosted
and the rhythmic spraying is contmued untit tenderness or pamn at the trgger area dis-
appears Discontinue if there 1s no effect wathm 10 or 15 minutes Be sure to elymimate

fire hazards and to elevate the ’
a 2 patient’s head because of the possible anesthe A
of the ethyl chlonde P esthene Hect
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The efficacy of procame cannot be attributed solely to its local anes-
thetic action, firstly because the relief of pain outlasts the transitory
pharmacologic action of the drug, and secondly because dry needhing or in-
filtration with saline will accomplish the same result. Ethyl chloride spray
is a form of counter-urritation and counter-irrtants applied to the skin have
been shown to relieve experimentally induced deep pain (70), with inter-
muttent cold more effective than continuous cold It has also been shown
(71) that an mterrupted puff of air applied to the frog’s skin n a certain
manmner could produce adaptation The rhythm of stimulation and the
angle wlich the air jet makes with the skin influences the speed of adapta-
tion These experimental studies suggest at least two important features
of the mechamsm of action of ethyl chloride spray, as we employ it: inter-
muttency of cold and intermittency of touch The imtial cold shocks set
up a barrage of afferent mmpulses which 1s followed by post-stimulatory
depression and alterations of the central excitatory state. Another factor
in the relief of pain by ethyl chlonde spray may be a brief hypesthesta of
the skin due to cold which momentanly reduces the stream of afferent
cutaneous impulses i phase with the subnormal (post-stimulatory) state
of conduction in the central nervous system

To further study the role of rapidly volatile cooling agents and viscero-
cutaneous mechanisms n cardiac pain, we induced a standardized cardiac
pain by means of ergonovine (72-74). We used the Stein ergonovine test
as described m Chapter II m cooperative, ambulatory patients with effort
angina and normal resting electrocardiograms. We found that ethyl clﬂorifle
spray could block ergonovine-induced chest pam in these patients with
coronary msufficiency when the spray was applied to the reference zones
of cardiac pamn, either just prior to the injection of ergonovine or sub-
sequently when pam has appeared. In the case of prior application, the
spray was directed to the sites where the particular patients experienced
pain duning effort angma. The results showed that ergonovime angmna was
often prevented and relieved even though at the same tume depress.w“
of the S-T segment, typical of ergonovine action in this special test subject
occurred. Simlar results were obtained when for ethyl chloride, another
rapidly cooling spray, namely, a halohydrocarbon mixture which consists
of 15 per cent dichlorodifiuoromethane and 85 per cent trchloromono-
fluoromethane, was substituted. We selected this mixture because 1t 15 not
fammable, not a general anesthetic and 1s not so disagreeable to the patient
in that the imtial cold shock of application is less than for ethyl chlonide.

\We were able further to correlate the positive ergonovine test with clin-
ical evidence of coronary artery disease in man by inducing coronary :Tther—

osclerosts in the lving rabbit by cholesterol-feeding and then finding a
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Previous examination for trigger areas during hospitalization had revealed
no trigger areas. Ethyl chlonde spray was applied to the chest m interrupted
sweeps, with subsidence of pan i a few minutes Physical and electocardio-
graphic examinations at this time revealed no acute cardiovascular changes
The patient had no further chest pam until her discharge one month later

Analysis of age, sex, duration of pamn before local treatment and other
factors was made in this series of 20 cases in relation to the results of
therapy. The number of treatments given ranged from 1 to 5, with an
average of 2 2 treatments In summary, the results show that these methods
for local mterruption of myofascial trigger mechamsms (ethyl chloride
spray and/or local procaine mfiltration) secured complete relef of chest
pam in 15 patients (75 per cent), improvement m 2 (10 per cent), and
no relief 1n 3 patients (15 per cent).

An opportunity to study the somatic component of cardiac pam of effort
angma presented 1tself during an mvestigation of the effect of hepanm in
effort angina (76) During the control pertod of 2 months prior to heparin
admunistration, the extent of the somatic component of cardiac pain (57,
58, 62, 77) was evaluated and an attempt was made to elimmate tngger
areas m the chest muscles 1n 16 patients with angma of effort Ethyl chloride
spray and procaine mfiltration techmes were used 1n a twice weekly basis
This type of local block therapy was continued until trigger areas dis-
appeared or until 1t was apparent that maximum benefits had been achieved
The ability of ethyl chloride spray to relieve the somatic element of cardiac
pam has been discussed above One patient m this series, for example,
averaged 49 mitroglycerin tablets per week duning the first five weeks of
the control period Comeident with the elimmation of the somatic tngger
areas lus consumption of mtroglycerm decreased and during the ensuing
4 weeks of the control period averaged only 23 tablets per week There
1s an mherent difficulty n setting up suitable controls for the placebo effect
of a physical agent, such as cold, but our impression was that the course
of treatment with spray succeeded m making the lives of these patients
more comfortable and secured a reduction m the total amount of pamn
Kennard and Haugen (69a) in mapping tngger areas in the chest muscles
of normal subjects and cardiac patients found a higher meidence of trigger
areas 1 patients with heart disease

In about 15 per cent of patients persistent pam develops m the shoulder,
arm, wnst or hand after the usual period of recovery from the symptoms
of infarction This has recently been termed the shoulder-hand syndrome
If 1t occurs on the left side a problem anses m differential diagnosis be-
tween further coronary-artery disease and the syndrome smce 1t 1s not

always associated with progression of coronary disease It 1s our belief
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frequently develop trigger areas in association with coronary artery pain
are lh)e pectoralis major, pectoralis minor and the serratus anterior (Figs.
25-27).

Stnee our mitial reports (57,58, 62) on the efficacy of spray and procaine
infiltration m relieving the pain when such treatment 15 directed at the
somatic component of cardiac pain, we have been interested in answering
these guestions. Do all patients with a fresh myocardial infarct exhibit
trigger areas n the chest muscles? In what proportion of these patients
with myofascial trigger areas does post-nfarction chest pain present such
a problem that despite the usual potent analgesias, local treatment directed
at the somatic component 15 indicated?

Of 48 patients with acute myocardial infarction, 27 patients (56 per cent)
were found to have trigger areas m the chest muscles,

Of the 27 patients with trigger areas, n 7 (25 per cent) the tngger
areas were judged to be climecally latent and no local treatment was given.

The remaining 20 patients could be divided nto two groups: (1) those
with chest pam which persisted as a complication of the mfarction and
which thus presented a problem soon after admission (7 patients); (2)
those who developed a 1ecurrence of chest pain during their stay in the
hospital some time after the mitial pamn of the mfarction had subsided
(15 patients) Two patients had pam of both types and are included in
both groups

An example of the first category follows.

G. R., a 38-year-old swhite male, was admitted to the hospital after 12 hours
of substernal pamn On ad s elect diogram showed changes
chagnostic of acute posterior wall infarction Demerol, 100 mg by muscle
every 4 hours, was given At the end of 18 hours m the hospital, the severe
chest pain was still present desprte 4 doses of demerol. A trigger arca was
palpated over the lower part of the sternum This was sprayed mtermittently
with ethyl chloride, and after a few mmutes the pain was relieved com-
pletely and did not return during his 6 weeks m the hospital

An example of the second category follows:

E. C. H., a 37-year-old white female, was admitted with chest pain of 13
lhours duration The electrocardiogram showed the changes of an acute an-
terior wall mfarction. Chest pan subsided soon after admission, and the
course was uneventful until 7 days later when she was given an enema
(5 par ). While on the bed-pan she began to suffer from substernal pain
which contimued thercafter for about 2 hours, desprte large amounts of
demerol, 225 mg by muscle. At about 7 P.ar, exammation of the chest wall
revealed a very sensitive trigger area over the upper part of the sternum
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Previous exammation for trigger areas during hospitalization had revealed
no trigger areas. Ethyl chloride spray was applied to the chest in interrupted
sweeps, with subsidence of pam mn a few minutes Physical and electocardio-
graphic examinations at this time revealed no acute cardiovascular changes
The patient had no further chest pam unti her discharge one month later

Analysis of age, sex, duration of pain before local treatment and other
factors was made in this series of 20 cases in relation to the results of
therapy. The number of treatments given 1anged from 1 to 5, with an
average of 2 2 treatments In summary, the results show that these methods
for local interruption of myofasaal trigger mechanisms (ethyl chlonde
spray and/or local procame infiltration) secured complete relief of chest
pain m 15 pattents (75 per cent), mmprovement in 2 (10 per cent), and
no relief 1n 3 patients (15 per cent)

An opportunity to study the somatic component of cardiac pain of effort
angma presented 1tself during an investigation of the effect of heparin 1n
effort angina (76). During the control period of 2 months prior to hepann
administration, the extent of the somatic component of cardiac pam (57,
58, 62, 77) was evaluated and an attempt was made to eliminate trigger
areas n the chest muscles in 16 patients with angina of effort Ethyl chloride
spray and procamne infiltration technics were used 1n a twice weekly basis
This type of local block therapy was continued untl tngger areas dis-
appeared or until 1t was apparent that maximum benefits had been achieved
The ability of ethyl chlonide spray to rehieve the somatic element of cardiac
pan has been discussed above One patient in this series, for example,
averaged 49 mtroglycern tablets per week during the first five weeks of
the control period Comaident with the elmimation of the somatic tngger
areas his consumption of nitroglycerin decreased and during the enswng
4 weeks of the control period averaged only 23 tablets per week There
1s an mherent difficulty 10 setting up smitable controls for the placebo effect
of a physical agent, such as cold, but our mmpression was that the course
of treatment with spray succeeded m making the hves of these patients
more comfortable and secured a reduction m the total amount of pam
Kennard and Haugen (69a) in mapping tngger areas m the chest muscles
of normal subjects and cardiac patients found a higher meidence of trigger
areas in patients with heart disease

In about 15 per cent of patients persistent pain develops m the shoulder,
arm, wrist or hand after the usual period of recovery from the symptoms
of mfarction This has recently been termed the shoulder-hand syndrome
If 1t oceurs on the left side a problem anses n differential diagnosis be-
tween further coronary-artery disease and the syndrome snce 1t 1s not
always associated with progression of coronary disease It 1s our belief



154 Clinical Aspects of Arteriosclerosis

that the shoulder-hand syndrome at its onset represents the somatic com-
ponent of cardiac pamn which persists after the mitial visceral stimulus 15
gone. It has been our policy to observe all patients with acute myocardial
infarction for pain, limitation of motion, or the presence of trigger areas
in the muscles of the shoulder girdle and upper extremity during the
course of the disease and to apply the technics of local block described
above to forestall the vexatious problem of the shoulder-hand syndrome.
This will be further discussed under complications of acute myocardral
infarction

The Patient With Arteriosclerotic Heart Disease as a Surgical Risk for
Operations Other Than Those to Relicve Pain or Heart Failure: Statistical
reports (78-83) on this problem deal with the patient with coronary artery
discase as one with either artenosclerotic heart disease alone, as one with
healed myocardial infarction or with angina pectons. Emergency surgery
durmg the first weeks of an acute myocardial mfarction 1s not reported
(78-83) but 1t is known that patients with acute appendictiis have been
operated upon during the first week after a coronary thrombosts and have
recovered

I shall summanze the statistical findings of surgery in the coronary
artery disease patient by chronological report so that one may ascertain
whether the improvements m technic, anesthesia or therapy for infection
may have influenced the mortality rate. The surgical procedures involie
all types of major intro-abdommal gastroenterologic, urologic and gyne-
cologic conditions

In 1930, Butler, Feeney and Levine (78) reported a mortahty mcidence
of 3 (7.7 per cent) of 41 operations performed on 35 patients with angna
pectonis and of 8 (44 5 per cent) of 20 operations performed on 20 patients
with healed myocardial infarction. Brumm and Willus (79), reporting
in 1939, operated upon 257 patients with angina pectoris (32 of these also
had healed myocardial mfarctions) with an operatwe death rate of 1
(4.2 per cent).

Morrison (80) performed 485 operations on 311 patients with arteri-
osclerosis heart disease (no angina or occulsion) with resultant operative
deaths 1n 72 (148 per cent) Thirty-seven operations were done on 25
patients with previous coronary occulsion with 3 (8.1 per cent') deaths,
48 operations were done on 41 patents with angina pectors with an 86
per cent mortality. 1

Hanmgan et al. (81) reported the statistics in 1951 on patients operated
for cancer. There were 58 patients with electrocardiographic evidence of
healed infarction. Twenty-four patients gave a history of previous corc.nnr)’
occlusion. Eight of these also had angina pectorss while 5 of the remaining

34 patients also gave a history of angma There were 3 (52 per cent)
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operatrve deaths. The mcidence of cardio-respiratory complications was
greater n those who had enlarged hearts and who underwent long surgical
procedures. The complication incidence was unrelated to age of mfaret,
angma, hypertension, sex, age or cardiac classification,

De Peyster, Paul and Gilchrist (82) performed 55 operations on 33 pa-
tients with a previous myocardial infarction (7 with angina, too) with 15
(27.2 per cent) operative deaths. Lochhead et al. (83) reports 3 deaths
m 17 patients with 30 operations {10 per cent mortahty) m those patents
with myocardial mfarction and 2 deaths 1n 15 patients with angina pectoris
on whom 21 operations were done (94 per cent mortahty). Summanzing
three series (81-83), Lochhead reports an operative mortality of 6.3 per
cent for angma pectoris and 72 per cent for myocardial infarction. This
15 based on the number of operations

Anesthetic Management: Dripps and Vandam (84) state that there 1s
no single satisfactory approach to the anesthetic management of patients
with coronary artery disease but they recommend (1) assurance through
personal contact that the anesthetist 1s aware of the patient’s particular
problem, (2) adequate sedation prior to operation, (3) smooth nduction
of anesthesia, (4) mamtenance of blood pressure, and (5) admmstration
of oxygen They suggest that cyclopropane be avoided 1 nstances where
myocardial wntability 1s known to be increased (patients with arrhyth-
muas), although they have anesthetized many patients with serious cardiac
disease with eyclopropane and small amounts of ether Hanmgan (81) has
reported a 43 per cent mcidence of cardio-respiratory comphceations fol-
lowmng the use of pentothal anesthesia. Spinal anesthesta may result m
a decrease m penpheral resistence and cardiac output and may result
1n coronary nsufficiency However (84), despite the reduction 1n coronary
artery flow caused by the drop m blood pressure, adequate oxygenation
of the myocardium may still be present at the lower blood pressure smce
the heart needs less oxygen
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that the shoulder-hand syndrome at its onset represents the somatic com-
ponent of cardiac pain which persists after the imtial visceral stimulus is
gone. It has been our policy to observe all patients with acute myocardial
infarction for pain, limitation of motion, or the presence of trigger areas
in the muscles of the shoulder girdle and upper extremity during the
course of the disease and to apply the technics of local block described
above to forestall the vexatious problem of the shoulder-hand syndrome.
This will be further discussed under complications of acute myocardial
infarction

The Patient With Arteriosclerotic Heart Disease as a Surgical Risk for
Operations Other Than Those to Relieve Pain or Heart Failure: Statistical
reports (78-83) on this problem deal with the patient with coronary artery
disease as one with either arterioscleratic heart disease alone, as one with
healed myocardial infarction or with angina pectoris. Emergency surgery
during the first weeks of an acute myocardial infarction 15 not reported
(78-83) but 1t 15 known that patients with acute appendicitis have been
operated upon during the first weck after a coronary thromboss and have
recovered.

I shall summarnze the statistical findings of surgery n the coronary
artery disease patient by chronological report so that one may ascertam
whether the improvements in technic, anesthesia or therapy for mfection
may have mfluenced the mortality rate. The surgical procedures myolve
all types of major mtro-abdommal gastroenterologic, urologic and gyme-
cologic conditions.

In 1930, Butler, Feeney and Levine (78) reported a mortalty incidence
of 3 (77 per cent) of 41 operations performed on 35 patients with angina
pectons and of 8 (44.5 per cent) of 20 operations performed on 20 patients
with healed myocardial mfarction. Brumm and Wills (79), reporting
1 1939, operated upon 257 patients with angina pectoris (32 of these also
had healed myocardial mnfarctions) with an operative death rate of 11
(42 per cent) X

Morrison (80) performed 485 operations on 311 patients with arteri-
osclerosis heart disease (no angina or occulsion) with resultant operative
deaths in 72 (14 8 per cent). Thirty-seven operations were done on 25
patients with previous coronary occulsion with 3 (8.1 per cent) deaths,
48 operations were done on 41 patients with angina pectons with an 86
per cent mortality. 1

Hanmgan et al. (81) reported the statistics in 1951 on patents opemtetf
for cancer. There were 58 patients with electrocardiographic evidence 0'
healed mfarction, Twenty-four patients gave a lustory of previous coronary
occlusion. Eight of these also had angina pectoris while 5 of the remmmr:{).{
34 patients also gave 2 hustory of angma There were 3 (52 per cen
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operative deaths. The incidence of cardio-respiratory complications was
greater in those who had enlarged hearts and who underwent long surgical
procedures. The complication incidence was unrelated to age of infarct,
angina, hypertension, sex, age or cardiac classification

De Peyster, Paul and Gilchrist (82) performed 55 operations on 33 pa-
tients with a previous myocardial infarction (7 with angina, too) with 15
(27.2 per cent) operative deaths. Lochhead et al. (83) reports 3 deaths
1n 17 patients with 30 operations (10 per cent mortality) in those patients
with myocardial infarction and 2 deaths m 15 patients with angina pectorns
on whom 21 operations were done (94 per cent mortality). Summanzing
three senies (81-83), Lochhead reports an operative mortality of 63 per
cent for angina pectonis and 7.2 per cent for myocardial infarchion This
is based on the number of operations

Anesthetic Management: Dnipps and Vandam (84) state that there is
no smgle satisfactory approach to the anesthetic management of patients
with coronary artery disease but they recommend: (1) assurance through
personal contact that the anesthetist 1s aware of the patient’s particular
problem, (2) adequate sedation prior to operation, (3) smooth induction
of anesthesia, (4) mamtenance of blood pressure, and (5) administration
of oxygen, They suggest that cyclopropane be avorded m stances where
myocardial intability 1s known to be mcreased (patients with arrhyth-
muas), although they have anesthetized many patients with sertous cardiac
disease with cyclopropane and small amounts of ether. Hanmgan (81) has
reported a 43 per cent incidence of cardio-respiratory compheations fol-
lowing the use of pentothal anesthesia Spinal anesthesia may result m
a decrease in peripheral resistence and cardiac output and may result
m coronary msufficiency However (84), despite the reduction 1n coronary
artery flow caused by the drop in blood pressure, adequate oxygenation
of the myocardium may still be present at the lower blood pressure sice
the heart needs less oxygen.
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Cuarrer VI
Congestive Heart Failure

SOMETIME in the course of the patient with coronary artery disease,
congestive heart farlure may ensue This need not be preceded or fol-
lowed by cardiac enlargement (1). Such a patient states (2) that in recent
months he has noted a decreasing capacity for exertion, and now, he has
developed dyspnea at rest, orthopnea, swelling of the ankles, and other
features of congestive heart failure which may include pulmonary rales,
pleural effusion (58-61), hematomegaly and ascites. The cardinal points
mn the treatment of such a patient mvolve rest, diet and flud regulation,
digitalization and the administration of a diuretic (3-35). Other measures
which may be of help include sedation, oxygen admmistration and the
mechanical removal of effusions

The degree of rest and whether it be in bed or chair depends on the
severity of the heart failure (3). Complete bed rest means that all activi-
ties, such as bathing and the use of a bed pan are carned out while n bed
This concept may be modified by the use of a bed-side commode The
object of rest 1s to restore compensation through the decrease in cardiac
activity There has been data to show that exertion on a commode 1s less
than a bed-pan (36) and that the patient 15 more comfortable when sittmg
up because gravity keeps the flmd in the legs mnstead of the lungs

The diet must regulate the salt and flud intake (2, 3, 6, 7, 22, 26, 31, 33,
35). Some advocate the use of 1 glass of milk and 1 glass of water at mter-
vals of an hour alternately for a total of 4 to 6 glasses of each, giving a total
of 2 to 3 liters of fliid and, with the larger amount, about 1,000 calores in
the form of milk, representing approumately 1.5 grams of salt (2, 5, 6).
For those who cannot tolerate milk or for those who wish to feed the pa-
tients food other than mlk, a diet consisting of salt-free cereals, soft and
poached eggs without salt, salt-free bread, custards, junkets and such foods
may be used (3). A salt-free dried or low sodium hqud milk may be given.
Beer may also be used as a beverage (58) Errors in management creep m
when a salt cellar 1s put on 2 low-salt diet tray or when the patient 1s given
drugs containing sodium, such as sodm bicarbonate

The choice of 2 digttalis preparation 1s usually personal as long as one
understands that all digitalis matenals act through a similar mechansm
and that the differences observed between one preparation and another
relate to dosage, the speed of onset of effects and the duration of action (4,
5). Basically the need 1s for two types of digitalis preparations: one, for non-

160
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emergent cases of congestive heart failure where digitalis may be given
orally, and the other, for those who require rapid digitalization or who can-
not take an oral preparation and therefore must be given digitahs ntra-
venously.

The following is a partial list of digitalis preparations which may be
given orally,

1. Dicrranss Lear  Digitalizing dose 1s 1 to 2 gm. Maintenance dose is
011t002 gm Spread of digitalizing dose is 0.8 gm., followed by 0.2 to 0.4

TABLE 13
200 Mc Soprunm Dier

The patient must be mformed that the diet 15 monotonous, but that by, judicious use of
alar flavoring

upplemented
the caletum

Foods Allowed

mets—Fresh frozen or unsalted canned
gm portions, average 02 mg sodwm

Apple {no skin) Peach
Apricats Pineapple
Banana Pmeapple Jace
Blackberry, fresh
Blueberry, fresh Raspberry, black and red
Grapefruit Strawberr;
Grapefrnt juice Tangerme
range Tangerine Jutce
Orange juice Watermelon

Avord all athers

Vegetables—Fiesh, frozen or unalted eanncd
gm portions, average 4 mg sodum

Aspmgus Lettuce (50 gm )
Beans, green, string Mushrooms
Beans, green, hima Onion

Broceol Parsnips

Brussel sprouts Peas, grecn
Cabbage Pumphin

Comn, sweet, yellow or white Radishes
Cucumber Squash

Eggplant Tomato

Green pepper Turnps, yellow

Avoud—Beets, beet greens, carrots, cauhflower, celery, d.mdehon, endrve, kale,
mustard greens, spmach, sauerkram turmps {white

Bread—Onlv salt free bread, 05 mg sodwum per 25 gm shce
Salt free matzoth, 05 mg sodum for % square
Cereal—0'S mg sodwm per serving

Oatmea), cornmeal, Pettyohns, Maltex 2/3 cup
Instant Ralston, Wheatena, fanna (not ennched) /4 cup
Puffcd rice, puffed wheat 1 cup

Shredded wheat 1 small

(From Dret Manual, Beth Israel Hosputal, New York, N Y )
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TABLE 14
500 me. Soprua Drer
1200-2500 calories

For those physicians who do not wish to place 2 pattent on the rigid 200 mg soduwm diet,
but who wish to reduce the sodrum content of the diet sigmificantly, the following diet 15 given

Foods Allowed

Frutts—Fresh, frozen or unsalted canned
0 gm portions, average 1 mg sodum

Apple (no skin) Peaches
Apncots Pears
Avocado Persimmons
Banana Pineapple
Blackberry, fresh Pneapple juice
Blueberry, fresh ums
Cranbernes Prune juice
Dates Raspberries
Grapefruit Rhubarb
Grapefrmt juice Strawberrnies
rapes Tangerines
Grape juice Tangerine juice
Orange Watermelon

QOrange Juice
Avatd all others

Vegetables—Fresh, frozen or unsalted canned
100 gm portions, average 6 mg sodmm

Asparagus
Beans, green, string
Beans, green, hma

Green pepper
Leteuce (1 leaf)
Mushrooms

Broceoll T2

Brussel sprouts Onion
Cabbage Peas, green
Caultflower Pumpkin

Corn, sweet, yellow or white Radisbes
Cucumber Squash
Eggplant Tomato

Endive Turmps, yellow

Avord—Beets, beet greens, carrots, celery, dandelion, kale, mustard greens, spmach,

sauerhraut, turmps (white)

Bread—Only salt free bread, 05 mg sodum per 25 gm shce

or
Salt free matzoth, 05 mg sodwm per 2} square

Cereal—05 mg sodium per serving

Qatmeal, cornmeal, Pettyjohns, Maltex —2/3 cup

Instunt Ralston, Wheatena, fanna (not enriched ) —3/4 cup

Puffed nice, puffed wheat -*11 C“P"
1 smal

Shredded wheat

{From Diet Manual, Beth Israel Hospital, New York, N Y )

The following 15 a partial hist of useful mtravenous preparations of digt-

talis

1 LanaTosE C+ The digitalizing dose 1s 1 0 to 2,0 mg, The initial dose 15

16 mg,, or when used in divided doses 08 mg followed by 04 mg every
6 hours. The onset of effects is in 30 mnutes to 3 hours The excretion rate

is 3 days.

9. Dicrroxiv: Dosage 15 same as for oral admimstration.
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3 Ouasan: The imtial dose is 0 5 mg. with 0.1 mg at 30-minute to 1-hour
mtervals The digitalizing dose 15 05 to 10 mg The onset of action 1s 30
mnutes and it disappears in 36 hours

4 AcETYL-sTROPHANTHIDIN (Strophanthidin-3-acetate) (37). One mg.
of acetyl-strophanthidin produces about the same intensity of effect as 05
mg. of ouabam The full effect of acetyl-strophanthidin develops in a period
of 10 to 15 minutes and the effect wears off 1n about 4 hours

5 Taevitiv (38). The digitahzing dose of thevitin 1s 3 78 to 7.56 mg. The

TABLE 14A
500 mc Soptun DIET

Potato or Substitute—100 gm portions, average 1 mg sodmum
otato (no skin), white or sweet
1ce, macaront, spaghetti
Meat, Poultry, Fish or Eggs—S oz duily (cooked weight), average 194 mg soduun
(1 egg dally, 1 0z meat, poultry, or fish)
Beef Liver
Chicken  Veal
Lamb  Turkey
Fats and Ouls
Sweet butter—0 25 mg sodwum per pat (6

m )
Sweat cream (322)pot more than 3 oz dmly—12 mg sodum per oz
Comn o1l, peanut o1l, olive o}, Cnsco, Spry

Only fresh water fish such as whitefish, perch, carp, pike

Beterages
Milk—not more than 1 pint daily, 245 mg sodim
Tea, coffee, postum, Coca Cola
Seasonsngs
Allsprce Mace Sage
Caraway Mustard powder Sugar, white only
Cinnamon Nutmeg yme
Curry powder Paprika Tumenc
Garhe Pepper Vamlla extract
Pepl)ermmt extract Vinegar
Lemon extract Poultry seasoning Walnut extract
Miscellaneous
Corustarch
Tapioca, plam
nsalted nuts—almonds, Brazil nuts, chestnuts, peanuts, pecans, walnuts
Unsalted popcorn
Jelly, honey, jam, marmalide
Foods to Be Avoded
1

Salt, 1o tood preparation, cooking and on table Salt substtutes may be used on doctor's
recommendation

Cheese

Salt water fish
Vegetables cooked, canned, or frozen with salt and those vegetables histed under Vege-
trnbles—A\md

CouBU R0

Baking powder

All canned, frozen pachaged or bottled foods must be cheched for salt or sodwum content

(From Diet Manual, Beth Tsrael Hospttal, New York, N Y )
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TABLE 14
500 ac Soorune Dier
1200-2500 calories

For those physictans who do not wish to place a patient on the ngid 200 mg. sodwm dret,
but who wish to reduce the sodium content of the diet significantly, the following diet 15 given

Foods Allowed

Frutts—Fresh, frozen or unsalted canned
0 gm portions, average 1 mg sodium

Apple (no skm) Peaches
Apricots Pears

Avocado Persimmons
Banana Paeapple
Blackberry, fresh Pincapple uice
Blueberry, fresh Plums
Cranhernes Prune juice
Dates Raspberries
Grapefnut Rhubarb
Grapefruit juice Strawbernes
Grapes Tangenmes
Grape juice Tangerme juice
Orange Watermelon

Orange juice
Avold all others

Vegetables—Fresh, frozen or unsalted canned
100 gm portions, average 6 mg sodium

Asparagus Green pepper
Beans, green, strng Lettuce (1 leaf}
Beans, green, luna Mushraams
Broccol T2
Brussel sprouts Omion
Cabbage Peas, green
Caulifiower Fumpkin
Corn, sweet, yellow or white Radishes
Cucumber Squash
Eggplant Tomato

ndive Turmips, yellow

Avoid—Beets, bect greens, carsots, celery, dandelion, kale, mustard greens, spnach,
saverkraut, turmps (white)

Bread—Only salt free bread, 05 mg sodium per 25 gm shce
or
Salt free matzoth, 05 mg sodium per 34 square
Cereal—0 5 mg sodimm per serving

Oatmeal, cornmeal, Pettiohns, Maltex —~2/3 cup
Instant Ralston, Wheatena, farina (not ennched) —3/4 cup
Puffed rice, puffed wheat —1 cup

Shredded wheat —1 small

{From Diet Manual, Beth Isracl Hospital, New York, N Y.)

The following 1s a partial list of useful intravenous preparations of digi-
tahs
1. LanaTosiok C: The digitahzing dose 15 10 to 2.0 mg The initial dose 1s
16 mg, or when used in divided doses. 08 mg. followed by 0.4 mg. every

6 hours. The onset of effects is 1n 30 minutes to 3 hours The cxcretion rate

is 3 days.

2. Dicrroxin: Dosage 1s same as for oral admimistration.
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. Mercuhydrin (Meralluride, U.SP.)

. Thiomernm (Mercaptomenn)

. Mercuzanthin (Mercurophylln, U.S.P.)

. Salyrgan-theophyllin (Mersalyl and theophyllin, U.S.P.}
Cumertilin (Mercumatilin)

Mercuhydnn (27) and Thiomerm may also be used subeutaneously

Aminophyllin, a xanthine, in doses of 024 and 048 Gm. n 10 cc of
solution may also be used parenterally

The following 15 a partral List of the oral preparations used as diuretic
agents:

1 Orcanic Mercurias (8, 8a, 64-66)

Neohydrm (3-chloro-mercun-2-methoxy-propylurea)

Merallunde with ascorbic acid

Salyrgan-Theophylln

Mercuzanthm

Mercurophyllin with ascorbic acid

Merpurate

2 XANTHINES

See Chapter on treatment of angina pectoris for drugs and doses

3. Ac-FORMING DIURETICS

Ammonium Chlonde 05 gm.

Ammonium Nitrate 05 gm

Potassium Nitrate 05 gm

4. Dranmox-250 mc TABLETS

5 Unea (EFFERVESCENT). 8 gm or more several times daily

6 Anuno-vracm, DErvaTIVES (6, 25, 62)

Mictine (1-allyl-3-ethyl-6- rahydropynmidinedione) 200 mg tab-

lets, 1 to 4 tablets daily.

7. CATION EXCHANGE RESINS (39-48)

The optimal routime for management of congestive failure mvolves a sys-
tem which consists of two parts one, to abolish an attack of congestive
failure, and the other, to establish an adequate plan to prevent 1ts recur-
rence (7) In punciple, the aim 1s to establish in the patient with congestive
failure a state which 1s term and the “dry weight ” By this term is meant a
state m which the optimum amount of extiacellular fimd remams

These are the cardinal pomnts 1n the plan as outhned by Gold (7) The
patient 1s put at bed rest, or at rest 1n a chair, depending on which seems
preferable. The diet consists solely of 4 to 6 glasses of milk daily. The pa-
tient recerves at least 2 quarts of water daily, a glassful every 2 or 3 hours
If the patient has not had digitalis recently, he receives 1 2 mg of digitoxin
at one time, followed by 01 to 02 mg. daly for mamntenance A dose of
mercuhydrm 1s given mtramuscularly and 1s repeated dailly The course is
guided by a record of the body weight The patient is weighed before the

5, N e
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TABLE 14B
Meat Prax For 500 MG. Sopbwst Drer
Food 1200 Calories 1500 Calories 2000 Calones 2500 Calories

Breakfast
Citrus frmit or jutce 1 serving 1 serving 2 servings 2 servngs
Ceteal 1 serving 1 serving 1 serving 1 serving
E:e{ad 1 shee 1 slice 2 shees 2 shes

utter . 1 pat 2 pats 3 pats

Mtk 6 oz. 8 oz oz, Ez.
Sugar .. 2 teaspoons 2 teasppons
Coffee

Dnnner
Meat, poultry or fish 3 oz 3 oz 3 oz. 3oz
Potato or substitute 1 serving 1 serving 2 senmgs
Vegetable 1 serving 1 serving 1 serving 1 serving
Salad 1 serving 1 serving 1 serving 1 serving
Bread 1 slhce 1 shee 2 shees 2 shees
Fruit or jurce 1 serving 1 serving 2 servings 3 servings
Sugar . . 2 teaspoons 2 teaspoons
Tea with lemon

Supper
Fish 2. oz 2 oz 2 oz 2 oz

or eggs 2 2 a 2

Potato or substitute 1 serving 1 serving 1 serving 2 servings
Vegetable 1 serving 1 serving 1 serving I sering
Salad 1 senmg 1 serving 1 serving 1 serung
Bread 1 shce 1 shee 2 shees 2 skices
Butter . 1 pat 2 pats 4 pats
Frutt or juice 1 serving 2 servings 2 servings 3 senvings
Ak 8 oz 6 oz 6 oz 6 oz
Sugar 2 teaspoons 2 teaspoons
Coffee

Night Feeding

Frut or jurce - .. 2 teaspoons
Approximate Composttion
Calones 1470 1975 2490
Carbohydrate gm 185 200
Protemn gm 70 80 85
Fat gm 50 55 70
Caleim gm 7 e 9o
ron mg 2 14 17
Vitamin A 11U 5500 6600
Thumne mg 12 15 18
Riboflavin mg L5 17 1.8
Niacn mg 4 15 18
Ascorbic Acid mg 155 240 370

* For the Diabetuc, replace the sugar m the dict with 1 cup of unsweetened fruit juice as a
ight f
™E Betow the Recommended Daly Dictary Allowaaces of 1045
(From Diet Manual, Beth Tsrael Hospital, New York, N Y')
full effect develops in a period of about 6 minutes after beginning the injec-
tion and disappears in 2 to 3 hours, '
A diuretic agent is usually essential in the control of edema. Organic
mercurials given by injection are the best,
The following is a partial Tist of parenteral organic mercurials that are

used in doses of 0.5 to 2.0 cc.:
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Moyer (63) reported that 300 mg per day of Diamox, given for 2 days,
appeared to be about equivalent to 6 to 7 tablets (containing 60 to 70 mg.
Hg) of neohydrin per day, given for the same pertod of time.

The cation exchange resins such as Carbo-resin, Resodec or Natrinil have
the capacity to take up sodium in the mtestinal tract. They have been advo-
cated (39-48) where liberalization of the sodium content of the diet is
wanted and to substitute partially or completely for a dwretic drug In
practical use about one-half of the patients develop gastrointestinal symp-
toms. Sufficient chnical experience with the resms have resulted m a de-
creased use in congestive failure.

Diamox (acetazolearmde) (18, 50-52) promotes the renal excretion of
base, namely sodium and potasstum by mhibiting the action of carbomc an-
hydrase in the renal tubules. The carbonic anhydrase catalyzes the reaction
of CO: and H:O to yield hydrogen 1ons and bicarbonate If there are no
hydrogen ions available for excretion mnto the renal tubular lumen, more
sodium ions are excreted m therr place or, m other words, fewer sodium
ions are reabsorbed from the alkaline glomerular filtrate A 250 mg dose of
Diamox will cause a 1 3-pound loss m weight 1 a 48-hour penod (18): a
500 mg. dose of diamox will cause a 2 3-pound weight loss 1 48 hours. This
weight loss remams the same even 1if you mcrease the dose of Diamox to
1,000 mg. A mercurial diuretic, such as thiomenn, will give an mcreasing
amount of weight loss m 48 hours as you mcrease the dose from 05 to 2.0
cc. It 1s well to remember that diamox therapy causes an mcreased excretion
of p 10ns A locytosts has also been reported (52)

“Persons sufferng from congestive heart failure of moderate or severe
degree frequently have had no restful sleep for many mghts, and this con-
tributes importantly to their exhaustion and anxiety In all such cases, mor-
phine, demerol, or some other narcotic should be admmstered when the
patient 1s first seen. After this sedative, preparations such as one of the
barbiturates, or chloral hydrate will do ” So wntes Emstene (21) who adds:

“The use of oxygen 1s unnecessary in the great majonity of ambulant pa-
tients who have congestive heart failure ¥When moderate or severe cyanosis
1s present, however, or when pulmonary edema or pleural effusion causes
dyspnea with the patient well elevated n bed, oxygen often has a decidedly
beneficial effect Oxygen exerts a sedative by decreasing the restlessness
secondary to cerebral hypoxa. Venesection may be considered (removal of

250 cc to 500 ce of blood) whenever digitahs therapy and other measures
mentioned previously fail to produce a satisfactory response and when
venous pressure as noted by jugular vein engorgement 1s severe.

“Severe congestive failure may result m the lation of large
of fluid 1n one or both sides of the thorax This may further reduce the al-
ready dimimished vital capacity of the lungs, and by so domng mncreases the
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treatment is started, then every day thereafter, and the weight charted
This system is continued until all gross signs of edema disappear, and the
body weight reaches a resistant level below which it will not go with the
continued use of the daily dose of the mercurial
The patient may now become ambulant and a plan is worked out for the
purpose of mamtenance In principle the following 15 done, the diet 15 in-
creased; 1t 15 made more liberal so as to include practically all articles of
food, withholding salt from the cooking and at the table Contmue the 0.1
to 0 2 mg. dose of digitoxin daily. The free intake of water is also continued.
The nterval between the mjections of the mercurial is now prolonged to
every other day for 3 or 4 doses If the daily weight continues to show a
constant level, the mterval is increased to every third day In this way the
nterval 1s prolonged until one finds the longest mterval between mjections
which 1s possible without an abiupt r1se of the body weight before the m-
Jection and without a conspievous fall after the injection. This establishes
the maimntenance nterval and may be continued indefinitely In the course
of tune, 1t often hecomes possible or necessary to make further adjustments
The maintenance of the “dry” body weight 15 the gmude There are choices
of mamtenance plans
What of the question of oral dwreties (10, 15, 20, 49, 23, 24, 27, 32, 29,
34) as opposed to mjectable diuretics? Reports from our laboratory mdicate
that all the orally admmustered matenals produce gastrointestinal distress
1n some patients (6) If you make the oral dose small enough you decrease
the mncidence of gastromtestinal symptoms but along with thus goes the di-
uretic response The range of utthty of oral dwretics is limited None are
free of unpleasant gastromtestmal side-reactions It 15 not posstble with any
of the orally admimstered materal to secure such diretic effects as follow
the ntramuscular injection of mercuhydnn or similar mjectable mercurials
m doses of the order of 2 cc. without a prombitive meidence of gastromtes-
tnal distress The average diuretic responses to most of the orally admmis-
tered materals are 1n the range that would be represented by about 05 cc.
of mercuhydnin by the intramuscular route. Neohydrin 1 doses of 3 to 6
tablets daily, will produce a diuretic response equal to 1 cc of injection
mercuhydrin (8) A daily dose of 6 to 8 gm of ammonium chloride causes
a diuretic effect which 1s equivalent to approsmmately that of 05 to 0 75 cc.
of mercuhydrmn given itramuscularly (8). To get this effect, m about half
of the patients gastrointestnal side effects will occur When the p‘.l!ienf has
been given 6 to 8 gm of ammomum chloride before mercuhydrm., 1t will
enhance the effect of 1 cc. of mercubydrin so that 1t has the dmref:c effect
similar to 2 cc. of mercuhydrin mjected without ammonium chloride. 80n0
gm of Mictine (62) has been shown to have an effect equal to about 0 8 cc.
of intramuscular mercuhydnn
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The low salt syndrome involves reduction in values of serum sodm,
chloride and carbon dioxide The normal values of approximately 140 mEq.
of sodum, 100 mEq of chloride and 25 mEq of carbon dioxude (50 to 60
volumes per cent) may be lowered to levels such as 125 mEq , 85 mEq, and
14 mEq. (30 volumes per cent}, respectively (14) According to Blumgart
(14), this syndrome may be due to repeated injections of mercural diuretics,
particularly 1if salt intake has been restricted, the cation exchange resins
have been employed, or perspiration has been excessive. The amount of
salt admimstered n this manner should be calculated from the serum values
after determming the magmtude of the existing deficit He states (14)
that the low sodium syndrome (hyponatremic acidosis) occurs because of
low sodium diets and vigorous mercurial dwretic therapy The clinical
symptoms and signs of the low salt syndrome (weakness, drowsiness, head-
ache, thirst, nausea), the low urinary volume, the refractoniness to diuretics,
and the presence of renal disease suggest the presence of the low sodium
syndrome The diagnosis 1s confirmed by finding a decrease m the serum
sodum from the normal value of approximately 140 mEq. to 125 mEq or
less per liter. The blood carbon dioxide combinmg power 1s generally below
30 volumes per cent Treatment consists in the mtravenous administration
of sodium bicarbonate, one sixth molar sodrum lactate solution, or, at tumes,
sodium chloride, to repair the chloride as well as the sodium deficiency.

Rubin et al (53) have mdicated that i patients with refractory edema
and normal electrolytes, responsiveness to mercunals can be invoked again
by Diamox or a combination of Diamox and ammomum chlonde The

h 15 the production of a hyperchl foll d by mer-
cuhydrin When Dramox and mercuhydrin are admimistered on the same
day, optimal diuresis does not occur Maximal dresis with mercuhydrnn
accurred the second day after Diamox was discontinued The regimen 1s as
follows. 750 mg, of Diamox daily for 3 days together with 10 gm of ammo-
num chlonide After the third day, the Diamox 1s discontinued, the patient
is kept on ammontum chloride, and on the fifth morning, the mercunal 1s
given

The presence of hypopotasstum 1s diagnosed by finding the plasma potas-
stum coneentration reduced below the normal of 4 to 5 mEq per liter or ob-
serving charactenstic electrocardiographic alterations. The effectiveness
of the mercurial diuretics may be improved by the administration of 2 to
3 gm of potasstum chlorde or potassium citrate four trmes daily (14)

Another method of treating refractory heart failure when all else fails in-
volves the lowering of the metabolic rate and hence the bodily requirements
for blood by chemical thyrodectomy which mvolves the use of one thio-
ureas or radioactive 10dme (55, 56) This 15 covered under medical therapy
for angina pectoris (Chapter IV).
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degree of dyspnea. Whenever extensive pleural effusion is present, there-
fore, the fluid should be removed as completely as possible by prompt
thoracentesis.

“Although ascites 1s a not mfrequent complication of advanced decompen-
sation, the amount of fluid is usually not sufficient to embarrass respiration
seriously or add importantly to the patient’s distress.”

Refractory Heart Failure (53, 2, 14, 21, 54): What do you do with the
patient who has been on the maintenance regime and then becomes refrac-
tory to the treatment? That 1s, he seems to go into further heart failure
The first question to be asked is are all points of our maintenance regime
being followed correctly (14)? For example, has the patient been completely
digitalized, that is, has this digitalization been adequate on rest and inade-
quate because the patient 1s now exerting more effort? On the other hand,
does the patient need more rest than has been provided? Does he need
more sedation to provide more restful nights? Is his bed or his position in
bed uncomfortable? Have we restricted the sodium intake sufficiently? Is
salt creeping into the diet through errors of commission or omission? Has
the patient gotten complete benefit from the use of dwretics® Has the m-
jection been made 1nto edematous areas where absorption is unsatisfactory?
Does he need a potentating diuretic, such as ammonium chlonde or amino-
phylline a day before the duuretic is given?

Is there another etiologic condition which may have sent the patient in
further heart failure, such as a pamless acute myocardial infarction, a pul-
monary embolism or infarction, an intercurrent infection, hypoprotinema,
anemia, a cardiac arthythmia or thyrotoxicosis. In general we look for con-
ditions which might impose additional work on the heart or might weaken
the heart. There is of course a group 1 which heart disease has progressed
to a pomt where cardiac output has fallen so far as to be madequate to
maintamn sufficient renal function This 1s the termmnal phase m the natural
history of heart disease.

In the course of the management of congestive heart failure, certam 1m-
balances may oceur 1n the electrolytes, that 1s sodium alone, chloride alone,
both together, or in the potassium balance.

In the majonity of patients with heart failure who develop diuresis from
any cause, the amount of chlonde which appears in the urine 1s high f“
relation to the sodium loss This produces shght or moderate decreases in
chloride and a hypochloremic alkalosis which 1s usually of moderate degree
and mconsequential but may be exaggerated in patients who lose huge
volumes of fud, usually mn association with the use of mercurial. The use
of ammonium chloride m doses of 4 to 6 gm. by mouth .durmg the period
of the most marked diuresis i the treatment of congestive failure can be

used to replace chloride.
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Ligation of the inferior vena cava (57) has also been suggested m the
treatment of refractory heart failure but has more usefulness in rhenmatic
heart disease than in coronary artery disease (57a).

Acute left ventricular failure is characterized by the sudden onset of
dyspnea, orthopnea, cough and frothy sputum. Cyanosis, cold sweat and
great anxiety may be seen. The patient usually has to sit up straight in bed
and coarse rales arc heard over the lung fields The following measures
may be used n treatment,

Osygen (by tent or mask) (a positive pressure mask may be used),

Ten to 15 mg. of morphine sulfate except where chromic pulmonary dis-
ease 15 suspected;

Ammophyllne in a dose of 024 or 0.48 gm in 10 cc intramuscularly or
mtravenously;

A rapidly acting digitalis glycoside provided that there 15 no question of
digitalis ingestion in the precedmg two weeks and a mercural injection
intramuscularly.
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daily is sufficient. In more stubborn cases, as much as 06 gm. every three
hours, or about 4 gm daily proves to be necessary. Electrocardiograms
should be taken before and after each new dosage to study effects on width
of the QRS. The prolongation of the QRS time begins at about levels of 3
gm. datly If the QRS tume ncreases to 0.12 second or more, quinidme
should be discontinued 1t 1s also wise to study the rate and the electro-
cardiogram before the succeeding dose because a rate of 130 beats per
minute may be due to sinus rhythm plns vagal blocking by quinidine.

The following preparations of quimdine are available.

1. Quinidine Sulfate m capsules or tablets 02 or 0.3 gm. or a 5 per cent
suspenston m syrup 0 2 gm. per teaspoon

2 Quimdine lactate (065 gm m 10 cc ) for intravenous and intramus-
cular use (4).

3 Quinidme Sulfate 1n propylene glycol (20 per cent) (0.2 gm m1cc)
for mtramuscular use (5).

Qumdine may cause impanment of heaning, nnging in the ears, blurred
vision, hightheadedness, giddmess, tremor, nausea, vormting, abdominal
cramps and rarely convulsion Idiosyncracies mclude fever, urticara, asth-
ma, and purpura (3, 6, 7) The toxic actions on the heart include prolonga-
tion of A-V conduction, intraventricular block, premature contractions,
ventricular tachycardia or fibnllation (7, 8).

The principle of treatment nvolves the knowledge that accumulation
comes to an end 1n a penod of 4 or 5 days If treatment is begun with a
dose of 03 gm, taken at mtervals of 6 hours for 3 doses daily, and the
abnormal rhythm (premature beat) 1s still present after the first day, the
same dose should be continued for 4 or 5 days, for during that period the
mtensity of action will mcrease If at the end of this time, the therapeutic
end has not been achieved, the daily dose 1s raised and tested for 4 or 5 days.
This 1s done until the rhythm 1s brought under control providmg no toxicity
results

Pronestyl (9): Pronestyl hydrochlonide capsules are available i doses of
025 gm and 1n 10 cc. vials contaming 100 mg per ce. It 1s best used for
ventricular arrhythmias although 1t has also been given for the aurcular
ones too In general, 2 4 gm dose of pronestyl will do about the same
thing that is to be expected from 1 gm of qumdine The general pattern
of its action 1s similar to that of quimdine, both with respect to the kind
of cases, the results and the toxic effects (10)

Digitalis: Digitalis preparations may be used to control such abnormal
rhythms as auricular fibrillation, paroxysmal aunicular tachycardia, A-V
nodal thythm and aunicular flutter The available preparations have been

considered m the section on Congestive Heart Failure.



Cnarrer VII
Disorders of the Heart Beat in
Coronary Artery Disease

ANY OF THE types of ectopic rhythms, some grave and some of lesser
moment, may present themselves during the course of coronary artery
disease The most common are auricular and ventricular extrasystoles and
aurrcular fibrillation (1),

According to Bellet (1) an ectopic thythm may be suspected from the
following (and confirmed by the electrocardiogram)
History of sudden onset of rapid rate
. Any irregulanty of cardiac rhythm,
A regular thythm when the rate is below 30 or above 140 per minute.
Coincidence of rapid rate with onset of failure.
Sudden halving of rate following carotid smus pressure
. Vanation of mtensity of first heart sound with rapid rate.
. No change in rate from moment to moment after exercise

NO U W

DRUG THERAPY IN DISORDERS OF THE HEART BEAT

The three major drugs which are used m the treatment of disorders of
the heart beat are digitalis, qumidine and pronestyl.

Quinidine: Gold (2) has found quimdine to be effective in the treatment
of the following disorders of cardiac rhythm.

Premature contractions or extrasystoles (auncular, nodal, ventricular)-
Paroxysmal auncular tachycardia.

Nodal tachycardia.

. Auncular flutter

Auricnlar fibrillation.

Ventricular tachycardia.

Ventricular fibrillation,

In patients with paroxysmal disorder of rhythm in whom the presenting
problem is to prevent attacks, Gold (2, 3) begins with a daily dose of 1
gm 1n the form of 0.3 gm (5 gr.) three tumes daily. If and when an attack
occurs, the daly dose 1s mcreased by 03 gm. (5 gr.). This is usually
accomphshed by first shortemng the interval between doses, and then in-
creasing the size of the daily dosage after each attack is continued unhl‘ a
Jevel is reached at which paroxysms no longer occur. The required (}axly
dosage varies greatly In some the imtial dosage of 03 gm. three times
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continued the same doses for 24 to 48 hours, when the schedule was changed
to 6-hour intervals, and later further reduced The average maintenance
on the 6-hour schedule was one-half that necesary for reversion. When on
the 4-hour schedule the 4 An dose may be omitted if it is added to the
midnight dose m the enteric coated form, which has its peak of absorption
5 to 6 hours after mgestion. It 1s recommended that anticoagulants be
used for several days before and for at least two weeks after the use of
qumntdine to prevent possible emboli dunng the conversion

Auricular Flutter (14-202): Digttalis is a drug of choice 1 the treatment
of aunicular flutter (Fig 35C). The course of events 1s in most instances
for the flutter to change to fibnllation and then revert to normal sinus
rthythm Quimdme and pronestyl may also be used The dose is as ndicated
for auricular fibrillaton Hoffman and Pomerance (20a) have indicated
that 90 per cent of the causes of auricular flutter are associated with orgame
heart disease, with about 40 per cent due to hypertensive-arteriosclerotic
heart disease The characteristic findings in the electracardiogram are. (1)
absolute regulanty of the auricular (F) waves; (2) demonstration m any
one lead that the 1s0-electnic period does not exceed 004 second, (3) atrial
rate of 200 to 360 with the ventricular rate a fraction of the atrial.

Ventricular Tachycardia (21-25) (Fig 36C) Qumdme and pronestyl
are the drugs of choice and are effective m from one-half to two-thurds of
the cases. They have been given orally and ntravenously. Quinidine orally
1s given 1n doses of 0+ or 06 gm every 2 or 3 hours Because of the hazard
of cardiac standstill in the abrupt termination of the rapid ectopic rhythm,
the axm should be to slow the tachycardia to a rate which may be permitted
to continue for some time without impairing the circulation, for example,
from an imtal rate of 200 per rmnute to 120 or 110 per minute Gold (2)
states that when the heart functions under these circumstances for some
time at the slower rates, the other pacemakers recover and become ready
to take over promptly when the ectopic thythm 1s abolished without the
delay which may give nise to a convulsion, when a rapid thythm 1s brought
to an end abruptly It is always wise to take electrocardiograms before each
successtve dose 1s given to determine whether auricular activity 1s present.

The pronestyl may be used orally, mtramuscularly or intravenously The
oral dose is 0.5 to 10 gm given every 2 to 4 hours Where a more rapid
effect 15 desired, a parenteral admmistration of 05 to 10 gm. at a smgle
dose may be used, The intramuscular route 13 safer The mamtenance dose
following conversion 1s 250 to 500 mg. four times daily.

Magnesium sulfate in doses of 15 to 20 cc of a 20 per cent solution has
been used Potassium Chlonde, 2 gm. orally, every 2 to 4 hours, has also
been suggested (1) where digitalis is the cause of ventricular tachycardia.

Ventricular Fibrillation: Ventricular fibullation (26) represents an emer-
gency of the highest order and requires action within mmutes mvolving
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b. QuivmiNe. Quinidine may be used during an attack of paroxysmal
aunicular tachycardia and as a preventive measure between attacks. The
method of admimustration in dose has been discussed.

¢ Dicrravis: Intravenous digitalis is useful in stopping the attack while
maintenance doses may prevent the recurrence. Bellet (1) recommends
Lanatoside C (Cedilanid) (08 mg.) intravenously or Digalen (2to4 USP.
umts) La Due (12) found 1t more successful to give a smgle dose of 16
mg of Lanatoside C mtravenously at one time m a period of 3 to 5 minutes.
Transient nausea and vomiting oceurs 1n abont 8 per cent of patients given
the drug m this dose.

d ProxestyL: The oral doses range from 250 mg. to 500 mg, four times
aday The intramuscular dose ranges from 250 mg. to 500 mg and may be
repeated m two or three hours or sooner if the attack 15 not terminated.

e. Oruen Drucs. The following drugs have proved useful m the treat-
ment of parocysmal auricular tachycardia, but should be used with all
caution in the presence of coronary artery disease.

1 Neostigmine (proshgmme) may be given subcutaneously or intra-
venously m doses of 10 to 2 cc of a 1.2000 solution The maximura effect
oceurs 1n about 20 minutes (13).

2. Acetyl-B-Methyl Choline (Mecholyl) is given subcutaneously in a
dose rangmg from 2 5 to 60 mg, in an average dose of 25 mg. Effects occur
m 1 or 2 mimutes

3. Magnesium Sulphate: The usual mtravenous dose consists of 10 cc.
of a 10 per cent solution

Auricular Fibrillation: The treatment of auricular fibrillation (Fig. 35D)
whether paroxysmal or chromc, 15 best accomplished by digitalization
Paroxysmal auricular fibrillation may also be treated by quimdime or prones-
tyl. It 1s not the usual procedure to attempt to convert the chronic auncular
fibrillation of patients with coronary artery disease to normal sinus rhythm.
Many believe that maintenance of such a patient with a heart rate of 70
to 80 beats per minute provides adequate cardiac function. However, there
are those who feel that conversion to normal smus rhythm should be at-
tempted in those with auricular fibnllation of short duration in terms o
months, in those who have sustamed embolic phenomena, and even in those
with chrome auricular fibnllation to better the cardiac function and to
prevent possible future emboli.

The conversion is accomplished by the use of quinidne (21). Yount et al.
(14) recommend the following dose schedule: qumidme 0.2 gm every 4
hours day and might, mereasing by 0.1 gm. per dose at the end of each
24 or 48-hour period. In their sertes, reversion occurred on the average after
6 days on a mean dose of 0.42 gm. every 4 hours. The duration and the
severity of the disease did not influence the result, The oldest'patlents
onded most readily and on the smallest doses. After reversion they
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Isopropylarterenol (Isuprel) hydrochloride is administered m doses of
10 to 15 mg. sublingually or 002 mg. intravenously (31).

The external electric stimulator, as devised by Zoll (33, 36) may serve
as the cardiac pacemaker in certain mstances of ventricular standstll (33,
34). A negative electrode is placed at the cardiac apex and a positive
electrode on the right anterior chest. An electric stimulus s automatically
provided to the dormant heart which responds with a ventricular contrac-

tion,
Chandler and Rosenbaum (35) used both a cardiac pacemaker and
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Fig 37 El ) showing complete heart block of a 53-ear-old male with
arkcrmscl.erohc heart disease Auncular rate 1s 75 beats per minute, ventricular rate, 30
The patient had Adams-Stokes” seizures due to asystole which were controlled by
ephednne sulfate, 24 mg, given orally four times daily
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Fig 36 Electrocardiogram of a 70-year-old white male with arteriosclerotic heart
disease showing Lead II with- (A) spontaneous ventncular premature beats 1 coupled
rhythm, (B) three ventricular premature beats for each normal beat, and (€) ventricu-
lar tachycardia {Courtesy of Dr Lows Fredfeld )

thoracotomy and cardiac massage The drug of choice 15 pronestyl intra-
venously
Heart Block with Adams-Stokes” Attacks: The stoppage of cardiac output
during asystole or cardiac arrest may occur in complete heart block (Fig
37) and result n syncope or a convulsion referred to as an Adams-Stokes”
attack (27-34). Isuprel 1s the drug of choice (28-32) when the mechansm
for the Adams-Stokes’ attack 1s ventricular tachycardia or fibrillation, and
when ventricular asystole alternates with tachycardia or fibullation. Epi-
nephrine, ephedrine or paredrne are the better drugs for ventricular asystole
unaccompamed by ventneular tachycardia or fibnllation Pronesty! should
not be used 1n the treatment of ventnicular tachycardia m the presence of
complete heart block and Adams-Stokes™ seizures
Epinephrme 15 given subcutaneously in doses of 0 4 to 1 0 mg, ephednine
sulfate orally in doses of 15 to 30 mg, three to five times daily, and pare-
drine. 20 to 60 mg., three times daily Barium chloride may also be tried
(15 to 60 mg,, three to four times daily) Corticotropin (ACTH) has been
suggested in doses of 40 mg by Prinzmetal (20},
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Isuprel in treating a severe Adams-Stokes syndrome. Isuprel was given
sublingually (20 mg.), subeutancously (0.2 mg.), intravenously (1 mg in
200 ce. of 5 per cent glucose), and intramuscularly (I mg.) at varying
times,

Bellet, Wasserman and Brody (37) have used molar sodium lactate to
increase the rhythmicity of the cardiac pacemaker. In 3 of 4 patients with
Stokes-Adams’ disease, molar lactate restored ventricular beating on numer-
ous occasions. The dose m 1 patient was 80 ce. intravenously by syringe
in a penod of several minutes. In another case, repeated mjections of 40 to
60 cc. consistently restored ventricular beating in each of multiple episodes.
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Cnapter VIII
Acute Myocardial Infarction

HE CLINICAL features of angina pectoris were well established in
1768, but 1t was not until 1912 (1) that James Herrick brought to the

lasting attention of the world the clinical features of coronary occlusion,
even though others (2, 3, 4) had previously published accounts of this
disease, beginning with the year 1878

In at least 95 per cent of the patients with acute coronary occlusion,
arteniosclerosis of the coronary arteries is the underlying cause. According
to Horn and Finkelstein (5), coronary artery closure was found to be due
to mtramural hemorrhage 1n 62.5 per cent of their 100 cases of acute arterio-
sclerotic coronary artery occlusion and to formation of a thrombus on an
arteriosclerotic plaque m 37 5 per cent of the cases. Myocardial mfarction
need not, however, always accompany coronary occluston because a slow
occlusion 1 the presence of adequate collateral cireulation may not cause
myocardial ischemia and resultant infarction On the other hand, as a result
of pulmonary embolism, severe acute anemua or following operative proce-
dures, a myocarchal mfarction may occur without coronary occlusion.

Ernstene (6) reports that in general, sudden occlusion of the anterior
descending branch results n infarction i the anterior apical portion of the
left ventricle with or without involvement of the interventricular septum,
while ocelusion of the circumflex branch causes infarction 1n the postero-
lateral or posterior basal portion of the left ventricular wall Sudden ob-
struction of the right coronary artery 1s followed by mfarction of the poste-
rior basal portion of the left ventricle. Coronary occlusion oceurs with
almost equal frequency in the left anterior descending and the right circum-
flex arteries, while occlusion of the Jeft circumflex occurs less often

Clinieal Features: The interruption of the blood supply of the coronary
artery leads to mfarction of the myocardum and a clinical picture which
may mclude severe pain, fever, vaniation in the level of the blood pressure,
pericardial friction rub, gallop rhythm, elevation of the sedimentation rate,
leucocytosis and changes m the electrocardiogram

Pam 15 the commonest and most promment symptom of the attack. The
location of the pamn is most often substernal but may be located also m the
epigastrium, precordium, left shoulder and back Epigastric pain is a variant
of substernal pain The pain usually lasts 24 hours and then subsides. Prc;
infarction angina may occur and probably represents sudden narrowimng ©
the lumen of the coronary artery by sub-intimal hemorrhage fll."ld ths pro-
longed severe pain, the final thrombosis and complete occlusion (7-11)-
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Feil (7) estumates that premonitory symptoms are present mn approximately
50 per cent of all patients, and Master, Dack and Jaffe (9) reported an
incidence of 44 per cent 1n 260 cases.

Myocardial infarcts, both old and recent, have been found at post-mortem
examination 1n pattents in whom there was no history of chest pain or of a
clintcal episode suggestive of coronary occlusion The occurrence of painless
infarction has not been correlated with either the location (12), size (13)
or age of infarct (14), nor with the age of the patient (15)

Explanations for painless infarcts are vanable. Hernick (16) has stated
that “it has been suggested that normally certam areas of the heart are not
only less vital than others, ndifferent or silent they have been called, but
also less sensitive At autopsy fresh infarcts are sometimes found associated
with multiple areas of fibrosis that speak for previous obstruction of small
branches, yet no pain has been noted, no patn even announcmg the recent
mfarction, There has evidently been a very gradual and progressive narrow-
g of the artery by sclerotic processes The area imgated by the artery has
become relatively mactive, relatively anesthetized by destruction of vessels,
nerves and functioning muscles, so that a pamful response to the new ob-
struction comes without a sudden shock, the element of surpnse 15 lacking.
The final complete obstruction comes without a sudden shock, the element
of surpnise 15 lacking as the heart 15 1n a sense prepared for the supreme
wmsult, Abrupt heart failure with its dyspnea and other phenomena may be
present, but pain 1s lacking.”

Reported 1nstances of the occurrence of painless myocardial nfarction
are fairly numerous 1n the literature Some of these reports deal with indi-
vidual case histones (19-22) Other authors have analyzed the incidence of
painless infarctions i larger sertes of myocardial infarctions (see Table 15}
and the estimates vary from 1 per cent to 61 per cent This vanation 1n inci-
dence seems to depend on several factors (1) Was the taking of an ade-
quate history rendered difficult by such factors as sudden death, coma, sur-
gical anesthesia, presence of psychosis (22a), and cerebrovascular acaident?

(2) Were mild pamful episodes regarded as angina pectors, rather than
the mild pain of myocardral mfarction, and were such equally characteristic
sensations of myocardial mfarction as pressure, constriction and burning
distingmished from pan® (3) Were such compheating conditions as con-
gestive heart failure or debilitating disease present to explamn the absence
of pam? Notwithstanding, there 1s sufficient agreement among these authors
50 that one can definitely state that panless myocardial infarction may be
said to occur under the same standard conditions as painful mfarction

It is well to remember, as Davis (24) has pomnted out, that “coronary

bosis with a synd char: 1zed by the abrupt onset of dyspnea
and heart failure, unprovoked by effort, may be more common than 1s gen-
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TABLE 15
IxcmeNcE oF Pariess MyocamromaL INFareTiov
Author No of No Per Cent
and Cases Panless Patnless
Reference in Sertes Infarctions  Infarctions Remarks

Levine & Brown 46 22 48 All had post-mortem confir-
1929 (23) mation
Dawvis 7 29 38 53 of 76 patients had patho-
1932 (24) logrcal confirmation
Saphir 34 13 38 All had post-mortem confir-
1935 (25) ation
Bruenn 31 19 a1 ANl had post-mortem confir-
1936 (26) mation
Boyd 127 42 33 Clincal
1937 (27)
Kennedy 200 8 4 All autopsy cases
1937 (28) 109 had old infarcts

142 had recent mfarcts

51 old and recent infarcts
Gorham & Martin 100 42 42 All had post-mortem confir-
1938 (29) mation
Master 35 21 60 Al post-operative coronary
1938 (30) occluston
Gross & Engelberg 100 25 25 All had post-mortem confir-

3. mation
Pollard & Harvill 375 25 85 Clinical and autopsy cases
1940 (32) .
Yater 400 4 1 Sunnors of myocardil in-
1948 (33) ar
249 6 25 Autopsy cases

Mintz & Katz 382 18 34 Chnical and autopsy cases
1948 (34)
Landman 255 28 1 All had post-mortem confir-
1949 (35) ‘mation
Babey 116 1 08 Chnical and necropsy
1939 (36)
Strond & \Wagner 49 13 26 Clinical and necropsy
1941 37
Levine & Rosenbaum 208 6 28 Chncal and necropsy
1941 (38)
Kugel 350 10 28 Chmical
1945 {39)
Billings et al 203 20 97 Chinical and necropsy
1949 (40)

erally believed, that this syndrome may be due to the formation of an area
of absolute 1schema, and anemic infarct whereas the syndrome character-
1zed by severe, enduring, substernal or epigastric pam unprovoked by effort
is due to the formation of an area of relative ischemia ”

Besides pain, other symptoms are found in acute myocardial infarcti.cn.
Dyspnea may represent acute pulmonary edema or pulmonary congesfloﬂ
due to acute left ventricular failure. It is not unusual to find some transient
rales at the base of either lung (24a) during the first hours after the nc'ute
infarction. These rales clear spontaneously and do not represent an indica-
tion for digitalization. Dyspnea, as indicated above, is the most common
symptom in painless myocardial infarction,
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Such vasomotor symptoms as blanching, cold sweats, pallor are found
mtially especially in the presence of shock. The co-existence of a cerebro-
vascular accident with coronary thrombosis (41) must be considered as a
neurologic manifestation. If syncope or convulsions occur, beside the actual
coronary occlusion, one must consider an Adams-Stokes” attack, a paroxys-
mal arthythmia or a calaific aortic stenosts Gastrointestinal symptoms m-
clude nausea, vormting and diarrhea

Laboratory Tests in Acute Myocardial Infarction: The standard tests dur-
ing acute myocardial mfarction may reveal leucocytosis, an elevated seds-
mentation rate, hyperglycemia, and an abnormal electrocardiogram. As an
mdicator of myocardial necrosis, the sera of such patients may also reveal
abnormalities in the C-reactive protem (42, 43), the glutamic oxalacetic
transaminase (44-46) and the fibrmogen (47). The C-reactive protem
correlates roughly with the degree and persistence of fever, leucocytosis
and the elevated sedimentation rate (43) The test 1s negative m patients
with typical coronary msufficiency but without the enteria for myocardial
mfarction (42).

The serum glutamic oxalacetic transammase enzyme is present in the
normal human m a range of 10 to 40 units (44a) The more severe the myo-
cardial necrosis, the higher the level of serum transaminase It 1s highest
during the first 24 hours after coronary occlusion Steinberg and Ostrow
(46) report that the transaminase level after transmural myocardial nfarc-
tion was elevated m the range of from 65 to 308 umits per ml, with a mean
peak of 168 umts per ml These peak values were reached withm 36 hours
after onset of infarction, and fell to normal on the average by the sixth day
Knowledge of the absolute level of the serum transaminase or of serial levels
would be especially useful m the following chmeal situations associated
with myocardial mfarction Where a left bundle branch block exsts and
the electrocardiographuc changes associated with acute antenior wall infarc-
tion may be hidden (200), where status angmosus ewsts erther with no elec-
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Fig 38 Acute anterior wall infarction mn a 60-year-old white male.
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Fig 39 Acute postenor wall infarction 1n a 32 year-old white male

trocardiographic changes or with those indicative of coronary insufficiency
(S-T segment depression and or T wave mversion) (44a), and where chest
pain recurs during the course of acute myocardial infarction and the clinical
possibility of an extension of the original infarction exists.

Electrocardiographic Patterns of Acute Myocardial Infarction: The
changes in the electrocardiogram which are characteristic of acute myo-
cardial infarction involve the antertor and posterior surfaces of the heart
most commonly but not infrequently they appear m combmnation with in-
volvement of the septal or lateral areas. Elevation of the S-T segment and
mversions of the T wave with the subsequent appearance of a Q wave 0C-
curs predommantly m lead 1 and aV1 1n antenor wall mfarction (Fig. 38)
or lead 3 and Vf m postertor wall infarction (Fig, 39), with reciprocal de-
pression of the S-T segment 1 lead 3 or lead 1, respectively The T wave
at first may be high (48) but subsequently 1t becomes depressed and in-
verted to a V shape. The typical changes may last a few hours or a few
days and the clectrocardiogram may subsequently return to normal o the
abnormal Q wave may perstst for a hfe time Combined anterior and post?-
rior wall infarctions (Fig 40) may occur (48a). Electrocardiographic
changes may be absent m this combination when the altered electrical
forces neutrahize each other In most mstances, the recent evidences of
infarction are superimposed on the old

Anterolateral changes (49) involve the R-ST segment and T wave of
Jeads Vs, Vs and Ve, Anteroseptal mnfarcts show changes in Vi and Ve or on¢
or more of Vz, Vs or V. Posterolateral infarction involves Vs and Ve with
the R and T waves in Vi and V> prominent.

A course of acute myocardial infarction may present fever, mld lcl.ICOC}'
tosis, clevation in the sedimentation rate and progressive changes in the

T wave of lead 1 and perhaps leads Vs and V. only. These changes may
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develop slowly. Where 2 history of chest pain is typical, one should wait 2
weeks for some electrocardiographic changes before writing off the possi-
bility of myocardial infarction. The changes m T waves only points out a
diminution of blood supply to the antertor wall but not sufficient to cause
discrete areas of necrosis or injury. On occasion, 1solated deeply inverted T
waves in the precordial electrocardiogram may be indicative of myocardial
mfarction (50, 51).

Lateral apical wall infarctions present abnormalities n Vs, Ve and Vi.
Lateral left ventricular infarction presents R-ST depression i lead I and
11, and 1V and no abnormalities in lead III (52, 53) High anterior lateral
myocardial mfarction may show an abnormal Q wave m V1 only (54-56).
Unipolar precordial leads should be taken in higher intercostal spaces at
the location of Vs, Vs and V. Such leads usually show an increase in the
depth of the Q wave, a decrease m the height of the R wave and the pres-
ence of a diphasic or inverted T wave, all indicative of myocardial damage
(Figs. 41 and 42).

In the presence of nght bundle branch block, the signs of anterior infarc-
tion do not usually appear in the imb leads The precordial leads, however,

i R

Fig 40. El d of a 53y 1d white female with arteriosclerotic and
hypertensive heart disease demonstrating combined anterior and posterior wall infare-
tion Tracing A, taken on May 23, 1930, shows myocardial damage. Tracing B was
taken during the course of an acute antenor wall mfarction; tracmgs C and D durng
an acute posterior wall infarction Tracing E was taken about 3 months after the
posterior inf; and shows pred ly the el d hic residue of the
posterior wall infarction,
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Fig 41 Diagnosis. arteriosclerosis, enlarged heart, dilated aorta, regular sinus
rhythm, e, Electrocardiogram showing normal standard and untpolar extremty and
precordual leads except for aV1 which shows 2 sigmificant Q wave

will show alterations in the QS deflections and Q waves as 1s usual m mfarc-
tion. Changes are most often confined to the nght side of the precordium
(49) Posterior wall infarction exhibits signs in leads Vf, IT and IIT

In the presence of left bundle branch block, the electrocardiographic
presence of acute myocardial mfarction 15 very difficult to discover Diag-
nostic changes i the QRS and RS-T waves fail to appear Either one has
to rely on the clmical picture or look for some seral alterations of the elec-
trocardiogram during the course of the illness. This hikewise applies in the
presence of the Wolff-Parkinson-White Syndrome (57, 58) Kennamer and
Prinzmetal (197) suggest that, in patients with left bundle branch block
for whom a preinfarction tracing 1s available for companson, the following
changes are diagnostic of acute myocardial infarction: decrease in the mag-
nitude of the R wave or elevation of the S-T segment in the precordial
leads overlying the left ventricle or aVf.
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The diagnosis of atnal infarction (59-62), electrocardiographically, in-
volves changes, either elevation or depression, of the PR seg and the
sudden development of atrial arrhythmias. The PTa segment (61), the
termmal portion of the PR segment that 1s representative of the period of
atrial repolarization, 15 elevated in lead 1, 2V1 and the antenor precordial
leads in anterior atrial infarction and in leads 2, 3 and aVf in posterior
atnal infarction.

It is mteresting to note that Gittler, Schack and Vesell (198), after re-
viewing the 1-year electrocardiograms of 51 patients with acute myocardial
infarction, found that i only 1 of the 51 instances did the 12-lead electro-
cardiogram with typical changes return to normal 1 year later. They con-
cluded that a completely normal 12-lead electrocardiogram is strong evi-
dence agamnst the presence of an acute myocardial infarction of the classical
antenor or posterior wall type, 1 year previously.
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Fig 42, Electrocardiogram on same patient as Figure 41. Unipolar precordial elec-
trocardiogram taken at the usual location of Vs, Vi and Vy and at ntercostal spaces
above this Note the increase of the depth n the height of the R wave, and the change
1 the direction of the T wave in V, This 15 taken as evidence of myocardial damage.




192 Chnical Aspects of Arteriosclerosis

I

i
&

i

Fig 41. Diagnosis arteniosclerosss, enlarged heart, dilated aorta, regular smus
rhythm, IIlc. Electrocardiogram showing normal standard and umpolar extremity and
precordial leads except for aVl which shows a sigmficant Q wave.

will show alterations n the QS deflections and Q waves as 15 usual mn infarc-
tion. Changes are most often confined to the right side of the precordium
(49). Posterior wall infarction exhibits signs in leads Vf, IT and IIT

In the presence of left bundle branch block, the electrocardiographic
presence of acute myocardial infarction 1s very difficult to discover. Diag:-
nostic changes in the QRS and RS-T waves fail to appear. Either onc has
to rely on the clinical picture or look for some serial alterations of the clec-
trocardiogram during the course of the illness This likewise applies m the
presence of the Wolff-Parkinson-White Syndrome (57, 58). Kennamer and
Prinzmetal (197) suggest that, n patients with left bundle branch block
for whom a preinfarction tracing is available for companison, the following
changes are diagnostic of acute myocardial mfarction decrease in the mag-
nitude of the R wave or elevation of the 5-T segment m the precordial
leads overlying the left ventricle or aVE
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diogram with a dose of nicotne or tobacco smoke one-fourth as large as
that which causes slight changes in the dog with normal coronary arteries.
It is of interest to note that this increased response to nicotine diminishes
as healing takes place.

Long-term therapy after an acute myocardial mfarction has been directed
in recent years at the atherosclerotic process 1itself. For example, attempts
have been made to lower the level of the serum cholesterol or the serum
lipoproteins by the low fat-low cholesterol duet, by sitosterol adminstration,
by heparm admmstration and by the use of estrogens. Long term antico-
agulant therapy with dicumarol has been suggested to prevent future throm-
bosis or embolism.

AnTicoacurants: The use of anticoagulants n coronary heart disease has
been suggested for three phases by Nichol, Phillips, and Jenkins (67): (1)
impending myocardial infarction and acute coronary msufficiency, (2)
acute transmural myocardial mfarctions, and (3) following recovery from
either of the foregomng sitnations, for long term prevention of recurrent
attacks.

There are two mam types of anticoagulants which are in clinical use (68,
69). (1) the prothrombin depressants mcluding the coumarms hke Dicu-
marol, Tromexan, Cumopyran, Marcoumar and Coumadin sodium (War-
farin), and indandiones like phenylindandione, and (2) the sulfonated
polysacchandes hke heparm.

Heparv. Nichol (67) uses the following method of hepanimization. The
mihal dose 1s 50 mg given intravenously after dilution to 5 ce. normal
salme. Before the actual mjection of hepann, at the same venipuncture,
blood 1s drawn for a controlled Lee-White coagulation time and prothrom-
bin time. In addition, 50 mg of concentrated aqueous heparin 1s given deep
m the subcutaneous tissues of the buttock or thigh Four hours later a

coagulation time 1s obtamed as a rough index of the patient’s sensttivity to
heparin, and, 1f under 30 minutes, 50 mg of concentrated heparin is given
every four hours for three doses. The coagulation time 15 again determned
and 1f found under 30 mnutes the same four hour schedule is continued for
4 doses If the coagulation time is 30 to 60 minutes, the interval of heparin
mjection may be increased from 5 to 6 hours If 1t 15 excessively high, no
heparin 1s given and the test 1s repeated in 6 hours at which time the
heparin dosage 1s lated anew The dosage 15 about 50 mg.
every 5 to 6 hours for that dosage which keeps the level at three times the
usual clotting trme It 15 most usual to begin dicumarol alone with the frst
dose of hepann By the third day, dicumarol should be actively exertmg
an anticoagulant effect The effects of hepann are counteracted by prota-
mme, mg for mg

Engelberg (70) reports subcutaneous admimstration of daily doses of
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Treatment of Acute Myocardial Infarction: The treatment of acute myo-
cardial mfarction varies with the stage of the illness. At the very onset,
treatment must he directed at the pain, cireulatory collzpse, arthythmias
or congestive heart failure. The patient should be placed at bed rest with
the head of the bed elevated. Analgesia should be obtamed with a subeu-
taneous injection of 15 mg. of morphine sulfate, 2.0 to 4 mg. of dilaudid or
an mtramuscular injection of 100 mg. of demerol If delayed absorption or
very severe pain become a problem, 8 to 10 mg. of morphine sulfate can
be gven slowly mtravenously Oxygen admimstered by tent should be
routme. If severe chest pamn persists for more than 24 hours, one must
consider the presence of progressive infarction, acute pericarditis or trigger
areas m the myofascial structures of the chest (see chapter on Surgical
Treatment for further details).

After the imtial state has stabilized and pain has subsided, then other
routines can be started. At all times the patient must be watched for sudden
adverse changes. It has been suggested that the patient be allowed a com-
mode at the bedside rather than a bed pan (63). Further, the armchair has
been suggested as a substitute for the bed during the period of convales-
cence. Mitchell and his co-workers (64) indicate that the patient must b.e
just as quiet m the chair as he is 1n bed The patient remamns n the chair
for as much of the day as he 1s comfortable, returning to bed when he fee%s
too tired to sit up any longer He should be helped m and out of bed. His
merease m activity 1s planned just as 1f he were in bed The diet should be
fluid or soft during the first few days Then the patient may choose his usual
solid dict omitting fried and fatty foods Raw frmts and raw vegetables are
gas-formmg and should be omitted The choice should lic mainly 1 the
protein foods. meat, fish, fruits and vegetables, Frmt desserts should be
stewed; custards and gelatin desserts are excellent Where nausca an
vomuting preclude oral feeding, 5 per cent glucose in normal saline can be
given by hypodermoclysis, using hyaluronidase to help absorption, or by
vemn, if given slowly Fluids up to 1800 cc should be given (65). .

Bowel movements should be noted and assisted. I prefer to pay attention
to the lower end of the colon only and to assist the elmination by daly
enemata, suppositories or an oil retention enema. If laxatives are used, cas-
cara sagrada m doses of 8 cc. of the aromatic mixture 15 the best (66). The
patient 1s encouraged to move both his upper and lower extremities The
shoulder joints should be put through their full range of motion actively or
passively at least three times daily. This will both prevent and signal the
onset of shoulder jomnt stiffness. »

Smoking 15 interdicted duning the early weeks of an acute myocardia
infarction. There is experimental evidence (199) which indicates that dogs
with an acute myocardial infarction show marked change in the electrocar-
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diogram with a dose of nicotme or tobacco smoke one-fourth as large as
that which causes shght changes in the dog with normal coronary arteries.
It 15 of interest to note that this increased response to nicotine dimimishes
as healing takes place.

Long-term therapy after an acute myocardual infarction has been directed
1 recent years at the atherosclerotic process itself. For example, attempts
have been made to lower the level of the serum cholesterol or the serum
Tipoprotems by the low fat-low cholesterol diet, by sitosterol admimnistration,
by heparn admmmstration and by the use of estrogens Long term antico-
agulant therapy with dicumarol has been suggested to prevent future throm-
bosis or embolism.

ANTICOAGULANTS The use of anticoagulants mn coronary heart disease has
been suggested for three phases by Nichol, Phillips, and Jenkins (67). (1)
mpending myocardial infarction and acute coronary mnsufficiency; (2)
acute transmural myocardial nfarctions, and (3) following recovery from
erther of the foregoing situations, for long term prevention of recurrent
attacks

There are two main types of anticoagulants which are in chmeal use (68,
69) (1) the prothrombin depressants including the coumanns hike Dicu-
marol, Tromexan, Cumopyran, Marcoumar and Coumadin sodium (War-
farin), and mdandiones like phenylindandione, and (2) the sulfonated
polysacchandes hke heparin

Herparmy  Nichol (67) uses the followang method of heparinization The
mitial dose 1s 50 mg gven mtravenously after dilution to 5 cc normal
saline Before the actual mjection of heparn, at the same vemipuncture,
blood 1s drawn for a controlled Lee-White coagulation time and prothrom-
bin time In addition, 50 mg of concentrated aqueous heparin 1s given deep
m the subcutaneous tissues of the buttock or thigh. Four hours later a
coagulation time 1s obtamed as a rough index of the patient’s sensitivity to
heparm, and, 1f under 30 mi; 50 mg of rated heparm is given
every four hours for three doses The coagulation time is again determned
and if found under 30 minutes the same four hour schedule is contnued for
4 doses If the coagulation ime 1s 30 to 60 minutes, the nterval of heparm
mjection may be increased from 5 to 6 hours If 1t 15 excessively high, no
heparin 15 given and the test 15 repeated m 6 hours at which time the
hepann dosage is regulated anew. The dosage 1s about 50 mg
every 5 to 6 hours for that dosage which keeps the level at three times the
usual clotting time. It 1s most usual to begin dicumarol alone wath the first
dose of heparin. By the third day, dicumaro! should be actively exerting

an anticoagulant effect. The effects of heparin are counteracted by prota-
mimne, mg, for mg

Engelberg (70) reports subcutaneous admimistration of daly doses of
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Treatment of Acute Myocardial Infarction: The treatment of acute myo-
cardial infarction vanes with the stage of the illness. At the very onset,
treatment must be directed at the pain, circulatory collapse, arthythmias
or congestive heart failure The patient should be placed at bed rest with
the head of the bed elevated. Analgesia should be obtaned with a subeu-
tancous mjection of 15 mg of morphine sulfate, 2.0 to 4 mg. of dilaudid or
an intramuscular mjection of 100 mg. of demerol, If delayed absorption or
very severe pain become a problem, 8 to 10 mg. of morphine sulfate ean
be given slowly mtravenously. Oxygen admmistered by tent should be
routne If severe chest pain persists for more than 24 hours, one must
consider the presence of progressive infarction, acute pericarditis or tngger
areas 1n the myofascial structures of the chest (see chapter on Surgical
Treatment for further details).

After the mitial state has stabilized and pam has subsided, then other
routines can be started. At all imes the patient must be watched for sudden
adverse changes It has been suggested that the patient be allowed a com-
mode at the bedside rather than a bed pan (63). Further, the armchair has
been suggested as a substitute for the bed during the period of convales-
cence. Mitchell and Ius co-workers (64) indicate that the patient must be
just as quiet i the chair as he 1s in bed The patient remains 1n the chair
for as much of the day as he 1s comfortable, returning to bed when he feels
too tired to sit up any longer He should be helped in and out of bed. His
mncrease in activity is planned just as if he were in bed The diet should be
Bmd or soft during the first few days Then the patient may choose hus usual
solid diet omitting fried and fatty foods. Raw fruits and raw vegetables are
gas-forming and should be omutted. The choice should lie mainly mn the
protein foods meat, fish, fruits and vegetables. Frmt desserts should be
stewed; custards and gelatm desserts are excellent. Where nausea and
vomiting preclude oral feeding, 5 per cent glucose 1n normal saline can be
given by hypodermoclysis, using hyalurondase to help absorption, or by
vein, if given slowly Fluids up to 1800 cc. should be given (65).

Bowel movements should be noted and assisted I prefer to pay attention
to the lower end of the colon only and to assist the elmination by daily
enemata, suppositories or an oil retention enema. If laxatives are used, cas-
cara sagrada mn doses of 8 cc. of the aromatic mixture is the best (66). The
patient 15 encouraged to move both his upper and lower extremities The
shoulder joints should be put through their full range of motion actively or
passively at Jeast three times daily. This will both prevent and signal the
onset of shoulder jont stiffness.

Smoking is mterdicted durmg the early weeks of an acute myocardial
infarction. There is experimental evidence (199) which indicates that dogs
with an acute myocardial infarction show marked change in the electrocar-
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Pollock (193) used warfarin given intravenously or orally in 100 patients,
42 of whom were patients with acute myocardial infarction. An initial dose
of 75 mg. by vein proved adequate to produce therapeutic hypoprothrom-
bmemia in 83 per cent of the 21 patients so treated. Warfann sodium was
given orally as the initial dose 81 times mn 79 patients. A dose of 75 mg.
proved adequate in 47 instances, was insufficient for optimal effect 15 times,
and was excessive m 5 cases The average maintenance dose of warfann
sodm varied from 4 mg. to 19 mg. per day m individual cases, whether
given intravenously or orally. The average maintenance dose for all patients
was about 10 mg. per day.

PHENYLINDANEDIONE (86, 87, 87a) 15 given 1 an mutial dose of from 200
to 500 mg 1n 2 or 3 divided doses The maintenance dose 1s from 50 to 200
mg.

ErrECT OF ANTICOAGULANTS IN ACUTE Myocampiar INFarcrions The
findings for 1,031 cases of acute myocardial infarction used to determine
the value of anticoagulants m the treatment of this disease has been sum-
marized by the Commttee on Anticoagulants of the American Heart Asso-
ciation (89).

The mortality rate m the control group was 23 4 per cent, m the treated
group only 16 0 per cent. In the control group 26 0 per cent of the patients
developed thromboembolic complications, while in the treated group, only
109 per cent Both differences are statistically sigmficant.

Study of the prognosis for thromboembolic complications mdicated that,
while such complications were not individually predictable, they were in
general higher among the followmg types of patients than among their
opposites: (1) those who were severely ill at onset, (2) those who were 10
per cent or more overweight, (3) those in older age groups, (4) those who
had already developed one or more thromboembolic complications, (5)
those who develop congestive heart failure or shock after the mitial period,
and (6) those with auncular fibnllation or heart block Such patients are,
therefore, particularly in need of anticoagulant therapy. Sigmf varia-
tions 1n risk were not assocrated with sex or site of infarction

The nisk of death was found particularly high for the followmng types of
patients: (1) those age 60 and over, (2) those 10 per cent or more over-
weight, (3) those with a hustory of congestive heart failure, diabetes, arte-
riosclerosis or hypertension, (4) those showing persistent congestive heart
falure, or shock, or definite uremia, and (5) those who developed a throm-
boembohe complication during their illness When patients were charac-
terized by therr status during the imtial period or the first week, the follow-

ing types showed a poor prognosis (1) those evaluated initially as severely
Al or as poor risk cases, (2) those showing certain abnormal rixy'thms, par-
ticularly auncular fibrllation and heart block, (3) those with leukocyte
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250 to 300 mg n a 200 mg. per cubic centimeter concentration of aque-
ous heparm with safety.

Wessler and Fischbein (71) describe a method for intravenous admins-
tration of heparm without repeated venipunctures by means of the use of
inlying polyethylene catheters attached to rubber-capped Tuohy-Borst
adapters.

DicunanoL (72-80) or bishydroxycoumarin 1s given usually in doses of
300 mg the first day, 200 mg. the second, and 100 mg. the third. The daily
dicumarol requirement is guided by the prothrombin time. The optimum
therapeutic range (67) for anticoagulant therapy is from 25 to 39 seconds
(23 to 11 per cent prothrombin activity ). For clinical purposes 2 to 2% times
the control prothrombin time is satisfactory if the controlled time is 12%
seconds. The usual daily requrement of dicumarol js 50 to 75 mg, but
the range necessary may vary from 25 to 175 mg daily. Its effects are coun-
teracted by a water soluble or emulsified K, (Mephyton) (88). Mephyton
1s grven intravenously m doses of 50 to 100 mg.

TroMEXAN or biscoumacetate has 2 more rapid therapeutic onset than
has dicumarol. The imtial dose is 1500 to 1800 mg. which may be gwven
at hourly doses of 300 mg till the entire mitial dose has been given. The
subsequent daily requirement varies from 150 to 900 mg. Control here has
not been found to be as easy as with dicumarol.

CunoPYRaN or cyclocumarol 1s given 1n mtial dose from 100 to 150 mg.
followed by daily doses of 25 to 75 mg.

Counapin or Warfarn 1s a water-soluble coumarin derivative that can
be given intravenously (84, 85). The drug 1s prepared in ampules of 5 m}
containing 25 mg., and 10 ml. contaming 75 mg. The initial dose is 1 mg
per kg of body weight. This produces an anticoagulant effect within 12 to
24 hours which lasts from 5 to 7 days. Shapiro (84) lists the followmg chem-
1cal and physiological characteristics of Warfarin.

(1) It 1s 75,000 times more soluble m water than dicumarol, eyclocu-

marol or Warfann per se.

(2) Tt can be given intravenously. .

(3) Relatively small dosage provides therapeutic hypoprothrombmnemia.

(4) Imtial hypoprothrombmemia appears earlier than from dicumarol or

cumopyran

(5) Hemorrhagic tendency from over-dosage 1s less than from dicumarol.

(6) It produces no side effects as indicated in (5) above

(7) It has a high capacity to produce hypoprothrombmemia .

(8) Tt yields a smooth extended curve of hypoprothrombmemia (ex-

pressed as prolongation of prothrombin time). )

(9) It is readily counteracted by water-soluble menadione or emulsion

of vitamin K1.
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Pollock (193) used warfarin given intravenously or orally i 100 patients,
42 of whom were patients with acute myocardial infarction. An mitial dose
of 75 mg by vein proved adequate to produce therapeutic hypoprothrom-
bmemia 1n 83 per cent of the 21 patients so treated Warfarin sodium was
gwen orally as the initial dose 81 times in 79 patients A dose of 75 mg
proved adequate m 47 instances, was insufficient for optimal effect 15 times,
and was excessive m 5 cases The average maintenance dose of warfarin
sodium varred from 4 mg. to 19 mg. per day 1n individual cases, whether
gwen mtravenously or orally. The average maintenance dose for all patients
was about 10 mg, per day

PHENYLINDANEDIONE (86, 87, §7a) 15 given in an mtial dose of from 200
to 500 mg. in 2 or 3 divided doses. The mamtenance dose 15 from 50 to 200
mg

EFFECT OF ANTICOAGULANTS IN AcutE MvyocarpiaL INFarcrions The
findings for 1,031 cases of acute myocardial mfarction used to determine
the value of anticoagulants m the treatment of this disease has been sum-
martzed by the Committee on Anticoagulants of the American Heart Asso-
cation (89).

The mortality rate mn the control group was 23 4 per cent, n the treated
group only 16.0 per cent In the control group 26 0 per cent of the patients
developed thromboembolic complications, while m the treated group, only
10.9 per cent Both differences are statistically significant.

Study of the prognosis for thromboembolic complications indicated that,
while such complications were not mndividually predictable, they were m
general higher among the following types of patients than among therr
opposites (1) those who were severely 1ll at onset, (2) those who were 10
per cent or more overweight, (3) those m older age groups, (4) those who
had already developed one or more thromboembolic complications; (5)
those who develop congestive heart failure or shock after the 1imtial penod,
and (6) those with aunicular fibnillation or heart block Such patients are,
therefore, particularly 1n need of anticoagulant therapy Significant vana-
tions m nisk were not associated with sex or site of infarction

The risk of death was found particularly high for the following types of
patients. (1) those age 60 and over, (2) those 10 per cent or more over-
weight; (3) those with a history of congestive heart failure, diabetes, arte-
riosclerosis or hypertension, (4) those showing persistent congestive heart
fatlure, or shock, or definite uremia, and (5) those who developed a throm-
boembolic complication during their 1llness When patients were charac-
terized by their status during the mitial peniod or the first week, the follow-
mg types showed a poor prognosis. (1) those evaluated imnitially as severely
ill or as poor nisk cases; (2) those showing certan abnormal thythms, par-
ticularly auricular fibnllation and heart block; (3) those with leukocyte
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counts of 20,000 ccm. or more, (4) those with rectal temperature of 103°F
or more, (5) those showing a drop of either 60 mm. systolic or 40 mm
diastolic or more below their usual blood pressure level, and (6) those with
a maximum pulse of 120 or more. Many patients showed more than one of
these unfavorable prognostic signs. After standardization for age, the fol-
lowing showed no conspicuous or statistically significant assoctation with
a lugh mortality. sex, site of mfarction, a hstory of coronary artery disease
or of anginal syndrome.

There are those who differ with the concept of Wright, Marple and Beck
(89) that all patients with acute myocardial infarction should be treated
with anticoagulants (such contraindications as peptic ulcer, hemorrhagic
disease, etc , are accepted by both groups). Russek and his group (76, 90-
92) indicate that analysts of the causes of death among “good nisk” patients
showed that no more than one fatality in every hundred patients could
have been prevented by dicumarol if the drug were capable of preventing
all thromboembolic complications. Further, the subsequent death rate from
the time of admission to the hospital was only 12 per cent while the ma-
dence of clintcal thromboembaltsm was less than 1 per cent. Patients were
considered to be “good risks” when none of the following poor prognostic
signs were ohserved on the day of admission to the hospital. (1) previous
myocardial nfarction, (2) mtractable pain; (3) extreme degree or per-
sistence of shock, (4) significant enlargement of the heart; (5) gallop
rhythm, (6) congestive heart failure, (7) auncular fibnilation or ﬂutte'Y,
ventnicular tachyeardia, or intraventricular block, and (8) diabetic acidosn.s
or other states predisposing to thrombosis Wright counters with the evi-
dence that the mildly or moderately 11l showed a death rate of 14 per cent
m the control group as compared with 7 per cent n the treated group
Further, when “good risk” cases classified by multiple entena approximat-
ing those of Russek were separated considered, the “good risk” cases dymg
was below 2 per cent 1n both groups. Nevertheless, thromboembolic com-
plications in the same cases remamed at the high level of 20 per hundred
cases in the control group as compared with 9 per hundred in the treated
group.

Gold (93) takes exception to the experimental design of the American
Heart Assoctation Study (89) and indicates that the absence of a double-
blind method for gathering data may weaken the argument for dicumarol
Even though the alternate case method was used and excellent simularity
of the control and treated groups n respect to age, sex and the seventy of
Jllness was obtained, nevertheless, conscious bias or the failure to control
the subconscious bias of the physician and the emotional status of the pa-
tient opens the results to statistical eritrcism.

The administration of anticoagulants is not without danger Deaths from
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hemorrhage have been reported (91). Others have pointed out the danger
of hemopencardium (94, 95, 96) and cardac rupture. Goldstem and Wolff
(96) state that the diagnosis of hemorrhagic pencarditis should be sus-
pected in the presence of a prolonged or persistent or recurrent friction
rub, recurrence of cardiac pam, vascular collapse accompanied with dis-
tended neck veins and demonstration of pericardial effusion With over 60
per cent of coronary artery occlusion due to subintimal hemorrhage, Biss
(97) has questioned the wisdom of administering a potentially hemorrhagic
agent

It would seem, as expressed by Garb (98), that physicians can find evi-
dence on erther side to justify at the present time the administration or the
withholding of anticoagulants for the treatment of acute myocardial mnfare-
tion,

ANTICOAGULANTS IN IMPENDING Myocarpiar. INFarcTioN: Nichol and his
group (67) have indicated that anticoagulants should be used in patients
with impending myocardial infarction, This represents the clinical state of
premomtory angmal pam associated with depression of the RS-T segment
and/or flattening or negativity of T waves which have been called acute
coronary insufficiency by Master (12) and coronary failure by Freedberg,
and Blumgart and Zoll (14). Freedberg (14), contends that the practical
aspect of making a diagnosts of coronary faiture lies partially 1n the fact that
smee no thrombus (coronary arterial or mural) has been formed, the use of
dicumarol or heparin 1s not indicated.

Loxc-TERM  ANTICOAGULANT THERAPY IN MryocaromiL INFARCTION
Wnght (99) and Nichol (67) have advocated the long term use of antico-
agulants after a myocardial infarction These patients are carned ambula-
tory and prothrombm times are done at ntervals usually of one week and
occasionally of two or three weeks Foley and Wright report their exper-
ences as follows (99a)

“Two groups of patients with myocardial infarction were studied In the
first group 11 patients who had had two or more episodes of infarction
were observed for 587 patient-months without anticoagulant therapy Dur-
mg this ime they had 49 thromboembolic episodes, 30 were myocardial
mfarctions, 10 pulmonary emboh, 2 penpheral, 2 cerebral, 4 visceral, and
there was 1 episode of thrombophlebitis Under anticoagulant therapy there
were but three thromboembolic episodes n the subsequent period of 393
patient-months,

In the second group, 12 patients who had experienced sigle myocardial
nfarctions were treated by anticoagulants for 554 months, duning which
period there was one questionable thromboembolic episode.”

Nichol and his group (67) began long-term anticoagulant therapy m 293
patients. One hundred twenty-five patients of this ongmal group or 42 per
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cent discontinued anticoagulant for 1 to 82 months for various reasons, only
10 because of hemorrhage. One hundred twenty-nine patients or 43.7 per
cent continued the regimen, 60 of these for less than 2 years, 56 from 2 to
5 years, and 8 from 5 to over 7 years. Of these, 7 had attacks of acute myo-
cardial 1schemia without mfarction usually when the prothrombin time
madvertently dropped below the effective level.

Forty-one patients, or 13 8 per cent of the entire groups, died while on
the anticoagulant regimen. Nineteen autopsics were done, disclosing fresh
transmural infarcts in 2 subjects, coronary thrombosis without association
infarction m 2, subendocardial necrosis in 6, and subeprcardial necrosis in
1. All hearts examined showed a varying degree of myocardial fibrosis and
atherosclerosis of the coronary arteries with one or more sites of focal steno-
sis or old occlusion. Five ventricular aneurysms were found and m 2 of
these, apical myocardial caleification was marked. Healed mural thrombi
on the site of old mfarctions were found 1n 1 case. In the 22 cases not autop-
sied. death was reported as coming suddenly in 10 patients, 3 developed
signs of an acute infarction and hived only a few hours; 8 died of congestive
heart failure, and 1 had a stroke, the nature of which was not determined.

COMPLICATIONS OF ACUTE MYOCARDIAL INFARCTION

Shock: Shock, m acute myocardial infarction, 1s mamfested by a fall in
blood pressure to levels usually below 100 mm. Hg systolic, a thready, rapid
pulse, pallor, clammy perspiration, nausea, weakness and faintness (100).
Due to the decrease in renal blood flow, shock may be accompanied by pre-
renal azotemia (119), Serum levels of non-protemn nitrogen may excec
100 mg, per cent. Shock, especially with a persistence of the lowered blood
pressure for 24 hours or more, 1s attended with a high mortality The ther-
apy is directed at the lowered cardiac output and peripheral vascular col-
lapse (100-106). Such therapy includes the admimstration of oxygen by
tent, narcotics, and vasopressor drugs (107-114) Intravenous and intra-
arterial transfusions (115-118) have proven of limited value (104)

Nor-epinephrine (1-arterenol, levophed) 1s admunstered in the following
manner 1 to 3 ampules of the drug (4 mg per each ampule) are placed
1n 1000 ce. of 5 per cent dextrose m distilled water or saline solution so that
each cubic centimeter of solution contains 4 to 12 meg. An intravenous in-
fusion 15 started If the veins are collapsed, 1t may be necessary to “cut
down” and nsert a plastic catheter, A drip bulb is necessary to estimate the
number of drops per minute. An average dose of 05 to 1 cc. (about 20 to
30 drops) per minute should marntain the blood pressure at between 80
to 100 mm. Hg, systolic. Abrupt withdrawal 15 inadvisable. As the patient
appears to recover from shocl.\', it is best gradually to reduce and then dis-
continue the drug. The duration of therapy may vary from a few hours to
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about 6 days During the admunstration of the drug, the blood pressure
should be taken at frequent mtervals (from 5 mmutes at the onset to hourly
later on) and headache should be looked for as an indication of overdosage.
The antecubital and femoral veins are preferable. Prolonged extravasation
may cause local ischerma and superficial sloughing Warm packs (100) at
and above the level of the needle during infuston has decreased the nci-
dence and severity of cutaneous reactions. McGmn, Schluger and DiGrege-
o (201) have reported a method by which an attempt was made to pre-
vent the possible slough secondary to madvertent skin infiltration during
the admunistration of levarterenol. a solution contaming 5 mg, of Regitine
and 125 twrbidity-reducmng umts of hyaluromdase m 10 cc of normal salmne
was mjected subcutaneously with a long, 22-gauge needle Their experi-
ence in three cases was highly successful

Mephentermine (107) (Wymme) may be giwven intramuscularly and
intravenously A pressor response can be obtamed from the mjection intra-
muscularly of 15 to 35 mg at %-hour intervals, or longer. The mtravenous
calls for a priming dose of 10 to 20 mg or more, following by an mtravenous
mfusion of approumately 1 mg. per mnute. Hydroxyamphetamme (Pare-
drne) 1s admimstered m doses of 10 to 20 mg. mtramuscularly or 5 to 10
mg by vem Phenylephrine (neo-synephrine) is given in doses of 5 mg.
mtramuscularly or by vemn (in critical problems) m dilute solution at inter-
vals of from 15 minutes to 1 hour (100)

Aramne, levo-1-(M-hydroxyphenyl)-2-amne-1-propanol (100a) is given
in concentrations of 50 to 200 mg per hter with an infusion rate of from 2
to 6 cc per minute One a weight basis, Aramme 1s only about 1/20 to 1/25
as potent as norepimephrme when administered by continuous infusion to
patients m shocks, but blood pressure 1s easier to mamtam at a constant
level with Aramine

Acute Left Ventricular Failure and Congestive Heart Failure: Both con-
ditions may develop durning the course of acute myocardial mfarction The
treatment for these complications are as outhned n the section on heart
failure It 1s worthy of note that the acutely infarcted myocardium appears
to be more sensitive to digitalis and therefore some caution is warranted
durimg digitalization for heart fallure m these circumstances Digitalis, how-
ever, can be admimstered (100b) 1n the presence of acute myocardial in-
farction.

Cardiac Arrhythmias: Disturbances of the cardiac rhythm may occur 1
from 9 to 27 per cent of patients with acute myocardial nfarction. Prema-
ture beats are the most common and are of umportance when they occur
frequently because ventricular premature contractions may lead to ventricu-
lar tachycardia and auncular premature contractions may lead to auricular
fibnllation. The treatment of this and other arrhythmias have been consid-
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ered 1n the section of disturbances of the heart beat. The prophylactic use
of quimdine or pronestyl to prevent arrthythmias seems not warranted by
chnical experience (120, 121).

Aurrcular fibrillation 1s the next most common arrhythmia. Prolongation
of the P-R interval may occur 1n 16 per cent of cases; partial and complete
heart block in 3.2 per cent and auricular nodal tachycardia m 0.5 to 2.0 per
cent. The higher grades of block, especially complete aurrculoventnicular
dissociation, are occasionally complicated by the Adams-Stokes’ syndrome.
Goldman (122) found posterior infarction to be associated with a high
mcidence of auricular and nodal arrhythmias (24.1 per cent) n comparison
with anterior infarction (2.1 per cent).

Thrombocmbolism: The incidence of thrombotic and embolic lesions in
cases of acute myocardial infarction (123-127) has been found to range
from 5 to 6.5 per cent (123, 128) to 60 per cent (124) Hellerstein and
Martin (125) studied the incidence and seventy of thromboembolic lesions
in 160 cases of myocardial infarction encountered i a series of 2,000 con-
secutive autopsies Seventy-three (45 per cent) of the 160 cases had a total
of 111 thromboembolic lesions Peripheral infarcts were a main or contrib-
utory cause of death in 43 of the 160 cases. Hellerstein and Martin (125)
collected 1,600 reported cases of climcal myocardial ifarction and found
an incidence of thrombo-emboli of 11.5 per cent Of 924 autopsied patients
with acute myocardial farction, 410 (44.0 per cent) had mural thrombi.
Of 1,146 autopsied cases following myocardial nfarction collected from the
Lterature, the sites of emboli were as follows. Lungs, 23.5 per cent, bram,
7.7 per cent; kidney, 14 4 per cent, spleen, 8 8 per cent, extremities, 55 per
cent, carotid or aorta, 0.5 per cent, and mesentery, 1.9 per cent.

The decrease m the chmeal medence of emboli 1n relation to anticoagu-
lant therapy has been covered i the section on anticoagulants.

Rupture of the Ventricle: Rupture of the ventricle (128-130) causes
death 1 about 10 per cent of all patients who succumb within the first 3
weeks after onset of acute myocardial mfarction (126), with contmuefl
physical activity and persistent hypertension after infarction as the main
etiologic factors. Survival for 3 weeks post-rupture has been reported ( 129).
A loud systolic murmur and thnll stmulating that heard in interventricular
septal rupture 1s nfrequently heard but may occur (128).

Rupture of the Atrium: This 1s a rare condition In 1954, Kohn, Harns
and Gorham reported 1 case (131) and collected 79 others from the litera-
ture. No correct ante-mortem diagnosis had been made. The mfarction 15
due more often to obliterative endartentss of the atrial branches of the coro-
nary arteries rather than to coronary thrombosis. The diagnosis 1s based on
the presence of atrial infarction seen electrocardiographically foll.owcd by
pericarditis and rupture and the presence of blood in the pericardial sac.
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Perforation of the Interventricular Septum: Perforation of the interven-
tricular septum (132-139) is characterized by the appearance of a promu-
nent precordial systohe murmur and thrill usually most pronounced in the
fourth and fifth intercostal spaces to the left of the sternum. Death may be
sudden but there have been recorded survivals of 5 years (140) and 4%
years (134). Patients who survive the immediate episode develop progres-
sive signs of congestive fatlure, predominantly right-sided The differential
diagnosis from rupture of the papillary muscle is given in Table 16 (141)

Rupture of a Papillary Muscle: This occurs within the first 2 weeks after
the acute myocardial mfarction and is attended with a sudden onset of
dyspnea, a loud systolic murmur over the mitral area, no thnll, acute pul-
monary edema, and death suddenly or within a few hours (126, 141)

Aneurysm of the Heart: Schhchter, Hellerstein and Katz (142), n an
analysis of 2273 cases of ventricular aneurysm 1n relation to the number of
instances of myocardial infarctions found at necropsy which included 512
of their cases of myocardial mfarction, found 332 aneurysms, an incidence
of 15 per cent.

The analysts of the series revealed that an increased load put upon the
left ventricle daring the period of recent mnfarction was more important for
the development of ventnicular aneurysm than the presence of a large m-
farct or a through-and-through one The evidence of mcreased load was
revealed by early unwarranted ambulation, the existence of hypertension
and the presence of anatomical deformities, such as significant valvular

TABLE 16

DirreRENTIAL CRITERIA OBSERVED IN RUPTURED PAPILLARY MUSCLE AND PERFORATION
©OF INTERVENTRICULAR SEPTUM

Ruptured Muscle

Perforated Septum

Murmur
Present 1n about half of cases Usnally sys-
tolic, may be diastohe Loudest i vicin-
1ty of cardiac apex, usually hagh pitched

Tholl
Has neyer been recorded m any instance
Psendorub
Occasionally heard (13%),
Electrocardiographic evidence
Usually shows exaggeration of ongmal pat-
tern of m&ocardml nfarction but no un-
usual conduction defects
Clintcal evidence
Left heart failure 15 the rule Usually death
rather abruptly Acute intractable pul-
monary edema the charactenstic immeds-
ate sequel

Found 1 aver 90% of cases Nearly always
systolic, usnally of softer quality Best
heard m 3rd and 4th left interspace,
parasternally Not transmitted to axilla

Found 1 over half of cases
Never recorded

May show advanced conduction disturh-
ances

IR . s

Ri~hs Tonnos 8o 1

{After Craddock, W L _and Mahe, C

A)
Courtesy of Dr W L Craddock and Journal of the Amencan Medical Associgtion (141)
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lesions or hypoplasia of the aorta. Seventy per cent of the cases with aney-
rysm in the series of 102 cases were shown to have had inadequate bed
rest at the time of acute mfarction One of the outstanding sequelae of
ventricular aneurysm is the more frequent occurrence of mural thrombi and
the consequent great mcidence of thromboembolic phenomena

The aneurysm can be 1dentified by fluoroscopy exammation to demon-
strate a localized bulge of the heart, by the presence of calcium in the
roentgenogram and by a paradoucal pulsation, Electrocardiographically
persistent ST elevations in the precordial leads, the residual pattern of myo-
cardial infarction and the small Ry, deep S:, Ss pattern should be sought.

Two new surgical approaches have been promulgated. Niedner (143)
strengthens the aneurysmal wall by placing a large flap from the sk of the
leg aganst the aneurysm and suturing it around the aneurysm. It was used
successfully 1n 2 patients with aneurysm of the ventricle and 1 wath an
aneurysm of the right auricle Bailey (144, 144a), reports a successful exci-
sion of the aneurysmal sac of the ventricle

Hiccups (145-148) Hiccup is a disagreeable symptom in acute myo-
cardial infaretion. The measures for relief are legion. They include breath-
ing mto a paper bag, the admnistration of quimdine, the mhalation of 5 to
10 per cent carbon dioxide with oxygen, rectal ether, ethyl chlonide spray
and phrenic crush.

Idiopathic, Recurrent Benign Pericarditis: Dressler (194) and Faure and
Cazeilles (195) have observed febrile comphications dunng the course of
myocardial infarction with clinical resemblance to pericardits, pleurisy and
pleural effusion This complication may ensue as early as & weeks after the
myocardial infarction. Neither the character of the pam nor senal e]ecfro-
cardiograms support any diagnosis of extension of the myocardial farction.

Post Infarction, Shoulder Problems: A sequel of acute myocardial nfare-
tion which occurs m from 5 to 20 per cent of the patients is the shoulder-
hand syndrome (149-167) It begns first as 2 painful shoulder with or with-
out limitation of motion When 1t occurs on the left side durmg the course
of an acute myocardial infarction, a problem in differential diagnosis arises
between further coronary artery disease and the onset of a shoulder-hand
syndrome (152).

Our studses on the somatic component of cardiac pain (166) following
an acute myocardial infarction have led to the belief that one cause of pam-
ful and stiff shoulders 1s fortnitonsly placed tngger areas m the muscles of
the shoulder girdle and upper extremities which persist after the initial
noxious stimulus from the heart had ceased. Doert (168) has indicated that
in the majority of cases of myocardial infarction and angi‘na pectorts mn
history, the skin temperature 1s reduced on the side of radiation of the pam
which he attributed to a vasoconstrictor reflex.
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Roberts (169) found support for the theory that cardiac referred pamn
may be due to ischemia of the somatic nerves with vasospasm of thetr ves-
sels m animal studies in which coronary artery higation revealed contraction
of the vasa nervorum of the left but not the right arm of ammals, Reopening
of these vasa nervorum occurred after release of the hgature

Based on our clinical experience, it has been our policy to observe all
patients with acute myocardal infarchon for pam, hmtation of motion at
the shoulders, and for the presence of trigger areas in the appropnate mus-
cnlature associated with pamnful shoulders When found, these trigger areas
have been treated by procaine mfiltration or ethyl chloride spray It has
also been our policy to have all patients with acute myocardial mfarction
perform daily shoulder exercises, which involve putting the shoulder joints
actively through therr full range of motion We believe that disabling post-
infarction shoulder-hand syndromes can be prevented by daily motion of
the shoulder joints instituted soon after the acute myocardial infarction has
occurred, and by the ehmination of myofascial trigger areas whenever pain
appears 1 the upper extrermties. Newman and his co-workers (170) and
Cady (164) have also indicated the value of early motion of the shoulders
m the prevention of shoulder disability 1n coronary artery disease.

Other modalities for treatment of pammful shoulder following acute myo-
cardial infarction have mcluded roentgen therapy (171}, physical therapy
(171-173), stellate ganglion block (154), sympathectomy (174-176) and
more recently, the use of cortisone and ACTH (177-179). The success of
so many different modalities of treatment must depend on at least two
factors. (1) spontaneous cure of the shoulder problem, and (2) vanations
mn predommance of the sympathetic or somatic features of the shoulder-
hand syndrome Where the problem is predominantly a sympathetic nerve
disturbance, modalitres of therapy armed at nerve blocking, such as stellate
ganglion block and sympathectomy, would be the method of choice Where
somatic responses predominate, and by this we mean where there 15 a large
degree of muscle, jomt or tendon mvolvement, then local block therapy,
roentgen therapy and physical therapy would seem to be the most effective
therapeutic measures.

PROGNOSIS OF ACUTE MYOCARDIAL INFARCTION

The incidence of ummediate mortality m acute myocardial infarction
(death within 6 weeks) hies hetween 9 and 515 per cent for the usual
sertes of cases as summanzed by Baer, Hemne and Krasnoff (180). The m-
adence increases with age, 1s greater with the second than with the first
attack and is higher n those with a history of pre-existing cardiac disease.
Other vanables meclude place of treatment (home or hospital), whether
a private or ward patient and the admmstration of dicumarol
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Seasonal Incidence: Extremes of weather rather than the season per s is
relative There 15 an increased frequency in the winter months in such
cities as New York, Boston, Philadelphia, Pittsburgh, Cincinnati, Chicago
and Rochester, Minnesota. In Dallas, Texas, however, the greatest number
of infarcts occurred in the summer months. Heyer, Teng and Barns (181)
summanzed the month of occurrence in northern cities of 2,397 cases and
found that the greatest number, 289, occurred 1 December. Of 1,386 cases
of acute myocardial infarction occurring m Dallas, 152, the greatest number,
occurred in July.

The followmng reasons have been given for such an association In the
winter months we have. (1) mereased frequency of respiratory infections;
(2) mcrease 1n the body metabolism, and (3) the possible effect of vaso-
motor reflexes caused by cold weather. In hot chmates we haver (1) an
merease m cardiac output with an increase in blood volume, and (2)
possible heart exhaustion through salt and water loss.

Precipitating Causes: Texon (182) reviewed 100 cases of acute myocar-
dral infarction with particular reference to Workmen’s Compensation cases
He concluded that the pathologic stage of coronary sclerosis 1s the chiel
sigmificant factor leading to coronary thrombosis There was a lack of g
mficance of effort as a fact of the production of coronary thrombosis
and acute myocardial infarction occurred with great frequency with no
relation to such external factors as rest, exertion, emotwonal changes or
non-penetrating chest trauma Master and Jaffe (183) report that the onsct
of coronary occlusion was associated with an unusual effort in only 2 per
cent of 2,080 attacks and that the assocration was mainly comadental

Otlicr Factors in Prognosis: Mintz and Katz (184) report that pre-exist-
ing angna pectons had httle 1f any effect on the prognosis of recent
myocardial infarction However, patients who continue to have angmna
or who develop 1t after a recent mfarction have an immediately poorer
prognosis The same 1s true for those who leave the hospital with the anginal
syndrome. The character, location, radiation and duration of the pamn dur-
mg the attack or the location of the infarction electrocardiographically are
of no prognostic significance Hypertension does not influence the mortality
rate but the presence of diabetes mellitus, especially 1n women, does.

Thromboembolic phenomena are of grave prognostic sigmficance in both
sexes. Pulmonary and cerebral emboli are the most dangerous.

Billings, Kalstone, Spencer, Ball and Menecly (185) report that 2 past
history of congestive heart failure was obtamed 1n one third of ﬂ.lelr 240
patients with myocardial infarction The immediate mortality m th.lS group
of patients was 55 per cent in contrast to 30 per cent for the group in which
no history of cardiac farlure existed prior to the acute coronary occluston.
n the first week the likelthood of early death increases directly with the
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degree of elevation with the temperature. A rapid pulse has a poor prog-
nosis Sustained blood pressure below 90 mm Hg. especially when asso-
crated with shock have a poor prognosis. A marked leukocytosis (over
25,000 white blood cells per cu. mm.) indicates a poor prognosis while
the degree of acceleration of the sedimentation rate 15 of no prognostic
mportance.

Prognosis has also been related to the level of the lipoprotem atherogenic
mndex. Lyon in California, after a five-year study of 351 patients with myo-
cardial infarction and 119 patients with angma pectons reported that the
myocardial infarction patients who died showed significantly higher athero-
genic index values than those who survived. In our experence, taking the
individual patient who has been followed for at least 4 years, we have found
that the level of the atherogenic index as a sole objective test does not
permit an accurate prognosss for each mdividual patient For example,
according to Table 3 in Chapter 1, the average atherogenic index for normal
males from ages 40 through 69 1s from 73 to 75. The average atherogenic
mndex for males with coronary artery disease from ages 40 through 69
ranges from 84 to 95 If we refer back to Table 7 1n Chapter II, we find
that 10 of the 17 males with coronary artery disease, 40 years of age or
older, have atherogenic indices of 75 or below. Death has occwrred m 2
of these male patients. Their atherogemic indices were 53 and 66. The
7 male patients with atherogentc mdices above 75 are all ahve, including
1 patient with a level of 153, There are 2 females m the series. One of
these patients with a level of 174 died 3% years after this test was taken,
The other with a level of 85 1s still alive.

Engelberg, Kuhn and Stemman (196) reported a favorable effect on
prognosis of the admmistration of 200 mg of concentrated agueous hepann
twice weekly subeutaneously This dose 1s the minimum believed necessary
to produce a substantially decreased average concentration of the low
density serum lipoprotemns. These authors gave 200 patients who had each
sustamed a myocardial nfarction m the past alternately erther heparm
or 1 cc of isotone saline. The placebo group of 81 men and 37 women
(average age 616 years) received 2191 months of therapy (average 186
months per patient), There were 21 deaths due to cardiovascular disease
in this control group The heparm group of 73 men and 32 women (average
age 62.6 years) recerved 2067 months of therapy (average 19 7 months per
patient} In this group there were 4 deaths due to cardiovascular disease
'{he observed difference m deaths was found to be statistically significant

p=.01)

Prognosis After Surviving the Acute Attack: The effect of various factors
on the long term mortality rate for 507 recent myocardial mfarctions was
assessed by Katz, Mills and Cisneros (186). The mortality rate was greatest



206 Clinical Aspects of Arteriosclerosis

Seasonal Incidence: Extremes of weather rather than the season per se is
relative. There is an increased frequency in the winter months m such
cities as New York, Boston, Philadelphia, Pittsburgh, Cincinnati, Chicago
and Rochester, Mmnnesota In Dallas, Texas, however, the greatest number
of infarcts occurred in the summer months, Heyer, Teng and Barns (181)
summarized the month of occurrence in northern cities of 2,397 cases and
found that the greatest number, 289, occurred in December. Of 1,386 cases
of acute myocardial infarction occurring in Dallas, 152, the greatest number,
occurred in July.

The followmg reasons have been given for such an association In the
winter months we have: (1) mncreased frequency of respiratory infections;
(2) increase in the body metabolism, and (3) the possible effect of vaso-
motor reflexes caused by cold weather. In hot climates we have: (1) an
merease in cardiac output with an mcrease in blood volume, and (2)
posstble heart exhaustion through salt and water loss.

Precipitating Caugses: Texon (182) reviewed 100 cases of acute myocar-
dial infarction with particular reference to Workmen’s Compensation cases.
He concluded that the pathologic stage of coronary sclerosis 1s the chief
significant factor leading to coronary thrombosis. There was a lack of sig-
mficance of effort as a fact of the production of coronary thrombosis
and acute myocardial mfarction occurred with great frequency with no
relation to such external factors as rest, exertion, emotional changes or
non-penctrating chest trauma. Master and Jaffe (183) report that the onset
of coronary occlusion was associated with an unusual effort m only 2 per
cent of 2,080 attacks and that the association was mainly coincidental

Other Factors in Prognosis: Mmtz and Katz (184) report that pre-evst-
ing angna pectons had lttle 1if any effect on the prognosis of recent
myocardial nfarction. However, patients who continue to have anginz
or who develop 1t after a recent mfarction have an immediately poorer
prognosis. The same is true for those who leave the hospital with the anginal
syndrome. The character, location, radation and duration of the pam dur-
ing the attack or the location of the infarction electrocardiographically are
of no prognostic significance. Hypertension does not influence the mortality
rate but the presence of diabetes melhtus, especially in women, does.

Thromboembolic phenomena are of grave prognostic significance m both
sexes. Pulmonary and cerebral embol: are the most dangerous.

Billings, Kalstone, Spencer, Ball and Meneely (185) report that a past
history of congestive heart failure was obtamned n one third of ther 240
patients with myocardial infarction. The immediate mortahty in this g!O.UIP
of patients was 55 per cent in contrast to 30 per cent for the group i which
no history of cardiac failure existed prior to the acute coronary occlusion.
In the first week the likelthood of early death increases directly with the
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of abnormal resting batlistocardiograms, as a rule, 1n the age groups over
30 years.
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in the first 2 months and then decreased progressively, by the end of the
fifth to sixth year, 81 per cent of the patients were dead, The mortality
rate for those who survived past the first 2 months was mcreased by the
following in order of their deleterious effect. heart failure, diabetes mellitus,
hypertension, abnormal electrocardiogram and angina pectons

Sigler (187) summarized the prognosis in 1,700 cases of angina pectons
and coronary occlusion Of 1,208 patients who had one or more attacks
of coronary occlusion, 878 had the attack as a first manifestation of coronary
disease In 330 who had had symptoms previous to occlusion, the average
duration fiom the onset of symptoms to the first attack of coronary occlu-
sion was 39 years for males and 3 4 years for females. The longest duration
was 2] years and the shortest two hours.

In 785 patients who were still alive after one or more attacks of coronary
occluson, the average duration between the first attack and the time when
records were reviewed was about 4.9 years for males and 45 years for
females About 45.3 per cent of all the males and 378 per cent of the
females were alive 5 years or more; 107 per cent and 10.4 per cent,
respectively, 10 years or more, and 2 1 per cent for 15 years or more.

In 423 patients with coronary occluston who ultimately died, the average
longevity after the first attack was 3.8 years for males and 31 years for
females About 68 4 per cent of the males and 84 8 per cent of the females
died within 4 years after the first attack, about 31.6 per cent of the males
and 152 per cent of the femalcs hived 5 years or longer, 88 per cent of
the males and 7 2 per cent of the females, 10 years or longer, and 15 per
cent of the males and 16 per cent of the females, 15 years or longer

Gainful Employment for the Patients Surviving an Acute Myocardial In-
farction: Studies from many centers (188-192) have indicated that survivors
from acute myocardial mfarction may subsequently return to gamnful em-
ployment. Some even urge that this be made a vital part of the direction
of convalescence. Master ef al (191) pomts ont that two-fifths of their
patients with myocardial 1nfarction make a complete functional recosery,
and a similar number expenence only mild symptoms Sixty-seven and
one-half per cent of the surviving patients were employed. The self-
employed usually may return to work m over 90 per cent of mstances,
according to Becker and Kaufman (192). For others, adjustments between
work capacity and the job must be made. We (189) have attempted to
use the ballistocardiogram as a simple guide 1n addition to the symptoms
and signs of diminished cardiac reserve We found a normal restmg
ballistocardiogram m a cardiac patient 1s very frequently associated with
the capacity for moderate to marked energy expenditure An abnormal
resting ballistocardiogram gave no consistent informaﬁon.abouf the pa-
tient’s work capacity and was Limited by the relatively higher incidence
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of abnormal restmg ballistocardsograms, s a ule, in the age groups over

50 years.
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Cerebral Aspects of Arteriosclerosis

BLOOD SUPPLY

EREBRAL: The arteries of the bram (Table 17) are denved from
the internal carotid and vertebral arteries They jom at the base of
the brain to form the Circle of Willis (Fig, 43, Plate V) The internal carotid
artery arises with the external carotid from the common carotid in the neck
{Plate V1), It gives off the ophthalmic artery before reaching the bram. The
wtemal carotid enters the skull through the carotid foramen. After perforat-
g the dura mater it terminates m the antenor, mddle cerebral, postenior
communicating, and anterior choroidal arteries. The antenior cercbral arter-
ies connected by the anterior communicating artery makes up the anterfor
portion of the Circle of Willis. The vertebral artery anses from the first por-
tion of the subelavian artery (Plate VI), ascends vertically to the transverse
foramen of the sixth cervical vertebra, passes through it and ascends upward
toenter the skull through the foramen magnum The right and left vertebral
arteries jom at the base of the bramn to become the basilar artery. The poste-
tior cerebral arteries which are branches of the basilar artery make up the
Postenor portion of the Circle of Willis. To complete the circle, the postenor
communicating arteries which branch off the postenor cerebral arteries con-
Bect on either side with the internal carotid artenes

The auterior cerebral artery and 1ts branches (Fig 44) supply parts of
the frontal and panetal lobes. the corpus callosum, the septum pellueidum
and the basal nuclei ( caudate nucleus, putamen, mternal capsule and globus
pallidus ). &n orbital branch supplies the olfactory lobe, gyrus rectus and
internal orhital gyrus The antenior cerebral artery forms an anastomosis
with the posterior cerebral artery

The middle cerebral artery (Fig 44) supplies the basal ganglia and part
of the frontal and parietal lobes. The anterior chorordal artery along with
the muddie cerebral artery (1) furmishes the mam supply for the mternal
capsule The anterior choroidal artery arises from the mnternal carotid near
the origin of the posterior communicating artery This last vessel supplies
the lappocampal gyrus and the optic thalamus before 1t jouns the posterior
cerebral artery.

The basilar artery has the following branches: (1) pontine, (2} nternal
auditory, (3) anterior mfenor cerebellar; (4) superior cerchellar, and (5)
Dosterior cerebral (Plate V) The postenor cerebral artery receives the pos-
terior communicating artery and goes on to supply the temporal and oceipi-
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TABLE 17
ARTERIAL SUPPLY OF TiE CEREBRAL CORTEX

The Internal Carotid Artery
Branches.
1. Ophthalmic artery
2 Antenor choroidal artery
3 Antenor cerebral artery
4 Mddle cerebral artery
5 Posterior commumcating artery

The Antenor Cercbral Artery
Branches
Basal penetrating branches (Hecubner's)
Antertor communicating
Prefrontal branch (for orbital surface of frontal lobe)
Frontopolar
Anterior anternal frontal
Middle mternal frontal
Posterior internal frontal
Paracentral
Precuneal
10 Paneto-occipital
11 Branches for the corpus callosum
The Middle Cerebral Arfery
Branches, Penetrating
nternal Striate
2 External Stnate
Comcal Branches
ntenor temporal
Ascending frontal (candelabra} with divisions
2 Orhitotrontal
b Pre-rolandic
¢ Rolandic
d Antenior partetal
Posterior panetal
Postertor temporal
Terminal (supramarginal gyrus)}—Probably Meniz” angular artery

The Posterior Cercbral Artery
Cortical Branches
1 Antenor temporal
2 Postenior temporal
3 Calcarine
Paneto—occ?‘ntal
Penetrating Branc]
osteromesial thalamic
6 Posterolateral thalamic
7 Postenor choroidal
8 Interpeduncular
9 External peduncular
10 Quadngeminal
11 Thal 1 1

VoNaBUA L

e

“oa

dal)

(posterior

The Basilar Artery
Branches.
1. Medan (for bram stem)
2 Transverse
3 Antenor infertor cercbellar
4 Supenor cerebellar

The Vertebral Arcries

Branches.
1 Buibar (for medulla)
2, Anterior spin
3 Pos!eencr mfenor cerebellar
4 Tosteror spina’

{After Echer (3))
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tal lobes (Fig 44). The anterior inferior cerchellar artery anastomoses with
the posterior ferior cerebellar artery, a branch of the vertebral artery The
basilar and vertebral artenics supply the posterior portion of the cerebrum,
the cerebellam, mid-brain, pons and medulla.

The postenor inferior cerebellar artery supply will be described below
The anterior infertor cerebellar artery supplies the caudal part of the middle
cerebellar peduncle, the upper dovso-lateral himits of the medulla and the
antero-mfersor himits of the cerebellum The sepenor cerebellar artery sup-
plies the supersor cerebellar peduncle and the mesencephalic part of the
spmothalarmice tract, at times the medial and lateral lemnisci and the
descending spinal root of the fifth nerve are also supplied 1n their upper-
most course,

Spinal Arterial Blood Supply: The spinal branches (Fig 45} of the verte-
bral, mtercostal, lambar, or sacral arteries, at vanous spmal levels, accora-
pany the spuial nerves through the mtervertebral foramma and each divides
mto a dorsal and ventral racheular artery after traversmg the dura mater

Al Cramunicating A -~ Ant Crobal 4,

Rt Vordebrad A e
Com t’m;{/l—__& A

Srenaminate 4. -
RE Shetartoand

cetfosmn oo
el

Fig 43 Diagram of the Cuscle of Willis with associated lateral arterial Ioops {After
Echer, A The Normal Cerebral Angiogram Springfield, Thomas, 1931.}
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Anterior
cerebra]
artery

SO

Internal ¥
carghd
arterg

Posterior cerebrolarlery

Fig 44. Artental supply of bramn The numbers correspond to branches of the appro-
priate artery hsted i Table 17 (After Ford, F. R Duseases of the Nervous System i
Infancy, Childhood and Adolescence Springfield, Thomas, 1952 )

and arachnord The anterior spmal artery gives off the anterior central
branches which pass mto the anterior median fissure and penetrates the
cord The two posterior spinal arteries, one on each side, supply especially
the grey substance of the dorsal horns.

In the bram stem, the anterior spmal supphes the pyramids ncluding
the decussation, the medial lemmiscus, posterror longitudinal fasciculus,
the hypoglossal nucleus (except higher up), the nucleus and tractus soli-
tarius, the ventral spmo-cerebellar tract m the lower medulla and olvo-
cerebellar fibers at their middle crossing, the dorsal nucleus of the vagus at
the level of the calamus scniptorius and the internal and ventral arcuate
fibers and nucleus. The posterior spinal artery supphes the gracile and
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cuneate tracts and nuclei, the inferior dorsal part of the nferior cerebellar
peduncle, and sometimes the descending root of the vestibular nerve.

CEREBRAL ROENTGENOLOGY, ANGIOGRAPHY
AND ARTERIOSCLEROSIS

Skull roentgen films may show caleification of the mtracrantal carotid
artery (2) Erosion of the posterior chnoids may result from pulsations of a
sclerosed basilar artery. On the whole, plam x-rays of the skull are of little
value m cerebral arterosclerosis. The cerebral vessels may be visuahized
radiographically (3-5) by mjecting a radiopaque substance (1odopyracet
USP). Inecting the internal carotid system (3) visuahzes the anterior
and middle cerebral arteries (Fig 46) Injectng the vertebral basilar sys-
tem reveals the cerebellar and postertor cerebral arteries (Fig. 47). The
technic, complications and normal arteriographic anatomy has been pre-
sented by Ecker (3). Kaplan and Walker (6) list local hematomata, mental
confuston, bramn stem nvolvement, convulsion and even death as compli-
cations.

Fig 45 Schematic diagram to show the artertal blood supply of the spmal cord and
areas deprived of blood by occlusion of the anteror spial artery {stipples) A, Pos-
teror nerve root B, Lateral corticospmal tract C, Lateral spmothalamic tract D, Ven-
tral spiothalammc tract E, Ventral corticospinal tract F, Antertor spmal artery G, An-
tenior suleal artery H, Ventral radicular artery I, Anastomosing plexus of coronal
artenes. J, Dorsal radicular artery. X, Posteror spinal artery or trunk. (Courtesy of
Dr A. Theodore Steegman and Neurology (94) )
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M Fdlg 46. Age 72 Gcaipital arteriogram, left carotid njection with night compression
oderate artenosclerosis, M—muddle cerebral artery, P OL A—pnmitive olfactory
artery (After Ecker, A The Normal Cercbral Angiogram Springfield, Thomas, 1951.)

Cerebral artertography 1s not used as a rule in makmng a diagnosis of
cerebral arteriosclerosis (7) Lima (7) makes the following points: “It will
be sufficient to pomt out that among the various clinical aspects by which
sclerosis of the cerebral arteries mamifests itself, groups of symptoms some-
times appear which may be confused with a syndrome of mtracramal
hypertension caused by a space-occupying lesion. The occurrences of 2
syndrome of intracramial hypertension due to cerebral arteniosclerosts and
the occasional necessity of establishing a diagnosis differentiating between
this and imtracramal neoplasms has already been observed by various
workers

“In several of our cases, some confirmed at necropsy, the retinal altera-
tions were indistinguishable from papilloedema of intracranial hypertension
resulting from tumors, while the general arterial tension was not greatly
raised. The majority of patients were between 40 and 50 years old. These
patients benefit greatly from decompression, after which we have seen not



Cerebral Aspects of Arteriosclerosis 223

only attennation or disappearance of the symptoms of intracramal hyper-
tension, but also a marked lowermg of the arterial blood pressure.

“In central arteriosclerosis accompanied by the syndrome of mtracranial
hypertension, thrombosis of the cerebral arteries, which do not necessarity
gve nise to focal symptoms, are sometimes encountered. We have already
scen that in thrombosis of the mternal carotid artery signs of intracranial
hypertension may be found.

“The arteriographic images are unmstakable. The arteries appear thicker
than normal, frequently bewg of irregular cabbre and sometimes having a
bossed appearance. Their course is no longer normally undulating but
shows greater or lesser portions of rectilineal form. Thickened and straight-
ened artenes are very typieal of cerebral artenosclerosis. In some arterio-
grams arterial thrombosis are appartent, as well as the sight of arteriosclero-
sis.

“Cerebral angiography with thorotrast is harmless even m advanced cases
of cerebral arteriosclerosis and may be important in distingwishing intra-
cranial hypertension due to arteriosclerosis from that from other canses,

ANF .

1 -l

Tig 47, Age 44, Lateral artenogram after direct smection of nght vertebral artery,
normal appearance R & L VA—nght and left vertebral artery, PICA—posteror m-
fetior cerebeflar artery SCA~supenior cerebellar artery R & L PCA—nght and left
postenar cerebral artery, GCP—glomas of chorord plexus P CH A~posterior chorowdal
artery {After Ecker, A", The Normal Cerchral Angiogram Springfield, Thomas, 1951 }
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principally in young individuals in which the differential diagnosis may
present greater difficulty.”

CEREBRAL CIRCULATION AND ARTERIOSCLEROSIS

Kety and Schmudt (8, 9a) developed the nitrous oxide method for deter-
mming various dynamics of the cerebral circulation. By means of this tech-
mie (8) which depends on the rate of loss of an mert gas from the blood
passing through the bram, a normal has been obtained for human cerebral
blood flow of 54 cc. per 100 gm. of brain per minute, corresponding to 2
value of 740 cc per mnute for a brain of average weight. The oxygen con-
sumption 1s found to equal 33 cc of oxygen per 100 gm. of brain per muo-
ute, or 46 cc. per mmnute for the whole organ. The cerebrovascular resistance
represents the resultant of all factors tending to impede the flow of blood
through the brain and mcludes mtracramal pressure, blood viscosity and
organic changes in, as well as functional tone of cerebral vessels. Cerehro-

TABLE 18

Comparison oF Ceresral Merasoric Funcrions BETWEEN NORMALS AND SUBJECTS WISH
CEREBRAL VASCULAR DISEASE, WITH AND WITHOUT CHANGES IN MENTAL STATUS

Cercbral Vascular Cerebral Vascular
Discase with Normal | Disease with Abrormal
Normals Mental Status Mental Status
(33 D (I1 D (18 Dcte

e
Mean | Std Error Mean | Std. Error Mean | Std Error

Cerebral blood flow (ml /|

rom /100 gm bramz 65 21 54° 27 40t 16
A~V 0, difference {vol 2)| 61 014 7 58° 039 710° 03
AV glucose difference

mg %) 99 042 116 09 106 078
Cerebral 0, utlzaton
(ml O/min /100 gm
379 009 400 017 287t 01

rain

Cerebral glucose utiliza-
tion {mg glucose/
min /100 gm brain) 62 026 62 056 4401 043

Artertal  pressure (mm

§:4 133° . 131°
Cerebrovascular resist-
e o o
bloo gm bram/
mn) .- 13 oos | o3 o1 ast 018
AV glucose 44 167 006 153 009 153 01

AV Oa

 Significant variation from normal
+ Significant varation from normal and from group with normal mental status

Sigmificant P veloes < 001

Std Error =
(Gouttesy D Pentz Scheberg and Amencan Journal of Medicie (9) )
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vascular resistance 1s measured in units of pressure head necessary to cause
a unit flow of blood through the brain, the average normal value is 1.6 mm.
Hg per cc. of blood per 100 gm. of bram per minute.

In cerebral arteriosclerosis, the cerebral blood flow was found by Kety
(8) to be 41 cc./100 gm./min, the cerebral oxygen consumption to be
2.3 cc./100 gm./min , and the cerebrovascular resistance to be 3 0 mm. Hg.
per cc./100 gm /mmn The first two components of cerebral circulation are
therefore decreased and the last, increased Scheinberg (9) (Table 18) com-
pared the cerebral metabolic function between normals and subjects with
cerebral vascular disease, with and without changes in mental status. As
one can see from Table 18, those patients who had no alterations in their
mental status had significantly lower cerebral blood flow, higher arterio-
venous oxygen differences and hugher cerebrovascular resistance than nor-
mal young persons. Cerebral oxygen and cerebral glucose utilizations were
normal. The subjects with abnormal mental status resulting from cerebral
vascular disease had significantly lower cerebral blood flows, cerebral
oxygen and glucose utilizations and higher cerebrovascular resistances than
those with normal mental status or than normal young subjects. These
groups represent two stages m the natural progression of cerebral vascular
disease

Heyman and his group (10) and Fazekas (11) found reduced cerebral
blood flow and oxygen consumption m pattents with cerebrovascular acci-
dents or with encephalomalacia caused by arteriosclerosts and hypertension.
Heyman (10) noted that the admmstration of 85 to 100 per cent oxygen
to patients with cerebrovascular accidents caused a reduction of cerebral
blood flow, whereas 50 per cent oxygen produced lttle change in this
function In view of the vasoconstnictive effect of inhalation of 100 per cent
oxygen, Heyman (10) urged avordance of the use of this concentration of
gas n patients with cerebrovascular aceidents

CEREBRAL ARTERIOSCLEROSIS

Arteriosclerosss of the cerebral arteries (12-15) 1s the second commonest
cause of death due to vascular disease, the first, of course, bemg coronary
atherosclerosis, Blumenthal, Handler and Blache (16) feel that arterio-
sclerosis of the mtracramal arteries differ in pathologic charactenstics from
that of arteries elsewhere m the body because the cerebral artenial plaques
enlarge and extend into the vessel wall as well as mto the lumen The
growth of the plaque mnto the vessel leads to atrophy of the muscle of the
medi, so that the plaque may lie directly agamst a granulating adventitia.
This 15 the reason for the igh frequency and rupture of and hemorrhage
from cerebral arteries Destruction of the mnternal elastic lamella by the
plaque and focal atrophy of the media lead to aneurysm,
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prmetpally in young mdividuals in which the differential diagnosis may
present greater difficulty.”

CEREBRAL CIRCULATION AND ARTERIOSCLEROSIS

Kety and Schmidt (8, 9a) developed the nitrous oxide method for deter-
mming various dynamics of the cerebral circulation. By means of this tech-
nic (8) which depends on the rate of loss of an inert gas from the blood
passing through the brain, a normal has been obtained for human cerebral
blood flow of 54 cc. per 100 gm of brain per munute, corresponding to 2
value of 740 cc. per mmute for a brain of average weight. The oxygen con-
sumption 1s found to equal 3 3 cc. of oxygen per 100 gm. of brain per mmn-
ute, or 46 cc. per minute for the whole organ. The cerebrovascular resistance
represents the resultant of all factors tendmng to impede the flow of blood
through the bram and mncludes intracranial pressure, blood viscosity and
organic changes 1n, as well as functional tone of cerebral vessels. Cerebro-

TABLE 18

ComPARISON OF CEREBRAL MEeTApOLIC Funcrions BETWEEN NORMALs AND SUBJECTS WITH
CEREBRAL VASCULAR DISEASE, WITI AND WITHOUT CHANGES IN MENTAL STATUS

Cerebral Vascular Cerebral Vascular
Disease with Normal | Disease with Abnormal
Normals Mental Status Mental Status
(33 D } | (11 D, i {18 D

—

Mean | Std Error| Mean |Std Error| Mean | Std Error

Cerebral blood flow (ml /
mmn /100 gm bram) 65 21 540 27 101 16
A-V O, difference (sol 8] 61 614 758°% 033 710° 03
AV glucose difference|
(mg 04 118 09 108 078
Cercbral 0. utilization
(ml O,/mn /100 gm
bram) 379 009 400 017 287¢ 01
Cerebral glucose utihza-
tion (mg glucose/

&

min /100 gm bram) 62 026 62 056 440t 043
Asterial  pressure (mm

Hg 83 133° . 131°
Cerebrovascular resist-

ance {mm Hg/m!

blood/100 gm brain/

mun ) A L3 004 25° 011 33t 018
A-Vglucose 167 006 153 009 153 o1

AVO:

© Sigmificant vanation from normal
+ Sigmficant varation from normal and from group with normal mental status

Sigutticant P values < 001

Std Error =
{Courtesy Dr Pentz Scheinherg and American Journal of Medicine (9).)
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dilatation therapy actually improves the function of physiologically im-
paired or non-functioning brain cells.” The mechamsm of action is unknown.
Schemberg (39) concluded that mcotime acid does not cause cerebral
vasodilatation

Hall (36) administered priscoline orally in doses of 25 mg. four times
daily for 4 weeks. The psychotic symptoms were not benefited.

Levy (28) found the best combmation to be an elixir containing 0.2
gm. of metrazol and 100 mg of mcotimic acid per 4 cc with compound
ehvir as the vehicle It was given 1n doses of 4 cc three times a day.
This elixir produced physical improvement in the patients both objectively
and subjectively and produced a marked mmprovement n their behavior

CEREBROVASCULAR ACCIDENTS

Arteriosclerosis 1s the most common cause of cerebral thrombosis (40).
The vast majority of hemorrhages 1nto the bram are the result of rupture
of arteriosclerotic vessels Cerebral emboli are frequently associated with
auricular fibnllation or coronary thrombosis with mural thromb1 Coronary
thrombosis and cerebral thrombosts may occur together Central nervous
system mamfestations have been noted 1n acute myocardial mfarction (41-
49). Hemuplegia has been described as the presenting symptom of acute
myocardial mfarction (43, 44). Bean and Read (43) pomted out that
hemiplegia and acute myocardial infarction occuring mn the same patient
mght be: (1) independent of each other, (2) the cerebral disorder might
be an embolic sequel of dislodging a ventricular mural thrombus, or (3)
shock resulting from the acute cardiac disorder might be associated with
cerebral 1schemia, especially when arteriosclerosis of vessels m the bram
was advanced

As for artenosclerosis and mtracrantal aneurysms, m the older age groups
artenioscleross 1s a causative as well as a contnibutory factor to the forma-
tion of mtracramal aneurysms but the vast majority of the aneurysms m
the sub-arachnoid space n all age groups are due to congemtal weakness
of the wall Of 572 cases of mtracramal aneurysms reported by McDonald
and Korb (50), arteriosclerotic changes 1n the vessel wall were found on
pathologic examnation 1n 49 5 per cent

Desprte ths, the role of arteriosclerosis m the etiology of saccular aneu-
Tysms 15 still disputed (50-53) Hamby (52) states, “It would seem that
if arteriosclerosis were the chief cause of mtracramal aneurysms, the pre-
ponderance of lesions should be found located on the vertebral-basilar
segment of the circle of Willis, sice m practically all reported series these
vessels are the most heavily myolved by artenosclerosis Precisely the con-
trary 1s true, hence 1t 15 likely that some factor other than arteriosclerosis
1s responsible for the majonity of intracranial aneurysms

Aneurysms may compress cramal nerves resulting in palsy (2, 54, 53)
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tions are frequently noted. Depressive feelings, emotional lability, and a
fear of impending failure of physical and mental powers are often prominent
features, and outspoken suicidal tendencies are by no means uncommon.
Explosive outbreaks of weeping or laughter are accasionally enc 1
usually in cases with gross neurologic alterations. Ideas of mistreatment
or jealousy and transient persecutory ideas may be observed, but persistent,
well developed paranoid pictures rarely oceur.

Neurologic changes are noted 1n the majority of cases at one time or
another. Hemiplegia or hemiparesis is found in about half the cases. Occa-
sionally, a Parkinson’s syndrome 1s present as is aphasia, pseudobulbar
mnvolvement, or convulsive seizures. Cardiovascular alterations are common.
As a rule, the blood pressure is high. Minor urinary abnormalities are often
found and occasionally azotemia.

The acute confused or delinous state which frequently imtiates the
psychosis may last for weeks or months Death results in about half of the
cases Remissions, when they occur, may last for months or years, until
termmated fatally by apoplexy or myocardial infarction or failure.

Allen (17) reports from the New York Hospital, Westchester Division,
on the virtues of hospital care for such patients. “A systematized routwne,
with proper nursing care, adequate nutntional intake and proper elimina-
tion, frequently conduces to a state of adjustment in which the patient
can function comfortably without supportive drugs, sedatives or spectal
diets. Many patients come to the hospital suffering from psychosis with
cerebral arteriosclerosis who have been taking barbiturates, ammophyllin,
paraldehyde and demerol, and have been on low-protem, salt-free dlets’
Within a few days all these aids can, 1n most cases, be discontmued.”
Besides routine care, such patients m whom evidence of cerebral damage 1s
not marked and who are deeply depressed, are often relieved of the depres-
sion by electroshock therapy (17, 27). But, cautions Allen (17), the cere-
bral-arteriosclerotic patient should first have the opportunity to respond
adequately to the usually more conservative methods of psychiatric therapy.

Several drugs have been ad ed in the t t of cerebral arterto-
sclerotics with psychosis (28). These mclude histamme (29), meotime
acid (29), metrazol (30-35), priscolne (36), and reserpme (39a).

Fong (31) treated 35 patients for 180 days with doses of oral metrazol
0.1 to 0.2 gm four times daily and noticed a decrease m anviety, agitation,
emotional labihity, mmtability, and fatiguability with better sleep habts
and general physical improvements. Favorable results on simlar doses
were reported by Andosca (37) and by Chesrow, Giacove and Wostka (30)
Convulsive seizures have been reported by Treyathan (38) on the usual
do;ii:;tﬁle:r;z?(; has been given alone and m combination with hlSlﬂmil.le

by Moore (29). He believes that “mtravenous histammne-nicotimc acid
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held as if frozen in a chorea-athetoid posture. (6) If the lesion affects the
pulvinar, and especially the lateral gemculate body, homonymous quad-
rantic and hemianopic defects will be found mn the opposite visual fields

If the mamn trunk of the artery is thrombosed, both the thalamus and
the occipital lobe are destroyed and the signs will be those usually known
as the thalamic syndrome, together with homonymous hemianopsia Should
the thalamogeniculate branch be involved, only the thalamic syndrome
will develop, if the calcarme branches become thrombosed, a contralateral
homonymous hemanopsia is the only chinical sign Thrombosts of smaller
branches may give nise to parts of these syndromes.

Mella (80) recorded a case of complete blindness with rapid but not
instantaneous onset due to advanced artertosclerotic disease mvolving both
postenor cerebral artertes with infaretion of visual cortex. This was proved
at autopsy

Wagman {81) reports an i of 1 bilateral b ymou:
hemanopsia (without spanng of the inovular) due supposedly to postertor
cerebral artery thrombosis The site of disease in this syndrome 1s the visual
cortex and subjacent white matter The visual cortex is located 1n the mesial
aspect of the occipital lobes, where 1t occupies the lip and floor of the cal-
cammne fissures, Such blindness 15 designated “cortical blindness” as distin-
guished from loss of vision due to lesions elsewhere 1n the visual pathway.
As a rule “sparmg of the macula” (preservation of the central vision ) occurs,
presumably due to collateral circulation from the mddle cerebral artery.

VASCULAR LESIONS OF THE BRAIN STEM

The bram stem (pons, md-bram, medulla) 1s supplied by the basilar and
vertebral artenies Details of syndromes of bram stem involvement are given
n Table 20

Posterior Inferior Cerebellar Artery (82, 83, 84): The structures mvolved
(84, 84a) include, according to Lewns, Littman and Foley (84)

(1) Medullary extenston of the lateral spimothalamic tract, carrymng pain
and temperature sensation from the opposite side of the body.

(2) Medullary extensions of the anterior and posterior spinocerebellar
tracts, carrymg deep sensibility impulses to the cerebellum.

(3) Descending root and nucleus of the trnigemmal nerve, conveying pain
and temperature sensation from the ipsilateral side of the face

(4) Nucleus ambiguus, which supphes the striated muscles of the phar-
ynx, larynx and soft palate via the IX and X nerves

(5) Reticular formations, containng the sympathetic pathway from the
hypothalamus to the spinal cord, and also the respiratory center.

(6) Sensory nuclei of the glossopharyngeal and vagus nerves and the dor-
sal nucleus of the vagus.

(7) Restiform body (inferior cerebellar peduncle).
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(2) Ideomotor apraxia affecting the arm.

(3) Psychomotor disturbances 1n the upper limb of the same side as the '

paralyzed leg (these compnse forced grasping and groping).

(4) With the dominant hemisphere affected, mental confuston, clouding
of consciousness and aphasia may occur.

Bilateral thrombosis may occur. Schuster (quoted by 72) recorded such
a case proved by necropsy The two strokes were suffered within 4 years.
He became paralyzed m both legs and demented. He was completely
disoriented The left forearm was held tightly across the chest, with the
fist clenched Both legs were very weak, with tendon jerks increased,
espectally on the left side. The Babinsk: responses were m extension

Middle Cerebral Artery (15, 27, 75.78, 144). It 1s the occlusion of this

artery, and especially of the lenticulo-optic branch, that produces the
common picture of hemiplegia as seen in cerebro-vascular compheations
of atherosclerosis. Besides contralateral hemiplegra, there may be hemi

e g ATt P

T

anesthesia and homonymous hermanopsia  Further, aphasia occurs when
t

the dominant hemisphere 1s involved

The internal capsule 15 also supplied by the anterior choroidal artery and
mterference with its circulation results m signs similar to that with a
middle cerebral artery occlusion. The anterior choroidal has recently come
m for more attention because of the operative procedure (hgation) for
the treatment of Parkmsonism (158).

Posterior Cerebral Artery: Brock (79) described the thalamie syndrome
as follows. (1) a dimmution of loss of sensation on the opposite half of
the body, including Limbs and face (2) Pain sense exhibits a most peculiar
change. The individual often has paimns in the affected half-body or in a
part of 1t, as a hmb or even one-half of the face These pains are often
intractable and have a burning, agomzng character; they are apt to be
persistent and subject to exacerbations. Objective exammation often re-
veals a hemihypalgesia or hemianalgesia associated with a distressed fecling
difficult for the patient to describe (thalamie hyperpathia). (3) There is
hemiataxia dependent on sensory losses or on disruption of cerebello-rubro-
thalamic connections The ataxia 15 apt to be greater m the upper than in
the lower lmb. (4) A mild hemiparesis eusts which is due to involvement
of the mternal capsule by the lateral spread of the lesion One may also
encounter a lower mmmetic facial paralysis on the opposite side with pres-
ervation of the voluntary innervation (5) Inveluntary movements arc
frequently present on the opposite side, they are of the chorea-athetoid
type. The chorea-athetoid movements are usually more marked m the
upper extremity. A tremor which may have a very large amphitude, is apt
to be ehctted on movement (intention tremor). It is very likely dependent
upon distuption of rubm-lha]n'mic connections, A cunous condition o(i the
opposite hand has been noted in thalamsc lesions; the fingers and hand are

v s
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held as if frozen m a chorea-nthetond posture. {6) I the lesion affects the
pulvinar, and especially the lateral geniculate body, homonymous quad-
rantic and henanopic defects will be found jn the opposite visual felds

If the main trunk of the artery 15 thrombosed, both the thalamus and
the oceipital lobe are destroyed and the signs will be those usually known
as the thalamie syndrome, together with homonymous hemianopsia, Should
the thalamogemculate branch be mvelved, only the thalamic syndrome
will develops if the calcarine hranches become thrombased, a contralateral
homonymens hemianopsia ss the only clmical sign Thrombosis of semafler
hranches may give rise to parts of these syndromes

Mella (80) recorded a case of complete blndness with rapid but not
instantaneous onset due to advanced arteriosclerotic disease mvelving both
postenior cerebral arteries with infarction of viswal cortex This was proved
at autopsy.

Wagman {81) reports an instance of smultaneons Lilateral homonymaus
hemuanopsia {without spaning of the movular) due supposedly to postenor
cerebral artery thrombosts The site of disease m this syndrome 1s the visual
cortex and subjacent white matter The visual cortex1s focated m the mesal
aspect of the occipital Jobes, where 1t occupies the hip and floor of the cal-
camne fissures. Such blind is designated “cortical blindness” as distin-
guished from loss of vision due to lesions elsewhere in the visual pathway
As a rule “sparing of the macwda” (preservation of the central vision) oceurs,
presumably due to collateral civeulation from the middle cercbral artery

VASCULAR LESIONS OF THE BRAIN STEM

The brain stem { pons, ymd-bram, medulla} 1 supphed by the basidar and
vertebral arteries Detauls of syndromes of bram stem s olvement are gven
1 Table 20.

Posterior Inferior Cerebellnr Artery (52,83, 84) The structures mvolved
{84, 84a) mclude, according to Lewss, Lattman and Foley (84)-

{1) Medullary extension of the lateral spunothalamie teact, earrymg pan
and temperature sensation Irom the apposite side of the body

(2} Medullary extensions of the antenior and postenor spinocerebellar
fracts, carrying deep sensibihity impuises to the cerebellum

(3) Descending root and nucleus of the trigeminal nerve, conveymg pan
and temperature sensation from the spsslateral side of the face

(4) Nucleus ambigons, which supphes the strated muscles of the phar-
ymy, Jaryny and soft palate via the IX and X nerves

(5} Retiealar formations, contamng the sympathetic pathway from the
hypothalamus to the spinal cord, and also the respiratary center.

(6) Sensory nuclei of the glossopharyngeal and vagus perves and the dor-
sal nuclens of the vagns

{7) Restform body {inferror cerebellar peduncle)
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(8) Deiters” (lateral vestibular) nucleus

The occlusion of the posterior inferior cerebellar artery will produce
softening in the lateral part of the medulla. The medial side of the medulla,
which includes the hypoglossal nucleus and nerve, the mesial fillet, the pos-
tertor Jongitudinal bundle and the pyramidal tract is not affected because

Nueleus solitarius /Vestibulor nucieus vl

{Sensory nucleus 1% X,

Dorsal motor nucleus of vagus X,

Nucleus of hypoglossal nerve Xi-- Aestiform boay

Spinal tract of

Nucleys ambiguus “trigeminel nerveV

{Motor nucleus IX, X XI5~

- ———-, ot aitar

Medial longitudinal fasciculys™ |
Tectospinal tract” . o e

. “Vagus nerve X

L Seinothalamic tract

* Ventral spinacerebellar tract

Medio!  lemniscus

Corticospinal tract--| - Infenor ehive

--Hypoglossal nerve Xil

Fig. 48. Cross section of the medulla at mid-olivary level (Red with n
from Purves-Stewart The Diagnosis of Nervous Diseases, 9th Ed Baltimore, Wilhams
& Witkims, 1945 Courtesy of Dr E F Foley and Annals of Internal Medicine )

this area recewves 1ts blood supply from the upper branch of the anterior
spinal artery which anses from the vertebral artery (Fig 48).

The classic preture (Tables 21 and 22) 1s one of a sudden onset, without
loss of consciousness The patient expertences dizziness and headache and
falls toward the side of the lesion. The patient notices mability to swallow
{nucleus ambiguus of the tenth nerve) and numbness or paresthesia of the
contralateral side of the body and the homolateral side of the face Dimmu-
tion or loss of pain and temperature sensibihty may be noted along the
distribution of the trgemmal nerve on the side of the lesion and on the
contralateral side of the body below the head Ataua of the homolateral
extremities 1s present (restiform body and cerebellum). There 15 homo-
lateral paralysis of the soft palate and the muscles of deglutition with
deviation of the uvula way from the side of the lesion. There 1s often a
sympathetic disturbance, causing homolateral Horner's syndrome wath mio-
sis, enophthalmos, ptosis of the id and decreased perspiration. Nystagmus
{vestibular nucler) and homolateral facial paresis (nucleus facialis) may
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TABLE 21

S¥apTOVs Iv 28 PATIENTS wiTH THROMEOSIS OF THE
Posterton INFERIOR CEREBELLAR ARTERY

Complang Present Dented Not clearly recorded
Acute onset 27 1 (subacute) 0
YVomiting 20 & 0
Dysphagta 20 5 3
Giddiness 23 2 3
Vertiga 22 1 5
Fallmg 14 11 3
Paresthesias 21 2 5
Dysphonia 19 5 4
{inclucing hoarseness)
Hiccough 14 7 7
Drplopra® 16 4 6
Motor weakness 20 2 4
Headache 18 5 7

“Two pauents were bind prior to the stroke
{After Lewss, G N, Latoman, A, and Foley, E F (84) )
Courtesy of Dr Edmund Foley and Annals of Internal Medicine

also be present. Imparment of pamn and temperature is found on the
opposite side of the body (spinothalamic tract) from the lesion

Anterior Inferior Cerebellar Artery occlusion results in a climeal preture
not unlike that of posterior mfersor cerebellar artery occluston. According
to Merritt (75) the diference hes in that “the mamn sensory nucleus of
the fifth nerve and the nuclei of the seventh and eighth cranials are affected
mnstead of the nucleus ambiguus of the tenth nerve and the descending
nucleus of the fifth nerve ”

Superior Cerebellar Artery occlusion produces a syndrome hke that of
the antenor inferior cerebellar attery with the addition of homolateral
involuntary choreiform movements because of damage to the brachwm
conjunctivum. Loss of hearmg and facial paralysis are less frequent and
the loss of pam and temperature sensation mvolves the entire half of the
body on the oppostte side, with the face mcladed (75) Thrombosis (85)
results in a lesion of the spmothalamic tract m the midbramn and the supe-
rior cerebellar peduncle There 1s ipsilateral incoordmation of skxll‘ed
voluntary movements with loss of pain and temperature of the opposite
half of the face and body Onset is sudden and there 1s gradual smprove-
ment.

Basilar Artery: The onset is sudden and not preceded by tangible gausdl
factors (86-93, 93a) The first symptom is usually headache, dfumcss,
confusion or coma Difficulty in speaking and hemilateral p:zrcs'ﬂ:csm ocenrt
in a large proportion of the cases. Common findings arce p‘.xpxlla‘ry ab(;wf‘
mahties, disorder of ocular movements, facial palsy, hemiplegia and/or

quadraplegia and ipsilateral extension plantar reflexes Cranial nerve palsies
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and contral I hemiplegia may be hined. Itis for temporary

improvement, lasting hours or days, to occur during the course of the illness.
1n the majority of cases death takes place from 2 days to 5 weeks.
Millikan and Siekert (90) have described a syndrome of mtermuttent
insufficiency of the basilar arterial system The symptoms include loss of
viston, double vision, ptosis, cloudng of consciousness, confusion, uncon-
sciousness, hemiparesis and hemiplegia, dysarthna, dysphagia, sensory
phenomena in the face or one extremity or half of the body, vertigo,
tinnitus, vomiting, unsteadmess and headache. Although they admit that
each of the above symptoms s nonspecific, that the same symptom on
oppostte sides of the body in definite attacks (that 1s, henmparesis on the
Ieft side and at other times on the right) associated with such phenomena

as di of vision throughout the visual fields, dysarthria, dysphagia or
TABLE 23
Nevworocte ASNORVALITIES 1v 28 PATENTs witr THROVBOSIS OF TIE POSTERIOR
InveRiof CEREBELLAR ABTENY
Not Clearly
Present Absent Recorded
1. Homer’s Syndrame 24 3 1
2, Impurment of pan and temperature
perception
{a) Ipsiateral face and contralateral 20
{b} Contralateral face and contralat 4
eral trun!
(¢} Contralatera} trunk only 3
Total 27
3 Cercbellar signs 7 7 4
{exchmive of nystagmus)
Nystagmus 18 b4
4 Cranial nenes
{2) Diplopia 16 4 6°
€b) Facial weakness 19 7 2
{¢} Palwtal paralysis 19 6 3
{4} Dysphomsa {sncludsng hoarseness) 19 g 4
(e} Dysphaga 20 s 3
(f) Hiccough 14 7 7
5, Hemparesss
{3} Ipslateral 12
(b) Contralateral 18
Gotal 0 [ g
8 Babmshr's si
{a) Ipsidateral 5
(b} Contralateral 6
IR 13 7

*Two patients were blind prior to these episodes
{Aher Lewss, Lattman, .'mg Foley g 167 b
Courtesy of Dr Edmund Foley and Annals of Internal Medicine
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vertigo, make the diagnosis probable. Anticoagulant therapy (91) is par-
ticularly effective here.

Vertebral Artery: Occlusion of a single vertebral artery may produce
symptoms as listed m Table 20, under Medulla. These include the Babnski
Nageotte syndrome, the Cestan-Chenais syndrome, Avelhs syndrome, and
Schmidt’s syndrome.

Ford (168) descnibes the following symptoms in vertebral artery throm-
bosis.

a) Where 1t penctrates the dura.

1} Contralateral hemiplegia without ivolvement of the face,

2) Analgesia and thermanesthesia on the homolateral side of the face.
b) At the level of the ongin of the posterior inferior cerebellar artery.

1) Hemplegia without facial weakness on opposite side-

2) Symptoms of occlusion of posterior inferior cerebellar
c) At cephalic extremity.

1) Hemiplegia on oppposite side without facial weakness

2) Hemianesthesia on the opposite side of the body.

3) Paralysis of the tongue on the same side

4) Probably also symptoms of occlusion of the posterior mferior cere-

bellum artery.

Pseudobulbar Palsy (40,75). The chinical syndrome known as pscudo-
bulbar palsy does not occur only as a result of cercbral arteriosclerosis but,
m the cases where it does, 1t 15 the result of either many areas of softening
1 fortuitous portions of the biamn or of thrombi in both internal capsules
which oceur at different periods in the course of cerebral disease. The term
pseudo 15 applied to this lesion because 1t does not mvolve the bulb di-
rectly but the supranuclear pathways that involve cortical innervation of
the bulbar nucler Only voluntary motor power 1s effected On the other
hand, progressive bulbar atrophy 1s the result of lower motor neurone
mvolvement and may result n fasciculation and muscle atrophy.

1t is known that the muscles which have to do with voluntary motion of
the arms and legs have their innervation from just a single side of the bran
and this is usually the contralateral side. However, the muscles of the
tongue, lips, mouth and pharynx which are concerned wath talking, swal
lowing and chewing are mnervated bilaterally. It follows then that a lesion
of one side of the bramn which mnvolves the mternal capsule may result m
o henuplegia of the opposite side and yet not result m disturbances of
chewing, swallowing, etc. Lesions in both internal capsules, even though
separated by several years in occurrence may, however, result m the syn-
drome of pseudobulbar palsy

The chmcal features mclude:
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. Dufficulty in speaking

. Difficulty in swallowing,.

Difficulty 1n chewing.

Spontaneous outbursts of weepmg or laughter.

Repetition of words.

. Concomitant unilateral or bilateral hemiplegia.

QOccastonal regurgitation of food through the nose.

Absence of atrophy of the tongue and other muscles of the face.

A special situation m the treatment of these patients arises because of
the problems of mastication and dysphagia. Feeding may have to be car-
nied on through a nasal tube In other respects, the treatment 1n the acute
stage 1s as for the usual hemiplegia

RN - Ny L SN

SPINOVASCULAR ACCIDENTS

Anterior Spinal Artery (94-103)- The lesion consists of softenmg of the
anterjor two-thirds of the spmal cord Chmnically the onset is sudden and
apoplectic. There 15 a rapid onset of paraplegia, accompamed by sensory
disturbances There are also sphincter disturbances, reflex alterations, and
trophic changes, with the greatest disability appearing n the early hours
or withim several days

Symptoms depend on the location and the extent of the disease. In the
medulla (104), thrombosts of the anterior spmal artery consists of a spastic
tetraplegia wth anesthesia below the level of the lesion Sensuiy disturb-
ances are directly related to the degree of vascular interference. Tendon
reflexes are hyperactive, muscle tonus 1s increased, and plantar reflexes are
extensor n type

In the cervical region, there 1s a flacaid paralysis of the upper extrermty,
and a spastic diplegia of the lower extrenities Pan and temperature seuse
is lost below the level of the lesion Touch remams intact

Lesions 1n the thoraco-lumbar area result i spastic diplegia of the lower
extremities, with escape of the arms. Sensory dissociation, hike that occur-
rmg in cervical cord lesions, is also found here. Lesions may be unilateral
Lesions n the lumbar region cause a flaceid paralysis Also, sensory changes
of the type descnbed above appear Retention and then dnbbling, bowel
meontinence, and trophic ulcer may complicate the situation.

Posterior and Other Spinal Arteries: Lesions m other arteries of the spmal
cord fail to produce a clear-cut syndrome, such as occurs in disease of the
antersor spinal artery. Occlusions of the postenor spinal artery have less
occasion to produce extensive disturbances than that which results from
similar lesions i the antenor spinal artery because of abundant anastomoses
of the ipsilateral vessel.
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Bilateral thrombosis of the posterior spinal artery may produce paralysis,
sensory loss, girdle pains, anesthesia, loss of all reflexes, bowel and bladder
paralysis, and decubitus

DIFFERENTIATION OF CEREBRAL HEMORRHAGE
FROM CEREBRAL THROMBOSIS

Spontancous mtracerebral hemorrhage may result from an atheromatous
aneurysm of the cerebral artertes (52, 105-111) or from simple rupture of
an arteriosclerotic vessel associated with hypertension. The differential
diagnosis of spontaneous ntracerebral hemorrhage from cerebral throm-
bosis 1s important because such therapy as stellate block, heparinization,
or dicumarolization, which some advocate i thrombosis, would be contra-
indrcated m hemorrhage (Table 23).

Aring and Merntt (112) found arteriosclerosis, as evidenced by examina-
tion of the peripheral vessels and those of the retina, occurs more frequently
and 15 more advanced in cases of cerebral thrombosis, no evidence of
arteriosclerosis was found in 10 per cent of their cases with cercbral
hemorrhage, as compared with 1 per cent of those with cerebral thrombosis
Stiffness of the neck was found m 55 per cent of patients with cerebral

TABLE 23
Crivicar Dir) 1AL, DI S OF APOPLEXY
Diagnostic
Features Thrombosts Hemorrhage Embolus
Ageof onset 65 (senescence) 50 (middle age) 10 (adolescence youth)
Previous in-  History of diabetes, History of hyperten- History of carde
dieations nephntis, syplulis, sion disturbance  (mutral
arteriosclerosis stenoss, fibnillating
Prodromal symptoms heart, coronary du-
headache, vertigo, ease, endocarditis)
poor memory
Nature of Slow (days), dunng Rapid (hours), dur- Fulminating {mm-
onset rest, often durng g activity (stramn- utes), dunng rest of
sleep mg, hfting) activity
Clinieal No loss of consctous- Loss of consciousness Rapid loss of conscious-
Features ness (coma), signs of n-
creased mtracramal
pressure and shock
in- Clear Blood-tinged Pleocytosis, moderate
o ® ocrease n red biood
“ cells
3 Far. 30% die first Grave. 30% dic first Good, depending upon
Prognorts ek ay, 60% che first wology

weel

T, H and Towler, M D (51).)
‘cﬁiﬂ‘(“esi'?,?"fs, Tytus H Harns and Paul B Hoeber, Inc
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hemorrhage and in only 7 per cent of those with cerebral thrombosis The
bilateral occurrence of the Babinski sign was found twice as often .
cerebral hemorrhage (28 per cent) as in cerebral thrombosis (15 per cent).
They belicve the differential diagnosis between cerebral hemorrhage and
cerebral thrombosis can usually be made during life A thorough analysis
of the history, together with the results of the physical and neurologic
examinations, and of the exammation of the cerebrospinal fluid, should make
the differentiation in nearly 100 per cent of the cases.

As to incidence, Millikan and Moersch (113), 1 a chinical study of 223
patients who had acute focal cerebrovascular lesions and who were ob-
served during a period of 2 years, 825 per cent had cercbral infarction
without embolism, 108 per cent had cerebral embolism accompanied by
infarction, and 67 per cent had focal intracerebral hemorrhage. Factors
that mfluenced the prognosis in these patients were age, existence of hyper-
tension or cardiac disease or both, speed of onset of the symptoms and
whether the lesion was simple nfarction (15 per cent of mortality), embo-
Lism (50 per cent), or hemorrhages (73 per cent).

In a series of 143 cases selected from the records of the Montreal
Neurological Institute, Dekaban and McEachern (114) analyzed the rela-
tion of spontaneous subarachnoid hemorrhage, intracercbral hemorrhage
and mtracranial aneurysm Since postmortem exammation was not obtaned
m all cases, the cnterta for selection were. (1) the condition had to be
proved by lumbar puncture, arteriogram, operation, or autopsy; (2) onset
of hemorrhage must have occurred within four days prior to admission,
and (3) traumatic cases were excluded. Of 56 patients with subarachnoid
hemorrhage of undetermined cause, 17 showed moderate arteriosclerosis.
Twenty-six of 30 ruptured aneurysms were of the congenital, berry type;
the remaiming four were fusiform and of arteriosclerotic origim, About three~
quarters of the ruptured aneurysms were located 1n the anterior half of
the circle of Willis,

TREATMENT OF HEMIPLEGIA

At the present time, the immediate treatment of the patient with an acute
erebr 1 ident invol

1. General treatment.

2. Steps to diff ate between hemorthage and
embolus which mnvolve the differential pomnts discussed above. Of ad m
this diagnosis will be the history of onset, the spmal flid findings and the
cardiac status (rhythm and electrocardiographic findings) Stellate block
has ats best indication 1n cerebral embolism, anticoagulants i thrombosis.

3. Rehabilitation Program The following 1s suggested while the patient
is in bed (118):

bral t} 1
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a) A foot board or posterior leg splint to prevent foot drop.

b) Sand bags to prevent outward rotation of the affected leg.

c¢) A pillow in the axlla of the involved upper extremity to minimize
adduction and mternal rotation.

d) Quadriceps muscle setting of the involved lower extremity to main-
tain muscle strength

e) Sitting m bed to re-establish balance.

f) Speech therapy if patient is aphasic

g) Pulley therapy for shoulder.

General Treatment (115, 116, 117): The immediate treatment of the
patient mn coma 1s the same for cerebral thrombosis and hemorrhage. The
patient should be kept at rest with the head slightly elevated. Sedation
may be given for restlessness. chloral hydrage, 1 gm, or paraldehyde, 4
to § cc. by mouth, or paraldehyde, 2 to 4 cc. intramuscularly as necessary.
Catheterize every 8 hours if necessary. Enemata after the first 2 days may
be used. Turming of the patient plus antibiotics may prevent respiratory
complications or pressure sores. A clear airway 1s paramount

Stellate Ganglion Blocks: The use of stellate ganglion block (119) in the
management of cerebral vascular acaidents is based upon 1ts action through
terruption of vasoconstrictor impulses in decreasing or obliterating spasm
that may be present following cerebral embolism, thrombosis, hemorrhage
or other focal cercbral lesions

Schemberg (9) found no sigmificant change m cerebral blood flow,
oxygen utilization of cercbrovascular resistance in unilateral stellate gan-
glhon block performed on 19 subjects which included normal subjects and
patients with cerebrovascular disease. In 3 of these patients the stellate
ganglia were blocked within 2 to 12 hours after an acute cerebral throm-
bosis. Scheinberg believes that stellate ganglion block might even produce
a decrease m cerebral blood fow by directing more blood to the sk and
subcutaneous tissues of the face. However, the success of this therapy
points out that reflex cerebrovascular spasm m response to embolism or
thrombosis may occur and may be mediated by this sympathetic mnerva-
tion.

Shenkin ¢t al (120) studied the cerebrovascular function after bilateral
stellectomy, including 1 patient with cerebral arteriosclerosis and fm.md
a significant decrease cerebrovascular resistance following operation.

Gilbert and De Takats (121) find the best results in embolism and
thrombosis. This method is not advised in the presence of hemorrhage. The
controversy about the usefulness of stellate block still goes on, some fm'
1ts use and others against (9, 119, 121-132). De Takats (133) in late 1?0 N
concluded that from a study of the literature and from personal observations
on 55 patients with apoplexy treated with stellate block, that there was
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no way of selecting the suitable case, and that only half of the patients
derived benefit from the procedure.

Drugs: Amimophyllim, a good coronary vasodilator, causes a striking and
highly sigmificant increase m cerebrovascular resistance which results in
a decrease in cerebral blood flow {134). Aminophylln, in intravenous
doses of 05 gm., wstead of acting as a vasodilator, produces a marked
constriction of cerebral vessels with cerebral amoxia as reflected in the
constant and strtking decrease m cerebral venous oxygen content

Nicotinic acid given intravenously to patients snith cerebrovascular dis-
ease produced no significant changes n cerebral blood flow, ovygen
utilization, or cerebrovascular resistance (39)

Russek and Zohman (135) reported successful management of vascular
encephalopathy by the use of large oral doses of papaverine (up to 1.2 gm.
daily ) These results were based on observations of 46 patients with
encephalopathy associated with hypertensive disease and cerebrovascular
disease without hypertension. The rationale for the use of papavenne was
based on the knowledge that: (1) papavermne is a coronary vasodilator,
and (2) in encephalopathic episodes, a state of cerebral angiospasm exists.
Scheinberg and associates (136, 137) were able to demonstrate, in a group
of patients which excluded those with known cerebrovascular disease, that
mtravenqus papaverine (180 mg ), resulted 1 a 24 per cent mcrease n
cerebral blood flow and a 28 per cent decrease in cerebral vascular resist-
ance

Dihydroergocormne (DHO-180) was found to have no sigmficant cffect
on the time-course of rehabnlitation of 10 hemiplegic patients (138, 139)

Prostigmine (140) and listamune (141) have been tned 1n the past but
are rarely used today

Anticoagulant Therapy: The best case for the use of anticoagulants has
been made by Wright and hus group (142, 142a). It is recommended for
cerebral thrombosis only as an endeavor to. (a) prevent propagation of
the ongmal thrombus which mght occlnde additional branches of the
wvolved artery, thus increasmg the size of the ifarcted area, (b) prevent
the development of additional thrombi m other vessels, (c) encourage
the more rapid dismtegration of the ongmal thrombus by the enzyme
systems in the blood, which may have a freer action m the presence of
adequate anticoagulant therapy.

The risks which must be evaluated include {a)} an erroneous diagnosis
of thrombasis or embolus, when the condstion is actually hemorthage which
may be aggravated by anticoagulants A spinal tap should therefore he
performed on every patient who 1s to be given anticoagulant therapy to
possibly establish the differential diagnosis It 1 still not known swhether

anticoagulant therapy, to be effective, must be gven the first day of the
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a) A foot board or posterior leg splint to prevent foot drop.

b) Sand bags to prevent outward rotation of the affected leg

¢) A pillow in the axilla of the involved upper extremty to minimize
adduction and internal rotation.

d) Quadriceps muscle setting of the involved lower extremity to main-
tain muscle strength.

¢) Sitting in bed to re-establish balance.

f) Speech therapy if patient 15 aphasic.

¢) Pulley therapy for shoulder.

General Treatment (115, 116, 117): The immediate treatment of the
patient 1 coma 1s the same for cerebral thrombosis and hemorthage. The
patient should be kept at rest with the head slightly elevated. Sedation
may be given for restlessness: chloral hydrage, 1 gm., or paraldehyde, 4
to 8 cc by mouth, or paraldehyde, 2 to 4 cc. intramuscularly as necessary.
Catheterize every 8 hours if necessary. Enemata after the first 2 days may
be used. Turning of the patient plus antibiotics may prevent respiratory
comphcations or pressure sores. A clear airway is paramount.

Stellate Ganglion Blocks: The use of stellate ganglion block (119) in the
management of cerebral vascular accidents 1s based upon its action through
interruption of vasoconstrictor impulses in decreasing or obliterating spasm
that may be present following cerebral embolism, thrombosis, hemorrhage
or other focal cercbral lesions

Scheinberg (9) found no significant change m cerebral blood flow,
owvgen utilization of cerebrovascular resistance in umlateral stellate gan-
glion block performed on 19 subjects which included normal subjects and
patients with cerebrovascular disease. In 3 of these patients the stellate
ganglia were blocked within 2 to 12 hours after an acute cerebral throm-
bosis. Scheinberg believes that stellate ganglion block mught even produce
a decrease in cerebral blood flow by directing more blood to the shin an
subcutancous tissues of the face However, the success of this !]?CNPY
points out that reflex cerebrovascular spasm mn response to embolism 'Of
thrombosis may occur and may be mediated by this sympathetic inner®
tion.

Shenkin et al. (120) studied the cerebrovascular function after Dilateral
stellectomy, including 1 patient with cerebral arteriosclerosis and fm'm
a significant decrease in cerebrovascular resistance following operation

Gilbert and De Takats (121) find the best results in embolism “;’
thiombosis. This method is not advised in the presence of hemorrhage T;
controversy about the uscfulness of stellate block still goes on, sumc954
its use and others against (9, 119, 121-132). De Takats (133) in late 1. Sv
concluded that from a study of the Iiterature and from personal ubsen‘ﬂt’i:s
on 55 patients with apoplexy treated with stellate block, that there ¥
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placed in position by the bed, back to back, with sufficient yoom for the
patient to stand betwecn. He 15 taught to grasp the back of one chair with
the good hand and the other chair with the affected hand It may be
necessary to lace the affected hand to the back of the chair with bandage.
After a few days of standing, when the patient has recovered huis balance,
he may be taught to walk using the chairs in a reciprocal motion As the
nght band pushes the chair forward, the Jeft foot 1s advanced, and when
the left hand pushes the chair forward, the night foot 1s advanced. It may be
necessary for the nurse or member of the family to help the patient push
the chair forward on the affected side, Utiizing a smooth surface, such
as Imoleum on the kitchen floor, the patient can be taught to become
ambulatory again,

“We have found it necessary to use short leg braces m a greater percent-
age of cases than has been reported elsewhere Approuimately 50 per cent
of our patients with hemiplegra are fitted with short leg braces to correct
the toe drop so common with this disability. The double-bar, short leg
brace with a 90 degree stop 15 used 1n the majonity of the patients. For some
women, or if the drop 1s not complete, the patient may be fitted with the
spring type of brace which extends from the heel of the shoe up the pos-
terior of the leg to the calf For cosmetic reasons this brace is preferred by
many patients

“The patient 1s then taught to chmb stairs and curbs and how to get i
and out of an automobile and bus.

“Last, the patient must be taught personal care actrvities, such as to dress
himself, and, sf necessary, how to tie a tie or shoclaces with one hand.

“In our experience, the arm and hand are the last to return m function,

TABLE 21

Corrarison 0f FUNCTIONAL STATUs 1N Parments witn HewupLecia At
Averace Tig 44 AND 45 Mo~NTris AFTER CEREBROVASCULAR ACCIDENT

After Treatment of Durect Admussion
; to Behab
Sertice Sertice from Home
or Other Hospital
Combined {No Treatment)
No of patients 17 18
Average ime of andlysis after
cerebrovascular aceident (months) 4.5 44
ADL (% normal} 784 330
Muscle strength (% normal)
rm and forearm 417 258
and 362 223
Thigh and Jeg 600 333
R Foot 261 174
ange of motion (passive) (% normal)
T and forearm 835 812
Hand 966 902
Thigh and leg 813 825
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stroke or whether a few days can pass while the differential diagnosis is
being made; (b) the aggravation of hemorrhage in the cerebral infarct;
(c) hemorrhage clsewhere in the body.

Wnight and McDevitt (142) treated, with anticoagulants, 19 patients
who suffered from cerebral vascular aceidents, which were believed to be
on the basis of embolization ansing from a mural thrombus secondary to
myocardial infarction or to thrombosis of cerebral artertes. Eight of these
patients suffered 13 myocardial mfarctions preceding other thromboembohe
episodes, some thiomboembolic episodes did occur at therapeutic levels
Thirteen of the 19 patients were hypertensive. In 248 months and 13 days
before anticoagulant therapy, 48 thromboembolic episodes occutred, 25
of which were cercbral. During 287 patient months of anticoagulant therapy
the same patients suffered only eight thromboembolic episodes, of which
two were cerebral.

Rehabilitation: The use of physical therapeutic and rehabilitation meas-
ures in the treatment of hemiplegia is well established (138, 139, 143-148).
The therapeutic success 1s measured mn the time-course of rehabilitation,
which is defined as the shortest interval in days between the onset of
treatment and the greatest achievement i range of joint motion, muscle
strength, and performance of tasks of daily Living.

We have offered evidence that a formal program of rehabilitation can
achieve this (Table 24) A companson of the averages of the results of tests
1 the three aforementioned modalities of 18 untreated hemiplegic patients
were compared with a group of 17 patients treated on the rehabilitation
program. The two groups were studied at an average time of 4.4 and 45
months, respectively, after the onset of the hemiplegia A very stnkmng
difference 1s noted 1n the results of the activities of daily living (ADL.)
testing The untrcated patients, on the average, were able to accomplish
33 per cent of the actvities, whereas the group swhich had passed through
the formal rehabilitation program had an average accomplishment of 784
per cent. The treated group also demonstrated a consistently greater muscle
strength and range of motion, although these differences are less striking
than for the activities of daily living It would appear, from these facts,
that, although the simple passage of time may result in a certain amount
of spontaneous recovery or improvement m some hemiplegic patients,
the mstitution of an active program of rehabilitation definitely has a favor-
able influence on the prognosis with regard to return of function and,
particularly, to the development of self-sufficiency in the activities essential
to daily life. .

The active rehabilitation of the hemiplegic, after the phase in bed is

is stated by Covalt (144):
en‘(‘l';ﬁ;;:)atient is 1}1’ow rcad; to be taught to sit on the edge of the bed and

next to stand by the side of the bed. Two ordinary kitchen chatrs can be
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phiced in position by the bed, back to back, with sufficient room for the
patient to stand between. He is taught to grasp the back of one chair with
the good hand and the other chair with the affected hand. It may be
necessary to lace the affected hand to the back of the chair with bandage.
After a few days of standing, when the patient has recovered his balance,
he may be taught to walk usimg the chairs in a reciprocal motion. As the
nght hand pushes the chair forward, the left foot 1s advanced, and when
the left hand pushes the chair farward, the right foot is advanced. It may he
necessary for the nurse or member of the family to help the patient push
the charr forward on the affected side Utllizing a smooth surface, such
as linoleum on the itchen floor, the patient ean be taught to become
ambulatory again,

“We have found 1t necessary to use short leg braces i a greater percent-
age of cases than has been reported elsewhere Approamately 30 per cent
of our patients with hemiplegia are fitted with short leg braces to correct
the toc drop so common with this disabilty The double-bar, short leg
brace with a 80 degree stop is used in the majortty of the patients For some
vwomen, ot if the drop is not complete, the patient may be fitted with the
spring type of brace which evtends from the heel of the shoe up the pos-
terior of the leg to the calf. For cosmetic reasons this brace 1s preferred by
many patients

“The patient is then taught to clmb stairs and curbs and how to get m
and out of an automobile and bus,

“Last, the patient must be taught personal care activities, such as to dress
himself, and, if necessary, how to tie a tie or shoelaces with one hand

“In our experience, the arm and hand are the last to return 1w function,

TABLE 2¢

Covwantso or Fyxcrionat, Statvs v Patienss wimn HeMieLeers Ar
Aviaace Tree 44 anp 4 5 MoaThs AFTER CEAEBROVASCULAR ACCIDENT

After Treatment of Durect Admisnon
e o Hehabatnth
Service Sercice from  Home
or Other Hospstal
Combined {Na Treatment)
No of patients by 18
Average time of analysis after
ecrebrovascular aeerdent (months) 43 44
ADL (% nomal) 751 30
Muscle strength {% normal)
m and forearm 417 258
Had 362 223
Thigh and leg 600 393
Foot 261 174
Range of moton (passne) (% normal)
Am and forearm 855 812
Land 968 902
Thigh and leg 813 85
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and, in some cases, the function never returns. The family should be told

that the prognosis for a completely paralyzed arm and hand is not good.

, “Following these rather simple procedures, the majonity of patients with
ot ) ) . » are capable of part-

A tollow-up study of 208 hemiplegics discharged in 1949 from the Physi-
cal Medicine and Rehabilitation Service of the New York University Belle-
vue Medical Center is given by McCoy and Rusk (149).

Ninety per cent recerved definite net functional benefits from rehabilita-
tion, but only 50 per cent had good rehabilitation ratings, 1., were found
to be making maxtmum use of the abilities they had left in a way satisfactory
to them and the community.

Neither sex, age, economrc status, education, type of disability, nor even
time lapse between disability and rehabilitation appeared to be strong fac-
tors i this situation. It was found in this study that a time lapse of 15 years
or more did not prevent the mdividual from learning to use what he had
left successfully, the loss was in losing abilities he might have developed
and saved with earlier rehabilitation, and in the length of time required
for treatment

The striking finding of the study was the incidence of acute psycho-soctal
problems among this group. Of the aspects considered, individual motiva-
tion and social opportunity appeared as the determining factors of success-
ful rehabilitation Moreover, the experience of this group strongly indicated
the underlying genenic character of problems of social opportunity in this
situation. There was, reasonably, a hard core of psychiatric problems among
these cases, but, for the great majority, opportunity “to live and work sith
what 15 left” was the immediate problem to be solved. Understanding the
social situation was a basie condition for defimtive diagnosis of personality
problems 1n many of these cases

Parkinson’s Syndrome: Arteriosclerosis 1s the cause of Parkinson’s syn-
drome in some patients (72, 150) The syndrome is a chronic degenerative
disease of the extrapyramidal system. In the presemle and senile types, vas-
cular arterosclerotic changes are sometimes observed. The disease is char-
acterized by enfeeblement, ngidity and tremor, and 1s usually slowly
progressive It often affects the one hand first and causes a pill-rolling mo-
tion which ceases on mtention and is usually absent during sleep Later the
patients exhibit sialorrhea, seborrhea, speech difficulties, muscle incoordina-
tion, hyperhidrosis and oculogyric crises and finally become bedfast hecause

of the rigidity of muscles and trophic joint disturbances Dafficulty m swal-
lowing is often a problem. L

The early phase of parkinsonism, according to Edwards (150), is difficult
to evaluate. Patients often have muscle pain which may be confused with
asthritic ar neuntic pains Fingers and arms may become stiff and only Iater
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be recognized as a progressive change, rather than a fault of the weather or
of the tools and instruments used m work As tremor and more ngidity
develop 1n one or both arms, the tremor may extend to neck, head and legs.
The tremor is coarse, can be controlled for a time by intention, and 1s
usually absent during slcep Duminutron of the pendulousness of the arms
in walking is an early sign m extra-pyramidal rigidity. The mask-like expres-
sionless face, and the tendency to turn the entire trunk slowly rather than
turning the head only when lookng to the side, are charactenstic of the
late stages.

Druc Tuerary: The followmg drugs in the given dosage are useful in
the treatment of artenosclerotic parkinsonism (150-155, 169, 170).

1 Cogentin: 1 to 2 mg. on retinng or twice a day. Good for tremor. Ex-
cellent for spasm

2 Artane: 2 to 5 mg two or three times daily. Good antispasmodic. Fair
anti-tremor action.

3 Pagitane: 1 25 to 25 mg twice daily. Good anti-spasmodic. Excellent
anti-tremor action

4 Parsidol 25 to 100 mg, three times daily. Excellent for tremor.

5 Rabellon- % to 1 tablet three times daily. Fair antispasmodac.

6 Thephonn. 25 mg. three or four times a day.

7. Scopolamine. 03 to 06 mg two or three times a day Excellent ant-
tremor but causes drowsiness

8§ Devedrine: 25 or 5 mg twice a day for fatigue and weakness

9. Thorazine 25 to 50 mg upon retinng.

10 Benadryl. 23 to 50 mg three or four times a day.

Using this st of drugs and Edwards’ recommendations (150), the fol-
lowing plans of therapy may be followed

Mild or carly incolvement Thephorn, 25 mg, three or four times daily.
If sufficient relief 1s not obtained, add Rabellon, 1 tablet three times daily
Artane, 1 mg two or three times daily, may or may not be needed.

Moderate or scvere involsement. Artane, 2 mg two or three times daily
plus Thephonn, 25 mg four times daily, and Rabellon, 1 tablet, three times
dmly may be tned. Pagitane, 1 25 mg. three to four times daily may be tned

Another plan mncludes Parsido!, 50 mg on ansmng, 25 mg. at noon and
25 mg, at dmner time, Pagitane, 14 mg three times daily after meals and
Cogentin 2 mg on retirng

Wemberg (156) treated arteriosclerotic parkinsonism with a combiation
of heparin and testosterone Drooling was releved. Testosterone alone did
little or nothing Tremors were not improved by this combimation

Surgucal therapy (157-164) Operative mtervention has usually been re-
served for paralysis agitans of postencephalitic rather than of artenosclerotic
ongin, Pyramidotomy (48, 106, 159, 160) or section of the U fibers of the
motor cortex (165) have been used with questionable success
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In 1953 (157, 158) Cooper described a new surgical technic for this dis-
order. It consisted of surgical occlusion of the anterior chorordal artery in
order to selectively decrease or obliterate the blood supply to certain intra-
cerebral structures dependent upon this vessel for their blood supply. The
structure most affected by this occlusion was the medial segment of the
globus pallidus. Such ocelusion produced varymg degrees of alleviation of
resting-type, or pill-rolling tremor. The most signtficant result of the proce-
dure was the reduction of rigidity. Cooper (157) has also described a tech-
nic for intracerebral injection of procame in the globus pallidus prior to
operation m order to select patients properly. A small trephme opening is
used, the area for injection well located; about 15 cc. of 0.5 per cent pro-
came 15 mjected and repeated with slight variations 1n depth, observations
are made on changes in tremor and ngdity. In 8 instances i which this was
done, tremor and ngidity 1n the contralateral extremities were markedly
reduced or totally alleviated within two to five minutes after the first -
jection.

Doshay (162) fecls that anterior choroidal ligation has no place in ger-
atric parkinson patients.

Popkmn (166) has advanced the 1dea that constant parkinsoman tremors
may be on the basis of twisted, tortuous cerebral arteries, with a rhythmic
torsion movement induced with each heart beat. The diseased anterior
choroidal artery with each thrusting or twisting movement induced by in-
crease in the blood volume, impmges agamst the adjacent bram tissue This
mechanical impact 1s stated to be the explanation of parkinsonian tremor
and mght be the explanation for the subsidence of tremor following ligation
of the anterior chorordal artery.

OrtnEr TueraPy. Psychotherapy, occupational therapy and physiotherapy
can be combined with drug therapy. Doshay (155) feels that some patients
need no outside physiotherapy since they are fully capable of maintaining
a good state of muscle health The very rigid require regular and frequent
physiotherapy. Doshay (170), in a Panel Meecting on Therapeutics on Par-
kinsonism, stated that “The real challenge to therapy arses when the ngid-
ity begins to spread from one side of the body, across the neck and trunk, to
the other side. When rigidity becomes bilateral and the patient is increas-
ingly slowed up, then if treatment is neglected, tragic secondary changes
develop that do not belong ntrinsically to Parkinson’s disease but to factors
of disuse. In other words, if a patient does not use a rigid arm, 1t inevitably
becomes tighter and shorter. In due time, fibromyosttis sets in The muscle
fibers are teplaced by connective tissue which becomes scar tissue. Scar
tissue does not relax, nor does it contract. A scarred muscle 1s difficult to
use, hence it is employed less and less The less such muscles are employed,
the shorter they become so that a vicious cycle 15 formed. Contractures
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develop that lead to deformities of the hands, arms and legs. At the knees,
for example, the hamstrings shorten so that the knees become bent and the
body is thrown forward into a propulsive posture At the ankles, the tendo
Achilles shortens, so that the patient 1s forced to walk on his toes and the
entire body 1s thrown forward into a propulsive and festinating gait The
weight of the trunk is greater than any support 1t recewves from the legs,
so that gravity helps to pull the patient down and there are frequent falls
and fractures of an arm or leg. As a safety precaution, the family confines
the patient to a chair or bed, so that in due hime the patient becomes bed-
ndden and mvalidism sets in.

“Contractures constitute a severe handicap to the Parkinson patient. They
can be prevented to a large extent in almost every patient, by nigid atten-
tion to proper medication, regular physiotherapy and continual exercise on
the part of the patient Effective treatment would prevent deformitics and
disabilities, or at least would postpone them for many years and give the
patient free limbs and a capacity for self-care and work.”
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Crapren X
Aortic Aspects of Arteriosclerosis

BLOOD SUPPLY

HE THORACIC aorta {Plate VII}, anses from the left ventnicle of

the lreast, proceeds cephalad as the ascending aorta, arches backward
and to the left as the arch of the aorta, then descends on the left side of
the vextebral column as the d fing sorta The artery comes
off the aortic arch, and bifurcates mto the nght common carotid and right
sobelavian arteries. The abdommnal sorta (Plate VIII) starts at the da-
phragm and ends at about the level of the body of the fourth umbar
vertebra by dwiding into the nght and left common thae arteries The
common iliae arteries divide mto the external shac and the hypogastne
arteries, N

ARTERIOSCLEROSIS OF THE THORACIC AORTA

The duagnosis of arterioselerosis of the thoracie aorta as mdicated by
Reich {1}, is made by.

1 The presence of artentosclerosis elsewhere i the body

2 Ringing qualty of the second aortic sound

3. Harsh systolic murmur over the aortie area {On occasion, systohe
hypertension s present )

4. Roentgenologic mterpretation {Fig 49), including calafication of the
descending portion of the aorta (2) (Fig 8) Caleification of the knob and
descending portion of the aorta is to be contrasted with calafication of the
ascending portion (Fig 507, which 15 luetic m origm

a. Increase m width and expanside pulsations of the thoravic sorta on
fluoroseopre examination

b Tortuosity, elongation, and accentuation of the aortic kuob

© The d fing aorta 1 displaced to the left of the spme

OCCLUSION OF THE AORTA

Oeclusion of the aorta may be embolic or thrombetic m engm Embohe
phenomena may be secondary to auncular fibnllation or mural thrombs
in myocardual infarction In autopmed cases with myoecardial mfarction,
embak (1} were found to myolve the aorta tn 05 per cent whereas 55 per
cent praceeded to the extrermties, 14 per cent to the kidneys, 77 per cent
ta the brain and 19 per cent to the mesentery
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p1APHRAG Y Inferior phrenis arteries

Plate VIII. The abdomunal aorta and its branches (From Gray's Anatomy, 26t
Ed, 1954. Courtesy Lea & Febiger, Phuladelphia )
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Aortic Aspects of Arteriosclerosis

BLOOD SUPPLY

HE THORACIC aorta (Plate VII}, anses from the left ventncle of

the heart, proceeds cephalad as the ascending aorta, arches backward
and to the Jeft as the arch of the aorta, then descends on the left side of
the vertebral column as the & ding aorta The artery comes
off the aortie arch, and hifureates mto the nght common carobd and nght
subclavian arteries. The abdominal corta (Plate VIH) starts at the dua-
phragm and ends at about the level of the body of the fonrth Jumbar
rertebra by dividing into the right and left common ihac arteries The
common fiac arteries divide into the external ihac and the hypogastne
arteries, )

ARTERIOSCLEROSIS OF THE THORACIC AORTA

The diagnosis of arteriosclerosis of the theracic aorta as mdicated by
Rereh (1), is made by:

1. The presence of arteniosclerosis elsewhere m the body.

2. Ringing quality of the second aortic sound

3 Harsh systolic murmur over the aortic area, {On occasion, systohe
hypertension 1s present.}

4 Roeatgenologic mterpretation (Fig 49), including calerfication of the
descending portion of the aorta (2) (Fig 8) Calcification of the knob and
descendmg portion of the aortn 15 to be contrasted with caleification of the
aseending portion (Fig 50}, which 15 Juehe m ongn

2 Increase in width and expansile pulsations of the thorawic aorta on
fuorascope examination

b Tortuosity, clongation, and accentnation of the aortic knob

¢ The d ding aorta 1s displaced to the left of the spive

QCCLUSION QF THE AORTA

Occlusion of the aorta may be embolic or thrombotic m ongm Embohie
P may be dary to auncular fibriflation or mural thromby
in myocardial infarction In autopsied cases with myocardial mfarction,
emboli (1) were found to invohe the aorta 1 0 5 per cent wheieas 55 per
cent proceeded to the exiremities, 14 per cent to the kudneys, 77 per cent
to the broin and 1.9 per cent to the mesentery

261




262 Chnical Aspects of Arteriosclerosis

Fig 49. Roentgenogram of the heart of a 63- ye:u‘ -old white male with artenosclemtlc

heart disease, effort angina and p 1 mfarction d ng a dilated
aorte

THROMBOARTERIOSCLEROSIS OF THE ABDOMINAL AORTA

Arteriosclerosis of the aorta may exist without symptoms and may only
be detected by the presence of calcification in the arterial wall on roentgen
exammation (2) A syndrome of thrombotic obliteration of the aortic bifur-
cation was first mentioned by Graham in 1814 and firmly established
clmically by Leriche and Morel (3). There 1s a gradual occlusion of the
lower abdomimal aorta near the Infurcation, extending downward mto the
common 1liac artenies (Fig. 51). It sometimes originates in cne common
ilac artery, later extending to the other iliac artery and to the aorta The
process may extend upward to involve the renal and supertor mesenteric
arteries.

The following symptoms have been noted most commonly (4-13)

Tow back pain and pain in the hips and thighs may be induced by
walking (intermittent claudication). Fatigue of the lower extremities may
oceur after standing and occastonal distress in the lower extremities may
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appear even at rest. Coldness and pallor of the lower extremities may
appear. Inabihity to maintain erection of the penis may ensue

The following physical signs have been noted most commonly by Giber-
son rt al. (4): Arterial pulsations are diminished or absent n the lower
abdominal aorta and below the bifurcation of the aorta. Oscillometric
readings in the legs are reduced. Coldness and varymg degrees of pallor are
seen m the feet and legs. Atrophy of the lower exiremities occurs occa-
sionally. Partial or complete obstruction of the lower part of the abdominal
aorta can be demonstrated by an aortogram

Fig 50 Lateral roentgenogram of the chest ¢ of a 7. ye.u'-ald \\hlle male with Juetic
heart disease, luetic aortitis and aortic of the
ascending sorta, (Courtesy X-ray Department, Beth Tsrael Hospital, New York )
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Fig. 51. Thrombotic obliteration of the aartic bifureation—Lenche Syndrome (Trans-
lumbar At 1 A 48 Id male with intermittent claudication
Film exposed following 2 to 3-second injection o -
an 18 gauge needle inserted via translumbar ro

are outlined as are the renal artenes. {Courtesy

The technic of aortography used by De Wolfe and the Cleveland Clinic
oup (5) is given in detail:*
E;‘,“prtl(le Zlorm ts completely blocked i its terminal portion, a small nmo'nnt
of an opaque medium iserted through a single needle provides sufficient

—_—

» Courtesy of Dr. De Wolfe and by permission of Circulation (9-1, 1954)
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concentration for an excellent aortogram. I, however, the block is a partial
one in an ilizc vessel, the blood flows rapidly past the injecting needle and
more of the opaque medium must be mjected per unit of time to provide
a concentration sufficient for a distinet, dingnostse voentgenogram, Sinee it
15 impossible to ascertain the location and the extent of the block hefore-
band, we have found that the two needle-two synnge method, which insares
a satisfactory film, is preferred m all cases.

“The patient is placed in @ prone position with blanhet rolls under cach
side of the chest and ss hightly anesthetized with Sodium Pentothal admin-
istered by arm vein. Unless the aorta 1s suspected to be to the nght of the
midline, the left side of the patient 1s prepared with antiseptic from the
midline to the flank and from the tenth dorsal vertebra to the gluteal cleft.
This area is blocked off with sterile drapes. An 18-gauge, six-nch needle
with stylet is inserted through the sk, four finger-breadths Jateral to the
midline at the desired level. Since less of the opagque medsum 1s fost of the
needles are inserted just below the renal artenies, the level of the second or
third fumbar vertebra is used unless contramdicated The needle 15 carried
down to the lateral walt of the vertebral body wlach 1s grazed, as i doing
a hunbar pasavestehral block. Tt is mserted one to one and one-half inches
farther until the aartic wall 1 punctured. A defimite sensation 1s felt when
the aottic wall is penetrated, analogous to that which accompanies penctra-
twon of the dura in a spnal puncture, When the stylet 1s withdrawn, there
is 2 brsk flow of hright red hlood which 1s not pulsatile unless the patient
is hypertensive or the needie 1s located just above a black A second needle
is nserted one-half wmch proximal or distal to the first, parallel to 1, and to
the same depth, When the stylet of fhie second needle 1s withdrawn, a simi-
Jar flow of blood oceurs, We behove that the use of 2 second necdle 15 a
safeguard against mserbion of one needle into a renal artery, the celiac aws,
or the mesenteric artery. ¥ a free flow of bloed 1 not ebtaned with the
second needle in the same position and at the same depth as the first, both
needles are swithdrawn and new punctures are made M doubt stilf remains,
a test exposure with 5 small amount of opaque medium 5s obtamed

“After the needles are placed in the correct position, Luer-Lok adapters
connected to 8 to 10 inches of polyvinyl tubing are attached ta cach Two
18 cc Luer-Lok syringes, each overloaded with approximately 12 ¢ of the
opague medium, are attached to the tubing, again by means of Luer-Lok
adapters, The sytinges are elipped to a slide holder winch allows more
tapid injection than the former method of holdng one syringe in each hand,
The anesthetsst then injects 5 ce of Pentothul Sixty seconds later the
opaque medium is snjected, the syringes being emptied as rapidly as posst-
Me. A tatal of 24 cc. of 70 per cent Urakon is used. The exposnse is started
just hefore the plungers reach the bottom of the barrel and continued after
the wjectinn s completed. We helieve that this specified Jength of exposure
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Fig. 51, Thrombotic obliteration of the aortic bifurcation—Leriche Syndrome (Trans-
lumbar Abdeomnal Aortogram). A 48-year-old male with intermittent claudicatron
Film exposed following 2 to 3-second 1njection of 20 ce of 70 per cent Diodrast thmuglh
an 18 gauge needle mserted via translumbar route Obstruction and collateral channels
are outlmed as are the renal artenies (Courtesy of Dr, Israel Stemberg and Crrculation }

The technic of aortography used by De Wolfe and the Cleveland Clinic

5) is given m detail *
gr("‘;lfp t}(xe Z]orta fs completely blocked in its termmal portion, a small amount
of an opaque medum inserted through a single needle provides sufficient

« Courtesy of Dr. De Wolfe and by permusston of Circulation (9 1, 1954)
ourt .
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Thrombo-endarterectomy (24-26) is a method of removing the obstruc-
tion 1n the aorta. The aorta is clamped above and below the site of obstruc-
tion. The mtima, a portion of the media and the thrombus, if present, can
be separated with surprising ease and removed through one or more incis-
10ms in the wall of the aorta This may weaken the wall considerably. Wylie
(27) advocated wrapping of the aorta at this site with fascia to give addr-
tional support.

ARTERIOSCLEROTIC ANEURYSMS

Artenosclerotic aneurysms occur predommantly in the termmnal aorta, al-
most always below the renal arteries, and are usually fusiform dilatations
n older indwviduals They rarely produce erosion of bone, and associated
pain is apt to be mild and poorly defined Estes (28) reported that of 102
patients with abdominal aneurysm, almost all of which were due to artero-
sclerosis, 67 per cent survived 1 year and 10 per cent for 8 years As for the
average life expectancy of the normal population aged 65, 67 per cent will
hve for 8 years Only 27 5 per cent of the 102 patients with aneurysms were
less than 60 years old at the time of diagnosis and only 6 9 per cent were less
than 50 years of age The most common symptoms were abdominal pam
and abdominal mass, but nearly a third of the patients had no symptoms.
The most common physieal signs were the presence of an expansile, pulsa-
tile abdominal mass and a thrill or brnt. Roentgenograms disclosed scat-
tered caleification 1 the aneurysms or m the aorta mn a little more than half
of the cases Rupture occurred in 63 3 per cent of untreated artenosclerotic
aneurysms.

While some aneurysms may remam stationary or even asymptomatic,
nearly all of them leak, rupture (29) or become thrombosed The slowly
leaking abdommal aneurysms 1s 2 definite entity (30) It 1s not a dissecting
aneurysm and creates massive organized, fibrotic masses giving suspicion
of retroperttoneal tumors. Despite the nisk in untreated patients, Kirklin and
Waugh (49) state that “patients with advanced coronary disease, mani-
fested by recent or repeated myocardial infarctions or by severe angina
pectoris probably should be dented operation.” Patients with less severe
coronary artery disease should be operated upon (58).

Enselberg (53) reported his expersence with 34 proven cases of abdom-
inal aortic aneurysm In this group, correct clinieal diagnosis (including
ray diagnosis) was made in only 16 There were 29 males and 5 females;
1 patient was 22 years old, 9 were between 52 and 57, 14 between 60 and
69, 9 between 70 and 79, 1 patient was 86 years old. The diagnosis 1n 32
patients was arteriosclerosss, in 1 case, syphihs, and m 1, the etiology was
constdered congemital Of these 34 patients, 26 died and 19 were autopsies,
Rupture of the aorta occurred n 14 cases, m 68 of which this diagnosis was
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is extremely important, Unless the opaque medwum is in the aorta at the
level of the needle tips, 1t is impossible to know whether the empty area
below the needles and above the top of the dye column represents a block,
or merely a region through which all of the opaque medium has passed
before the exposure was made.

“The patient lies on an ordinary operating tahle at standard height in a
fully equipped operating room. A portable Bucky, holding a standard 14 x
17 film, 1s placed under his abdomen A 60 mulliampere portable x-ray ma-
chine which provides a 32 inch tube-to-film distance is used. The average
eaposure 1s 05 second at 80 kilovolts

“Because it is occasionally necessary to obtain an additional aortogram,
the needles are mantained m place until the film 1s developed, unless there
are ancsthesia ditficulties It is sometimes desirable to repeat the procedure
1n the case of a termmal aortic block with only moderate collaterals, with
tourniquets on both of the patient’s legs, to show the collaterals more
clearly.”

The importance of preoperative angrograms in predicting the success or
farlure of a grafting procedure was stressed by Humphries, de Wolfe and
LeFevre (57). Their more than two-year experience is based on 120 freeze-
dnied homografts (77, aortoiliac and 43, {emoral). The age of the patient,
the presence or absence of diabetes or heart disease had httle predictive
value The importance of angiography was related not only to the determi-
nation of the length of the occluded t but more specifically to the
presence of patent chstal vessels that were relatively free of discase and
were capable of carrying the mcrcased blood flow imposed on them by the
graft When the preoperative angiographic findings were favorable, a 96
per cent chance existed that the graft mtially would be successful Fur-
thermore, 1f the occlusion was aortic, there was approvimately a 93 per
cent chance that the graft would remain satisfactory, if femoral, this be-
came 2 90 per cent chance. When angiography revealed an unsatisfactory
outflow, the chances of a successful graft fell to 24 per cent.

Treatment: The treatment of thromboarteriosclerosis of the abdominal
aorta is sargical. The following procedures have heen recommended (4)
(1) brlateral lumbar sympathectomy, (2) resection of the diseased portion
of the aorta, with no graft, (3) resection of the diseased portion of aorta and
reparr with a graft, and (4) thrombo-endarterectory Resection of the dis-
eased portion of the aorta with replacement by a graft 1s the most commonly
advocated procedure (14-19). The replacement graft may be a ho'r‘no’}ogous
aortic graft (20), a freeze-dried artenal hcmograft‘ (21), Vx‘nyn‘n ‘N” cloth
(17), orlon cloth (18), or vena cava autografts with a buttressing S\lpp;)l:t
(52)- Techmes are given in ths standard texts and in the papers on this
subject (15-19, 22, 23, 48, 54, 55).
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only mn those with medium-sized or large lesions Resection of the aneurysm
should be advised in all patients unless fresh coronary occlusion, cardiac
decompensation or some other serious medical consideration makes the
patient a very poor surgical risk.

De Takats and Piram (31) believe that the pathogenesis of arterioscle-
rotic aneurysms 1s as follows:

“It is our feeling based on the reports of numerous investigators, that the
Tocal’ factors, such as deposits of fibnin and other hemotogenous substances
in the intima, accumulation of ground substance, and disruption of elastic
lamellae 1n the media, but especially disturbances of circulation i the
vasovasorum erther on a functional or anatomic basis or both, play the m1-
tal and perhaps predominant role 1n this disease Of course, atheroma for-
mation may further weaken the arterial wall and atheromatous ulcers m
particular may m some cases be the basis of aneurysms formation. Foci of
fibrosts and scarning of the arterial wall with or without lipid deposition, will
result in the formation of melastic and noncontracting areas

“Once the imtial dilatation of the artersal wall has taken place, the course
of the disease 15 progressive. Formation of mural thromb: within the aneu-
rysmal cavity and extensive fibrosis of the artenial wall and of the perarte-
nal tissues may delay expansion and rupture of the aneurysmal sac, but
cannot prevent the inexorable progress of the lesion. At this stage three
factors appear to be mvolved 1n determimng the progress of the disease
the level of the systolic blood pressure, the direction and force of the second-
ary blood currents within the aneurysmal sac, and the state of vasculariza-
tion of the aneurysmal wall ”

Treatment: 1. ExcisioN oF THE ANEURYSMAL Mass witH Its FEEDING VES-
seLs (17, 31-35, 51). In artenosclerotic saccular or fustform aneurysms,
exasion and replacement by autogenous vein or homologous artenal grafts
1s indeed a great advance n the treatment of this disease While autogenous
vemns will suffice m penpheral aneurysms, so far only artenal grafts have
been used for replacement of segments of aorta On occasion, the spleen
has been removed and the splenic artery has been anastomosed to the 1lac
artery (36)

De Bakey et al. (19) have reported resection on 76 abdommal aortic
aneurysms Of a total of 89 thoracic and abdominal aortic aneurysms com-
bined, there were 20 deaths and an operative mortality of 22 per cent.

2 Wiring, wrapping with cellophane, partial constriction and their com-
bination (32), pamting or spraymg with 1 per cent dicetyl phosphate, sur-
rounding the bulging sac with steel mesh, or Ivalon sponge (50).

Blakemore and Voorhes (35) report that from January 1932 to June 1933
the diagnosis of aortic aneurysm was made in 365 cases. Of these, 143 were
artentosclerotic (29 thoracic and 114 abdominal). Two hundred eleven of
the total series were surgically treated as follows. wiring and thermo-coagu-
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missed. No patient survived ruptare and only 3 could be subjected to
1cparative surgery. The most common symptoms associated with abdominal
aortic aneurysm were lower backache (usually on the Ieft side), low abdom-
inal pam and pain simulating renal colic. Referral along the postenor thigh
occurred m a few. Only 5 patients had no symptoms explamable on the
basis of anenrysm.

A palpable abdommnal mass was found in 21 cases. In 16, the mass exhib-
ited expansile pulsations, and m 15 1t was tender. Murmurs and thrlls were
noted n 5 and 4 cases, respectively In only one instance was 1t specifically
noted that the mass was not tender X-ray examnation revealed caleified
outlmes of the ancurysmal wall m 12 cases. In 7 instances aortography was
dragnostic. In 4 cases indirect signs were found, such as a soft tissue mass
or displacement of the kidney and ureter were noted on pyelography. The
14 patients with rupture all presented the classic picture of hemorrhagic
shock. In almost every case a history was obtamed wlnch pointed to retro-
peritoneal involvement (severe backache, “renal colic”). Reflex ileus was
common mn patients surviving 2 days. However, 9 of the 14 died wathin 48
hours. In 4 cases 1t scemed probable that small extravasations had occurred
weehs or possibly months before the major catastrophe Rupture was usu-
ally through the posterolateral aspect of the aorta 1nto the retropenitoneal
space. Intraperitoneal hemorrhage was found only twice In 2 cases, rupture
occurred m associated thoracic aneurysm whose presence was unsuspccted,

Crane (56) reviewed the autopsy protocols and the chnical records of 44
patients with abdominal artenosclerotic ancurysms. The senies consisted of
37 men and 7 women; the age range was 39 to 93 years with two-thirds m
therr sixth or seventh decade. Twenty-four patients were hypertensive (160
mm. of mercury, systolic, or 90 mm. of mercury, diastolic, or more). In 42
cases in wlich the coronary arteries were cxammed, they were said to be
normal m only one. Six cases had old coronary occlusion, 10 fresh and 4
showed both Recent coronary-artery closure was thought to be the chief
cause of death i 14, or about a third of the cases Arteriosclerosis of the
generalized type (peripheral artenes, visceral artenes, heart and bram)
were found pathologically in 41 patients. When the aneurysms were classi-
fied according to size, it was found that 82 per cent (14 of 17) of those 7 cm.
or more in diameter had ruptured while only 1 of 26 or 4 per cent of those
less than 6 em. in diameter ruptured. Only 3 of the 44 aneurysms lay above
the renal arteries. The great majornity of the 15 patients with ruptured aneu-
rysms had had symptoms for only a short time before entry into the hos'pl-
tal. Three of the 15 patients died within less than 6 hours of hospital
adnussion, 5 lived for 12 to 24 hours, and 7, for 1 to 6 days The recommen-
dation 15 made that asymptomatic patients with artencscleroh:c abdomfnal
udied with special attention to cardiac function,

: hould be st
aneurysms * and renal function. Aortography should be done

coronary artery disease
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acterized by the sudden occurrence of anomzm o abdominal pam, usually
accompanied by nausea and vomiting Ex i! and board-hke
ngxdxt} of the abdominal wall rapsdly de\elop The blood pressure and

Iy the body temperature falls Abdominal distention with constipa-
tion becomes marked. If bowel movements occur, the stools are usually
bloody. In the absence of melena, the chmical picture strongly suggests
mtestinal perforation. Gangrene of the infarcted segment of bowel, peri-
tontss, and death rapidly ensue, nnless the affected portion of the gut can
he resccted or splanchme block (41} can restore some mesenteric ciren-
Iation.

Motris {43} and Seymour and Liebow (47) indicated that as the pro-
gressive narrowing of the mesenteric arterses occur, the patient may com-
plam of “intermittent intestinal claudication” or “abdominal angina ™ This,
Morns (43) states, may represent itself as an aching, gnawmg, abdominat
pain commng on one or two hours after meals Finally the thrombosis occurs
giving rise to the chmeal picture described above.

Larger aneurysms (45} may be detected by physical exammaton, by
auscultation of a bruit and by the presence of calaification in the aneurys-
mal sac on soentgenography.

INNOMINATE ARTERY THROMBOSIS

Thrombosis of this artery due to arteriosclerosis is edtremely rare Zondek
{46} reports the history of such a patrent i3 whom an atheromatous mnormi-
nate artery with thrombus formation was found at pathologie exammation
The author feit that the thrombus formation was due to mfection although
1o cavse of such mfection could be found m the climcal history or w any
of the laboratory mvestigations The thrombus extended into the right com-
mon and internal carotid artenies and there was mntensive softenng of the
Tight cerebral hemmsphere
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Iation, 101, wiring alone, 25, banding, 7; banding, wirng and thermo-
coagulation, 52, wrapping, 14; ligation, 4; grafting (excision and graft), 4,
resection {neck or saceular), 4.

The clectro-thermic method is employed as follows (35):

1. At a first stage operation, the object is to clot the fusiform aneurysm to
the pomnt of decreasing considerably the blood flow through the aorta via
the aneurysm as a stumulus to the development of adequate collateral cir-
culation Thus is to be attamed by the introduction and heating of ten meter
segments of insulated wire

2. At a second stage, complete closure of the aorta is attained by the
mtroduction and heating of additional segments of insulated wire.

3. Since from experience, it 1s known that to elminate the threat of rup-
ture and achteve permanent mactivation (cure) of the aneurysm requires
exclusion of aortic blood flow at the aneurysm site, 1t is necessary on many
occasions to do a third operation mvolving wiring. The technic 15 as follows

The wiring operation is performed in two stages with a 3-week interval
in between. At the first operation several 10-meter segments of fine insu-
lated coin silver wire are distributed throughout the aneurysm Each seg-
ment of wire 1s heated to an average temperature of 80 degrees C for a 10-
second period At the second operation several segments of wire are concen-
trated 1n the lower half of the aneurysm, Heating of these final segments of
wire results 1 complete occlusion of that portion of the aneurysm distal
to the renal arteries,

In 1948, the method of banding was devised by Blakemore. The method
entals the employment of a wide (1.5 em ) heavy, rubber band, which
prior to tts mtroduction 1s encased m some 16 to 20 layers of polythene
dicetyl-phosphate, plastic film On tightening the band upon the aorta, the
mtervemng plastic film 15 1n pressure contact with the aorta. The presence
of the imtant dicetyl-phosphate, stimulates fibroplasia and has proved effi-
cient in the prevention of necrosis of the aorta wall with secondary hemor-
rhage. De Bakey and his group (37) found that i 8 cases of abdommal
aortic aneurysm treated by polyethylene wrapping and subsequently re-
sected (7 to 41 month mterval) that although symptomatic improvement
vecurred m some patients followmg the polyethylene wrapping procedure,

there was eventual recurrence of symptoms and progressive merease m
size of the aneurysms m all the patients. With Ivalon sponge, Grmdlay
et al. (50) found that 333 per cent of paticnts so treated died from aorhe
rupture in from 6 months to 2 years

MESENTERIC THROMBOSIS (3843)

vhich develops with acclusive Jesions in the mesenteric
The syndrome ¥ farctionpof the bowel, is by far the most defimte

jes resulting in in t ¢
arteric & Jerosis of the abd al vessels, This is char-

clinical expression of arter
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CuarTen XI
Peripheral Vascular Aspects of
Arteriosclerosis

BLOOD SUPPLY

HE SUBCLAVIAN artery (Fig. 52) anses on the right from the in-
nommate artery and on the left from the aortic arch It terminates at
the outer border of the first nib as the avillary artery. The axillary becomes
the hrachial artery at the lower border of the teres major and this divides
nto the radial and ulnar arteries just below the head of the elbow
The femoral artery (Plate IX) 1s a continuation of the external ihac
artery and 1t proceeds down the antenor and medzal side of the tlugh mto
the popliteal space where it becomes the popliteal artery (Plate X) The
anterior and posterior tibial artenies are branches of the pophteal The
anterior tibral at the first interosseous space where 1t divides mto the first
dorsal metatarsal artery and the deep plantar The postenior tibial artery
becomes superficial at the medial aspect of the leg below the internal mal-
leolus an important fact i ats physical palpation. The peroneal artery anses
from the posterior tibial artery and divides near the fibula into lateral cal-
caneal branches.

TYPES OF PERIPHERAL ARTERIOSCLEROTIC DISEASE

1. Monckeberg’s Arteriosclerosis
2, Arteniosclerosis Obliterans.

MONCKEBERG'S ARTERIOSCLEROSIS

Monckeberg’s arteriosclerosis (1) 1s a clinically bemign form of calaifica-
tion of the blood vessels. The climcal charactenstics that distmguished
Monckeberg’s sclerosis from other forms of artenosclerosts are extreme cal-
cification of the artenies of the lower extremuties 1n young and middle-aged
persons who have no symptoms or signs of impaired crculation, Silbert
¢t al. (2, 3) found only 53 cases during the same period that over 3,500
cases of arteriosclerosis obliterans were observed In 6 of their cases,
Monckeberg's arteriosclerosis was associated with occlusive artenial disease
(4, coronary; I, peripheral, coronary and cerebral). )

Pathologically, Monckeberg’s sclerosis is characterized by a deposx} of
calcium in the media of the artenes There is no thickening of the ntimal
ver, which is the most striking feature mn true arteriosclerosis, and the
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Plate IX. The femoral artery. (From Gray’s Anatomy, 26th Ed. 1954, Courtesy Lea
& Febiger, Philadelphia,)



Ciarrin XI
Peripheral Vascular Aspects of
Arteriosclerosis

BLOOD SUPPLY

HE SUBCLAVIAN artery (Fig 52} arises on the right from the mn-

nommate artery and on the left from the aortic arch. It termmates at
the outer border of the first rib as the axillary artery. The axillary becomes
the braclal artery at the lower border of the teres major and this divides
mto the radial and ulnar arteries Just below the head of the elbow.,

The femoral artery (Plate IX) is a continuation of the external iltac
artery and it proceeds down the anterior and medial side of the thigh into
the pophteal space where it becomes the pophteal artery (Plate X). The
anterior and posterior tibial arteries are branches of the pophiteal. The
antenor tibial at the first interosseous space where it divides nto the first
dorsal metatarsal artery and the deep plantar The posterior tibial artery
becomes superficial at the medial aspect of the leg below the internal mal-
leolus an mmportant fact 1 1ts physical palpation. The peroneal artery anses
from the postertor tibial artery and divides near the fibula into lateral cal-
caneal branches.

TYPES OF PERIPHERAL ARTERIOSCLEROTIC DISEASE

1. Monckeberg’s Arteriosclerosis.
2. Arteriosclerosis Obliterans

MONCKEBERG'S ARTERIOSCLEROSIS

Monckeberg’s arteniosclerosis (1) 15 a chinscally bemgn form of calcifica-
twon of the blood vessels. The climcal characteristics that dish‘nguished
Monckeberg’s sclerosts from other forms of arteriosclerosis are extreme cal-
cification of the artertes of the lower extremuties m young and smddic-aged
persons who have no symptoms or signs of impaired circulation. Siibert
¢t al. (2, 3) found only B3 cases during the same period that over 3,500
cases of arteriosclerosis obliterans were observed. In 6 of their cases,
Maonckeberg’s arteniosclerosis was associated with ocelusive arterial disease
(4, coronary, 1, peripheral, coronary and cerebral).

Pathologically, Monckeberg's sclerosis is characterized hy o deposit of
calcium 1 the medi of the arteries There 1s no thickening of the intimal
Jayer, which is the most strilang feature m true arteriosclerosis, and the
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Tig 52 The artenes of the upper extremity (From Gray’s Anafomy, 26th Ed., 1934,
Courtesy Lea & Febiger, Philadelphia )

blood vessel lumen is therefore not narrowed The surface of the intima
remains uninjured and thrombosis does not oceur

The chimieal features point up the complete absence of any symptoms or
signs of mpaired circulation in the extremities All pulsations are casily
felt and are normal in size. Oscill tric and s ure studies indicate
a normal blood flow., Males alone scem to have this disease. No treatment
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and on the site of 1schemia. Reducing the rate of walking or shortening the
length of the step (6) may delay or prevent claudication

2. Rest Pain, As arterial insufficiency progresses, a point 1s reached where
pain 1s present at rest. It is more commonly noted at night, especially after
the patient had gone to sleep. Such patients may spend sleepless hours
rubbing the painful foot. Occasionally, placing the extremity in a depend-
ent position relieves the pain Such pain may be indicative of a sudden
arterial occlusion or be part of a gradually progressive chronic arterial
occlusion,

Constant pain at rest may also occur with ulceration and gangrene which
represents a further step m circulatory msufficiency. These pamns are to be
contrasted with the pain of 1schemic neuntis which usually occurs over
large portions of the skin and may follow the distnibution of the peripheral
nerve trunks The pam is of burning character. It occurs more commenly
among diabetic patients

Paresthesias, such as numbness, deadness, prickhng, tinghng may occur
secondary to arteriosclerosis obliterans and ischemic neuritis. A degree of
cold sensitivity may develop even 1 the early stages. Muscular weakness
may be seen with extreme degrees of arterial msufficiency

Physical Examination: Pulsations m the postenor tibial, pophteal and
femoral arteries, when absent 1n a patient at rest and m a warmm environ-
ment, indicate occlustve artenial disease. The dorsalis pedis artery is absent,
normally in as high as 12 per cent (73) of the population due to an anom-
alous distribution 1n the deeper tissue. Examination of the extremities m
the horizontal, dependent and elevated positions will bring out such cardi-
nal color changes as rubor on dependency and pallor on elevation. A differ-
ence 1n the temperature on palpation between the two feet or legs 1s much
more significant than equal coldness of both feet.

The digts should be inspected for scarring, shrinkage, impairment of nail
growth and lack of hair growth (7) Ulcers, gangrene and infection should
be noted The more severe degrees of chronte arteriosclerosis obliterans
gwve rise to atrophy of the les, skin and osteoporosis of bone Edema
may be due to local artenal msufficrency but its eccurrence as part of con-
gestive heart failure should be investigated

Laboratory Examination: The followmng are helpful.

1 RoenteENOGRAMS Of extremities for calaification

2 SN TEMPERATURE sTUDIES before and after posterior tibial nerve block
or elevation of temperature i another way to give definite information as

to degree of vasospasm and degree of organic arterial occlusion (9)

3 Oscrronerny Atlas (8) compared the oscillometnic reading at the
ankle with that at the wrist and expressed the result in the form of a ratio.
Smee artenosclerotic changes usually progress more rapidly in the lower
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of any kind is necessary. Nocturnal leg cramps can be relieved by oral cal-
cium lactate.

Roentgenographically, typreal cases show dense umiform caletfication
which outhines the major artenies and their branches. The ealeium appears
to be deposited m transverse lines giving the appearance of a cham of rings
similar to a goose nech. In contrast, calcification m intimal artenosclerosts
15 patchy, dispersed, and tends to be deposited i the Jong axis of the blood
vessels

ARTERIOSCLEROSIS OBLITERANS

Arteniosclerosis obliterans 1s a type of arteriosclerosis oceurring typreally
i the lower eatremuties which results m episodal occlusion of the arterial
lumen (5).

Parerra et al (4) studied the major arteries and v ewns of 45 lower extremi-
ties Thirty-six of the 43 limbs had been amputated because of gangrene
resulting from vascular occlusion on an arteriosclerotic basis They con-
cluded that the aging process n arteries starts at an carlier time than was
previously appreciated. For example, the popliteal artery in a patient aged
20 years already may show sigmificant changes. The aging process may be
summanzed as follows First there ts mtimal thickening due to collagen
with an increase m the elastic fibers of the mtimal elastic lamella and early
depostts of calcium along the elastic fibers, later the elastic filaments -
crease in the mtima and media and caleification about them mcreases, the
caletfication creases with rock or bone formation, atheromatous plaques
appear late in the process and occurs in the muscular wall as well as the
elastic arteries. It would appear that the hydrostatic tension m the vessel
is an important factor m determining the rapidity of this aging process
snce 1ts localization and rate correlate with Iugh tension The incidence of
thiombosis at given locations ndicates a relation exists between the caltber
of the vessel and the degree of atheromatous change

Incid, It occurs predominantly among men (6 1 ratio with women)
between ages of fifty to seventy years. In 280 cases reported by Allen,
Barker and Hines (5), diabetes mellitus was found in 57 (20 3 per cent)
IHypertension was found m ninety -nine cases (35 per cent) Eighteen addr-
tional patients had retinal arteriosclerosts

Symptoms: 1. InTERMITTENT CLaUDICATION The patient with arteral
insufficiency usually first complams of symptoms of intermittent claudica-
tion (69). This 1s mamfested by a sense of tightening of the muscles, or
cramping and an mability to walk, with relief after cessation of walking

and Test even though this be i the upnght position. Symptoms are usually
unilateral at first, may become bilateral at any time but at almost any stage
of the discase is worse m one leg than the other The area of pain may bf
here from the hip to the foot, depending on the site of intimal sclerosis

anyw!
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and on the site of ischemia. Reducing the rate of walking or shortening the
length of the step (6) may delay or prevent claudication,

2 Rest Pamv. As artenial insufficiency progresses, a point is reached where
pain s present at rest. It 1s more commonly noted at night, especially after
the patient had gone to sleep. Such patients may spend sleepless hours
rubbing the painful foot. Occasionally, placing the extremity 1n a depend-
ent position relieves the pain. Such pamn may be indicative of a sudden
arterial occlusion or be part of a gradually progressive chronic arterial
occlusion,

Constant pain at rest may also occur with ulceration and gangrene which
represents a further step 1n circulatory insufficiency. These pams are to be
contrasted with the pam of ischemic neuntis which usually occurs over
large portions of the skin and may follow the distribution of the peripheral
nerve trunks. The pain is of burning character It occurs more commenly
among diabetic patients

Paresthesias, such as numbness, deadness, prickling, tingling may occur
secondary to arteriosclerosts obliterans and i1schemie neurtis. A degree of
cold sensitivity may develop even in the early stages. Muscular weakness
may be seen with extreme degrees of arterial mnsufficiency.

Physical Examination: Pulsations n the postenor tibial, popliteal and
femoral arteries, when absent 1n a patient at rest and in a warm environ-
ment, indicate occluswve arterial disease. The dorsalis pedis artery is absent,
normally 1n as high as 12 per cent (73) of the population due to an anom-
alous distribution mn the deeper tissue. Exammation of the extremities in
the horizontal, dependent and elevated positions will bring out such cardi-
nal color changes as rubor on dependency and pallor on elevation A differ-
ence in the temperature on palpation between the two feet or legs 1s much
more sigmficant than equal coldness of both feet

The digits should be mspected for scarring, shrinkage, impairment of nail
growth and lack of hair growth (7) Ulcers, gangrene and infection should
be noted The more severe degrees of chronic artenosclerosis obliterans
give nise to atrophy of the muscles, sk and osteaporosis of bone. Edema
may be due to local arterial insufficiency but its occurrence as part of con-
gestive heart farlure should be nvestigated

Laboratory Examination: The following are heipful:

1 RoENTGENOGRAMS of extremities for caleification

2. SKIN TEMPERATURE sTUDIES before and after posterior tibial nerve block
or elevation of temperature m another way to give definite information as

ta degree of vasospasm and degree of orgame arterial occlusion (9).

3 OsciLLomeTry Atlas (8) compared the oscillometric reading at the
ankle with that at the wrist and expressed the result in the form of a ratio
Since arteriosclerotic changes usually progress more rapidly in the lower
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of any kind is nccessary Nocturnal leg cramps can be reliesed by oral cal-
cium lactate.

Roentgenographically, typical cases show dense uniform caloification
which outhnes the major artenses and their branches The calcium appears
to be deposited 1n transveise Iines giving the appearance of a cham of rings
sinilar to a goose nech In contrast, ealeification in intimal arteriosclerosis
15 patchy, dispersed, and tends to be deposited in the long axis of the blood
vessels

ARTERIOSCLEROSIS OBLITERANS

Arteriosclerosis obliterans 15 a type of arteriosclerosis occurring typically
m the lower extremities which results in episodal ocelusion of the arterial
lumen (5)

Yarcira et @l (4) studied the major arteries and vems of 45 lower extremi-
tics. Thirty-six of the 45 Iimbs had been amputated because of gangrene
resulting from vascular occluston on an arteriosclerotic basis They con-
cluded that the aging process m artertes starts at an carlier time than was
previously appreciated For example, the popliteal artery in a patient aged
20 years already may show significant changes. The aging process may be
summarized as follows: First there is mtunal thickening due to collagen
with an increase m the clastic fibers of the intimal elastic lamella and early
depostts of caleium along the elastic fibers, Iater the clastic filaments n-
crease m the mtima and media and caleification about them mcreases, the
calcification mereases with rock or bone formation, atheromatous plaques
appear late in the process and occurs m the muscular wall as well as the
clastic artenies It would appear that the hydrostatic tension m the vessel
1s an important factor m determmung the rapidity of this aging process
sinee its Jocahization and rate correlate with lgh tension. The incidence of
thrombosis at given locations indicates a relation eusts between the caliber
of the vessel and the degree of atheromatous change.

Incidence: It accurs predonunantly among men (6.1 ratio with women)
hetween ages of fifty to seventy years In 280 cases reported by Allen,
Barker and Hines (5), diabetes mellitus was found mn 57 (203 per cent).
Hypertension was found mn ninety-mne cases {35 per cent) Eighteen addi-
tional patients had retal arteriosclerosis

Symptoms: 1 INTERMuTTENT CraupicATioN. The patient with arterial
insufficiency usually first complams of symptoms of intermittent claudica-
tion (69). This 15 manifested by a sense of tightening of the muscles, or
crampmg and an mability to walk, with relief after cessation of walking
and rest even though this be in the upright position Symptoms are usually
umlateral at first, may become Iilateral at any time but at almost any stage
of the disease is worse m one leg than the other The area of pain may be

anywhere from the hip to the foot, depending on the site of intimal sclerosts
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reached after 068 mmute During the vasoconstrictive phase the toe flow
declined on the average to 4.1 cu. mm In arteriosclerosis obliterans, pa-
tients with tissue changes, the average blood flow was 1.9 cu mm. per 5 ce.

The plethysmograph may be used to measure the change in peripheral
blood flow produced by emotions (13).

5. ArtERIocRATIY (5, 67-68¢) is useful in determming alteration in cali-
ber of lumina, the presence of complete occlusion and the presence or
absence of collateral circulation, but 1t 15 considerably less important as
a routine procedure 1 peripheral vascular disease than is aortography as
a pre-operative diagnostic procedure for segmental resection

6. FLuonescewv (14-16)+ An aqueous solution of sodium fluorescein when
injected intravenously, will give a greemsh yellow glow when observed
under an ultraviolet light in a darkened room This method may be used
for determining circulation time on the extremities of patients with periph-
eral arterial disease. Sicher (17) found circulation times in arteriosclerosis
obliterans as long as 51 to 154 seconds The usual time to the foot is about
34 to 36 seconds. The test may also be used to indicate levels of arterial
occlusion in instances where gangrene is present and the level of adequate
circulation 1s desired.

7. Raproactiv Soprunt. Mufson (18, 19) has described the use of radio-
active sodium to test the effect of drugs in penipheral arterial insufficrency.
The testing 1s done as follows The patient 1s supme and is allowed to
remam recumbent for 15 minutes before the test is started The window
of a Geiger counter 15 placed against the sole of the foot and under the
calf alternately for 6 to 8 minutes at a time, while the count 15 taken every
minute after the injection mto the ante-cubital ven of about 100 microcuries
of radiosodium in a sterile solution of physiologic saline The counter reg-
isters the local amival of the radioactive matenal m the blood stream and
the graphuas plotted from these measurements represents its rate of accumu-
lation in the extremity. A basic curve without drug 1s compared with the
curve after drug To correlate the radiosodium studies with objective find-
mngs, skin temperatures and oscillometric readings are recorded during the
test.

This method has confirmed the effectiveness of histamine and of sympa-
thetic block as vasodilators in obliterative disease of the leg In the same
patient, mtra-arterial papaverine, aminophylline and intravenous Etamon
was found to be meffective where luistamine intra-arterially was affective,

8 Cavrormerny: Using his own calorimetnic method for measuring digi-
tal blood flow, Mendlowitz (20, 21) found that decreased hallucal circulation
was an early manifestation of vascular disease m diabetes mellitus. The
hallucal circulation was measured after mhibition of sympathetic nerve

discharge by approximately 1 hour of indirect heating, supplemented by the
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than in the upper extremity, the reading at the wrist may be assumed to
represent cach patient’s approximately normal value, and Atlas demon-
strated that the oseillometrie (ankle:wrist) mdex provided a better basis
for evaluation of the arterial status in the leg than does an osaillometric
reading at any single level of the extremity. In a series of 90 normal adults,
he found this ratio to be 1 or more, whereas in a senes of 100 persons with
arteniosclerosis of the lower eatremities, the ratio was found to be less than
1 For these patients with low oscillometric indices, the absolute oscillo-
metne value proved misleading as a criterion of arterial disease of the
extremities since wn half of them, despite the absence of pulsation in both
the dorsal pedal and the posterior tibial arteries, the oscillometric reading
at the ankle was 1 or more, which is generally aceepted as normal

Rmzler, Travell and Civin (9) determined the oscillometrie index, the
cutancous temperature following posterior tibial nerve block and the pres-
ence or absence of calaification of the vessels of the lower extremities m
roentgenogram for 84 ambulatory patients with heart disease. A correlation
of the data obtained by these three laboratory mds shows that as the
oscillometric index decreases, the mncidence and extent of caleification of
the vessels of the lower extremity and the incidence of abnormal cutancous
temperatures increase.

In the presence of a normal circulation in the upper extremity, an oscil-
Iometric index of 0.75 indicates sclerotic changes in the arteries of the leg,
probably with caleification, and an index of 0.3 or less indicates extensive
caleification and probably advanced ocelusive arterial disease The oscillo-
metnic mdex 1s of greater value in estimating the presence and degree of
arteriosclerotic disease mn the lower extremity than in the oscillometne
reading at the foot or ankle when the latter readings fall within an inter-
mediate range of about 1 to 4 at the ankle and 1/8 to 2 at the foot. An
oscillometrie reading of more than 4 at the ankle or more than 2 at the
foot nearly always indicates normal arterial flow, and a reading of less than
1 at the ankle or 0 at the foot indicates occlusive disease.

4. PLenysmocnarny The plethysmograph (10, 78) measures changes
in volume per unit time Vanations n such volume has been used as early
indications of the onset of peripheral vascular sclerosts (11, 12). Megibow
et al. (12) found that the characteristic pulse wave alterations and the
increased pulse volume which normally follow the admimstration of mtro-
glycerin are absent or are mmimal in the presence of organic vascular
disease. .

Wnsor (11) studied the reactive hyperemia following 15 minute arterial
occlusion at the ankle by means of plethysmographic tracings. The normal
< had a mean resting blood flow of 7.8 cu. mm per 5 cc per second,

bject:
e flow amounted on the average to 20.8 cu. mm.,, and was

the maximum toe



Peripheral Vascular Aspects 281

parenterally. The use of vasodilating agents and the route of administration
is usually determined by the clinical condition.

Locally, 1t is best to expose the foot to the air without dressings and to
keep the patient in bed with his foot level »f there is no cellulitis or lymphan-
gitis (in which case the foot is shghtly elevated). A cradle is used to protect
the foot. Wet dressings are used in the presence of cellulitis or lymphangstis.
For the lesion itself, antibiotics should be used locally. Many prefer an
antibiotic powder so as to keep the lesion dry since it is believed that
antibiotics in ointment form may macerate the tissues. This must be con-
sidered m using tryptar or streptokinase ointments It is wise to rule out
osteomyelitis.

Where the lesion is progressive or where rest pain becomes a problem,
one must consider inter-artenal histamine or priscolme or paravertehral
block The latter is usually accomphshed with a polyethylene catheter in
place so that procaine may be mstilled several times daily over a period of
several days.

Trypstv  Innerfield, Angrist and Schwartz (55) found that intravenous
administration of trypsin consistently produced fibrinolysis m dog and rabbit
experiments and extended these observations to the problem of the fibrn
network of human intravascular thrombi, The material was adminstered
as follows- under stenle conditions a vial contaiming 10 mg of trypsin was
dissolved in 3 cc. of isotonic sodium chlonide, and 1 ce (10 mg ) of meth-
apynlene hydrochloride (histadyl) was introduced into the flask. The intra-
venous injection was started immediately Each dose consisted of 10 to 15
mg of trypsin dissolved 1 100 cc of isotonic sodium chlonde solutior, A
typical course of therapy consisted of 10 mg of trypsin per mfusion, twice
daily, for 5 to 7 consecutive days.

Fisher and Wilensky (56) treated 42 patients with peripheral arterio-
sclerosis with and without gangrene of the heel or the toes with repeated
mtravenous mfusions of trypsin m ascending doses of from 10,000 to 50,000
Armour units with little or no effect on the course of the disease Twenty
of the group had diabetes and with those who had infected lesions of the
toes, as paronyclia, the infection seemed to subside more promptly with
than without 1t. No improvement was noted i the peripheral circulation
m the diabetic arteriosclerosis Intramuscular trypsm 1n a concentration of
5 mg. per cc 1 sesame o1l was tried m 2 patients with peripheral arterio-
sclerosis obliterans with no effect on the course of the disease.

Thrombosis at the site of the intravenous mfusion has been encountered
(57,58). Taylor, Overman and Wnght felt that there was msufficient
oz\s'i;l)ence to justify the use of trypsin for the therapeutic purposes in man

Tryptar has heen used for the enzymatic debridement of indolent infected
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mtravenous mjection of tetraethylammonium chloride in dosage of 5 mg.
per kg. of body weight.

9. Two-ster TEST IN INTERMITTENT CLAUDICATION: Kissin, Stein and
Adleman (22) described a two-step test of exercise tolerance which they
found to be a satisfactory and convenient measure of exercise tolerance in
intermittent claudication. The patient walks back and forth over the steps
until pan appears in the legs. The exercise tolerance test when done repeat-
edly on a single day was found to be constant, as was day to day measure-
ments, a factor useful m the chronic experiments on mtermittent claudi-
cation and in following progression or regression of symptoms.

TREATMENT OF ARTERIOSCLEROSIS OBLITERANS

Foot Care: The patient should be given the following instructions: Do
not wear shoes that are too tight. Wear white cotton socks 1n warm weather,
woolen socks m cold weather and change socks daily. Be careful of any
wound. Do not use iodine if you scratch or cut your foot. Wash the wound
with soap and water and cover it with a prece of stenle ganze until your
doctor sees 1t. Do not cut your own nails, corns or callouses Some respon-
sible member in the family or a podiatrist should attend to this. Do not use
hot water bags, electric pads or baking lamps without asking the advise of
your doctor

Diet: The relation of diet to arteriosclerosis has been covered m Chap-
ter I. The only specific recommendation 1s reduction in weight m obese
patients

Tobacco: Although there 15 no etiologic relation between smoking and
arteniosclerosis obliterans (82), the use of tobacco causes arterolar con-
striction (5, 81) and patients should be adwised to reframn completely. It
has been found by Wemnroth and Herzstern (83) that in a group of male
patients with diabetes mellitus, that the incidence of arteriosclerosis oblit-
erans m smokers was more than twice that in non-smokers.

The Treatment of Ulcers of the Toes in the Presence of Arteriosclerosis
Obliterans Alone or Complicated by Diabetes: During the course of arterio-
sclerosis obliterans, patients may develop spontaneous thrombosis of the
arteries of the leg which may lead to gangrene of one or more digits or to
traumatic or nontraumatic ulcers. The usual history is that the patient with
diabetes gets pressure put upon the toes by a shoe, develops a blister which

goes on to ulceration Because of the possible complication of penpheral
neuropathy, pm-pnick and sensation may be diminished or absent, thus
adding to the possibilities of pedal trauma

The general therapeutic measures include control of diabetes by diet and

on of antibiotics, vitarmn By 1n doses of 1000 mcg.

jnsulin, admumistrati
insulin, also

3 times weekly mtramuscularly and thiamine chloride 100 mg daily,
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parenterally. The use of vasodiating agents and the route of administration
is usually determined by the dlinical condition

Lacally, it 15 best to expose the foot to the air without dressings and to
keep the patient in bed with his foot level if there is no cellulitis or lymphan-
gitis (in which case the foot is shghtly elevated). A cradle is used to protect
the foot Wet dressings are used in the presence of cellubitis or lymphangtis.
For the lesion ttsclf, antibioties should be used locally. Many prefer an
antibiotic powder 5o as to keep the lesion dry since it is believed that
antibiotics in omtment form may macerate the tissues This must be con-
sidered in nsing tryptar or streptokinase ointments, It 15 wise to rule out
osteomyelitis.

Where the lesion is progressive or where rest pan becomes a problem,
one must consider inter-artenal hustamne or pnscoline or paravertebral
block The latter is usually accomphshed with a polyethylene catheter in
place so that pracaine may be mstilled several times daly over a penod of
several days

Trypsin: Innerfield, Angrist and Schwartz (55) found that intravenous

d ration of trypsin consistently produced fibrinolysss in dog and rabbit
expermments and extended these observations to the problem of the fibrin
network of human intravascular thrombi. The matenal was admmstered
as follows: under sterile conditions a vial containing 10 mg. of trypsin was
dissolved 1 3 ce. of isatomc sodium chloride, and 1 cc. (10 mg.) of meth-
apyrilene hydrochlonide (histadyl) was mtroduced mto the flask The mtra-
venous injectian was started immediately Each dose consisted of 10 to 15
mg, of trypsin dissolved m 100 cc. of isotome sodum chlonde solution A
typical course of therapy consisted of 10 mg. of trypsin per infusion, twice
daily, for 5 to 7 consecuhive days,

Fisher and Wilensky (56) treated 42 patents with penpheral arterio-
sclerosis with and without gangrene of the heel or the toes with repeated
intravenous infusions of trypsin m ascending doses of from 10,000 to 50,000
Armour units with hittle or no effect on the course of the discase. Twenty
of the group had diabetes and with those who had nfected lesions of the
toes, as paronychia, the infection seemed to subside more promptly with
than without 1t No improvement was noted i the peripheral orenlation
n the diabetic arterfosclerosis Intramuseular trypsin m a concentration of
5 mg. per cc. in sesame o1} was tried n 2 patients with penpheral arterio-
sclerosis obhterans with no effect on the course of the disease

Thrombos:s at the site of the us infusion has been en d
(57,58). Taylor, Overman and Wnght felt that there was insufficient
L(‘g;l)encc to justify the use of trypsin for the therapeutic purposes m man

Tryptar has been used for the enzymatic debnd t of indolent infected
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cutaneous uleer (59). This is prepared by dissolving 250 mg. of purified
crystilline trypsin solution in 25 cc. of Sorensen’s reagent.

Varmase: Vandase Streptokinase-Streptodornase 1s available in 2 pack-
ages which has the enzymes in the following amounts: Streptokinase 100,000
umits and Streptodornase at least 25,000 units, or Streptokinase 20,000 units
and Streptodornase at Ieast 5,000 umts.

For the topical use of Varidase, Carboxymethylcellulose Jelly is available.
One jar of the jelly 1s mixed with one vial of Varidase after the latter 1s
reconstituted with 5 ml. of sterile distilled water. The resulting mixture
will contain approximately 5,000 units of streptokinase and 1,250 units of
streptodornase per gram. This mixture is stable for 7 days. ‘The jelly mixture
can be kept in situ by means of gauze or plastic bandages.

Indolent ulcers may be treated by Iocal application of Varidase alone
or the vandase jelly.

McVay and Sprunt (60) treated 5 diabetic patients with gangrene with
streptokinase and sterptodornase. In 4 mstances aureomycin was alone
applied locally. Excellent results were noted 1n 3 cases, and definite 1m-
provement i 2. There was evidence of recurrence of gangrene. For example,
1 patient with a painful ulcer of 2 months duration, located between the
third and fourth toes, was treated by placing on the ulcer a small pledget
soaked in 3 ml. of solution of 180,000 units of water. Withm 24 hours, there
was no evidence of purulent material The same procedure was carned out
daly for one week. Forty-cight hours after the institution of therapy, the
wet necrosts had been replaced by dry gangrene Lesser or greater con-
centrations of the matenial were used 1n the other cases

Gilfillan et al. (79) studied the flling pressure of the minute vessels of
the skin of the foot by a method of elevation and reactive hyperemna and
then used this knowledge to treat and prognosticate necrotic lesions of the
foot

Drug Therapy: The drugs used may be divided mto four groups: (1)
adrenergic blocking agents such as, Iidar, Dibenzylme, and Dil
(2) ganglion blocking agents such as, Hexamethonium and Tetraethyl-
ammonium chloride; (3) central acting drugs such as, Iydergmne and (4}
drugs with a direct action on blood vessels such as histamine.

‘Where mtermittent claudication and coronary artery disease co-exist in

' e - *= whether or not the admunistration

ts, such as dibenzyline, may not

fHuuLs vecse g . 2 fnrther complicated in a patient
where both intermittent claudication and effort angina are active symptoms
In such instances, one may turn to drugs which have a dilator effect both
on the coronary arteries and on the pernipheral vessels such as nitroglycerin

or hydergine.
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1. Pruscouine (23-29): Priscoline (2-benzyl 14, 5- imidazoline hydro-
chlonde) exerts 1ts adrenergic blocking effect in the periphery. In addition
to blockmng responses produced by stiumlation of the sympathetic nerves
or injection of epinephrine, Priscoline appears to have some direct local
action due to its dilating effect on the vessel wall. The dmg is neither
necrotizing to fissue nor 153t 1ntating to the vascular endothelivm.

Dosages: Oral~25 to 50 mg. four times a day.

Tntra-arterial, intr Jar or int 25 to 75 mg.
Ton transfer—10 per cent concentration both in aqueous and
ointment form (27).

Side-Actions (1) Tightness of scalp (2) Goose flesh and chilliness. (3}
Nausea and/or vomiting. (4) Listlessness and/or irntability. (5) Palpta-
tions (B) Increased sweating. (7) Increase m precordial pam (24)

Comments. In instances when acute artental occlusion has occurred or
when gangrene or rest pam has eventuated, or when oral doses are m-
effectul, the intra-arterial injection may be indicated. This method has been
found safe (28, 30, 31) and because even n the presence of advanced arte-
rial disease, an mjection does not wrritate the injected arteries or periarterial
tissues Becawse of the special nature of the techmque, and the aseptic
precautions necessary, it should be carried aut anly by the experienced
and preferably, 1 the hospital or clime The injection sites most frequently
used are (1) the femoral artery immediately Lelow Poupart’s ligament;
(2} the brachial artery at the supenoer angle of the antecubital fossa just
medhal to the biceps tendon, (3) the radisl artery at the usual site for
pulse-taking and (4) the external carotid artery just above the level of the
thyroid cartilage n the anterior triangte of the neck. with the head turned
to the opposite side.

The patient 15 supme and should be kept so for one-half hiour after the
mjection A skin wheal 1s raised by procaine injection at the appropriate
site Through this wheal a 22-gange needle is inserted at night angles into
the artery. The color of the blood will mdicate the entrance mto the artery
and the mtra-arterial injection shoald be made slowly over a period of three
or more mnutes. Injections may be repeated daily as necessary The use
of an intra-artertal catheter (polyethylene plastic) and an apparatus for
coustant mfusion may {acilitate this The patient may be ambulatory when
the infusion 15 not in progress, the intra-arterial catheter being left i place.

2, Histammve. Intra-arterial histamine (18, 32, 33) 1 repeated mfusion
has been stated to increase the blood flow through the artenes and thereby
to canse a structural increase m the diameter of the lumen. When this
forced increase in blood flow follows the artenal introduction of a vasadi-
lator, the collateral asteries will become larger and more numerans Mufson
(32) lists the following reasons for choosing histamine
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a) It caused the most intense and extensive erythema.

b) It is safest because 1t 1s a natural body constituent,

¢) It may be used in coronary but not in asthmatic patients

Dosage. Histamine acid phosphate 2.75 mg. 1 1 cc or 5 cc. The dose
is 1 mg. to 275 mg. in 300 to 500 cc. of sodium chloride solution once or
twice weckly for walking, two to three times weekly for night pain, or
daily for infection and acute 1schemic neuntis. The time for infusion is one-
half hour.

Comment: The intra-arterial administration of histamine must be gwen
under pressure as an artenal infusion. Antibiotics may be added to the
nfusion. During an arterial infusion (33), the following changes may occur.
Increase in heart rate, stroke volume, cardiac output, skin temperature,
oxygen saturation mn the femoral vein, decrease mn the blood pressure and
oxygen saturation n the injected artery and artersovenons difference

A minimum of 10 arterial histamine infusions will increase the walking
distance to 7 or more blocks in 52 per cent of cases (32) and in those with
no popliteal pulse will relieve horizontal rest pam. Dixon and Ius co-workers
(33) state that “intra-arterial histamine may have a limited field of thera-
peutic usefulness in selected cases of occlusive arterial disease 1 a class of
patient that has been regarded as refractory to treatment,”

3 Paraverixe and 1ts derivatives are deseribed in Chapter IV. The doses
and routes of admmstration are sumilar for penpheral vascular disease as
for angina pectons.

4. Ercor Arxaroms. Hydergine is 2 combination of three hydrogenated
alkaloids (dihydroergocornime, dihydroergocristine, and dihydroergokryp-
tine} It has a peripheral sympatholytic action and a central action through
the vasomotor center resulting m a decrease in vascular tone (34).

Dosage. 0.5 mg to 2 mg admimstered orally or sublingually three to four
times per day. One cc. administered ntramuscularly from daily to two to
three times weekly (88).

Comment- Roberts, Anderson and Parry (34) report on a total series of
35 cases (26 male and 9 females) with arteriosclerotic peripheral vascular
disease, 12 of whom had intermittent claudication. Four mproved on
hydergine Six patients had ulcerative lestons and all healed, 4 within 6
weeks, 1 within 8 weeks, and 1 required 6 months

5 TETRAETHYLAMMONIUM cHLORIDE: This drug produces an autonomic
blockage with resultant peripheral vasodilator action.

Dosage: Intravenous dosage is 100 to 500 mg. at the rate of 200 mg. per
minute. Intramuscular dosage 1s 20 mg per kilogram, but not to exceed 1
to 1.2 gm , half being mjected into each buttock )

Actions. Fisher (35) described the effects of ntravenous administration.
After the injection, a metalhe taste on the tongue is usually described Then
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a flushing and feeling of warmth, accompanied with a sensation of pins and
needles comes over first the upper then the lower extremities. An incom-
plete dilatation of the pupil occurs, accompanied by temporary blurring of
the vision and a sluggish reaction to hght. Usually, there is an elevation
of the heart rate to about 120 beats per minute. The mouth becomes dry.
There is a rise in the skin temperature of the fingers and toes. The blood
pressure remains depressed for several mi Usually the diastolic pres-
sure 15 the first to start to rise. Sometimes the injections cause weakness,
leepi dyspnea, hght-headed difficulty m performing voluntary
movements and 1n urinating. The contraindications n cardiacs have been
given in Chapter IV. Prostigmme, in dosage of 1 to 2 cc of 1:2000 solution
1s the antidote for tetraethylammonium.

Commnent- Fisher (35) found relief of rest pam in patients with gangrene
and arteniosclerosis obliterans

68 Hexamernonmua: This is an autonomic ganghon blocking agent. It is
given intravenously in doses of 50 mg. It 15 approximately as effective (36)
as paravertebral sympathetic block. The advantages lie in its ease of admm-
istration and extreme potency, permitting more or less continuous inhibition
of neurogenic vasospasm for long periods. Its disadvantages are the develop-
ment of hypotension and constipation.

7. DipENaMNE axD DisenzyiNe: Dibenamimne is a synthetic nitrogen
mustard which can be given only intravenously. The dose 1s 5 to 10 mg.
per kilogram 1n 500 cc. of saline 1n 1 hour It may cause severe nausea and
vomiting, visual impairment, postural hypotension, loss of bladder control,
restlessness and mental confusion Dibenamine relaxes vessels by blocking
the excitatory but not the inhibitory responses to sympathetic stimulation

Dibenzylne (SKF 688 A) 15 a specific sympathetic blocking agent (37)
with an action similar to dibenamme but with greater potency and less
touicity. Dibenzylne may be given orally Dibenzylme effects its blockade
at the neuroeffector junctions simlar to Pniscobme Pressor effects from
arrculation adrenergic sul (1.e, epinephnne) are blocked as are
stimuli from sympathetic nervous system impulses.

Dibenzylhne may be given orally i daily doses of 60 to 200 mg m single
or divided doses, ntravenously in doses of 0.7 to 10 mg per kilogram is a
200 cc. infusion in a 35 to 40-minute period, or intra-artenally in doses of 35
to 80 mg. i a 3 to 4-muinute penod Side reactions include: Nasal congestion;
sweating, postural hypotension, and tachycardia A “quinidme-like” effect
of the drug on heart muscle may occur and should be noted when the drug
is given to patients with heart disease.

Oral dibenzyline (28) 1s a more potent agent than Priscoline in “vasospas-
tic” states but only occasionally is it supertor to Priscoline in arteriosclerosts
obhterans. Moser and his co-workers feel (28) that use of Priscoline and
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a) It caused the most intense and extensive erythema.

b) It is safest because it 1s a natural body constituent.

) It may be used i coronary but not in asthmatic patients,

Dosage: Histamine acid phosphate 2.75 mg, in 1 cc. or 5 cc. The dose
is 1 mg. to 2.75 mg. m 300 to 500 cc. of sodium chloride solution once or
twice weekly for walking, two to three times weekly for night pain, or
daily for infection and acute ischemic neuritis ‘The time for infusion 1s one-
half hour,

Comment. The mtra-arterial administration of histamine must be given
under pressure as an arternal infusion. Antibiotics may be added to the
infusion. During an arterial infusion (33), the following changes may oceur.
Increase m heart rate, stroke volume, cardiac output, skin temperature,
oxygen saturation in the femoral vein, decrease in the blood pressure and
oxygen saturation in the mjected artery and arteriovenous difference

A mimimum of 10 arterial histammne infusions will increase the walking
distance to 7 or more blocks in 52 per cent of cases (32) and in those with
no pophteal pulse will rehieve horizontal rest pain Dixon and his co-workers
(33) state that “intra-arteria] lustamine may have a hmited field of thera-
peutic usefulness in selected cases of occlusive artenal disease 1n a class of
patient that has been regarded as refractory to treatment ”

3. Papaverine and ats derivatives are described m Chapter IV. The doses
and routes of admimustration are similar for peripheral vascular disease as
for angina pectoris.

4. Ercor ALkaLoms: Hydergine 1s a combination of three hydrogenated
alkaloids (dthydroergocormne, dihydroergocristine, and dihydroergokryp-
tine) It has a peripheral sympatholytic action and a central action through
the vasomotor center resulting mn a decrease in vascular tone (34).

Dosage 0.5mg to 2 mg. administered orally or sublingually three to four
times per day. One cc admimstered intramuscularly from daily to two to
three times weekly (88)

Comment Roberts, Anderson and Parry (34) report on a total series of
35 cases (26 male and 9 females) with artenosclerotic penipheral vascular
disease, 12 of whom had intermuttent claudication. Four improved on
hydergine. Six patients had ulcerative lesions and all healed, 4 withm 6
weeks, 1 within 8 weeks, and 1 required 6 months,

5. TETRAETHYLAMMONIUM cHLORIDE. This drug produces an autonorme
blockage with resultant penipheral vasodilator action.

Dosage: Intravenous dosage is 100 to 500 mg. at the rate of 200 mg per
minute. Intramuscular dosage is 20 mg. per kilogram, but not to exceed 1
to 1.2 gm , half being injected into each buttock .

Actions: Fisher (35) described the effects of mtravenous administration.

After the injection, a metallic taste on the tongue is usually described Then
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arteriosclerosis obliterans are given by Pearl and Rosenman (42). If the
arterial insuficiency progresses under treatment, sympathectomy should
be done in any stage unless the patient is an obvious candidate for amputa-
tion. If the symptoms and signs of arterial insufficiency remain unchanged
over a three months period of conservative management, operation is indi-
cated. Extremities with mild degrees of arterial msufficiency and with one
foot pulse present may be treated conservatively over extended periods,
so long as the insufficiency does not progress The extremity deprived of
part of 1ts normal blood supply may hold its own under ordinary conditions,
but comparatively mild insults, bacteral, chemical, mechanical or thermal,
are prone to precipitate ulceration or gangrene and threaten the integrity
of the himb. Sympathectomy should be advised when the threat is apparent
and when the operation gives good promise of alleviating or removing it
(70) Procaine block as a preoperative test for the effect of sympathectomy
on rest pain or claudication has not proved dependable in their hands.
Edwards and Crane (43) analyzed the results of 100 patients with
symptomatic arteriosclerosts of the lower extremities who were subjected to
lumbar sympathectomy. Twenty-seven were diabetics, There were 2 hospi-
tal deaths and 6 early thigh amputations Ninety-two patients left the
hospital improved. The patients were followed for varying periods up to
3 years, and a few up to 9 (average follow-up was twenty months). In this
time 9 more patients died. The living 89 patients showed that the sympa-
thectomized foot after umlateral operation was almost invanably better
than 1ts unoperated fellow. Patients with necrosis down to bone proximal
to the toes did so badly as to suggest that this finding constitutes the only
definite contrmndication to the operation. Unfavorable factors ncluded the
presence of dabetes, other visceral disease, extreme hypertension and the
previous loss of the contralateral hmb. No correlation could be made be-
tween the following factors and the outcome Age; sex, the level of blood
pressure between low limits and moderate hypertension, level of occlusion
of the major artenes, or the degree of calaification of the arteries apparent
in the s-ray film
De Bakey, Creech, and Woodhall (44) considered sympathectomy the
method of choice in the treatment of arteriosclerotic peripheral vascular
diseasc unless there exist definite contraindications to operation, such as
severe cardiac, cerebral, renal or pulmonary involvement, a far advanced
and rapidly progressive process, and 1 d atrophic ch in the
extremity. They also found sympathetic block as a preliminary procedure
to test the value of sympathectomy not an entirely dependable test. Their
series comprised 146 patients, 55 of whom had bilateral involvement. All
patients were followed for at least 6 months, three-fourths for more than
1 year, and 38 per cent from 2 to 4 or more years. The best results were
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dibenzyline in the older group with arteriosclerosis should be used with
extreme carc. In nine of ten arteriosclerotic patients who recewved di-
benzyline, a marked tachyeardia occurred which they believe would have
produced deleterious effects 1f therapy had been continued for any length
of time.

8. Iuman- Ilidar is an adrenergic blocking agent. It is given m an oral
dosage of one 25 mg tablet three times daily and is gradually mcreased
as necessary to a recommended maximum of 300 mg daily

9 Ronuacor. It is considered a “peripheral” vasodilator like nicotmic
acid and mtroglycerin. It is given by mouth in a dose of one tablet or
more, or onc or more teaspoonfuls of the elxir daily. The tablets contain
50 mg. of Ronacol tartrate. Romacol with Ammophyllin provides 50 mg.
of Roniacol and 100 mg. of aminophylline per tablet 1n a base contaming
magnesium tnistheate Romacol Eliar contains 50 mg. of Roniacol per tea-
spoonful 1n a portwine flavored vehicle

10 Anumin: The effective dose is given as 2.5 to 10 mg subcutancously
and 12 to 30 mg orally (37a). This drug 1s a denvative of the epinephrine-
ephedrme type of compounds and 1s phenyl sccondary butyl-nor suprifen
Pomeranze, Gadck, Pitman and Scherl (86) admimstered the drug orally
in doses from 3 to 12 mg three times daily to 24 diabetic patients complain-
ing of intermittent claudication, The treatment periods lasted from 3 to 21
months Nineteen patients were considered to have been successfully
treated with Arlidin

11 Nrrrrres. Nitroglycerin is not as useful for intermuttent claudication
of the lower extremties as 1t is for that of the coronary arteries. However,
n 1ts action m releasmng vascular spasm, Foley et al (38, 74) have found
glyceryl tnmitrate to be of use as a diagnostic test of peripheral pulses
When an absent or markedly dimimished pulse becomes boundimg after
sublingual admumstration of mitroglycerm 1t can be concluded that the
reduced pulsation was due to spasm of the artery under consideration
Pentrate (71) has also been suggested

Surgical Therapy: 1 ParaverTebraL Brock Paravertebral blocks have
been used for prognostic and therapeutic purposes in arterosclerosis oblit-
erans Smgle blocks or continuing blocks by means of the polyethylene
catheter are used. Alcohol or procame may be used Saland and Klein (39)
used paravertebral alcohol block in 13 patients with arteriosclerosis oblit-
erans with good results m most of the cases Bonica (40) treated 33 such
patients with phenol or absolute alcohol. Sisteen experienced good results,
5 obtained fair results, and m 12 there was no mmprovement, requiring
subsequent amputation. MecKittrick (41) found aleohol block to give com-
plete relief of pam and a vasodilatation lasting 4 to 7 months.

2, LUMBAR SYMPATHECTOMY: The ndications for sympathectomy
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“The routine use of lower segment femoral and popliteal arteriograms
at the time of operation to supplement the preoperative arteriograms
should enable the surgeon to avoid ill-fated endarterectomy where hopeless
disease exists beyond his scope of surgcal attack, To avoid the complication
of thrombosts, the dissection should be extended beyond all the diseased
intima, but the diffuse nature of arteriosclerosis often precludes such a
maneuver. The number of good results following endarterectomy may be
expected to increase as the principles for selection of patients for this opera-
tion are clanfied. The more localized the disease, the better results may be
expected to be. Thrombosis, hemorrhage and rupture are the most usual
complications ”

Hoye and Warren (89) reported on follow-up studies of arterial recon-
struction of the iliofemoral trunk of 31 extremities in 29 patients with
symptomatic arteriosclerosis obliterans. The ages varied from 32 to 73 years,
with a mean age of 58 years The follow-up period was from 2 to 29 months
Of 29 patients with grafts inserted, 26 left the hosprtal with a graft that
was patent Of 16 artenial grafts, 12 closed; 10 had closed within 9 months,
one at 1 year and 1, 2% years after insertion Of 13 venous grafts, 8 were
found reoccluded, 6 within 6 months, 1 at 8, and 1 at 9 months.

Anticoagulant Drugs: The problem of long term anticoagulants has been
considered under’acute myocardial infarction In general, if anticoagulant
drugs can be given safely and easily for a long penod, their use would
prevent thrombosis and, therefore, would be of considerable value in arrest-
ing one important factor n the progress of arteriosclerosis obliterans
However, neither heparin nor dicumarol can be given safely and simply for
long periods without strict medical care. Furthermore, hepann is so expen-
sive that its use is considerably limited and since 1t must be given by
continuous, or frequent mtravenous mjections 1ts practical use is restricted
to relatively short periods, such as 1 or 2 wecks.

The real danger of sudden thrombosis of large or small extent m arterio-
sclerosis obhterans is one which exists for years rather than for months,
therefore, the use of dicumarol 15 not practical at present as routme treat-
ment Anticoagulant therapy 1s of definite value in cases in which a sudden
artenial ocelusion has oceurred, both to prevent extension of the thrombosis
and to prevent subsequent thrombosis in arteries distal to the point of
occlusion 1n which acute spasm has developed Duryee recommends that
heparin should be given, preferably i saline form, subcutaneously (61),
every three hours m doses adequate or triple the control clottng time.
When the coincidentally admmistered coumann denivative (Tromexan,
Dicumarol, ete.) has elevated the prothrombin time to two to two and one-
half times its normal level the heparm 1s discontinued Imitial doses of
dicumarol average 300 mg. and Tromexan 1500 mg. followed by daily doses
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obtained n patients with the least severe disease, over 85 per cent showing
defimite improvement A gratifymng incidence of improvement was also
achieved among more than three-fourths of the patients with mmpending
gangrene. Even among the patients with frank gangrene, definite improve-
ment with salvage of the extremity was secured m 35 per cent of the cases.
A companson of the results among the diabetic and non-diabetic groups
revealed no essential difference except in the category of frank gangrene,
in which a somewhat higher ineidence of improvement was observed among
the diabetic patients. There were no operative deaths in the entire series

De Takats and Evoy (45) report on a group of 57 patients with peripheral
vascular sclerosis, In one group of patients, this operation resulted in a
dramatic ncrease 1n walking ability; in a sccond group amputation was
averted; in a third group intractable neuritic pain of the causalgic type was
was benefited, and n a fourth group amputation could be performed at a
lower level.

3. ENDARTERECTOMY FOR PERIPHERAL ARTERIOSCLEROSIS (25, 46-49, 50-
52, 77, 80)- Claudication, rest pamn and gangrene require restoration or
the lumen of an obstructed artery or increase n collateral eircalation for
relief. Arterectomy (53) or the removal of portions of the entire thrombosed
segment of the vessel has been suggested. Dos Santos (54) first descnibed
a procedure restoring arterial continuity, known as thromboendarterectomy.
This procedure 1s made possible (49) by the existence of a pathologic
cleavage plans lying within the media of the artery, usually in close approu-
mation to the mternal elastic membrane. A longitudinal ncision into such
a vessel 1s followed by the spontaneous separation of the vessel wall into
two layers. The mnermost layer can then be readily removed, leaving behind
the smooth muscular surface of the tunica media Reconstruction of the
artery is then possible by suturing the remaining media and adventitia

Arteniographie study 1s necessary to determine the exact location of the
obstruction and the patency of the distal segment The best results are
obtained (46) in artenes of the main arterial trunks especially if the ob-
struction 15 mited 1n length and 1s accompanied by patency of the distal
segments of the artery. Endarterectomy 1s seldom technically feasible m
vessels smaller than the popliteal artery

Gilfillan (49) reports on thromboendarterectomy from the service of Dr.
E.J. Wylie. There were 39 aortic and 1hac cases and 12 femoral. There were
6 deaths. There were 28 good results in th aortic and iliac series and 7 good
results of 11 survivors 1n the femoral senies. The major compheations were
due to hemorrhage, thrombos:s, renal failure, cerebrovascular acmdcnt's and
coronary occlusion Patients with major cardiac, cerebral or renal disease
should not be considered as candidates.

Barker and Cannon (50) evaluate endarterectomy as follows
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nomenon. A patient with acute pophteal arterial occlusion complains of
pain in the lower portion of the leg just above the ankle. A patient with
acute femoral occlusion complains of pain around the knee. The objective
signs of acute arterial occlusion consist in pallor of the skin, a reduction in
temperature of the skin and a loss of a previously present pulsation. The
collapse of superfictal veins is a concomitant. The therapy, which is emer-
gent (75), includes shght lowering of the Limb, vasodilators, anticoagulants,
paravertebral block. If seen within the first 6 to 8 hours, the problem of
surgical removal of embolic obstruction at the aortic bifurcation or in the
femoral or iliac arteries must be considered.

Acute thrombotic occlusion occurs predominantly in the lower extremities
but 1t can also occur in the upper extremuties. Allen, Hines and Barker (5)
in a review of 100 cases of sudden occlusion found 13 due to thrombosis of
the upper extremities, 3 in the right and 10 1n the left arm. Specifically, 2
were avllary, 8, brachial, 1, racial and 2, ulnar m origin. McLaughlin and
Bradley (87) report an instance of axillary thrombosis in a diabetic woman.

PERIPHERAL ARTERIAL EMBOLISM

Hamovicr (64) studied 330 cases of peripheral arterial embolism which
occurred 1n 228 patients. In 72 patients (31.5 per cent) the source of embo-
Iism was from a mural thrombosis associated with myocardial infarction and
in 44 patients (19.3 per cent) the source was arteriosclerotic heart disease
with auncular fibrllation, giving a 50 8 per cent incrdence of peripheral
arterial embolism from an arteniosclerotic source Rheumatic heart disease,

b bacterial endocarditis and pul y vein thr
for the remainder of the emboli except for 3 1 per cent of the entire series
where the source was undetermined.

The ncrdence of the sites of lodgment of the embol, for the entire series,
was as follows Femoral artery, 38 5 per cent, pophteal artery, 14 2 per cent;
common 1hac artery 13 6 per cent, bifurcation of the aorta, 91 per cent;
brachial artery 91 per cent, external iliac artery, 3.0 per cent, axillary
artery, 45 per cent, postenor tihial artery, 28 per cent; antenor tibial
artery, 2.8 per cent; radial artery, 1.2 per cent, and ulnar artery, 1 2 per cent.

The sudden onset of pain after acute artenal occlusion occurs in a httle
over 50 per cent of patients (5, 64). The pamn may be progressive in onset,
there may be a painless occlusion, or gradually developing numbness, tin-
gling and cold The initial site of pain 1s n the region of the lodgment of
the embolus The chief physical findings (5) are lowered surface tempera-
ture, collapsed superficial veins, pallor and the loss or dimmution of refleves,
sensation and muscular strength and absence of pulsation in some of the
involved extremity in which pulsations were previously present.

Sudden peripheral arterial embolism must be diff iated from acute

e
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of onc-half to one-third of the initial dose. Daily prothrombin times should
be taken.

Intermittent heparin therapy (62, 84) for periods ranging from about 1
to 16 weeks had no beneficial effects in intermattent claudication.

Androgens and Estrogens: Godden and Hines (85) treated six men with
appropriate placebos, intramuseular injections of solutions of testosterone
propionate and cyclopentylpropionate (depotestosterone) and oral doses of
methyltestosteronc and estrogen (premarin) During the control period and
treatment with placebos and active agents each patient was walked at 120
steps per minute to determine s claudication time. The treatment did
not increase the walking distance of any of these patients by 50 per cent
or more It was concluded that testosterone or testosterone and estrogen
as used did not cause significant improvement of intermittent claudication
m patients with occlusive arterial disease due to arteriosclerosis obhiterans.

The active agent for injection was 50 mg. of testosterone propionate given
intramuscularly each day for 3 days. For oral treatment a tablet contaimng
methyltestosterone, 10 mg., and estrogen (premann), 1.25 mg. was used.
The tablet was given three times daily for 3 weeks Further a 1 cc. solutiont
of 200 mg. of cyclopentylpropionate was injected once each 2 weeks for 1
month 1 another tnal period.

Myofascial Component of Intermittent Claudication: Travell e al (63,
76) found that some patients with artenal nsufficiency of the lower
extremties suffered pain and limitation on walking because of a supenm-
posed or accompanymg myofascial component. Patients with intermittent
claudication should all be examined for the presence of trigger arcas m
their gastrocnemuus, soleus and anterior tibial muscles and when found
should be treated by procaine hydrochlonde infiltration or ethyl chlonde
spray.

Prognosis: Patients with arteriosclerosis obliterans have a shortened
expectancy of life In the Mayo Chic Series (5), 54.6 per cent of 116 pa-
tients died within 3 years of therr first visit. The majority died in a manner
suggestive of, or actually due to, coronary occlusion. The presence of dia-
betes further shortened the life expectancy

ACUTE ARTERIAL OCCLUSION

Acute arterial occlusion occurs 1n atheiosclerosis for two reasons: 1)
thrombosis of an atherosclerotic vessel of the lower extremity, or 2) an
embolus from a mural thrombus in the left ventnicle While the patient
with slowly progressive atherosclerosis of the peripheral arteries complains
of calf claudication on walking, the onset of pam m acute arteral occlusu‘)n
is sudden and severe. Some patients may complain of progresstve i‘ntcrmlt-
tent claudication over a period of days or weeks as a pre-occlusive phe-



Peripheral Vascular Aspects 293

(65) that aneurysms of the superficial femoral arteries are about ten times
more frequent than thosc of the deep femoral arteries and about four times
less common than those of the popliteal arteries.

Diagnosis is made by palpation of the expansile pulsating mass, by auscul-
tating a systolic bruit, and by the presence of roentgen evidence of caleifi-
cation of the aneurysmal sac The anecurysms may be symptomless or may
gnense to pain on rupture, if the ancurysm enlarges rapidly or if 1t presses
on a nerve. Thrombosis frequently develops in artenosclerotic aneurysms
of the lower extremities (5) and may suddenly occlude the artery distal to
the aneurysm by extension of thrombosis or by embolism

Bilateral femoral arterial aneurysms are rare. Rogers and Rinzler (65a)
reported one case and found only one other reported case due to arterio-
sclerosis Arteriosclerotic ancurysms of the popliteal artery are commonly
bilateral, Aneurysms of the subclavian, axillary and brachial arteries are
less common than those of the lower extremities

Treatment of penpheral aneurysms of arteriosclerotic ongin is unneces-
Sary m most cases. Ligation of the arteries proximal to the aneurysm has
been advocated. Obliterative endoancurysmorrhaphy 15 also suggested

Ancurysmorrhuphy consists of mfolding and obhteration of the aneurys-
mal sac (66). The Matas technic consists of openmg the sac widely, and
the sac, with its afferent and efferent artenes is as fully exposed as possible
and the entering vessels especially are so well 1solated that a piece of rubber
tabing can be passed under 1t. The same thing can be done with the efferent
vessels With circular stitches, the efferent and afferent onifices are closed
from within by a series of sumilar circular stitches, placed at short intervals
from one end of the sac to the other, the whole of a small ancurysm can
then perhaps be obliterated, but if the sac 15 larger and friable, so that the
stitches wll not hold, the wall of the aneurysm 1s better infolded and made
into a compact mass by mattress stitches The restorative endoaneurysmor-
thaphy is possible when the ongmal artenal Jumen 1s well preserved. The
Operation permits the current to resume 1ts natural course
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arterial thrombosis due to arteriosclerosis obliterans. The differential diag-
nosts must essentially rely upon the presence or absence of a source of em-
boli. This differential is especially important when an embolectomy is con-
templated. Localization of the embolus is determined by: (1) knowledge
that emboli lodge usually at bifurcations, (2) palpation of pulsation for
the site of occlusion 1s distal to the point of normal pulsations; (3) history
of the site of the mitial pamn, (4) the oscillometric readings, and (5) arteri-
ography

Prognosis: This 1s related to the survival of the extremity and the survival
of the patient In 1935, the outcome in 100 cases of sudden arterial occlusion
was as follows (5). (1) of 46 cases of embolism involving 57 extremities,
gangrene occuried m 26 extremities (12 amputations with 5 postoperative
deaths, 12 deaths without amputation), recovery occurred in 31 extremities
(death without gangrene in 3 cases); (2) of the 54 cases of thrombosis,
mvolving 60 extremities, gangrene occurred 1 31 extremities (15 amputa-
tions with postoperative deaths, 14 deaths without amputation), recovery
occurred 1n 29 extremities with 1 death without gangrene

Haimovier (64) found 349 per cent gangrene 1n the lower extremuties
and 7.8 mn the upper extremuties after peripheral arterral embol. Hospital
mortahty was about 500 per cent The prognosis as to survival of the
extremity depended essentially upon hus heart condition and the possibihity
of further embolism to vital viscera

Treatment: Treatment consists of the use of the following modalities
alone or m combmation as previously considered under arteriosclerosis
obliterans.
. Vasodilator drugs
Interruption of sympathetic pathways.
. Anticoagulants
Physiotherapeutic measures.
Embolectomy.
Arterectomy.
Sympathectomy.
Amputation.

PERIPHERAL ARTERIAL ARTERIOSCLEROTIC ANEURYSMS

- NS R P

The usual cause of aneurysms of the lower extremities is arteniosclerosis,
it is practically the only cause in those more than 60 years of age (5) The
usual sites of ancurysms of the lower extremities are the popliteal space
and Scarpa’s triangle. This 15 believed to be due to less muscle protection
in these regions and to the fact that the frequent bending to which these
sites are subjected may tend further to weaken a diseased {ntlma and cause
medical degeneration with subsequent ancurysmal formation. Matas states
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Cnapter XII
Retinal Aspects of Arteriosclerosis

BLOOD SUPPLY

HE OPHTHALMIC artery arises from the internal carotid immedi-

ately below the anterior clinoid process. It enters the skull through
the optic foramen. It has seven branches which mcludes the central retinal
artery (Plate XI). This comes off the ophthalmic artery close to the optic
foramen, perforates the optic nerve about 6 mm. behind the globe. After
reaching the optic papilla, 1t divides into an upper and lower branch, each
of which divides again mto nasal and temporal branches. The veins of the
retma accompany the corresponding arteries. They umte in a central vein
and empty mto the superior ophthalmic vemn (1).

Retinal Arteriosclerosis: Intimal atherosclerosis (1-10) is found in the
central retinal artery and early portion of the retmnal branches The pomnt
of predilection of atherosclerosss 1n the retinal artery (Fig 11) is found as
the artery pierces the dural sheath and passes in the nerve to the crural
sheath (11). Plaques are less frequent m the remainder of the arterial tree
but are found even 1n the arteriolar portions. Thromb: may form at the site
of these atheromata and result in central retinal artery and vemn thrombosis
(Figs 53 and 54).

OPHTHALMOSCOPIC SIGNS OF ARTERIOSCLEROSIS

1. Localized Constrictions in the Arteries (beading): These constrictions
in the artertes correspond to localized regions of endothehal prohferation
They are mmute atheromatous plaques in the vessel wall (Fig 55) Because
changes occur espeerally in the central retinal artery mn its course through
the optic nerve, lesions visible through the ophthalmoscope may be assumed
to be merely the fringes, the major portion bemg obscured from view

9, Variations in Caliber: The retinal arteries are often excessively narrow
and may, m addition, be straight, branching at acute angles (5, 10) When
the retmal vascular lumen intra-neurally 1s partially occluded, the caliber of
the ophthalmoscopically visible retinal vessels 15 narrowed

3. Arteriovenous Constriction (Gunn’s sign): Thickening of the arterial
wall can encroach upon the lited space within the arteriovenous adven-
titta and can reduce the venous channel (11, 12). This is Gunn’s sign and
the arteriovenpus constriction 15 due to a change 1 the tortuosity of the
artery which produces a slight shift in its positon will drag the vein at
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the point of crossing a little to one side (10). This sclerotic etiology of
venous constriction 15 to be distinguished from venous engorgement with
mereased tortuosity of the vems which may also produce the appearance of
arteriovenous displacement. This 1s found in conditions with no vascular
disease, therefore, arteriovenous constriction is a2 good sign of, but not
necessarily a pathognomic sign of vascular disease

4. Tortuosity of the Retinal Vessels: In the early stages of retinal arterio-
sclerosis, when the disease has as yet involved only the smallest vessels,
extreme dilatation and tortuosity of the larger branches may be observed.

5. Copper Wire and Silver Wire Arteries: Normally the retinal arterioles
appear a clear pmk, and a small central reflex of light appears along the
wall (9). This hight streak 1s formed by the reflection of the hght from the
convex cylindrical surfaces of the blood column, and the surrounding vessel
walls, which are relatively transparent The light streak n the arteries is
always wider and brighter than that of veins of sumlar caliber. The outer
streak of the muscle coat (6) must therefore contribute an important factor
to the hight stripe, and, similarly, any changes in the thickness of the coat of
the wall of the vessel with an associated ncrease in its refractive index

Fig 53 An ophthalmoscopic picture of the retina demonstrating occlusion of the
central retinal artery. Note the cherry-red spot at the macula and the presence of truch-
mg (Courtesy of Dr. Dan M Gordon, New York Hospital )
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Fig 54 An ophthalmoscopic micture of the retina showing an occlusion of a branch
of the central retinal vein  (Courtesy of Dr Dan M Gordon, New York Hosmtal )

should cause an mcrease in the width and brightness of the arterial hght
streak

As the light streak nereases m width, 1t eventually becomes so broad
that 1t occupies most of the surface of the vessel. The vessel then has the
appearance of burnished copper (2)—“copper wire.”

When the arteriolar scleross is extreme, the vessel wall is so thickened as
a result of hyahmzation and lipid mfiliration, that the vessel wall obscures
the blood column. The artery then appears as a white cord, even though
blood 1s still circulating through it. This 15 a “silver wire” appearance.

6. Hemorrhages and Exudates: Serous transudates in the retina (11, 13)
occur frequently in artertosclerosis as well as in many other conditions, and
may appear either with or without retmal hemorrhages. The exudates are
white areas which are sharply delumted and shiny (183), with a wlite to
yellowish appearance. When the exudates are less neatly delimited, they
appear soft or cotton wool, a finding more usually seen m hypertensive
retinopathy. Accompanying the white spots are the red areas of fresh hem-
orrhage which may occur at various levels of the retina, may assume many
shapes and may be smgle or mulhiple.
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RETINAL ARTERIOSCLEROSIS WITH AND
WITHOUT HYPERTENSION

‘The outstanding features in retinal arteriosclerosts with hypertension are
reduction in caltber of the whole arterial tree with disappearance of the
reflex stripe and arteriovenous compression There s thrombosis of large
branches, scattered hemorrhages and exudates In retinal arteriosclerosis
without hypertension, the larger vessels are of normal calibre and the arte-
rioles are normal. There 1s beading of the larger vessels, irregularity in the
Iight streak, visible wall and arteriovenous compression. Atheromata at the
lamina eribrosa are invissble (6) and by ophthalmoscope one sees {a) nar-
rowing of the artenal tree, and (b) increased number of branches at the
disk border. Lesions at or near the disk cause: (a) localized uregulantty of
the blood column, and (b) a white or opaque area in the wall of the vessel.

Choroidal sclerosis produces deg ive ch m the intervascular
stroma and pigment epitheltum. The nerve may be wrregularly shaped de-
posits of prgment 1 the retina or chorosdal patches which have a mottled
appearance (6, 14-16).

Fig 55, An ophthalmoscopic picture of the retma with the arow poratng to an
atheroma of the supenor temporal artery as mndicated by mdentation of the artersal
wall {Courtesy of Dr Dan M Gordon, New Yorh Hospital }
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CIRCULATORY DISTURBANCES OF THE RETINA

There are two very important disturbances to the blood supply of the
retina; namely, thrombosis of the central vein which produces masimum
stasis and hyperemia, and occlusion of the central artery which causes maxt-
mal anemua (10, 17). The first type oceurs more commonly than the second,
but both may result in sudden and severe visual disturbances.

Thrombosis of the central vein usually occurs quite suddenly A Lttle
vision may be retained, such as finger counting or perception of hand move-
ments at short distances, but occasionally the vision 15 almost completely
lost. The vision may deteriorate within a few days, In this case the ophthal-
moscopic picture becomes progressively worse and the hemorrhages i the
retina become more numerous and massive. Secondary glaucoma is a dis-
turbing compheation.

Thrombosis of the central vem ophthalmoscopically shows the many
enormous hemorrhages which are spread profusely all over the fundus. The
disc borders are blurred The veins are tremendously dilated. The arteries
are narrow and partially invisible. Hemorrhages, superficially located and
flame-shaped; those more deeply situated are round and irregular. The hem-
orrhage may extend mto the vitreous. As time goes on, exudates may be
seen.

Thrombosis of a branch of the central vein occurs more often than that
of the central ven itself, and the supenor temporal vein is most commonly
affected.

Thrombosis of the central vem 1s almost always unilateral. The affiicted
patients usually belong to the middle and upper age groups and often
suffer from generalized vascular disease.

In occlusion of the central artery (Fig. 53), the visual loss occurs quite
suddenly (10, 17-19). The patient sees a gray fog or occasionally a colored
one, which rapidly becomes denser and results m blindness of the eye Fre-
quently, the patient 1s aware of Ins disease for the first time upon awaking
1 the morning when he becomes immediately conscious of blindness n the
affected eye. The ophthalmoscope reveals a very pale disk and threadlike
arteries which appear as thin red Iines The light reflex is thm or absent. At
the posterior pole the fovea centralis 1s almost always replaced by a cherry-
red spot The whitish coloration of the retina appears several hours follow-
ing the sudden blindness, but it disappears after some time, so that after
four weeks the fundus may agamn show its normal color (17). Closure of
branches of the central artery occurs more frequently and one may observe
a whitish coloration of the fundus only in the region around one vessel

1f occlusion of an isolated branch occurs, there 1s a special thinning of
the affected vessel branches after some time. The disk then becomes pale
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m the corresponding quadrant only. The papilla may remain unaffected
by the occlusion of smaller branches.

Karpe (20) and Henkes (21-24) indicate that these arc changes m the
electroretinogram that may be diagnostic and prognostic in central retinal
artery and central retinal vem occlusion.

ANTICOAGULANTS FOR OCCLUSIVE VASCULAR
DISEASE OF THE RETINA (15, 25.60)

In 1951, Duff, Falls and Linman (34) summanzed the world hLterature
of treatment of thrombosis of the retinal vemns with the anticoagulant drugs,
heparm and dicumarol, Of 109 patients with thrombosis of the retmal vem
who were treated with heparin, the condition of 59 per cent appears to
have improved; that of 15 per cent was unchanged, and that of 27 per cent
had grown worse, 12 per cent had glaucoma, and 6 per cent of the eyes
required enucleation. For those who improved, the average mital visual
acuity was 0.251 and the final vision was 0.60 Of 84 patients with throm-
bosis of a tributary retinal vemn treated with heparn, the condition of 59
per cent had improved, that of 24 per cent was unchanged, that of 17 per
cent had grown worse, only 2.3 per cent had glaucoma, while only one eye
required enucleation. For patients who showed improvement, the imtial
visual acuity averaged 0 33, and the final vision was 068.

Of 23 patients with thrombosis of the central retinal vein treated with
dicumarol, the condition of 70 per cent appears to have improved, that of
26 per cent was unchanged That of only one had grown worse, none of
the eyes became glaucomatous or required enucleation For 10 patients
who improved, the visual acuity was 0 33 before, and 0 76 after treatment.
Eght of the 11 patients with thrombosis of the tributary retinal vems
showed improvement when treated with dicumarol, winle the condition of
3 became worse For 6 of the patients who showed improvement, the imital
wision averaged 0.18 while 1t was 0 68 after treatment,

Duff, Falls and Linman (34) reviewed 140 untreated patients, or a total
of 148 eyes The average visual acwity for all eyes at the time of the first
€ 1on was 008 § dary gl developed or was present at the
time of the mitial observation 1n 38 patients. Enucleation was necessary in
18 cyes A follow-up of these patients, permitting an observation period of
from 3 months to 20 years was carried out Of 70 patients with complete
occlusion, the condition of 49 per cent appeared to have grown worse and
secondary glaucoma developed 1n 43 per cent In 33 per cent, the condition
was unchanged, in only 15 per cent had it mmproved The final average
visual acuity (0079 was shghtly less than that observed at the imtial exam-
ination (0 088). Of 11 patients with incomplete occlusion m a 1 to 12-year
observation period, only 1 became worse, and in none had secondary glau-
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Fig 56 Flat preparations of human diabetic retmas stained with perodic acid
fuchsin (Abote) Single discrete thick-walled capillary aneurysm. (Below) Cluster of
capillary aneurysms {Courtesy of Dr. Bernard Becher and Annals of Internal Medicine )

coma developed. In 54 per cent the condition was unchanged, whereas n
36 per cent it had improved. In this group the final average visnal acuity
(0546) was actually somewhat improved over that observed initially
{0 420). Follow-up observation of 71 patients with thrombosis of the retinal
trbutary veins in the 6 to 20 year observation period revealed a change i
the visual acuity from 0.319 to 0 388. The cond:tion of 42 per cent of these
patients appeared to have improved, that of 27 per cent was unchanged,



Fig. 57. Drawings of the ophthalmoscopic picture of diabetic retinopathy. (Above)
Early diabetic retimopathy with few scattered aneurysms and hemorrhages, (Below)
Later stage with aneurysms surrounded by hemorrhages and exudates. (Courtesy of
Dr. Bernard Becher and Annals of Internal Medicine )
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Fig 56 Flat preparabions of human diabetic retinas stamed with perrodic acd
fuchsin (Above) Sngle discrete thick-walled capillary aneurysm (Below) Cluster of
captllary aneurysms. (Courtesy of Dr Bernard Becker and Annals of Internal Medicine )

coma developed In 54 per cent the condition was unchanged, whereas in
36 per cent it had improved. In this group the final average visual acuity
(0.546) was actually somewhat improved over that observed mitially
(0.420). Follow-up observation of 71 patients with thrombosis of the retinal
tributary veins in the 6 to 20 year observation period revealed a change m
the visual acuity from 0.319 to 0.388. The condition of 42 per cent of these
patients appeared to have improved, that of 27 per cent was unchanged,
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while that of 31 per cent had grown worse, Secondary glaucoma had devel-
oped n 7 per cent; enucleation was required in 6 per cent.

Tlns indicates that the prognosis for adequate visual acuity following un-
treated thrombosis of a tributary or central vein is discouraging while the
collected experience with anticoagulant therapy indicates that the prognosis
for visual improvement is favorably influenced.

Heparin was administered by intermittent ijections or by continuous
mfusion for an average of 6.7 days (34). Dicumarol was given for an aver-
age of three months Institution of treatment must be prompt particularly
after thrombosis or occlusion of a retinal artery if the results are to be

favorable
STELLATE GANGLION BLOCKS

Reports on the efficacy of stellate block in occlusive disease are mred.
Grelaut (61) reported 3 cases of central retinal artery embolism and 1 case
of thrombosis of the central retinal vein which were markedly improved by
block. Caston (62) was able to restore vision 15 minutes after a stellate
ganglion block m a patient with central retinal artery occlusion, even
though the block was attempted 8% hours after loss of vision, Bomca (63)
found the procedure uneffective in three patients.

DIABETIC RETINOPATHY

This retinal picture is a specific one and may exist wath or without athero-
sclerosis or arteriosclerotic lesions Diabetic retinopathy (30, 64-68) is 1den-
tified pathologically by a characteristic pattern of numerous aneurysms with
surrounding hemorrhages and exudates (Fig. 56). These latter are explained
1n part by leakage of proteins and red cells through the walls of the aneu-
rysms There is a great statistical correlation between the occurrence of
diabetic retinopathy and the Kimmelstiel-Wilson lesion m the kidneys of
the same diabetic patients, as found at autopsy

By ophthalmoscope, the earhest changes seen are usually punctate micro-
aneurysms of capillaries, singly and 1n clusters, in and about the macula
(Fig. 57). These tend to occur n crops, becoming more numerous and sur-
rounded by small exudates and hemorrhages. Hemorrhages 1nto the vitreous
are followed by organization and vascular ingrowth, known as retinitis pro-

Jiferans.
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Cuarren XITT

Renal Aspects of Arteriosclerosis

BLOOD SUPPLY

HE RENAL arteries come off the abdominal aorta on a level with the

first lumbar vertebra (Plate VIII). As the artery enters the hilus, it
usually divides mto three main stems, one of which passes toward the upper
part of the pelvis, a second to 1ts middle portion, and a third to its lower.
Each of these primary stems then divides so that 7 to 9 secondary branches
result, these branches are dustributed anteriorly and posteriorly

DIABETIC GLOMERULOSCLEROSIS

In 1936, Kimmelstiel and Wilson (1) described a clinical syndrome, now
known as diabetic glomerulosclerosis, in which at an antopsy they found a
pecuhar focal hyalin tlickening of the intercapillary connective of the
glomerulus, associated with considerable renal arteriolo- and arteriosclero-
sis. In the evolvement of the full picture of diabetic glomerulosclerosis, the
patient may pass through the various degenerative changes of diabetes and
thus dhabetic and arteriosclerotic coronary artery disease may precede the
onset of the renal lesion. Most observers have stressed the relationship
between mtercapillary glomerulosclerosis and renal vascular disease (2, 3).
The possibility exists that there may be a specral predilection for sclerosis
of the efferent arterioles with the resultant increase in intraglomerular
pressure serving as an aggravating factor i the production of the inter-
capillary hyalin deposits.

The clinical syndrome consists of retinopathy, proteinura, hyperten-
sion. nephrotic and or cardiac edema, and progressive azoterma in a pa-
tient whose diabetes is either mild or severe. Rifkin, Lester and Berkman
have listed the following clinical vanants of the discase (2, 3):

1. Diabetes mellitus, hypertensive disease, edema, proteinuna and ret-
nopathy.

9. Mild diabetes melhtus, retinopathy, peripheral vascular disease, and
protemuria with or without hypertension or renal insufficiency

3, Diabetes melhtus, arteriosclerotic heart disease, congestive failure,
proteinuria and retinopathy.

4. Diabetes mellitus, hypertensive disease with or without cardiac fatlure,
and protemuna.

5. Renal insufficiency and/or edema of undetermmed etiology in a latent

dinbetic patient with some other major illness
310
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6. Nephrotic syndrome in a juvenile diabetic with retinopathy or without
hypertension or renal impairment in early stages.

7. Diabetes mellitus, proteinuria, retinopathy, and peripheral neuropathy.

The findings of diabetic retinopathy have been described in Chapter
XI1. Diabetes 1s present at least eight years before the onset of the renal
Tesion (4). The prognosis is poor with an average duration of lifc after
the onset of the syndrome 6 to 7 years with a range of 2 to 13 years.
Uremia, myocardial infarction, and acute cardiac failure are the most
frequent causes of death

The complete nephrotic syndrome inclues marked albuminuria, hypo-
protimineuria, hypercholesterolemia and edema, In the syndrome, albumin-
uria may vary in degree, edema may not be present even though the rest
of the clinical picture exists, A prominent urinary finding 1s the presence
of doubly refractile hipoid droplets in epithelial cells or casts With polar-
1zed hight they present a typical and easily recogmzable appearance of
maltese crosses. This serves to distinguish the albuminuria of congestive
failure with edema. 1t is chiefly found in fresh acid urine-and the urine may
have to be examined daily to find them, since the amount of amisotropie
matenal vanies from day to day The plasma protems show a low serum
albumin, an elevated alpha-2 and beta globulin, and normal gamma glob-
ulin, The urinary protems consist chiefly of alburmn and alpha-1 globuln
with no merease in the beta and gamma globulin

Renal function studies yeveal a reduction 1n glomerular fltration rate,
renal plasma flow, maxunum tubular excretory function.

Treatment: The patient is given a diabetic diet with about 106 gm. of
pratein daily and 150 to 200 gm. of carbohydrate. The salt content of the
diet should be less than 2 gm. per day in the presenco of edema In the
patient with poor renal function, the protein in the diet should be reduced
to 30 to 50 gm. daily, but the calones must be adequate in other respects
to prevent malnutriion, The fld volume is regulated so that a daily urine
volume of 1,200 to 1,500 cc. is produced.

Digtabs and mercunal dinretics are given in the presence of heart
failure. The problem of poor renal function must always be borne n mnd.

RENAL ARTERY SCLEROSIS AND THROMBOSIS

Arteriosclerotic renal disease, even in the presence of normotension, may
produce proteinuria, granular and hyalin casts, and red and white blood
cells This may be regarded as a static, local atherosclerotic lesion and need
not of stself lead to hypertension. Fishberg (15) beheves that the arterio-
sclerotic hidney s for the most part of hittle climeal significance. However,
progressive sclerosis of the renal artery with gradua) occlusion of the Jumen
1s a natural counterpart of the Goldblatt experiment of narrowing the renal
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arteries with silver clamps. Reports of the sudden production of essential
hypertension by umlateral or bilateral thrombosts of the renal arteries have
been published (5-14).

Terera and Haehg (6) state that hypertension associated with untlateral
renal disease 15 of an acute, severe, and rapidly progressivé type. The
sudden appearance of a striking diastolic blood pressure after the age of
50 years, m a person known previously to have been normotensive, should
lead to suspicion of unilateral renal disease There 15 also a hugh frequency
of headaches, convulsions and advanced retinopathy in almost all but young
children. The chineal picture is that of the accelerated or so-called “malig-
nant” type of hypertension.

The pathogenests might occur as follows (10): The circulatory impover-
shment due to renal artery sclerosis causes gradual atrophic changes m the
renal parenchyma Concomitantly, sufficient pressor substance 1s elaborated
by the ischemic tissue to maintain and sustain a severe hypertension Hussar
and Bornstein (5) describe an instance of a man aged 55 who had pre-
existing arteriosclerosis of both kidneys. A severe gastromntestinal hemor-
rhage from an arteniosclerotic blood vessel 1n a penetrating duodenal ulcer
threw the patient mto shock Thrombus formation took place m both renal
arteries following this episode Hypertension then ensued and the patient
died of renal msufficiency. The arteriosclerotic lesions were confirmed at
autopsy

Wolffe and Donnelly (11, 12) reported therr experrence with eleven
cases of acute renal artery thrombosts The attacks were ushered m with
severe pain over the kidney region or 1n the loin and resembled renal colic
The symptoms mcluded frontal headache, backache and generalized ab-
dommnal pain The onset m one patient mimicked coronary thrombosis
because of the localization of the pain to the chest Most patients show an
elevated blood pressure, frank hematuna, and elevation mn temperature
Intravenous urography revealed flling defects on the affected side All
were treated medically. However, when confronted with a severe, sudden,
unexplamed hypertension, obstruction to the blood supply to the kidney
should be seriously considered among the posstble causes, especially since
nephrectomy 1n umlateral renal disease 1s curafive. Thromboendarterec-
tomy as an alternative method of treatment to nephrectomy was offered by
Freeman and his co-workers (14). A 46-year-old white male with almost
complete occlusion of the left renal artery, demonstrated pre-operatively
by aortogram and proved at operation, was Lreated by blunt curettage of
the obstructive thrombus. An aortogram, done 2 years after thromboendar-

terectomy, showed good filling of the left renal artery with a persistent

reduction of the pre-operative hypertension,
Poutasse and Dustan (16) found 8 patients with severe hypertensive
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vascular disease who were shown by aortography to have arterial filling
defects of the renal artery due to arteriosclerohic plaques at the aortic
orifices or within the renal artery. Two of these patients, men aged 33 and
49 years had prompt remission of the syndrome of malignant hypertension
following nephrectomy. Three other elderly patients who underwent ne-
phrectomy had less striking results. The blood pressure in these three
returned to the pre-malignant level rather than to normal levels. Of the
remaming 3 patients, 2 died of their disease without surgery (which was
contramndicated) and 1 is on medical treatment.

13
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arteries with silver clamps. Reports of the sudden production of essential
hypertension by unilateral or bilateral thrombosis of the renal arteries have
been published (5-14)

Perera and Haelig (6) state that hypertension associated with unilateral
renal disease 1s of an acute, severe, and rapidly progressive type The
sudden appearance of a striking drastolic blood pressure after the age of
50 years, n a person known previously to have been normotensive, should
lead to suspicion of unilateral renal disease. There is also a high frequency
of headaches, convulsions and advanced retinopathy in almost all but young
cluldren. The chmcal picture 1s that of the accelerated or so-called “mahg-
nant” type of hypertension

The pathogenesis might occur as follows (10). The circulatory mpover-
1shment due to renal artery sclerosis causes gradual atrophic changes in the
renal parenchyma. Concomitantly, sufficient pressor substance 1s elaborated
by the 1schemic tissue to mamntain and sustain a severe hypertension. Hussar
and Bornstein (5) describe an mstance of a man aged 55 who had pre-
existing artertosclerosis of both kidneys A severe gastrointestinal hemor-
rhage from an arteriosclerotic blood vessel in a penetrating duodenal ulcer
threw the patient into shock Thrombus formation took place in both renal
artenies following this episode Hypertension then ensued and the patient
died of renal msufficiency The arteriosclerotic lesions were confirmed at
autopsy.

Wolffe and Donnelly (11, 12) reported theirr experience with eleven
cases of acute renal artery thrombosis. The attacks were ushered 1n with
severe pain over the kidney region or i the lom and resembled renal cohic
The symptoms mcluded frontal headache, backache and generalized ab-
dommal pam The onset 1n one patient mumcked coronary thrombosis
because of the localization of the pain to the chest Most patients show an

elevated blood pressure, frank hematuria, and elevation i temperature
Intravenous urography revealed filling defects on the affected side All
were treated medically However, when confronted with a severe, sudden,
unexplained hypertension, obstruction to the blood supply to the kidney
should be serously considered among the possible causes, especially smce
nephrectomy in unilateral renal disease 1s curative Thromboendarterec-
tomy as an alternative method of treatment to nephrectomy was offered by
Freeman and his co-workers (14) A 46-year-old white male with almost
complete occlusion of the left renal artery, demonstrated pre-operatively
by aortogram and proved at operation, was tieated by blunt curettage of
the obstructive thrombus An aortogram, done 2 years after thromboendar-
terectomy, showed good filling of the left renal artery with a persistent

i - tension.
duction of the pre-operative hyper
x'ePLoumsse and Dustan (16) found 8 patients with severe hypertensive
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The clinical picture has two phases: (1) those of resprratory insufficiency
and (2) those of cardiac insufficiency mamfested by right heart farlure.
The mcidence symptoms and signs in 25 cases reviewed by Parmley and
Jones (1) are as follows:

1 Dyspnea 25 cases (100%)
2 Cyanosis 25 cases (100%)
3 Cardiomegaly 21 cases { 84%)
4 Peripheral edema 20 cases ( 80%)
5. Hepatomegaly 13 cases { 50%)
6. Precordial pain 11 cases ( 44%)
7. Orthopnea 7 cases ( 28%)
8 Hemoptysis 7 cases ( 28%)
9. Somnolence 3 cases ( 129)
10 Clubbing 2 cases ( 89)

Dyspnea, cough, hemoptysis and cyanosis are the initial symptoms.
While, at first, dyspnea occurs only on exertion, as the disease progresses, 1t
is also evident at rest, It 1s to be noted that although dyspnea and cyanosis
are constant, that orthopnea may not accompany these symptoms. Sputum
may be moderately abundant and mucoid to mucopurulent Hemoptysis
may occur. Eventually the respiratory imnsufficiency is complicated by
cardiac msufficiency with signs mainly of right heart failure, hepato-
megaly, ascites and perrpheral edema. Exertional syncope and exertional
chest pain, resembling angma, may also be present.

Positive physical findings are limited to the heart and organs affected
later by an elevated venous pressure. Examination of the heart reveals
increased retrosternal dullness, widening of the conus area and distinct
pulsating bulge of the precordium, most marked along the left margin of
the sternum These findings are charactenstic of night ventricular hyper-
trophy. Systolic murmurs may be present over the precordium due to
relative tricuspid insufficiency, and over the pulmonic area due to dilated
pulmonary artery, Diastolie murmurs at the pulmonic area and left sternal
border may be present because of a functional pulmonary valvular msuf-
ficiency. Varous degrees of cyanosis are seen. Clubbing of the fingers and
toes, though encountered, 1s not common

Because of the right ventricular failure, the lung fields remain relatively
clear of rales. This has been used as a paramount diagnostic point. How-
ever, hiydrothorax may occur despite the absence of pulmonary rales.

Routine laboratory studies are normal except for a compensatory poly-
evthemia. Hemodynamic studies at rest utihzing the technique of nght
heart catheterization shows the following (2) 1)markedly elevated pulmo-
nary artery pressure, 2) normal systemic artery pressure, 3) low cardiac
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Pulmonary Aspects of Arteriosclerosis

BLOOD SUPPLY

HE MAIN pulmonary artery arises from the right ventricle and after

coursing anterior to the aorta for a few centimeters, it divides mto

right and left branches to supply the respective lungs. The night branch

proceeds posterior to the arch of the aorta and the left anterior to the

descending aorta. The branches sub-divide to supply each lobe of the lung.
CLINICAL ASPECTS

Artenosclerosis of the pulmonary arteries may be primary or secondary

in origin

Primary pulmonary arteriosclerosis 1s defined as a rare, progressive, fatal
disease of unknown causation, characterized by an extensive narrowing of
the pulmonary arterioles by an artenosclerotic process. The incidence 1s
very low Various reports imdicate that 1t occurs mn 1 3800 autopsies,
1-12,000 auntopsies, 1 1860 autopsies and 2 m 5,991 autopsies. The etiology
of primary pulmonary arteriosclerosis remains in doubt Although hyper-
tension has been given as an important etiologic factor, mstances occur
without hypertension. Parmley and Jones (1) postulate that pulmonary
arteriosclerosis may result from hypoxia and that the usual cause of this
hypoxia 1s a pulmonary hypertension In the case of primary pulmonary
arterioscleross, an essential hypertension confined to the pulmonary circut
may be responsible for the arteniolar lesions Once the processes of hyper-
tension and pulmonary arteriosclerosis become manifest, a vicious circle
15 established, one process serving to perpetuate and mcrease the other

Dresdale, Michtom and Schultz (2) have measured the pulmonary vas-
cular pressure in this “primary pulmonary hypertension” They indicate
that 1t can be distinguished from secondary pulmonary hypertension by
the absence of any mtrninsic heart or lung disease and by the absence of
mechanical blocks m the pulmonary vascular bed seeded from without,
e g, pulmonary emboli.

The pulmonary vascular changes which accompany prolonged pulmo-
nary hypertension are unlike the vascular changes seen m systemic hyper-
tension (3-7). The predommant changes are atheromatous lesions of the
stem and large elastic arteries, alone, or m combnation with fibrous mtimal
thickening and narrowing, or obliteration of the smaller arteries 'I:hrom-
botic lesions in various stages of organization have been seen in the

and posteapillary vessels of meroscopic sizes

precapd]ary
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The chinieal picture has twa phases: (1) those of resprratory insufficiency
and (2} those of cardiac msufficiency mamfested by night heart faulure.
The incidence symptoms and signs in 23 eases veviewed by Parmley and
Jones (1) are as follows:

1. Dyspnea 23 cases {100%)
2, Cyanosis 23 cases {1007}
3. Carchomegaly 21 cases { 84%)
4 Peripheral edema 20 cases { 80%)
5. Hepatomegaly 13 cases { 50%)
6 Precordm! pain 11 cases { 34%)
7. Orthopnea 7 cases { 28%)
8 Hemoptysis 7 cases { 28%)
8 Somnolence 3 cases { 12¢)
16. Clubbing, 2 cases ( B%)

Dyspnea, cough, hemoptysis and eyanosis are the uutial symptoms
Whle, at first, dy spnea vecurs only on exertion, as the disease progresses, it
is also evident at rest. It is to be noted that although dyspnea and eyanosts
are constant, that orthopnea may not accompany these symptoms Sputum
may be moderately abundant and mucerd to mucopuralent Hemoptysis
may accur. Erentually the respratory nsufficiency 1 complcated by
cardme insufficiency with signs waindy of nght heart failure, hepato-
megaly, asoites and penpheral edema. Exertional syncope and exertional
chest pain, resembling angma, may also be present,

Positive physical findings are hmited to the heazt and organs affected
Iater by an elevated venows pressure E won of the heart reveals
mcreased retrosternal dull idening of the conus arca and distinct
pulsating bulge of the precordium, most marked along the left margin of
the sternum These finthags are characteristie of right ventmeular hyper-
trophy. Systohe murmurs may be present over the precordmm due to
relative trncuspid insufficiency, and over the pulmomc area due to dilated
¥ y artery. Drastol at the pul area and left sternal
border may be present because of a functional pulmonary valvalar msul-
ficiency. Various degrees of cyanosis are seen Clubbing of the fingers and
toes, though encountered, 1» not cormmon

Because of the sight yentnentar falure, the lung felds remain relatively
clear of rales. This has been used as a paramount dhagnastic point How
ever, hydrothorax may occwr despite the absence of pulmonary wies

Rowtine laboratory studies are nomal except for a compensatory pohy-
evthemia  Hemodyname studies at vest utilizing the technique of nght
heart catheterization shaws the following {2} 1)markedly elevated pulme-
nary artery pressure, ) nommal systemic artery pressure, 3) low cardme
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output, 4) ncreased arteniovenous oxygen difference; 5) elevated right
ventricular end-diastolic pressure, sometimes present before clinical signs
of right heart failure, and 8) normal arterial oxygen saturation.

By x-ray examination, the earliest sign of this disease is an accentuated
pulmonary conus-artery segment. Later, right ventricular hypertrophy may
develop. Pericardial effusion may be the predommant finding at the end
stage of the disease. The electrocardiogram 15 one of right ventricular
hypertrophy

Dresdale (2) has advocated the use of priscoline i patients with primary
pulmonary hypertenston This sympatholytic and adrenolytic agent was
able to lower the pulmonary artery pressure. The patient given priscoline
in a dose of 75 mg intravenously, was able to increase his work capacity
from 16 step-ups on a platform to 70 step-ups, the latter without symptoms

Primary pulmonary artertosclerasts must be differentiated from secondary
forms which may follow certain congemtal heart lesions, emphysema,
multiple pulmonary emboh or thrombs, mtral stenosis, kyphoscoliosts and
scleroderma.
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Conclusion

HE INTENT of this book has been to put under one cover the prob-
fems facing the psysician m refation to the chnical aspects of arteno-

sclerosss An attempt has been made to clude the newer biochemcal,
meducal, surgical, diagnostic and therapentic knowledge . a “head to toe”
approach to chimeal artenoscleross, To carry out the mntent, 1 bave read,
re-read, quoted and digested the writings of mnumerable authonties and
kave mtegrated these deas with my own chnical evpenience

Our treatment of atheroscleross 15 still more concerned with the comph-
cations of the disease, than with the disease itself. We dilate vessels, we
resect vessels, we divert vessels, we thin blood Drug and detotherapy
proposed for lowenmg the sexum cholesterol level or altermg the serum
beta-hpoprotem concentration as n method for treatment of clinical athero-
sclerosis has included the low cholesterol-low fat diet, heparn, sitosterol,
ncotinie acid {1, 2), thyroid, and lipotropic agents These therapeutie pro-
posals have not met with wniform acceptance The following results have
been reported 1 patients whase treatment began after thewr first myocardial
mfarction Morrison (3), after a follow up of 8 years on a low cholesterol-
Jow fat dhet, reports that of 50 control patients, 38 {76 per cent) have died
of cardiovascular disease, while of 50 treated patients, 22 (44 per cent)
have died. Engelberg (4) treated 105 patients wath 200 mg of concen-
trated aqueous hepann given subeutancously twice weekly for an average
of 187 months, four deaths occurred in thus gronp Twenty-one deaths oe-
curred 1 a comparable control group of 117 patients who were given
placebo therapy for an average of 18 7 months. Stamler, Pick and Katz (5),
m thesr second mterim report on the use of estrogen {10 mg of Premarin
daily), mdicate that as of May 1, 1956 (see page 36) there were 3 deaths of
49 control patients and 1 death of 53 treated patients

‘The apparent reversibilty of the atherosclerotic process m the expen-
mental ammal has given rise to much hope for a possible appheation to
human atherosclerosss, and, what is more, to a renewed stimulus for basic
and chinical research m tius field Untal that glorious day when a thoroughly
proved method for preventiag and treating atheroscleross 1s at hand, 1
trust that this text may serve as an aud m the diagrosis and treatment of
atherosclerosis within the range of our present knowledge.
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Anterior cercbral artery, 217, 230
octlusions, 231
Antenior choroudal artery, 217, 231-232
acelusion of, 252
Anterior infenor cerebellar artery occlusion,
2
Anterior spinal artery
lesions, 213
thrombosts of, 235, 243
Anterior wall infarction, 189-190
Anteroseptal infarcts, 190
Anti-arteniosclerotic agents, 30-33
Antibiotics, vur, 246, 280-281, 284
Anticoagulants, 195, 291-292, 303
arterosclerosis obliterans, 289290
effect m acute myocardial infarctions, 197-

therapy, 195, 197-199, 230, 242, 306
hemiplegia, 247-248
Anviety, 103, 172, 228
Aorta, 10
abdemmal, 261
thromboartcnosclerosis, 262-267
ancurysms, 269
dissecting, 91
arteriosclerosis of, 39
atherosclerosts of, 5, 7
calaification, 7, 138, 189, 263
dilated, 192, 262
disease, 89
valvular, 89-91
emboh, 202
graft, 268
hypoplasia, 201
msufficiency, 90-91, 263
occlusion of, 261
rupture of, 267
sclerosis of, 11, 37
stenosis, 90
calaific, 189
thoracic, 261
Aottitss, leutic, 263
Aortography, 263-264, 268, 312
Aphas, 7, 228, 230-232
latent, 226
Apical wall mnfarctions, 191
Apoplectiform, 227
‘Apoplexy, 9, 228, 247
clinical differential diagnosis of, 244

Clinical Aspects of Arteriosclerosis

Appendcitis, acute, with acute myocardial
mfarction, 154
Aramine, 201
Arcus senilis, 39
Arldin, 286
Arrthythma, 71, 99, 102, 125, 153, 191
atnal, 193
auncular, 179, 202
cardhac, 170, 201-202
nodal, 202
paroxysmal, 189
ventricular, 134, 177
Artane, 251
Arterectomy, 230, 288, 292
Artenal ancurysms, 292293
Artcrial blood pressure, 223
Artenal drsease
advances, 283
occlusne, 274, 277, 284
penpheral, 279
Artenal embolism, 291-292
Arternal grafts, 266, 269
Arternal insufficiency, 3, 6, 95, 276-277, 287
Tocal, 27
penipheral, 279
Artenal intima, 23
Artenal occlusion,
290-291
Arterial spasm, 9
Arterial thrombosts, 223
Artenalization of cardiac veins, 137
Artences, 20
caleification of, 274
constrictions of, 298
copper wire, 209-300
coronary disease, 282
higation, 137
silver wire, 209-300
thrombasis, 271
upper extremuty, 275
Artenography, 221, 279, 292
Arterolar constriction, 280
Arteriolar sclerosis, 300
Arteno-luminal vessels, 53
Artenoscleross, 178, 192, 197
aortic aspects of, 39, 261-273
btochermstry of, 20-26
cardhac aspects of, v, 52-88
cerebral, 9, 11, 221229, 246
aspects of, 1x, 217-260
psychosis with, 227.229
thrombosis, 229, 244
coronary, 36-38
and coronary eirculation, 56
and corneal arcus, 39

3, 274, 276-279, 263-284,




Index

Cardhae edema, 310
Cardac enlargement, 82, 160
Casdiac farture, scute, 311
Cardsac infarction, 8
Cardrac ssufficiency, 56, 315
Cardrar massage, 182
Cardue neuress, 91, 103
Cardrae output, 170, 200, 206, 284
Casdiac pam, 60-83, 90, 121, 199, 204
and paravestebral block, 140
at rest, 123
somatw companent, 148
syndromes, §3
Cardiae para-sympathetie fibers, 53
Cardiac pregasghome Sbers, 53
Cardwe rupture, 180
Cardac vetns
artenaliration, 137
Tigation of great, 139
Carchomegaly, 315
Cardiapencardiopexy, 134-138
Cardaspasm, 60, 97
Cardiovascular disease, 4, 13, 35 37, 39, 207
Cardios ascolar dsorder, 102-103
Caratrd emboh, 202
Carotd snus, 94-95
hyperactne, 9195
pressure, 176, 178-179
Caseara sagrada, 194
Catecholamunes, 192
Cation evchange resins, 167
Cedilamd, 180
Cehae artery, athesosclerasss, 5
Celotomy, 98
Cellubstis, 261
Central setinal artery, occdusion, 302
Central nenous system lestons, 4, 7, 9.
Cerehellg-tubro-thalame connections, 232
Cerebsal angospasm, 247
Cercbral angography, 221-224
Cerebral arteries, rupture of, 225
Corebral arterosclerosss, B, 11, 221-220, 242,
aychoss with, 227.229
Cerebral atherosclerosts, diagnosts of, 7
Cerebral tucvlation aud actenosclerosis, 224-
235

Cesebral hemonthage, 225, 246

iffers from cerebiral thrambosts, 244-24%
Cerebral ortex

artenal supply of, 218

hustalogy of, 8
Cerebral embolism, 208, 229, 245-248
Cerebral hypoay, 169

323
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Cinchona alkaloids, 124
Cimnchonadine, 124
Circle of Willis, 217, 219, 296, 229, 245
Circulation
cerebral and artenosclerosis, 294-225
collapse, 93, 194
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disturbances of retina, 302-303
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mtramural, 53
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1ntestinal, 271
time, 290
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Cobra venom, 124
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Cold, 291
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sensitivity, 277
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Collateral circulation, 139
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Contractures, Parkinson’s syndrome, 252-253
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298, 312
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Copper wire artenes, 299-300
Cor pulmonale, 17, 96
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Coronary artenes, 10, 52
blood flow, 112
disease, T, 12, 65, 150, 153, 268, 282
among Navajo Indians, 13
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congestive heart failure, 160
disorders of heart beat, 176-185
and gall bladder disease, 98-99
and hypertension, 13
natural history of, 56-60
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Coronary arteriosclerosis, 36-38
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Coronary atherosclerosis, 31, 35-36, 295
clinzeal aspects of disease, 60-6%
correlation with age, 56-57
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Coronary blood flow, 117
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Cough, 92, 101, 172, 178, 315
Coumadin, 196
sodium, 195
Coumarins, 195
Coupling 116
Cramps, leg, 276
Crana] nerve palsies, 240
Crying outbursts, 243
Cumertilm, 167
Cumopyran, 195-196
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“CUP” ratio, 22

Cutaneous reactions, 201

Cyanosis, 91, 96, 139, 169, 172, 315
Cyclocumarol, 196
CyclopentyIpropronate, 200
Cyclopropane, 155

Cytochrome C, 121122

D

Daily biving testing, in hemiplegia, 248
Deafness, 236
De-epicardialization, 137
Dehydration with mercunals, 123
Demerol, 152, 169, 194, 228
Depo-testosterone, 200
Depressive fechings, 228
Descending sympathetic tract, 235
Devedrine, 251
Diabetres, vu, 13, 24, 31, 37, 57, 59-60, 90,
163, 166, 197, 244, 266, 277, 280-282,
286-288, 290 291, 310
aadosis, 198
glomerulosclerosss, 310-311
mellitus, 83, 89, 206, 208, 276, 250, 310-311
and asteniosclerosis, 38-39
atherogemic index values, 24
vaseular disease n, 279
retnopathy, 301-306, 311
Dramox, 167, 169, 171
Diaphragm, lesions of, 102
Duphragmatie futter, 102
Duarrhea, 189
Diastehe murmurs, 315
Dibenamine, 282, 985-286
Dibenzyhine, 282, 283-286
Dicety] phosphate, 269-270
Dicumarel, 112, 195-196, 198-199, 205, 289,
303, 306
Dicumarohization, 244
Dret, v, 108-110, 160, 194, 228
and artenosclerosis, 26 30
fat restoicted, 2728, 195
Jow cholesterol, 29, 195
salt-free, 160
sodrum, 161-166
Diethylstilbesterol, 34
Dhgalen, 180
Digitabs, 124, 160, 167, 169, 177-178, 180-
181, 201, 311
glycoside, 172
ntravenous preparations, 164-163
leaf, 161
and premature contractions, 178
tovie effect from, 178
Dngitalization, 160

Daigtowin, 162, 164, 167-168
Dihydrocholesterol, 33
Dihydroergocornsne, 247
Dihydrocrgotamne, 110
Dilaudid, 194
Dimenthotymethyl-furano-chromone, 117
Dioxylline, 112

phosphate, 115
Diplopia, 240-241
Prurests, 170-171
Duuretics, 113, 160, 166-168
Drzzwess, 7, 116, 226-227, 239-240
Dorsalis pedis artery, 277
Dnbbling, 243
Drooling, 251
Drowstness, 118, 171

rugs
hemiplegia, 247
Parkinson’s syndrome, 251
stress tests vath, 73-78
therapy, 108, 111-112
1n disorders of heart beat, 176-177
penpheral vascular disease, 282-286
“Dry weight,” 167-163
Duodenal ulcer, 83, 312
Dysarthna, 231, 241
Dyspepsia, 117
Dysphagra, 97, 101, 240-241
Dysphoma, 210-241
Dyspnea, 73-74, 91, 100-101, 122, 124, 127,
160, 169-170, 172, 187, 203, 285, 315
Dysynergy, 235-237
E

Ears, ningingn, 177
Ectoptc rhythm, 176, 181
Ldema, 166, 168169, 277, 310.311, 315
of anlles, 101
pulmonary, 186, 203
refractory, 171
Effort angna, 61-63, 67, 76, 78, 153, 262,
283

objectn e tests for, 63-66
tretment, 108-133
Effort syndrome, 102
Effusions, mechanical remon al of, 160
Elastie arteries, 276
Electrocardiogram, 6, 36, 56, 60-61, 63-63,
73, 79, 92, 95-96, 98, 100, 118, 121,
177-178, 181.183, 186, 189, 204, 208,
318
patterns of acute myocardul mfarction,
190-193
precordial, 191, 193
Electrohymogram, 63
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Electrolytes, 170-171
Electrophoresis, paper, 26
Electrorctinogram, 303
Electroshock therapy, 228

Electro-thermic  method, treatment of

dominal aortic aneurysms, 270
Embolectamy, 292
Embolism, 60, 195, 215, 261, 306, 316
cerchral, 246
penpheral arteral, 291-292
Emotion
changes, 206
contro), 213
dusturbances, 103
anstabnbity, 231
labihity, 228
and peripheral blood flow, 279
status of patient, 198
stress, 108
before strokcs, 227
Emphysema, 96, 100, 318
Encephalomalaaa, 225
Encephalopathy, vasculas, 247
End. 1 heral

or
288-289

Endoancurysmorrthaphy, 293
Endocarditis, 244

subacute bactenal, 291
Endothchal probfcration, 226, 298
Enema, ol retention, 194
Encmata, 191, 248
Enfecblement, 250
Enophthalmos, 235, 239
Enucleation, 303, 306
Environment, hazards of, v
Ephednine, 182

sulphate, 178, 183
Emgastric pain, 97, 99-100, 186, 188
Epmephrine, 122, 182, 283, 285

test, 78
Erection, mability to mamtarn, 263
Ergonovine, 150

angma, 150

maleate, 78

test, 76, 80-81
Exgot alkaloids, 284
Erythema, 284
Erythrol tetramtrate, 112.113
Esophageal hiatus herma, 60, 97-98
Esophagus

peptic uleer of, 97

yupture of, 100
Estinyl, 34
Estradiol, 34-35
Estrogens, 34-36, 40, 59, 195

artenosclerosis obliterans, 290
Estrone sulfate, 34
Etamon, 279
Lthaverine, 115-118
Ether, rectal, 204
Ethinyl estradiol, 36
Ethyl alcolol, 112, 116-117
Lthyl <hlonde, 78, 148, 150, 200

spray, 153, 201-205

technie, 151
Euaropeans and atherosclerass, 26
Ewart'’s sign, 101
Excitement, 115
Excretory function, 311
Exeraise

balhstrocardiogram, 81

electrocardiogram, two-step, 70-72

test, 69-75, 80-81

evaluation of, 75
tolerance, 74, 136
test, 69, 97, 124, 280

Exertion, 208

capacity for, 160
External rectus

palsy, 237

paralysis of, 235-236
Extracoronary anastomosis, 135
Exxtrasystoles, 73, 125, 176, 178
Extremities

artentes of upper, 275

arteriosclerotic disease of, vin

emboh, 202
Exudates, 300-302, 306
Eyeld, ptosss of, 239

F
Face
pam, 227
loss of, 235-236
palsy, 240
paralyss, 232, 235-237, 240
parests, 239
temperature 1n, loss of, 235-236
weakness, 241
Famtness, 115, 200
Falling, 240
Fat
aads, 23
low cholesterol diet, 195
neutral, in plasma, 20
Fatigue, 73-74, 92, 226-228, 230, 262
Femoral artery, 274, 293
Femoral occlusion, 291
Fever, 61, 177, 186, 189-190, 198, 207
Fibnllation, 1186, 182, 241
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auncular, 179181 197-198, 201-202, 229,
261, 291
sentrieslar, 177, 181182
Fibon, 269

Fiboaogen, 189
Frbrmolysss, 251
Fibroblasuie proliferation, 15
Fibromyosthss, 252
Fibrosts, 187, 289

snyocashal, 200
Fibrous plagues, 13-14
Fhud regulation, 160
Fluneescern, 279
Flaoromethanes, 76
Florostopy of chest 63
Flushing, 90, 113, 115, 283
Flutter, 99, 108

auncvlar, 179, 181
Fhymg, 111
“Foam cells,” 23
Facton ub, 189

<

ol Bladder disease, 83
and coronary aztery sclerosts, 89-99
Gallep thythm, 138, 186, 188
Gallstones, 98
Ganghon bloching agents, 282
Ganghonegtony, 143-143
Gangrene, 271, a76-271, 279, 283, o83, 287~
288, 202
Castrpntestinal tract
dustress, 188
hemorthage of, 312
fessons of, 87100
Gaze
fived conpugate, 236
Jateral, paralysts, 235-237
\ertscal, paralysss, 238
Gemntoon, 33
Crddiness, 115, 177, 240
Crrdle pams, 21
Catabin, 162-163
Claucoma, 302-303, 306
Clobus piliudus, 10
Glomerular astenes, 10
sclevoms of, 12
Clomerular hltration rate. 313
Clomeruosclerosss, miereapiiary, 310
Glucose, cesebral, 225
Glutanie oxalavehic trapsaminase, 189
Glycery! trntrate, 112-113, 288
ererse test, 74
Crostic sensations, Joss of, Z34-236. 238
Golf, 111

Goose flesh, 283
Granular easts, 311
Cranulestin, 32
Granulomatons pencarditis, 134
Cunr's sign, 298
Gynecoraastia, 36

"

Halluea! curcntatios, 279
Hallucmations, 227
Headache, 183, 174, a0}, 227, 230 239-241,
244, 311
Heauing
pnpaistoent of, Y77
Toss of, 230
Hemat, §35
aneurysw of, 203204
Leat, drsordess
10 coromary artery disease, 176-185
Arug therapy 8, 176-177
specifie, 178-154
block, 187, 202
with Adams-Stokes’ attacks, 182-184
disease, 30, 123, 183, 266, 278, 283
artenosclerage, viit, 4, 262, 310
future, 86
wschermt, 8
Inetic, 263
sheumatie, 291
entarged, 101, 192 198
exhaustion, 206
{ailure, 59, 61, 208, 318
congestine, due to artenosclerosss, 58
vefractory, 170-17%
wetable, 102
yumpy, 178
mosele, 53, 285
erve pathways of. 5353
rate, 141, 284-28%
ren asculanzation of, 134-139
thythm, 177
“solhers,” 102
sounds, dumimished, 101
Heat, extremes 10, 81
Hedblom's syndrome, 102
Hesmatemesss, 57, 102
Hematologie diseases, 101-102
Hematomata, 22
Hematomegaly, 160
Hematowyhs-cosmn, 15
Hematuria, 312
Yiermanesthesia, 231-232
Hemuanopsia, 230-233
lematavia, 231-232
Hemiypalgesa, 33
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Hemipares:s, 228, 231-232, 241
Hemiplegis, 179, 228-232, 235-238, 240-242
cruciata, 234
treatment, 215-253
Hemopencardsum, 199
Hemoaptysis, 92, 96, 315
Hemorrhage, 9, 199-200, 229, 288-289, 301,
305-306
acute, 1
cerebral, 246
arteries, 225
differs from cerebral thrombaosts, 244-245
gastrontestinal, 312
from hemorrhoids, 101
mtracerebral, 244-245
mtramura), 186
1trapentoneal, 268
petechial, 139
retinal, 230, 300, 302
subarachnoid, spontancous, 245
subintimal, 199
Hemorrhagie discase, 198
Hemorthagie pericarditss, 199
Hemorrhagie shock, 268
Hemorrhods, 101
Hepann, 112, 118-119, 153, 195, 199, 207,
251, 289-290, 303, 306
sodium, 40
Hepanimzation, 193, 244
Hepatomegaly, 315
Hentage of arteriosclerosis, 12-13
Herrua, 97-98
Hermated disk, 94
Hernoplasty, 97
Herpes zoster, 93
Heterozygous abnormal states, 12
Heubner's artery, acclusians, 231
Hexamethonum, 282, 283
Huatus herna, 97-98
Hiccough, 204, 240-241
Histadvl, 281
Histarmine, 228, 247, 279, 281-284
Hoarseness, 101, 240-241
Homozygous abnormal state, 12
Hormones
therapy, 120
thyroid, 122
Horner's syndrome, 143, 239, 241
Hyaln casts, 311
Hyaluromdase, 19, 184, 201
Hydergine, 982, 984
Hydrothoray, 315
Hjdroxyamphetamine, 201
Hypercholesterolenna, 12, 21-22, 26, 31-33,
37, 39, 311
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and atherosclerosis, 21
famhal, 39
hereditary, 12-13
rdiopathic, 13
Hyperenua, 278, 282, 302
Hyperesthesta, 231
Hyperglycemia, 189
Hyperhsdrosis, 250
Hyperkalemia, 178
Hyperhpemia, 21, 23, 58
Hypertension, v, 9, 37, 57-60, 82, 89-91,
141-145, 191, 197, 202-203, 206, 208,
225, 244-248, 263, 287, 301, 310-3f2,
314
and artertosclerasts, 4, 38
atherogenc index values, 24
and coronary artery discase, 13
disease, 63, 310
intracranal, 222-223
mlignant, 312.313
pulmonary, 314, 318
retmopathy, 300
sy stohe, 261
Hyperthyroidism, 61, 83
Hypertrophy, 315
arthrtis, 94
nght ventncular, 315
Hypochlorenuc alkalosss, 170
Hypodermoclysts, 194
Hj poglycemia, 61
Hypometabelism, 126
Hyponatremic acidosis, 171
Hypoplasia of aorta, 204
Hypoprothrombinemza, 196-197
Hypoprotinemia, 170
Hypotension, 285
Hypothyroudsin, 22, 61, 89, 127
Hypotonus, 235-237
Hypova, 314
Hysteria, 92
1

Ideomator apravia, 231-233
ILdar, 286
Impotence, 36
Incoherence, 227
Indanchones, 195
Indigestion, acute, 226
Infarction, 32
atheromatous lesions m, 56
of bowel, 270
progreserve, 19¢
Infectron, 170, 271, 277, 284
chromc, 92
Infertor cerebellar peduncle, 235
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Infunor vena cava, higation of, 172 somatic nerves, 205
Tnoswtol, 31 ventnculat muscle, 134
Insuhn, 250 Isocalone diet, 33
Tnsomnia, 137 Tsoprapylarterenal hydrochlonde, 183
Intenbon tremor, 232 Tsotomc saline, 207
Intimn, 3, 12-14, 262 Isotome sodm chionde, 281
artenoselerosis, 208 Tsupec, 182-184
dseased, 292
e o 10,19 fackson syadsome, 234
selcsons, 81, 255 Jaww devaation, 934
Tntellectual falure, 227 Jealausy, 228 -
Intercapiiiary glomerulosclesosis, 310 Jomnt disturbances, tzophuc, 250
Intercellular ground substance, 12 v
Intercoronary anastomoses, 131 Khelbn, 112, 317

Intercostal artencs, atherosclerosts, 5 Kidney
Intercostal muscle, 102 artenosclerosss of, 5, 311
Intermttent tandeation, 276.277, 282-286 erahoh, 202

two-step test, 280 Kummehtiel-Wikson lesson, 306
totezual capsule, 10 Kughiz and atherosclerosts, 26
Internal carotid artery, 230-231 Knte pur, 391
Iaternat elastic membrane, 1 Kyphosesliosss, 316
Interstitial mechastnal emphysera, 100

Interstitial pucumantis, 135 &
Tatraventsicular septum perforation, 203 Lamina enbrosz, 301
Intervertcbral foramna, 93 Lamunectomy, 145
Intestinal perforatson, 271 Lanatoside C, 164, 180
Intracsatsal anewrysms, 229 Laughng, authursts of, 226, 243
Intratranial artery Laxatives, 194
caletheation of carotid 223 Leathm, 32
thromboss of small, 226 Lee-White coagulation tame, 195
Intracramal hypertension, 222-223 Left sentneolar infarction, 191
Tnteneransal neoplasms, 227 Leg
Intsacramial pressure, 113, 224, 244 cramps, 276
Intramyacardiat channels, 139 oblnteratne disease of, 279
Intramueral orvadation, 53 pan, 291
Intramuzal hemarthage, 188 thromboss of artenies of, 29
Intramuscular kpoma, 93 Leptomennges, 9
Intramuscular sessels and artertosclerosis, 40 Lenche syndrome, 261
Intra-ocular pressure, 113 Leugocytosss, 61, 166, 189-190, 207
Intravaseulay pressure, 3 Leubocyte counts, 197-198
fltratson, 16-17 Levartcrenod, 201
Intravascular thrombr, 231 Lovy anvvernia test, 78
Intraventricular Bodd, 116, 177, 168 Latasdo, loss of, 38
Tavoluntary oy ements, 237 Libman-Sacks, 101
ITodine, 280

Lightheadcdness, £77, 285
Jodopyracet, 221 Lambs, consulse movements, 237
Imtabuity, 226.928, 283 Lipemia, alimentary, 118
Ischema, 72, 91, 188, 227, 297 Lapid deposts, 226
cerebral 229 Lipd metabolism, 12
heart disease, & Liptds, remosal of, from artenl wall, 16.20

Tocal, 201 Lapomicron connt, 32

myocardial, acute, 200 Lapoprotein

neanits, 277 atherogensc sndey, 207
acute, 284

dastribmtion of, by age and sex, 33
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low density scrum, 207
molecules, 23-25
Lattle strokes, 226-227
Lattman and Rodman test, 73
Lastlessness, 283
Luer, 10
enlargement of, 101
Local block therapy, 147-154, 205
Low-protein dict, 22§
Low salt syndrome, 171
Low sodium syndrome, 171
Lues, 101
Luetic aortits, 263
Luetic heart disease, 263
Lumbar sympathectomy, arteriosclcrosts ob-
literans, 286-288
Lumina, alteratton in caliber of, 279
Lungs, 135
emboli, 202
maoist rales m arte rioscleross, 96
parenchymal artenies of, 10
Lymphangitss, 281
M

Macrochylomicronemta, 23
Magnesium silicate pow der, 135
Magnesum sulphate, 180-181
Magnesium tnsiheate, 286
crystals, 134
Mannttol hexamtrate, 113
Marcoumar, 195
Matas technie, 203
Mecholyl, 180
Medsa, focal atrophy of, 225
Mediastinal crepitation, 100
Med 1 emph: X 1, 100
Mediastimtis, 135
acute, 100
Medastinum, 135
lesions of, 100-101
tumors of, 100
Megaesophagus, 97
Melena, 271
Memory
impairment, 227, 230
loss of, 226
poor, 244
Menadione, 198
Menopause, 59-60
Mental confusion, 7, 221, 232, 285
Mental detenoration, 227
Mephentermne, 201
Mephyton, 196
Merallunde, 167
Afercaptomermn, 167
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Mercuhydnn, 167-168, 171
Mercumatilia, 167
Mercunal diuretics, v, 171, 311
Mercumals, 123124, 168, 178
Mercurophyllin, 167
Mercuzanthin, 167
Mcrpurate, 167
Mesentenie artery, atherosclerosis, 5
Mcsentenc thrombosis, 270-271
Mesentery, emboli, 202
Metabohie functions, cerchral, 224
Mctabolism, 125
hody, 206
Ipd, 12
rate, 92, 122, 171
\ctamne, 113
Methapynlene hydrochlonide, 281
Methemolglobinemia, 113
\lethiomne, 31
Methischol, 32
Methyltestosterone, 290
Methylthiouract], 122
Metrazol, 228
Alicrocytic anemia, 101
\ictine, 167-168
Stiddle cerebral artery, 217, 232
acclusions, 231
Milk, 167
dualyzed, 161
Millard-Gubler type, 235-236
\Miosis, 233, 239
Mitral stenosts, 17, 91, 244, 316
Molar sodium lactate, 184
Moncheberg’s arteriosclerosis, 274-276
Momnchol, 32
Moral standards, Jowenng of, 227
Morphine, 112, 118, 169
sulfate, 172, 194
Motor weakness, 240
Mural thromb, 200, 202, 204, 229, 261, 269,
291
Murmurs, 268
Muscle
atrophy, 277
heart, 285
meoordination, 250
Jesions, 92
pan, 250
ngidity, 250
scarred, 252
spasm, 148
strength, 248
loss of, 291
tghtenmg, 276
tonus, 243
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weakness of, 227, 277
Myehtss, 146
Myocardial anotia, 102, 121
Myocardsal calarfication, 200
Myocardial fibrosis, 200
Myocardral hypovia, 192
Myocardsal incompetence, 98
Myocardsal infarction, 4, 6, 8-9, 22, 24.25,
30, 36-38, 55-56, 59-61, 82, 88, 91, 95,
98, 101, 118, 134, 138, 143-144, 147,
152, 154, 170, 228, 261, 267, 291, 311
acute, 178, 186218, 229
complications of, 200-205
effect of anttcoagulants, 197-199
electrocardiographic patterns, 190-193
laboratory tests, 189-190
prognos:s of, 205.209
treatment of, 194-200
and hepann, 118
impending, 199
parnless, 187-188
Myocardial ischerma, 60-61, 89-91, 137, 186,
200

Myocardsal lesions, 9

Myacardial necrosts, 189

Myocardial sinusords, 53

Myofascial component 1n mtermittent claudi-
cation, 290

Myofascaal pam, 92

Myosttis, 92

My xedema, 126-127

N
Narcotics, 200
Nasal congestion, 285
Nausea, 118-117, 171, 177, 180, 189, 194,
200, 226, 271, 283, 285
Natriml, 169
Navajo Indrans, coronary artery disease, 13
Neapolitons and atherosclerosis, 26
eck
stiffness of, 245
vein, distended, 199
Necrosts, 287
papdlary muscle, 81
subendocardial, 61, 200
subepicardral, 200
Neohy dein, 167.169
Neostigmine, 180
Neo-synephrine, 201
Kephrectomy, 312-313
Nephntis, 214
Nephrosis, 22
Nephrotic edema, 310
Nephrotie syndrome, 311
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Nenve lesions, secondary to ostecarthnitts of
spine, 93-94
Nenve root mjury, 92
Nervous system lesions, 93-95
Neurectomy, pericoronary, 139
Neuntides, 142
Neuntis, 60, 288
1schemue, 277
acute, 284
Neurocirculatory asthenia, 102
Nicotine, 109, 195
Nicotrnie acd, 124, 298.229, 247
Nitntes, 112-113, 122, 286
Nitrogen, serum level, 200
Nitroglycerin, 31-32, 60, 62, 77-78, 90, 97-98,
111-113, 117, 122, 138, 153, 282, 286
Nitroglyn, 113
Nodal arthythrmas, 202
Nodal extrasystoles, 176
Nodal tachycardia, 176
Nor-epinephrine, [22, 200
North Amencans and atherosclerosss, 26
Novocame nfiltration, 147
Numbness, 227, 239, 277, 291
Nutntion, undernutntion, vi
Nystagmus, 236, 239, 241

o

Obesity, 13, 28, 37, 58, 60, 83, 108, 280
Occlusion, 200
aorta, 261
arterial, 274, 277-279, 283284
acute, 290 291
central artery, 302
retinal, 303
of cerebral vessels, 231
ctrcle of Wilhs, 226
coronary, 288, 290
femoral, 291
mntimal disease, 3
retina
central artery, 303
sascular disease of, 303-306
vem, 303
stellate ganghion block, 306
thrombotic, acute, 291
Oceupational therapy, Parhinsen’s syndrome,
252
Octy] mtrite, 112-113
Oculur deviation, 235-236
Qcular movements, disorder of, 240
Oculocephalogyrie movements, paralysis of,
237

Oculogynie erises, 250
Okraanans and atherosclerosis, 26
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low density serum, 207
molccules, 23-25
Lattle strohes, 226-227
Luttman and Rodman test, 73
Lastlessness, 283
Lner, 10
enlargement of, 101
Local block therapy, 147-154, 205
Low-protein diet, 228
Low salt syndrome, 171
Low sodium syndrome, 171
Lues, 101
Luetic aortitis, 263
Luetic licart discase, 263
Lumbar sympathectomy, arteriosclerosts ob-
literans, 286-288
Lumina, alteration 1n caliber of, 279
Lungs, 135
embolt, 202
moust rales in artersoscleross, 96
parenchymal arteries of, 10
Lymphangitis, 281
M

Macrochylormcronemia, 23
Magnestum silicate powder, 135
Magnesium sulphate, 180-181
Magnesum tnsilicate, 288

crystals, 134
Manmitol hexamtrate, 113
Marcoumar, 195
Matas techme, 203
Mecholyl, 180
Media, focal atrophy of, 225
Mediastinal crepttation, 100

1 1 emok 1. 100

Medhastinitis, 135
acute, 100
Mediastinum, 135
lestons of, 100-101
tumors of, 100
Megaesophagus, 97
Melena, 271
Memory
impairment, 227, 230
loss of, 226
poor, 244
Menadione, 196
Menopause, 59-60
Mental confusion, 7, 221, 232, 285
Mental deterioration, 227
Mephentermine, 201
Mephyton, 198
Merallunde, 167
Mercaptomerin, 167
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Mercuhydnn, 167-168, 171
Mercumatihin, 167
Mercurial diretics, vu, 171, 311
Mercurials, 123.124, 168, 178
Mercurophyllin, 167
Mecreuzanthin, 167
Merpurate, 167
Mesentenc artery, atherosclerosts, 5
Mesenteric thrombosis, 270-271
Mesentery, embols, 202
Metabolic functions, cercbral, 224
\Metabohism, 125

hady, 208

Iipd, 12

rate, 92, 122, 171
Metamine, 113
Methapynlene hydrochlonde, 281
Methemolglobmemta, 113
Aethionme, 31
Methischel, 32
Methyltestosterone, 290
Methylthiouraail, 122
Metrazol, 228
\icrocy tic anemma, 101
\ictine, 167-188
Middle cerebral artery, 217, 232

occlusions, 231
Milk, 167

dialyzed, 161
Millard-Gubler type, 235-236
Mosis, 235, 239
AMtral stenosts, 17, 91, 244, 316
Molar sodium lactate, 184
Monckeherg’s arteriosclerosis, 274-276
Monichol, 32
Moral standards, lowenng of, 227
Morphine, 112, 118, 169

sulfate, 172, 194
\lotor weakness, 240
Mural thrombr, 200, 208, 204, 229, 261, 269,

251

Murmurs, 268
Muscle

atrophy, 277

heart, 285

mcoordmation, 250

lesions, 92

pam, 250

ngidity, 250

scarred, 252

spasm, 148

strength, 248

loss of, 291
tightening, 276
tonus, 243
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Parsidol, 251
Pavert}, 112, 115-116
Pectoral muscle grafts, 135
Pectoralis major, 141, 147, 152
Pectorahs minor, 142, 152
procaine mhltration, 148
Pedal trauma, 280
Pentaerythntol, 112
tetranitrate, 113
Pentothal, 155, 265
Peptic ulcer, 89, 198
of esophagus, 97
Perforatians, 100
Pencardial effusion, 199, 316
Pericardial friction rub, 186
Pencarditss, 202, 204
acute, 101, 194
granulomatous, 134
adhesive, 135
hemorrhagic, 199
Pencardum, 135
lestons of, 101
panetal, 135
Pericoronary neurectomy, 139
Penpheral aneurysms, 269
Penpheral artenal disease, 279
Penpheral artenial embohsm, 291-262
Perpheral arterial insufficiency, 279
Peripheral artenosclerosts, 9, 281
types of disease, 274
Perpheral artery disease, 6
diagnosis of, 6
Penpheral atherosclerosis 7
Peripheral edema, 315
Peripheral infarcts, 202
Penipheral nerve lesions, 93
Peripheral neuropathy, 280, 311
Penpheral occlusive arternal disease and cor-
onary artery diease, 8-9
Peripheral pulse, 286
Peripheral vascular aspects of arteriosclerosis,
274.297
Peripheral vascular eirculahion, 110
Penpheral vascular collapse, 200
Penpheral vasodilator, 286
Pentonitis, 271
Pentrate, 112-113, 286
Pernicious anemna, 101
Persecutory 1deas, 228
Perspiration
clammy, 200
decreased, 239
evcesswve, 171
Phagocytosts, 19
Phenobarbntal, 178
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Fhenol, 137, 286
Phenylephrne, 201
Phenylindandione, 195, 197
Phenohzation, 137
Phlebosclerosts, 16-17
Phonation, 242-243
Phospholipids, 23, 31
cholesterol ratio, 21-23, 31, 82
free cholesterol ratro, 31
level, 36
m plasma, 20
Phremc crush, 204
Physiotherapy, 203, 292
Parkmson’s syndrome, 252
Pitressin, 110
test 78
Plantar refleves, 243
1psilateral extension, 240
Placues, 14-15, 298
arteniosclerotic, 313
fibrous, 13-14
Plasma cholesterol, 34
Plasma potassium, 171
Plasma protems, 311
mcrofractionation of, 25-26
Pleocytosts, 244
Plethysmography, 278-279
Pleural effusion, 100, 160, 169-170 204
Pleunsy, 204
Pleuntis, 96
Pneumopentoneum, 97
Pneumothorax, 100
spontaneous, 96
Polycytherma, 315
Polysacchanides, 195
Pontile syndrome of Foville, 237
Popliteal artery, 276
Popliteal space, 292
Posterior cerebral artery, 217-218, 231-233
Posteror mfentor cerebellar artery, 233, 239
occlusion, 242
thrombosis, 235, 240-241
Postertor rhizotomy, 145-146
Postersor root section, 145
Postenor spmal artery, 243-244
Postertor tibal nerve block, 277
Postertor wall infarction, 145, 190-192
Posterolateral infarction, 190
Postural hypotension, 255
Potassium
chlonde, 171, 178, 181
atrate, 171
mitrate, 167
plasma, 171
Pre-aortic plevus black, 146-147
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Operation, 61
Ophthalmie artery, 231, 298
Ophthalmoplegia, 230
Ophthalmoscopic  signs
208.300

Optic atrophy, 231
Optic ncrve, pressure atrophy of, 230
Oral dwretics, 168
Orchiectomy, 34
Orthopnea, 91, 127, 160, 172, 315
Organic mercunals, 166
Organic mercunals, parenteral, 166-167
Orgame vascular disease, 278
Osallomctry, 6, 263, 277-278, 292
Osteoarthnitis, 123

hypertrophie, 94

of spine, 93-04
Osteomyelitrs, 281
Osteoporosts of bone, 277
Ouaban, 165
Overweight, 107
Oxygen, 172, 194, 200

admimistration, 160

cerebral, 225

utthzation, 247

of arteriosclerosis,

P

Pagitane, 251

Pam, 61, 97, 184, 205, 291
abdominal, 267-268, 271, 312
back, 262
chest, 282, 315
epigastric, 186, 188
facial, 227
girdle, 244
hips, 262
mtractable, 198
knee, 291
leg, 200-291
loss of

n face, 235-236
1n limbs and trunk, 234-236
migration of, 144
nusele, 250
neuntic, 288
perception, impairment of, 241
precordaal, 283, 315
rest, 277, 283, 285, 287-288
severe, 180
substernal, 186, 188
syndrome, 93
thighs, 262
Palatg, soft, paralysis, 234-235, 239
Pallor, 189, 200, 291

of lower extremuties, 263
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Palpitation, 90, 101, 113, 178, 283
Palsy, 229
cramal nerve, 240
external rectus, 237
facsal, 240
pseudobulbar, 242
umlateral, 7
Pancreas, 10
Pancreatitis, acute, 99
Papaverme, 112, 115-116, 247, 279, 284
Paper clectrophoresis, 26
Papillary muscle
necrosts, 81
Tupture of, 203
Papilloedema, 222, 230
Puracentral artery, occlusions, 231
Paraldehy de, 228, 246
Paralyais, 230, 238, 243-244
agitans, 251
bladder, 244
howel, 244
bulbar, shght, 226
cxternal rectus, 235-236
facial, 232, 235-237, 240
Jaw muscles, 236
lateral gaze, 235-237
oculocephalogic movements, 237
spastic, 234
tongue, 242
of vertrcal gaze, 238
soft palate, 235, 239
vocal cord, 235
Paralytic syndrome of Fouille, 237
Paraplegia, 243
Parasitic disease, 101
Parasympathetic system, 53
Paravertebral block, 140, 281, 291
with alcohol, 141-143
arteriosclerosis obhterans, 286
Parayertebral sympathetic block, 285
Paravertebral sympathetic gangha, 54
Parednne, 178, 182, 201
Paresss, flacad, 234
Paresthesta, 227, 239-240, 277
hemateral, 240
Partetal pencardum, 135
Parkinson’s syndrome, 296, 228, 232, 250-253
Paralysss, palatal, 241
Parenychia, 281
Paroxysmal arthythema, 73, 189
Paroxysmal aurrcular tachycardia, 176-180
Paroxysmal disorder of heart thvthm, 176
Paroxysmal dyspnea, 56
Paroxysmal pulmonary edema, 56
Paroxysmal tachycardia, 179
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thrombos, 313-313
Renal aspects of artenoscleross, 310-313
Renal blaod flow, 200
Renal colic, 268, 312
Renal failare, 288
Renal functwan, 263
Renol smpdument, 311
Renal insufficrency, 310, 312
Renal parenchyma, arteries of, 10
Benal plasma flow, 311
Reserpine, 228
Resoder, 169
Respiratery tract
comphieations, 246
anfection, 101, 206
asufficiency, 315
festons of, 96-97
Rest, 160, 206
pan, 277, 283, 285, 287288
Restlessaess, 227, 246, 285
Retention, 243
Retina
alterations, 292
arteriosclerosis, 11, 278, 298-309
artery, atherasclerosis 1, 298
central retnal artery, occlusion of, 299.300
areutatary distacbances of, 302.303
duabene, 304
hemorrhage, 230, 300
acelusive vaseular discase of, 303-308
serns, thrombosss, 303
vessels
Justology of, &
tortuosity, 269
Retuntss probiferans, 308
Retiopathy, 310512
diabetse, 306, 311
hypestensive, 300
Retropentaneat tumors, 267
Retrasternal dullness, 315
Revascufanzation
of heart, 134-139
of sschemic myocardiom, 137
Rheumatie carditss, 91
Rheumatrc fever, 101
Rheumatic heart disease, 172, 291
Rheumatic tendency, 53
Rhuzotamy, posterior, 145-146
Rhythms
2bnomal, 197
gallop, 198
Riboflavin, 181
Rigduy, 250-251
reduction of, 253
Roentgen radiation, 123

Roentgen thesapy, 203
Hoentgenology, cesebral, 221.924
Ramacal, 112, 256
Rubro-thalarmic connections, 232
Rupture, 94, 268

5

Saccular aneurysms, 229
treatment, 269-270
Salt
Iree diet, 228
antake, 160, 171
Toss, 206
syndrome, law, 171
Salyrgan-theophy lin, 167
Scalenus anticus syndrome, 92, 95
Scalp, hightness of, 283
Scarpa’s thangle, 202
Scherf test, 72.73
Schizophrenic patents, 33
Schmdt syndrome, 234, 242
Scleroderma, 316
Sclerosts, 11, 310
ot aorta, 11
<harowdal, 301
of cerebral artenes, 222
cosqnary arteries, ¥
slomerufar artenes, 12
satemal carond arrery, 230
mtymal, 276
splemc artenes, 11
Scopolarswe, 231
Seborrhea, 250
Sedation, 160
Sedimentation rate, 186, 189-190, 207
changes i, 61
Segmental resection, 279
Semle admxtures, 227
Semlity, 237
psychosts, 227
Sensatson, 243
loss of, 230, 232, 244, 293
rphenomena, 241
Sease af balance, 226
Sensory-motor complex, 95
Sensory pathways, interrupting 148153
Serratus anterior, 143, 152
procaine mfiltranon of, 149
Serum beta bpoprotens, 35
Seeum cholesterol, 12-13, 80-32, 39, 57, 63,
82, 125-126, 193
and atherosclerosss, 20-21
Tevel, 28, 36
Serum glutamie oxalacctic transaminase en-
zyme, 189
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Precordral electrocardiogram, 191, 193
Precordhal pam, 97-98, 100-102, 118, 283, 315
Precordial systolie musmur, 203
Preanfarction angma, 186
Premana, 34-36, 290
Premature beat, 177
Peenatuze contsaction, 178, 178
auricular, 179
Pressure, 187
Prckhing, 277
FPriscoline, 112, 228, 28, 283, 312
Procawe, 252, 281, 2838
block, 287
paravertebral, 140
hydrochloride, 290
wnfiftration, 147, 153, 205
pectoralis mmor, 148
of serratus anterior, 149
paravertebral block with, 140
Proliferation, endothehal, 298
Pronesty, 177-178, 180-182, 202
Propylence glveol, 177
Propylthiouracil, 122
Prostate, catcinoma of, 334
Prostignuse, 180, 247, 283
Protamine, 195
Protein, 23
Proteinung, 310-311
Trothrombsn depressants, 183
Prothrombin time, 195-198, 199, 206, 289
Pseudobulbar jovolvement, 228
palsy, 242.243
Pyychogeme steess, 92
Psychomotor disturbances, 232
Psychosis, 226
with cerebral artenosclerosis, 227-229
senile, 227
Pyychotherapy, 228
Parkanson’s syndrome, 252
Ptosts, 235, 238, 241
of eyeld, 239
Pulley therapy, 246
Pulmonary alveoh, 100
Pulmonary artery, 314
dilated, 315
Pulmonary aspects, artertosclerosis, 314-316
Pulmonary congestion, 188
Pulmonary consolidation, 135
Pulmanary conus-artery segment, 316
Pulmonary disease, 17
hrome, 172
onary edema, 122, 169, 188, 203
§2}$m§§ embolsm, 61, 96, 170, 186, 206,
316

Pulmonary hypertensive pain, 96-97, 318
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Pulmanary mfarction, 80, 176
Pulmonary rales, 160
Pulmonary thrombosis, 291, 318
Pulse, 198, 200, 207
doss of, fn extremity, 291
paradouical, 101
penpheral, 288
pressure, dimtnution m, 101
volume, 278
Pupil, 230
abnormahties, 240
dilated, 238
incomplete, 285
Purpura, 177
Putamen, 10
Pyelography, 268
Pyrammidatomy, 251
Pyrammds, decussation of, 234

Quadnplegia, 340
Quarrelsome behavror, 227
Quuudine, 124-123, 176-178, 180-181, 202,
201
lactate, 177
sulfate, 124, 177-178
toxic effects from, 178
Quinine, 124
R
Rabellon, 251
Race and artcnioseleross, 37-38
Radiation therapy, 133
Radtcukts, 91
Radioactive 10dine, 125-127, 171
Radioactn e sodam, 279
Rales, 188, 315
Raymond and Cestan syndrome, 235
Rectal temperature, 198
Reflex
absent or drmimshed, 93, 244, 291
alterations, 243
ileus, 268
loss of all, 244
pmn cycle, 92
stripe, 301
visceromotor phenomena, 148
Refractory edema, 171
Refractory heart falure, 170-172
Refractive mdex, 299
Regtme, 201
Regurgitation, 97
Rehapiitatian, henuplegta, 248-250
Renal artenies, 10, 310
atheroscleross of, 5
sclerosss, 311-313
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Renal blood Saw, 200
Renat calic, 268, 312
Renal falure, 288
Renal function, 268
Rena] smp-trment, 311
Renal msuficienay, 310, 312
Rena parenchyma, artertes of, 10
Renal plasma Bow, 311
Reserpine, 228
Resodec, 169
Respiratory tract
compheations, 248
mfection, 101, 206
msulficiency, 315
lesions of, 96 97
Rest, 160, 206
pain, 277, 283, 285, 287288
Restlessness, 227, 248, 285
Retentron, 243
Retma
alterations, 822
artenosclerosts, 11, 276, 298-309
artery, atherosclerosis tn, 298
central retmal artery, ocelusion of, 299-300
arculatory distarbances of, 302-303
diabetic, 304
Themorrhage, 236, 300
qcclusive vascular disease of, 303-306
<eins, thrombosss, 303
Sesse]
hustology of, 8
tortuosity, 269
Retimtes probierans, 306
Retmopathy, 310.312
thabetic, 306, 311
hypertenssve, 300
Retroperitoneal tumors, 267
Retsosternal dullness, 315
Revasculanzation
of heart, 184.139
of ischemic myocardim, 187
Rheumatie cardstis, 91
Rheumate fever, 101
Rheumatie heart disease, 172, 291
Bheumatic tendency, 83
Rluzotomy, postersor, 145-146
Rhythms
abnormal, 197
gallap, 198
Riboflavin, 161
Tagdaty, 350-251
eduction of, 952
Rocntgen radtation, 123
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Romacel, 112, 286
Rubro-thalamic: cqnnections, 232
Rupture, 54, 288
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Salyrgan-theophylim, 167
Scalenus anticus syndrome, 82, 85
Scalp, ightness of, 263
Scarpa’s trangle, 292
Scherf test, 72.73
Schizophrenie patients, 33
Schaude syndrome, 234, 242
Scleroderma, 316
Sclerosss, 11, 310
of aosta, 11
chormdal, 361
of cesebral arteries, 222
coronary arterses, 11
glomerlar astenes, 12
ternal carotid artery, 230
satimal, 276
splenme artenes, 11
Seopolamne, 251
Seborrhea, 250
Sedaton, 180
Sedunentation rate, 186, 189-184, 207
changes m, B1
Segmentaf resection, 279
Semle admutures, 227
Sembirv, 227
psychos:s, 227
Sensation, 243
loss of, 230, 232, 244, 291
phenomena, 241
Sense of balance, 226
Sensory-motor tompley, 95
Sensary pathways, interrupting, 140-155
Serratus antertor, 143, 152
procane whitraton of, 149
Serum beta hpoprotemns, 35
Serum chalesterol, 12-13, 30-32, 39, 57, 69,
82, 125-126, 195
and atheroscleross, 20-21
level, 28, 36
Serum glatarmie ovalacetre transaminiase en-
zyme, 189
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Serum lipud, 18, 22
fractions, 33
phosphorus, 35
Serum lipoprotein, 63, 82, 118-119, 195, 207
levels, 63-63
Serum phospholipids, 32
cholesterol ratio, 32
concentrations, 32
Serum protan, [25
Serum sodium, 171
Serum transaminase, 189
Sesante otl, 120
Sex and artertosclerosis, 31-37
Sewual mntercourse, 61
Shock, 61, 92, 100, 189, [97-198, 200-201,
£07, 229, 244, 312
hemorrhagic, 268
Shoulder
hand syndrome, 153-154, 204-205
Jomnt stiffness, 194
problems, 204-205
Sialorthea, 250
Sickle-cell anermia, 102
Silver wire artenes, 239-300
Sino-auncular heart block, 178
Sinus
bradycardia, 178
rthythm, 177, 192
tachycardia, 178
Sitosterol, 33, 195
Skin
atrophy, 277
temperature, 204, 284-285, 291
xanthoma, 40
Sleepiness, 283
Sloughing, superficial, 201
Smohing, 81-82, 109, 178, 194, 280
Sodium bicarbonate, 171
Sodum chlortde, 171
retention, 120
Sodmm deficiency, 171
Sodium diet, 161-166
Sodwm fhtorescein, 279
Sodium heparm, 118
Sodium lactate solution, 171
Sodium mtnte, 113, 122
Sodwm pentothal, 265
Sodwm restriction, v
Sodium syndrome, low, 171
Soldiers” heart, 102
Somatic component of cardiac pain, 148
Somatic patn syndromes, 92-93
Somatic sensations, unpleasant, 227-228
Somnolence, 315
Soya lecithm, 32

Sparing of the macula, 233
Spastic diplegta, 243
Spastic quadnplega, 235
Speaking, difficulty 1, 210
Speech difficulties, 250
Speech therapy, 246
Sphincter disturbances, 213
Spinal anesthesia, 155
Spinal artery
blood supply, 219-221
thrombosis of anterior, 235
Spmal cord, artenal blood supply, 221
Spio-cerebeltar afferent tracts, 233
Spnal osteoarthntis, 123
Spmorascular accidents, 243-244
Splanchnicectomy, 144
Splanchmie block, 271
Spleen, 10
embali, 202
Splenic arteries, scleros:s, 11
Splenic flesure syndrome, 100
Spondylitss, 60
Sputum, 315
frothy, 172
Squint, mternal, 235-037
Stasis, 302
Statws anginosus, 138-139, 189
Stein Ergonovine test, 75-78, 150
Stellate ganglia, 140
block, 203, 244-247, 306
Stellate ganghonectomy, 143-145
Stellectomy, bilateral, 246
Stenosts, focal, 200
Sternomasteid muscle, atrophy of, 234
Streptodormase, 2582
Streptohinase, 281-282
Stress
and coronary atherosclerasts, 19
tests, 65, 69-78
entique of, 80-81
with drugs, 75-78
Stroke, 200, 243
Iittle, 226-227
major, T
volume, 281
Subclavian arfery, 274
Subcutaneous emphysema, 100
Subendocardial necrosss, 61, 200
bendothehal Ebrobl i

Subepicardial necrosis, 200
Subintimal hemorrhage, 186, 199
Subintimal iprd atheromas, 17
Substernal oppression, 99

Substernal pain, 89-90, 186, 188
Subthalamzc syndrome of Foville, 238

of, 14
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Vascular lesions of bram stem, 233-243
Vascular occlusion, 276
Vascular sclerosts, 278, 288
Vascular system lesions, 83-92
Vascular tone, 284
Vascular xanthoma, 39
Vasculanzation, 14-15, 269
Vasoconstriction, 124, 204
Vasodilator, 247, 281, 283284, 291-292
Vasomotor reflexes, 95, 206
Vasopressor drugs, 200
Vasospasm, 205, 277, 285-286
Vemn

collapsed superficial, 291

coronary, 53

engorgement, jugular, 169

thrombosis, 298

pulmonary, 291

tortuosity of, 299
Ventnevlar ancurysm, 200, 203-204
Ventnevlar arrhythmras, 134, 177
Ventricular asystole, 182
Ventricular extrasystoles, 176
Ventneular failure, acute left, 172, 201
Ventncular fibnllation, 176-177, 181-182
Ventnicular mural thrombus, 229
Ventricular muscle 1schemia, 134
Ventnicular premature beats, 182
Ventricular premature contractions, 201
Ventnicular standstill, 183
Ventricular tachycardia, 116, 176-177, 182,

198, 201

Vena cava autograft, 266
Venesection, 169
Venons constriction, 299
Venous engorgement, 299
Venous obstruction, 95
Venous pressure, 315
Veatrcle, ruptare of, 202
Vertebral artery

occlusion, 242

thrombosis, 235, 242
Vertigo, 94, 240-242, 244
Visammun, 112, 117
Visceral disease, 148, 287
Visceral 1schemia, 92
Vision, 302
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acuity, 230, 303-304, 308
blurred, 177, 230, 285
dimness of, 241
double, 241
impairment, 285
loss of, 241, 308
Vitamun B, 39
Vitamin E, 120-121
Vitamn Ki emulsson, 196
Vocal cord, flaceid paralysis of, 234-235
Vommting, 97, 100, 116, 177, 180, 189, 194,
226, 240-241, 271, 283, 285
w
Walk, mability to, 276
Warfarin, 195-197
sodum, 197
‘Warmth
feehng of, 285
sensation, 117
Water
loss, 206
retention, 120, 122
Way of hfe, 108
Weakness, 171, 200, 227, 243, 285
facial, 241
Weber's syndrome, 231
Weeping, explosive outbreaks of, 228
Weight, loss of, 227
Whskey, 116
Wolf-Parkinson-\White syndrome, 162
Wood test, 74-75
Work-tscherma, 92
\Vymine, 201
X
Xanthelasma, 12
and arteniosclerosts, 39-40
Xanthine, 113-115, 167
Xanthoma
and arteriosclerosis, 39-40
tendiosum, 12
tuberosum, 12
Xanthomatoss, 22, 32, 39
familial hypercholesteremic, 40
Xiphoid, 95-98
Xipheidectomy, 96
X-ray therapy, 123
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Thrombosis, 186-187, 195, 198, 223, 226, 261,  Trnichmnoss, 102

288-289, 292.293, 301, 304 Tricuspid 1nsufficicney, 315
antenior spinal artery, 235 Trethanolamine trimitrate, 113
axllary, 291 Trigger arcas, 93, 151, 194, 204.203, 290
basilar artery, 235.237 Triton A-20, 2]

Inlateral, 232 Tromevan, 195-196, 289
cerebral, 229, 246 Trophic Joint disturbances, 250
duffers from cerebral hemorrhage, 244-  Trophic ulcer, 243

245 Trypsin, 281.28%
coronary, 229 Tryptar ointment, 281
mnominate artery, 271 Tuberculoss, 101
mternal carotd artery, 230 Tumors, 222
1ntracranial artery, 226 of mediastinum, 100
mesenterie, 270-271 retropentoneal, 267
postentor mfertor cerebellar artery, 235 Tween 80, 21

pulmonary vetn, 291

v

retinal artery, 208

supernor cerebellar artery, 240 Uleers, 277, 287 .

o 5% atheromatous, 269

vertebral artery, 235 d;“’""",“" ae
Thrombotic ncelusian, acute, 291 O o
Thrombus, 199, 298, 316 andolent, 281-262

on artenasclerotic plaque, 186 peptic, ,,; 097
Thyrowd, 33, 126 of toes, 250283

33, trophuc, 243

adenomas, 126 a

discase, 83 Unconsciousness, 211

e o o Uncasy feelings, 227

122 . Unsteadiness, 241

Thyrodeetomy, 122, 125

chemcal, 171 Urea, 167

o Uremua, 101, 197, 311

Thyroditis, 126

Thyrotovcosis, 170

Tibual nerve block, posteror, 278
Tietze’s syndrome, 95

Tinghng, 277, 291

Une acid, 22

Unnary abnormalities, 228
Unnary protens, 311
Uninary yolume, low, 171
Urography, 312

Tinnitus, 241 Urohon, 265
Thssuc necrosis, 93 Urticarsa, 177
Tissue permeability, 3, 19 e v
Tobacco, 81-82, 109, 280
angua, 82 vagal blocking by qumidine, 177
Toes Vagal sumulation, 178
drop, 249 Vagus nerves, 140
ulcers of, 280.282 Valvular msufficiency, 315
Tolazoline hydrochloride, 112 Valvular lesions, 204
Tongue Vandase, 282
metallic taste on, 284 streptokmase-streptodornase, 282
paralysis, 234, 242 Vasa nervorum, 205
Tortuosity, 261 Vascular collapse, 199
Touc rhythm, 116 Vascular disease, 299, 302
Transfusions, 200 arteniosclerotic pertpheral, 287
- o o M e 1n dabetes methitus, 279
B hypertensive, 312-313
. orgamc, 278
. penipheral, 279
atavic, 238 renal, 310

o Timbs, 236 Vascular encephalopathy, 217
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